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Silicon Systems, Inc.

Silicon Systems, Inc. specializes in the marketing, design, and manufacturing of Application
Specific Integrated Circuits (ASICs). It offers a sophisticated line of custom and standard ICs primarily
aimed at the microperipheral, communications and industrial marketplace.

The Company was founded in 1972 and is headquartered in Tustin, California, 30 miles south of
Los Angeles. At first it offered only design services, but in the mid-70s began to subcontract the
manufacturing of finished products. In 1981, through initial public funding (SLCN/NASDAQ), the
Company launched its own wafer manufacturing capability, which was completed and put into
production in 1982. A fully integrated assembly and test operation in Singapore was implemented
in 1985. In August, 1988, Silicon Systems announced the acquisition of its second wafer fabrication
facility and opened its fourth design center in Santa Cruz, California.

Present industry projections show the worldwide semiconductor market growing to $40 billion in
1990, a compound annual growth rate of more than 15 percent. Within that marketplace, the ASIC
segment is expected to grow in excess of 30 percent annually; whereas general purpose products
growth rates are forecasted at 13 percent. Silicon Systems has positioned its capabilities to
participate in the communications, computer and industrial ASIC market segments. The Company
achieved an $81.7 million sales level in 1987 and is expected to reach $110-120 million in 1988. In
recognition of its first $100 million year, the Company announced in August, 1988, its listing on the
New York Stock Exchange (SIL/NYSE).

Silicon Systems possesses all the capabilities necessary to design, produce, market and deliver
ASICs to its growing worldwide customerbase. This includes its wafer fabs in Tustin and Santa Cruz,
California; assembly and test facilities in Singapore; and Design Engineering capabilities in Tustin,
Santa Cruz and Grass Valley, California, as well as Singapore.

©1988 Silicon Systems, Inc.
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Microperipheral Products

Selector Guide

Max Max Write

SSi Device Head #of Input Input Read | Current Power Read/Write
Number Type Channels | Noise | Capacitance | Gain | Range Supplies Data Port(s)

nVAHz (pF) (typ) | (ma)
HDD READ/WRITE AMPLIFIERS
SSI132R104C Ferrite 4 24 23 35 15 1o 45 +6V,4V Differential, Bi-directional
SSI132R104CLN | Ferrite 4 17 23 35 15045 +6V,-4V Differential, Bi-directional
SSI32R114 Thin Film 4 11 65 123 | 55t0 110 5BV Differential/Differential
SSI132R115 Ferrite 2,4,5 1.8 20 40 | 301050 15V Differential, Bi-directional
SSI32R117 Ferrite 2,4,6 21 23 100 | 101050 | +5V,+12V | Differential/TTL
SSI32R117A Ferrite 2,4,6 1.7 20 100 | 101050 | +5V,+12V | Differential/TTL
SS132R188 Ferrite 4 24 18 43 3510 70 +6V,-5V Differential, Bi-directional
SSI32R501 Ferrite 4,6,8 15 23 100 | 101050 | +5V,+12V | Differential/TTL
SS132R510A Ferrite 2,4,6 1.5 20 100 | 101040 | +5V,+12V | Differential/TTL
SSI132R511 Ferrite 4,6,8 1.5 20 100 | 10040 | +5V,+12V | Differential/TTL
SSI32R512 Thin Film , 0.9 32 150 | 10040 | +5V,+12V | Differential/TTL
SS132R514 Ferrite 2,4,6 1.5 20 150 | 101040 | +5V,+12V | Differential/TTL
SS132R515 Ferrite , 10 15 20 100 | 101050 | +5V, +12V | Differential/TTL
SSI 32R520 Thin Film 4 0.9 65 123 | 30w 75 5V Differential/Differential
SS132R521 Thin Film 6 0.9 65 100 | 2010 70 | +5V,+12V | Differential/TTL
SSI32R522 Thin Film 4,6 1.0 32 100 | 61035 | +5V,+12V | Differential/TTL
SSI32R524R Thin Film 8 08 56 100 | 201060 | +5V, +12V | Differential/Differential
SSI 32R525 Thin Film 4 0.8 35 150 | 251040 +5V, -5V Differential/Differential
SSi Device Circuit Function Features
Number
HDD PULSE DETECTION
SSI32P540 Read Data Processor Time Domain Filter
SSI32P541 Read Data Processor AGC, Amplitude & Time Pulse Qualification, RLL Compatible
S§S132P544 Pulse Detector 32P541-type pulse d with embedded servo el i
SS132P546 Pulse Detector 32P541-type pulse detector with pulse slimming compatibility
HDD DATA RECOVERY
SS132D531 Data Synchronizer Data Synchronizer/Write Precompensation
SSI132D5321 Data Separator Data Synchronizer/2, 7 RLL ENDEC
S$S132D534 Data Separator Data Synchronizer/MFM ENDEC/Write Precompensation
S§8132D535 Data Separator Data Synchronizer/2, 7 RLL ENDEC/Write Precompensation
SS132D536 Data Separator Data Synchronizer/1, 7 RLL ENDEC/Write Precompensation
HDD HEAD POSITIONING
SSI32H101A Preamplifier-Ferrite Head AV =83, BW = 10MHZ, o = 7.0 nVHz
SSI32H116 Preamplifier-Thin Film Head AV = 250, BW = 20MHz, 6 = 0.94 nV/NHz
S§S132H523R Servo Read/Write Single-channel thin-film read/write device
88| 32H566 Servo Read/Write Single-channel ferrite read/write device
SSI32H567 Servo Demodulator Di-bit Quadrature Servo Pattern: PLL Synchronization
SSI32H568 Servo Controller Track & Seek Mode Operation; Microprocessor Interface
S8l 32H569 Servo Motor Driver Head Parking, Spindle Motor Braking
HDD SPINDLE MOTOR CONTROL
SSI 32M590 2-Phase Motor Speed Control 10.035% Speed Accuracy; Unipolar Operation
SSI 32M591 3-Phase Motor Speed Control 10.05% Speed Accuracy; Unipolar Operation
SSI32M593 3-Phase Motor Speed Control 10.037% Speed Accuracy; Bipolar Operation, 5-1/4" Drives
SSI 32M594 Motor Speed Control 10.037% Speed Accuracy; Bipolar Operation, 3-1/2", 5-1/4" Drives
HDD CONTROLLER/INTERFACE
SSI 32B450A SCSI Controller Async transfer to 2 MBPS; Initiate/Target Modes; Internal Drivers; CMOS
SSI 32B451 SCSI Controller Async transfer to 1.5 MBPS; Internal Drivers; AIC 500L compatible
SSI132C452 Storage Controller 20Mbits/sec; ; Prog ble; AIC-010 Compatibl
SSI132C452A Storage Controller 15Mbits/sec; CMOS; Prog ble; AIC-010F Compatibl
SSI32C453 Buffer Controller Non-mux addressing to 16K; CMOS; AIC-300 Compatible
SSI 328545 Support Logic Includes ST506 Bus Drivers/Receivers
FLOPPY DISK DRIVES
SS134D441 Data Separator High Performance Analog Data Separator, NEC 765 Compatible
SSI34P570 Read Data Path 2 Channel Read/ Write With Read Data Path
SSI 34R575 Read/Write 2, 4 Channel Read/Write Circuit
SSI134B580 Support Logic Port Expander, Includes SA400 Interface Drivers/Receivers
TAPE DRIVER CIRCUITS
SSI135P550 Read Data Path | 4 Channel Read/Write With Read Data Path ]
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INNOVATORS IN JINTEGRATION

SSI 32R104C, 32R104CL,
32R104CM, 32R104CLM,
32R108, 32R122
4-Channel Thin Film
Read/Write Device

Ji ﬂJ&m{"

DESCRIPTION

The SSI 32R104 is a monolithic bipolar integrated
circuit for use in high performance disk drive systems
where it is desirable to locate the control circuitry
directly on the data arm. Each circuit controls four
heads and has three modes of operation: Read, Write
and Idle.

The SSI 32R104L is a low-noise version of the
SSI 32R104 with all other parameters identical. Both
are available in 24-pin flatpack, and 24-pin small out-
line (SOL) packages.

The SSI 32R108 and SSI 32R122 are identical in per-
formance to the SS132R104. The SSI32R108 is pack-
aged in a 24-pin DIP package, while the SSI 32R122 is
packaged in a 22-pin DIP.

August, 1988

The “M” version is functionally identical to the standard
SOL device, except that the pinout is the mirror image
to simplify multi-chip layouts.

FEATURES

* IBM 3350 compatible performance

* IBM compatible power supply voltages and logic
levels

*  Four read/write channels

* Safety circuits

0888

BLOCK DIAGRAM

WRITE
SELECT

POST
READ
AMPLIFIER
DIFFERENTIAL
READ
AMPLIFIERS
AND
WRITE

CURRENT
SWITCHES

(4-CHANNELS)

HEAD
SELECT

1-1

PIN DIAGRAM
Vee [] 1 24 [] GND
Hst1 [] 2 23 [Tws
vec ] 3 22 [] H21

us[]4 21 ] He2
wc[]s 20 [] Ho1
NC[] e 19 [] Ho2

‘07 18 [] Hat

NG [ 8 17 [] Ha2
px[]o 16 [] H11
py [] 10 15 [] H12
Hs2 [ 11 14 F| CE
VeE [] 12 13 [] eND
* MUST NOT CONNECT
32R104, 32R108 Pinout

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32R104C, 32R104CL,
32R104CM, 32R104CLM,
32R108, 32R122

4-Channel Thin Film Read/Write Device

CIRCUIT OPERATION

WRITE MODE

In the write mode, the circuit functions as a current
gate. Externally supplied write current is gated by the
state of the head select and data inputs to one side of
one head. Head voltage swings are monitored by the

differentially read from one of four heads and an open
collector differential signal is put across the Data X and
Data Y pins. If a fault condition exists such that write
current is applied to the chip when the chip is in read
mode, the write current will be drawn from the unsafe
pin and the fault will be detected.

head transition detect circuit. Absence of proper head HEAD SELECT TABLE
voltage swings, indicating an open or short on either
side of the head or absence of write current, will cause HEAD SELECTED HS2 HS1
a fault current to flow into the unsafe pin. 0 1 1
1 1 0
READ MODE > p )
In the read mode, the circuit functions as a low noise
differential amplifier. The state of the head select 3 0 0
inputs determines which amplifier is active. Data is
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, 5.7 <VCC < 6.7, -4.2 < VEE<-3.8, 0°<Tj, <110 °C.
ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.
PARAMETER RATING UNIT
Positive Supply Voltage VCC 7.0 \"
Negative Supply Voltage, VEE -5.5 \'J
Storage Temperature -65 to 150 °C
Input Voltages
Head Select (HS) VEE -0.3t0 +0.3 v
Unsafe (US) -0.3t0 VCC +0.5 \"
Write Current (WC) VEE -21t0 + 0.3 Vv
Data (Dx, Dy) VEE -0.3t0 + 0.3 Vv
Chip Enable (CE) VEE -0.3to VCC +0.5 v
Write Select (WS) -0.3to VCC + 0.3 v

1-2
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SSI 32R104C, 32R104CL,

32R104CM, 32R104CLM,

32R108, 32R122

4-Channel Thin Film Read/Write Device

0888

POWER SUPPLY
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Positive Supply Current (ICC) Read/Write 115 23 mA
Positive Supply Current (ICC) Idle 75 + ICE mA
Negative Supply Current (IEE) Read/Write 70 mA
Negative Supply Current (IEE) Idle 52 mA
LOGIC SIGNALS
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Chip Enable Low voltage (VLCE) | Read/Write 0.0 0.7 \
Chip Enable High Voltage (VHCE)| Idle VCC -1.0 VCC +0.3 \Y
Chip Enable Low Current (ILCE) | VCE = 0.0V -1.45 -0.47 mA
Chip Enable High Current (IHCE1) VCE=VCC-1.0 -350 -100 pA
Chip Enable High Current (IHCE2) VCE = VCC + .3V +100 HA
Write Select High Voltage (VHWS) Write/ldle 3.2 3.8 Vv
Write Select Low Voltage (VLWS) | Read/ldle -0.1 0.1 \'
Write Select High Current (IHWS) | Write/Idle, VWS = 3.8V

Transition unsafe current off 0.6 3.2 mA

Transition unsafe on 0.6 4.2 mA
Write Select Low Current (ILWS) | Read/ldle, VWS = 3.8V 0.1 mA
Head Select High Voltage (VHHS) -1.12 -0.72 v
Head Select Low Voltage (VLHS) -2.38 -1.51 \"
Head Select High Current (IHHS) 240 LA
Head Select Low Current (ILHS) 60 A
Total Head Input Current Sum of all head input currents

with IWC =0

Write, VCT = 3.5V 3.7 mA

Read, VCT = 0.0V 0.16 mA

Idle 1.25 mA
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SSI132R104C, 32R104CL,

32R104CM, 32R104CLM,

32R108, 32R122

4-Channel Thin Film Read/Write Device

READ MODE
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Differential Gain Vin = ImV p-p, 0VDC,
f =300 KHz
Tj=22°C 28 43 Vv
Tj=0°C 28 46 VIV
Tj=110°C 22.2 43 \A"
Common Mode Rejection Ratio Vin = 100 mVpp, 0VDC, 45 dB
f<5MHz
Power Supply Rejection Ratio Vin =0V, f <5 MHz AVCC or 45 dB
AVEE = 100 mVpp -
Bandwidth Zin = 0Q, Vin = 1 mVPP, 30 MHz
f midband = 300 KHz
Input Noise Vin = 0V, Zin = 0Q, 9.3 uVRMS
Power Bandwidth = 15 MHz
Input Noise (SSI 32R104L) Vin = 0V, Zin = 0Q, 6.6 uVRMS
) Power Bandwidth = 15 MHz
Input Current Vin =0V 26 HA
Differential Input Capacitance Vin = 0V 23.5 pF
Differential Input Resistance Vin = 0V
Tj=22°C 585 915 Q
Tj=0°C 565 915 Q
Tj=110°C 585 1070 Q
Output Offset Voltage Zin=0 120 mV
Common Mode Output Voltage Vin=0 -0.78 -0.32 \"
Unsafe Current Write Current = 0 mA 0.1 mA
Write Current = -45 mA 40 45 mA
Dynamic Range DC input voltage where AC 2.0 mVp
gain falls to 90% of 0VDC
input value. Measured with
0.5 mVpp AC input, Tj =30 °C
Channel Separation Vin =1 mVpp, 0VDC, 40 dB

f = 5 MHz 3 channels driven

0888



SSI1 32R104C, 32R104CL,

32R104CM, 32R104CLM,

32R108, 32R122

4-Channel Thin Film Read/Write Device

0888

WRITE MODE
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Differential Input Voltage 0.175 \')
Single Ended Input voltage -0.68 -0.45 Vv
Write Current -45 mA
Current Gain IWC =-45mA 0.95 1.0
Write Current Voltage IWC =-45mA VEE+0.25 VEE+1.0V \Y
Unsafe Voltage IUS = +45 mA 4 VCC +.3 \'
Head Center Tap Voltage 3.2 3.8 \"
Differential Head Voltage IWC =-45mA, Lh =10 uH 5.7 7.2 Vp
Single Ended Head Voltage IWC = -45 mA, unselected
heads at 3.5V Selected Side
of Selected Head
Current =0mA 0.0 0.9 \'
=90 mA 1.4+VCC 3.7+VCC \'
Unsafe Current IWC =-30 mA, f = 2 MHz: 1.0 mA
Lh=9puH,VUS=5.0V-6.3V,] 15 45 mA
Lh =0, IWC = 45 mA, 15 45 mA
Rh = - one side of head only
Unselected Head Current IWC =-45 mA, f = 2 MHz, 2.0 mAp
Lh=9.5puH
DX DY Input Current -2.0 2.0 mA
SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Idle to Read/Write Transition Time 0.5 us
Read/Write to Idle Transition Time 0.5 us
Read to Write Transition Time 0.5 us
Write To Read Transition Time 0.5 us
Head Select Switching Delay 50.0 ns
Head Current Transition Time IWC =-45mA, Lh =0, f= 5 MHz 15 ns
Head Current Switching Delay Time IWC=-45mA, Lh=0, f=5MHz 15 ns
Head Current Switching Hysteresis IWC=-45mA, Lh=0, f=5MHz 2 ns
Data rise and fall ime < 1 nSec
Unsafe Switching Delay Time IWC =-30 mA, f = 2 MHz;
Delay Time Lh=9 pH 1 us
Lh=0pH 0.8 5.1 us
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SSI132R104C, 32R104CL,
32R104CM, 32R104CLM,

32R108, 32R122

4-Channel Thin Film Read/Write Device

wcC

HS 182 X

us

5
o X
27

CE
| 4 |

p HEAD OPEN
P2 I
réa
/7 NORMAL WRITE

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
VEE [] 1 24 [] aND
Hs1 [ 2 23 [lws
vee [} 8 22 [] H21
us [] 4 21 [] H22
we [1s 20 {] Ho1
Ne [ e 19 [] Ho2
4 18 [] H31
NG [ 17 [] Ha2
ox [] @ 16 (] H11
oy [] 10 15 [] H12
Hs2 [| 11 14 [] cE
VEE [] 12 13 [] aND
* MUST NOT CONNECT
32R104, 32R108

24-Pin

FIGURE 1: Write Mode Timing System

GND [ 1 24 [] VEE
ws (] 2 23 [] Hs1
H2t [] 3 22 [] vee
H22 [] 4 21 [Jus
Ho1 [} 8 20 [] we
Ho2 [| 6 19 [] NC
H31 [} 7 18 (]
Ha2 lj 8 17 [J Ne
Hi1 ]9 16 [] DX
H12 [] 10 15 [] oy
ce[] 1 14 [] Hs2
GND [] 12 13 [] VEE
* MUST NOT CONNECT

32R104M

24-Pin SOL

1-6

VEE [] 1 22 [] GND
Hs1 [] 2 21 [ ws
vee [ 3 20 [] H21
us[|a 19 [] H22
we [] 5 18 [] Hot
ox[] 6 17 [] Ho2
07 16 [] Ha1
oY[]s 15 (] Ha2
Hs2[] 9 14 [] H11
VEE [] 10 13 [] H12
GND [] 11 12 [] ce

* MUST NOT CONNECT

32R122

22-Pin PDIP
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SSI 32R104C, 32R104CL,

32R104CM, 32R104CLM,

32R108, 32R122

4-Channel Thin Film Read/Write Device

THERMAL CHARACTERISTICS: @ ja

22-Lead PDIP 65°C/W
24-Lead PDIP | 115°C/W
24-Lead SOL 80°C/W
24-Lead |Flatpack | 105°C/W

ORDERING INFORMATION

PART DESCRIPTION ORDERING NUMBER PACKAGE MARK

SSI 32R104C Read/Write IC

24-Lead Flatpack SSI1 32R104C-F SSI1 32R104C-F

24-Lead SOL SSI 32R104C-CL SSI 32R104C-CL
SSI 32R104CL Low Noise Read/Write IC

'24-Lead Flatpack | SSI 32R104CL-F i SSI 32R104CL-F
SSI1 32R104CM Mirror Image Read/Write IC

24-Lead SOL | ssizerioacmcL | ssiz2Rioscm-CL
SSI1 32R108 Read/Write IC

24-Lead PDIP f SSI 32R108C-P | SSI 32R108C-P
SS1 32R122 Read/Write IC

22-Lead PDIP | ssiazrizeBP |  ssizer1zes-p

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

silicon Sustems

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Systems, Inc.
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INNOVATORS INJINTEGRATION

SSI 32R114
4-Channel Thin Film
Read/Write Device

Not Available. Please see
SS1 32R520 & SSI 32R525.

Jili ﬂ‘f{am*“

DESCRIPTION

The SSI 32R114 is anintegrated read/write circuit de-
signed for use with non-center tapped thin film heads
in disk drive systems. Each chip controls four heads
and has three modes of operation: read, write, andidle.
The circuit contains four channels of read amplifiers
and write drivers and also has an internal write current
source.

A current monitor (IMF) output is provided that allows
a multichip enable fault to be detected. An enabled
chip’s output will produce one unit of current. Anopen
collector output, write select verify (WSV), will go low if
the write current source transistor is forward biased.
The circuit operates on +5 volt, and -5 volt power and
is available in a 24-pin flatpack.

August, 1988
FEATURES

* Thin film head compatible performance
* Four Read/Write channels
e TTL - compatible logic levels

* Operates on standard +5V, -5V power supplies

0888

BLOCK DIAGRAM

IMF us

HEAD
FUNCTION TRANSITION
DETECTOR

DIFFERENTIAL
READ
AMPLIFIERS
AND
WRITE
CURRENT
SWITCHES
EAl
SELECT
- (4-CHANNELS)

VEE GND VCC

1-9

PIN DIAGRAM

GND [ 1 VEE
wsv s 2 1 24 B RW
[FE3 N m— '} 211 Hox
[R5 m— 207 Hoy
Wb s 19 H2x
wo C—7 181 Hay
us s 17" HiX
IMF ]9 167 HIY
vee 10 44 12 13 14 15— H3X
RD il ‘L‘———‘l Hay
1o ) m— 1 GND

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32R114
4-Channel Thin Film
Read/Write Device

FUNCTIONAL DESCRIPTION

WRITE MODE

In the write mode (R/W and CE low) the circuit
functions as a differential current switch. The Head
Select Inputs (HS1 and HS2) determine the selected
head. The Write Data Inputs (WD, WD) determine the
polarity of the head current. The write current magni-
tude is adjustable by an external 1% resistor, RX from
VWC to VCC, where:

lw=— W _07mA
Rx(1+R—h+R—h)
Rqg 1k

Where Kw = Current Gain Factor = 130 Amp-Ohms
Rh = Head plus External Wire Resistance
Rd = Damping Resistance

READ MODE

In the Read Mode, (R/W high and CE low), the circuit
functions as a differential amplifier. The amplifierinput
terminals are determined by the Head Select inputs.

HEAD SELECT TABLE
HEAD SELECTED HS2 HS1
0 0 0
1 1 0
2 0 1
3 1 1

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, 4.75 < VCC <5.25, -5.5 < VEE < -4.95V, 25° < T (junction) < 125°C.

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Positive Supply Voltage, Vcc 6 Vv
Negative Supply Voltage, VEe -6 \
Operating Junction Temperature 2510 125 °C
Storage Temperature -65 to 150 °C
Lead Temperature (Soldering, 10 sec) 260 °C
Input Voltages
Head Select (HS) -0.4to Vcc + 0.3 Vv
Chip Enable (CE) -0.4 to Vce+ 0.3 \
Read Select (R/W) -0.4Vor -2 mAto Vcc + 0.3 \
Write Data (WD, WD) VEE t0 0.3 '
Head Inputs (Read Mode) -0.6to +0.4 \"
Outputs
Read Data (RD, RD) 0.5to Vec +0.3 \'
Write Unsafe (WUS) -0.4to Vcc + 0.3 and 20 mA \'
Write Select Verify (WSV) -0.4to Vcc + 0.3 and 20 mA \

1-10
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SSI 32R114
4-Channel Thin Film
Read/Write Device

0888

ABSOLUTE MAXIMUM RATINGS (Continued)

PARAMETER RATING | UNIT

Outputs (Continued)
Current Monitor (IMF) -0.4to Vcc + 0.3 \
Current Reference (VWC) VEE to Vcc + 0.3 and 8 mA \'
Head Outputs (Write Mode) lw max = 150 mA

POWER SUPPLY

PARAMETER CONDITIONS MIN NOM MAX UNIT

Power Dissipation All modes, 25 < Tj< 100 612+6.7w| mW

100°<Tj<125°C 563+6.7w| MW

Positive Supply Current Idle Mode 10+ w/19 mA
(ICC)

Positive Supply Current Read Mode 40+ w19 mA
(ICC)

Positive Supply Current Write Mode 38+ Iw/19 mA
(ICC)

Negative Supply Current Idle Mode -12- Iwi19 mA
(IEE)

Negative Supply Current Read Mode -66— w19 mA
(IEE)

Negative Supply Current Write Mode -75-1.16lw mA
(IEE)

LOGIC SIGNALS

PARAMETER CONDITIONS MIN NOM MAX UNIT

Chip Enable Low Voltage Read or Write Mode 0.8 \'
(VLCE)

Chip Enable High Voltage Idle Mode 2.0 \'
(VHCE)

Chip Enable Low Current VLCE = 0V -1.60 mA
(ILCE)

Chip Enable High Current VHCE = 2.0V -0.3 mA
(IHCE)

Read Select High Voltage Read or Idle Mode 2.0 \
(VHR/W)

Read Select Low Voltage Write or Idle Mode 0.8 \%
(VLR/W)

Read Select High Current VHR/W = 2.0V 0.015 mA
(IHR/W)
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SSI 32R114
4-Channel Thin Film
Read/Write Device

LOGIC SIGNALS (Continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Read Select Low Current VLR/W =0V -0.015 mA
(ILR/W) '
Head Select High Voltage 2.0 Vv
(VHHS)
Head Select Low Voltage 0.8 \
(VLHS)
Head Select High Current VHHS = VCC 0.25 mA
(IHHS)
Head Select Low Current VLHS = 0V -0.1 0.25 mA
(ILHS)
WUS, WSV Low Level Voltage ILUS =8 mA 0.5 Vv
(denotes safe condition)
WUS, WSV High Level Current VHUS = 5.0V 100 pA
(denotes unsafe condition)
IMF on Current 2.20 3.70 mA
IMF off Current 0.02 mA
IMF Voltage Range 0 VCC +03 Vv
READ MODE .
Tests performed with 100Q load resistors from RD and RD through series isolation diodes to VCC.
PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential Voltage Gain Vin = 1m Vpp, f = 300 KHz 75 170 A"
Voltage Bandwidth (-3dB) Zs < 5Q, Vin =1m Vpp 45 MHz
f midband = 300 KHz
Input Noise Voltage Zs=0Q,Vin =0V, 1.1 nVVHz
Power Bandwidth = 15 MHz
Differential Input Capacitance Vin=0V, {=5MHz 65 pF
Differential Input Resistance Vin=0V, f=5MHz 45 96 Q
Input Bias Current (per side) Vin = 0V 0.17 mA
Dynamic Range DC input voltage where AC -3.0 3.0 mV

gain falls to 90% of the gain
with .5m Vpp input signal

CMRR Vin = 100m Vpp, 0V DC
1 MHz <f<a 10 MHz 54 dB
10 MHz < f <20 MHz 48 dB
Power Supply Rejection Ratio VCC or VEE = 100m Vpp
1MHz<f<10 MHz 54 dB
10 MHz < f <20 MHz 36 dB

1-12 0888



SSI 32R114
4-Channel Thin Film
Read/Write Device

READ MODE (Continued)
PARAMETER CONDITIONS MIN NOM MAX UNIT
Channel Separation The three unselected
channels are driven with
Vin = 100m Vpp
1 MHz<f<10 MHz 43 dB
10 MHz < f < 20 MHz 37 dB
Output Offset Voltage -360 360 mV
Output Leakage Current Idle Mode 0.01 mA
Output Common Mode Voltage vce - 1.1 VCC-0.3 \Y
Single Ended Output Resistance 10 KQ
Single Ended Output Capacitance 10 pF
WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Current Range (lw) 55 110 mA
Current Tolerance Current set to nominal value -8 +8 %
by Rx, Rh=7Q + 10%,
Tj =50 °C, Rd = 59Q
(Iw) (Rh) Product 0.24 1.30 \"
Differential Head Voltage Swing Iw=100 mA, Lh=0.2 uH 3.8 Vpp
Rh = 10Q
Unselected Head lw =100 mA, Lh = 0.2 uH, 2 mAp
Transient Current Rh = 10Q, Non adjacent
heads tested to minimize
external coupling effects
Head Differential Load 48 97 Q
Resistance, Rd
Head Differential Load 30 pF
Capacitance
Differential Data Voltage, 0.20 \
(WD - WD)
Data Input Voltage Range -1.87 +0.1 \"
Data Input Current (per side) Chip Enabled 150 HA
Data Input Capacitance Per side to GND 10 pF

0888 1-13



SSI 32R114
4-Channel Thin Film
Read/Write Device

SWITCHING CHARACTERISTICS

PARAMETER

of final IMF current

CONDITIONS MIN | NOM MAX UNIT
Idle to Read/Write Transition Time ‘ 1.0 us
Read/Write to Idle Transition Time 1.0 us
Read to Write Transition Time VLCE =0.8V, 0.6 us
Delay to 90% of Iw
Write to Read Transition Time VLCE = 0.8V, Delay to 90% of 1.0 us
20 MHz Read Signal
envelope, iw decay to 10%
Head Select Switching Delay Read or Write Mode 0.40 us
Shorted Head Current Transition | Iw =100 mA, Lh = < 0.05 uH, 13 ns
Time Rh =0
Shorted Head Current Switching | Iw =100 mA, Lh < 0.05 pH, 18 ns
Delay Time Rh = 0, measured from 50%
of input to 50% of current
change
Head Current Switching Time w =100 mA, Lh = 0.2 uH, 1.5 ns
Symmetry Rh=10Q, WD & WD
transitions 2 ns, switching time
symmetry 0.2 ns
WSV Transition Time Delay from 50% of write 1.0 us
select swing to 90% of final
WSV voltage,
Load = 2KQ // 20 pF
Unsafe to Safe Delay After f(data) = 10 MHz 1.0
Write Data Begins (WUS)
Safe to Unsafe Delay, (WUS) Non-switching write data, no 0.6 3.6 us
write current, or shorted head
close to chip
Safe to Unsafe Delay, (WUS) Head open or head select 0.6 us
input open N
IMF Switching Time Delay from 50% of CE to 90% 1.0 us
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SSI 32R114
4-Channel Thin Film
Read/Write Device

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: @ ja
(TOP VIEW) 24-Pin Flatpack | 144°C/W (Still Air)
30°C/W
GND [ ] VEE
vwc I::__I‘I ]J "r__‘_“‘”_—l CE
wsv 13 2 1 24 3] pw
Hs1 4 211 Hox
Hs2 5 207 Hoy
120 e} 19 H2x
wp 7 18— ﬁzY
us s 17— HIX
IMF [0 161 HIY
vec 410 44 12 13 14 157 H3X
RD E___:J_] LL—.:I H3Y
RD [ 1 aND
24-Pin Flatpack
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
$S1 32R114
24-Pin Flatpack SS1 32R114-F SSI132R114-F

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

Silicon Systems Inc., 14351 Myford Ro: CA 92680 (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Systems, Inc.
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INNOVATORS INJINTEGRATION

SSI 32R115
2, 4, 5-Channel
Read/Write Device

silicm ﬂ&(aﬂ‘f “‘

DESCRIPTION

The SSI 32R115 is a monolithic bipolar integrated
circuit designed for use with 8-inch and 5-1/4-inch
Winchester disk drive magnetic recording heads. The
circuit interfaces with up to five magnetic recording
heads providing the required read/write electronic
functions as well as various control and data protect
functions. The circuit operates on +5 volt and -5 volt (or
-5.2 volt) power and is available in a variety of pack-
ages.

August, 1988
FEATURES

* Electrically compatible with 8-inch and 5-1/4-inch
Winchester disk drive magnetic recording heads

* Supports up to five recording heads per circuit

* Detects and indicates unsafe write conditions

* On-chip current diverter eliminates the need for
external write current switching

* Control signals are TTL compatible

* Operates on standard +5 volt and -5 volt (or -5.2
volt) power sources

0888

BLOCK DIAGRAM

VvCT us

UNSAFE

READ
AMPLIFIER

DIFFERENTIAL
READ
AMPLIFIERS
AND
WRITE

CURRENT
SWITCHES

(5-CHANNELS)

CURRENT
DIVERTER

PIN DIAGRAM

Hs1 [ 1 24 [Jus

wec[]2 23 [T Ho1

ws[]3 22 [ Ho2

veT[] 4 21 [JH11

nsz2[1s 20 [ H12

GND [ 6 soames19 [1 H21

Hs3[]7 18 [] H22

vec[] e 17 [] H31

Ho1 Nc [ o 16 [1H32

Ho2 cef] 10 15 [] H41

ox [] 11 14 []Ha2

H11 oy [] 12 13 [] vee
H12 ! I

H21
H22

H31
H32

H41
H42

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32R115
2, 4, 5-Channel
Read/Write Device

CIRCUIT OPERATION

WRITE MODE

With both the chip enable and write select signals
activated, SSI 32R115 is switched to the write mode
and the circuit operates as a differential current switch.
The center tap head voltage (VCT) is turned on, the
unsafe circuit detector is activated, and the current
diverter is disabled. The head select signals (HS1,
HS2, HS3) select one of five differential current
switches. The selected current switch senses the
polarity of the data input signal (Dx—Dy) and gates write
current to the corresponding side of the head (HN1 or
HN2). Head overshoot voltages that occur during
normalwrite operation are sensed to determine safe or
unsafe head circuit conditions. The detector senses
the following unsafe conditions: no data transitions,
head open, or no write current.

READ MODE

With chip enable active and write select disabled, the
SSI 32R115 is switched to the read mode and the
circuit operates as a differential amplifier. The center
tap head voltage is turned off, the unsafe circuit detec-

tor is deactivated, and the write current diverter is en-
abled. The differential head input signal (HN1-HN2),
selected by the head select signals, is amplified by a
differential read amplifier and appears as a differential
output signal on the data lines (Dx, Dy).

During the read and idle modes, the on-chip current
diverter circuit prevents write current fromflowing inthe
head circuits. Therefore, external gating of the write
current source is not required.

TABLE 1: Head Select

HEAD HS3 HS2 HS1
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0

Note: Invalid Head Select input codes (5, 6 and 7) have
the effect of not selecting any heads.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Operation above absolute maximum ratings may permanently damage the device.

PARAMETER RATING UNIT
Positive Supply Voltage, VCC 6 \'/
Negative Supply Voltage, VEE -6 \
Write Current (IWC) 70 mA
Operating Junction Temperature 2510 135 °C
Storage Temperature -65 to 150 °C
Lead Temperature (Soldering, 10 SEC) 260 °C
INPUT VOLTAGES

Head Select (HS) -0.4to VCC +0.3 Y
Unsafe (US) (IHUS < 15 mA) -0.3to VCC +0.3 \"
Write Current (WC) Voltage in read idle modes. VEE -0.310 0.3 \"
(Write mode must be current limited to -70 mA)

0888



SSI 32R115
2, 4, 5-Channel
Read/Write Device

0888

ABSOLUTE MAXIMUM RATINGS (Continued)

PARAMETER RATING UNIT
INPUT VOLTAGES (Continued)

Data (Dx, Dy) VEE t0 0.3 \
Chip Enable (CE) -0.4t0 VCC +0.3 '
Write Select (WS) -0.4t0 VCC +0.3 v

RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM | MAX UNIT
DC Supply Voltage vCC 4.75 5 5.25 \'
DC Supply Voltage VEE -5.5 -5 -4.75 \'
Write Current (0-pk) IWC -30 -45 -50 mA
Head Inductance LH 10 pH
Junction Temperature Range Ti 25 135 °C

ELECTRICAL CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply

POWER SUPPLY
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Total Power Dissipation (PD) Write Mode, IWC < 45 mA, 700 mw
Tj=125°C
Positive Supply Current (ICC) Read/Write Mode 35+ IWC mA
Positive Supply Current (ICC) Idle Mode 10 mA
Negative Supply Current (IEE) Read/Write Mode -65 mA
Negative Supply Current (IEE) Idle Mode -10 mA
LOGIC SIGNALS
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Chip Enable Low voltage (VLCE) | Read or Write Mode -0.3 0.8 \'
Chip Enable Low Current (ILCE) | VLCE =0V -2.4 mA
Chip Enable High Current (IHCE) | Idle Mode -250 HA
Write Select Low Voltage (VLWS) | Write or Idle Mode -0.3 0.8 \
Write Select Low Current (ILWS) | VLWS =0V -3.2 mA
Write Select High Current (IHWS) | Read or Idle Mode -250 uA




SSI 32R115
2, 4, 5-Channel
Read/Write Device

LOGIC SIGNALS (Continued)
PARAMETER CONDITIONS MIN NOM MAX UNIT
Head Select High Level Voltage 2.0 VvCC \
(VHHS)
Head Select High Level Current VHHS = VCC 100 HA
(IHHS) R
Head Select Low Level Voltage -0.3 0.8 \
(VLHS)
Head Select Low Level Current VLHS = 0V -0.6 mA
(ILHS)
Unsafe Low Level Voltage ILUS =8 mA 0.5 Vv
(VLUS)* (Denotes Unsafe Condition)
Unsafe High Level Current VHUS = 5.0V 100 HA
(IHUS)* (Denotes Safe Condition)
*Note: Unsafe is an open collector output.
READ MODE (Tests performed with 50 load resistors from Dx and Dy to ground.)
PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Common Mode Range -0.6 0.1 \'/
Total Input Bias Current -0.6V<Vin< 0.1V 60 pA
Differential Voltage Gain Vin =1 mVpp, f = 300 KHz 26 52 VIV
Voltage Bandwidth (-3dB) Zs <10Q, Vin = 1 mVpp, 30 MHz
f midband = 300 KHz
Input Noise Voltage Zs =0, Vin=0V, 7 uvrms
Power Bandwidth = 15 MHz
Differential Input Capacitance Vin=0,f=5MHz 20 pF
Differential Input Resistance Vin =0, f = 300 KHz 560 1070 Q
(Internal Damping Resistor)
Output Offset Voltage 120 mV
Differential Head Current IWC =45 mA, LH = 10 puH, 2 mAp
f=2MHz
Output Common Mode Voltage -0.4 -.125 \'
Single Ended Output Resistance | f=300 KHz 10 KQ
Single Ended Output Capacitance 10 pF
Dynamic Range DC input voltage where the AC gain 2 mVp
falls to 90% of its OVDC input value
(Measured with 0.5 mVpp AC input
voltage)
Common Mode Rejection Ratio Vin = 100 mVpp, OVDC, f = 5 MHz 50 dB

1-20
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SSI 32R115

2, 4, 5-Channel
Read/Write Device

0888

READ MODE (Continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Supply Rejection Ratio AVCC or AVEE, 100 mVpp, 45 dB
f=5MHz
Channel Seperation The four unselected channels are 45 dB
driven with Vin = 100mVpp, f = 5SMHz
Write Current Voltage IWC =45 mA -2.7 -0.5 \Y
Total Head Input Current IWC=0 200 HA
WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Current Gain (IH/IWC) IWC =45 mA, IHA 0.95 1.0
Head Current
Write Current Pin Voltage IWC - 45 mA -3.7 -1.5 \'
Center Tap Head Voltage (VCT) IWC =45 mA 3.0 VCC -0.5 \'
Differential Head Voltage Swing 3.0<VCT <VCC -0.5V 5.7 7.7 \Y
IWC =45 mA, LH =10 uH
Differential Data Voltage 175 \'
(Dx — Dy)
Single Ended Data Input Voltage -0.9 0.1 "
(Dx, Dy)
Data Input Current -0.9<VDx, VDy < 0.1 -10 100 HA
Data Input Differential Resistance | f =300 KHz 5 KQ
Data Input Capacitance 10 pF
Unselected Diff. Head Current IWC =45 mA, LH = 10 pH, 2 mAp
f=2MHz
Write Current Range 30 50 mA
Total Head Input Current IWC =0 500 pHA
IDLE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Write Current Pin Voltage IWC =45 mA VEE \
Differential Head Current IWC =45 mA, LH = 10 pH, 2 mAp
f=2MHz
Total Head Input Current IWC =0 500 HA
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SSI 32R115
2, 4, 5-Channel
Read/Write Device

SWITCHING CHARACTERISTICS

PARAMETER CONDITIONS MIN NOM MAX UNIT
Idle to Read/Write Transition Time 0.6 us
Read/Write to Idle Transition Time 0.6 us
Read to Write Transition Time 0<VLCE<0.8V 0.6 HA
(Circuit Enabled)
Write to Read Transition Time 0<VLCE<0.8V 0.6 us
(Circuit Enabled)
Head Select Switching Delay Time 0.25 us
Head Current Transition Time (10% to 90% points) 15 ns
IWC =45 mA, LH = OH,
RH =0Q
Head Current Switching IWC =45 mA, LH = OH, 19 ns
Delay Time (TD1 - TD2) RH =0Q, f =5 MHz
(See Figure 1)
Head Current Switching IWC =45 mA, LH = OH, 3 ns
Hysteresis TH = (TD1 — TD2) RH = 0Q, f =5 MHz,
(VDx — VDy) Rise Time = 2ns
(See Figure 1)
Unsafe to Safe Delay After Write | IWC = 30 mA, 1.0 us
Data Begins (TD3) LH=10pH, f=2 MHz
(See Figure 2A)
Safe to Unsafe Delay (TD4) LH =10 pH, 1.6 8.0 us
f=2MHz, IWC =45 mA
(See Figure 2B)
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SSI 32R115
2, 4, 5-Channel
Read/Write Device
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50% 50%
VDx - VDy

«—TD1 —=

' 0mA
Differential Head Current

S
1

FIGURE 1: Head Current Timing

50%
VDx - VDy DATA

vus

Ths Load Capacitance = 20 pF

Pull Up Resistor = 1 KQ

2.0V

FIGURE 2A: Unsafe to Safe Timing

Head Overshoot l '
Voltage (VH1, VH2)

L

;

vus

0.7v Load citance = 20 pF
Pull Up Resistor = 1 KQ

FIGURE 2B: Safe to Unsafe Timing
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SSI 32R115
2, 4, 5-Channel

Read/Write Device

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
Hs1 [ 1 24[Jus Hst [ 1 22[]us st [] 1 18[Jus 4 3 2 1 28 27 2
we[]2 23 []Hot we ]2 21 [THot wel]2 17[] Hot ve [fs 25 ] Hoz
ws[]3 22 []Hoz2 ws[]3 20 [] Ho2 ws[]3 16 [1 Ho2 Hs2 [[6 241 H11
ver [] 4 21 [Tht1 ver[]4 19[]Hn ver [ 4 z?uWEzI.sﬁéH" anp [J7 23[] Hr2
Hs2[]s 20 [J 2 He2 [} 5 (a8 [JH2 anp []s 141H12 s []s P 22(] H21
aND[]6 (Zss o[Jnr  GND[]e 7HH yeo e Blive oo o 21 [] vz
usa[l7 18]He2 vec[}? 161 H22 ne[]7 12[Ine
vec [ 8 17 [T Hat Ne []s 15 [] Hat cels whvee ™ [ 20 [] Hat
nc[]o 16 [JHaz2 cef]o 14[]Ha2 ce [jn 19 [] Haz
ce[]10 15 [] Ha1 ox [ 10 13[INC exqle il b L zz:::z:
px [ 11 14 [JH42 ov[n 12[] VEE 18-Pin PDIP 5358 2¢ ¢33
12 13
o] Ve 22-Pin PDIP 28-Pin PLCC
24-Pin PDIP,
Flatpack, SOL
THERMAL CHARACTERISTICS: ©ja
18-lead PDIP 140°C/W 24-lead PDIP 115°C/W
22-lead PDIP 65°C/W 24-lead Flatpack 105°C/W
28-lead PLCC 65°C/W 24-lead SOL 80°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
SSI32R115

2-Channel PDIP

SSI32R115-2P

SSI 32R115-2P

4-Channel PDIP

SSI132R115-4CP

SSI 32R115-4CP

5-Channel PDIP

SSI132R115-5P

SS132R115-5P

5-Channel SOL

SSI132R115-5CL

SSI32R115-5CL

5-Channel Flatpack

SS132R115-5F

SSI 32R115-5F

5-Channel PLCC

SSI32R115-5CH

SSI 32R115-5CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

a9

Silicon Systems, Inc., 14351 Myford R

fﬂﬂf

©1988 Silicon Systems, Inc.

OJCA 92680 (714) 731-7110, TWX 910-595-2809
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INNOVATORS INJINTEGRATION

SSI 32R117/117R
2, 4, 6 Channel
Read/Write Circuit

silicm ﬂ&fan&‘“

DESCRIPTION

The SSI 32R117 devices are bipolar monolithic inte-
grated circuits designed for use with center-tapped
ferrite recording heads. They provide a low noise read
path, write current control, and data protection circuitry
foras many as six channels. The SSI32R117 requires
+5V and +12V power supplies and is available in 2, 4
or 6 channel versions with a variety of packages.

The SSI 32R117R differs from the SSI 32R117 by
having internal damping resistors.

July, 1988

FEATURES

* +5V, +12V power supplies

¢ Single or multi-platter Winchester drives
* Designed for center-tapped ferrite heads
* Programmable write current source

e Available in 2, 4 or 6 channels

* Easily multiplexed for larger systems

* Includes write unsafe detection

* TTL compatible control signals

0788

BLOCK DIAGRAM

vDD1 vcec GND wWus vDD2 VCT

PIN DIAGRAM

Hso [J1 28[] HS1
[ lz 27[]1 Hs2
GND []3 26[] wDI
HoX [[4 25(] vDD1
Hoy [Is 24[] vDD2
HiX [l zsg veT
H1Y 7 s2rizs  22H HBX
MULTL |0 Hex [J8 3R1TRE 211 Hsy
PLEXER Hay [Jo 20[] Hax
RW [J10 19[] HaY
we [J11 18[] H3X
NC [J12 17;] H3Y
RDX [J13 16[] wus
ROY [J14 15[] vcc

1-25

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32R117/117R
2, 4, 6-Channel
Read/Write Circuit

CIRCUIT OPERATION

The SSI32R117 functions as a write driveror as aread
amplifier for the selected head. Head selection and
mode control are described in Tables 1 & 2. Both R’'W
and CS have internal pull-up resistors to prevent an ac-
cidental write condition.

WRITE MODE

The Write mode configures the SSI 32R117 as a
current switch and activates the Write Unsafe Detec-
tor. Head currentis toggled between the X- and Y-side
of the recording head onthe falling edges of WDI, Write
Data Input. Note that a preceding read operation
initializes the Write Data Flip-Flop, WDFF, to pass
current through the X-side of the head. The magnitude
of the write current, given by

lw = K/Rwc, where K = Write Current Constant

is set by the external resistor, Rwc, connected from pin
WC to GND.

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

» Head open

» Head center tap open
«  WDI frequency too low
» Device in Read mode
» Device not selected

»  No write current

After the fault condition is removed, two negative
transitions on WDI are required to clear WUS.

Power dissipation in write mode may be reduced by
placing a resistor (RCT) between VDD1 & VDD2. The
optimum resistor value is 130Q x 50/lw (lw in mA). At
low write currents (<15 mA) read mode dissipation is
higher than write mode and RCT, though recom-
mended, may not be considered necessary. In this
case VDD2 is connected directly to VDD1.

READ MODE

In the Read mode the SSI 32R117 is configured as a
low noise differential amplifier, the write current source
and the write unsafe detector are deactivated, and the
write data flip-flop is set. The RDX and RDY outputs
aredriven by emitterfollowers and are in phase with the
“X" and “Y” head ports. They should be AC coupled to
the load.

Note that the internal write current source is deacti-
vated for both the Read and the Chip Deselect mode.
This eliminates the need for external gating of the write
current source.

IDLE MODE

Taking CS high selects the idle mode which
switches the RDX, RDY outputs into a high imped-
ance state and deactivates the internal write current
source. This facilitates multi-device installations by
allowing the read outputs to be wire OR’ed.

TABLE 1: MODE SELECT

CS8 RW MODE
0 0 Write
0 1 Read
1 X Idle
TABLE 2: HEAD SELECT
HS2 HS1 HSO0 HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 X None
0 =Lowlevel 1 =Highlevel x=Don'tcare

1-26
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SSI 32R117/117R
2, 4, 6-Channel

0788

Read/Write Circuit
PIN DESCRIPTIONS
NAME 1/0 DESCRIPTION
HS0-HS2 | Head Select: selects up to six heads
CS I Chip Select: a low level enables device
R/W ] Read/Write: a high level selects read mode
WUS o* Write Unsafe: a high level indicates an unsafe writing condition (open collector)
WDI | Write Data In: negétive transition toggles the direction of the head current
HOX-H5X 110 X,Y head connections
HOY-H5Y
RDX, RDY o* X, Y Read Data: differential read signal out
wC - Write Current: used to set the magnitude of the write current
VCT - Voltage Center Tap: voltage source for head center tap
VCC - +5V
VDD1 - +12V
vDD2 - Positive power supply for the center tap voltage source
GND - | Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ABSOLUTE MAXIMUM RATINGS (Operation above absolute maximum ratings may permanently
damage the device. All voltages referenced to GND.)

PARAMETER VALUE UNITS
VDD1 DC Supply Voltage -0.3to +14 vDC
VDD2  DC Supply Voltage -0.3to +14 VvDC
VCC DC Supply Voltage -0.3to +6 VvDC
VIN Digital Input Voltage Range -0.3to VCC + 0.3 VDC
VH Head Port Voltage Range -0.3to VDD + 0.3 VDC
Vwus WUS Port Voltage Range -0.3to +14 VvDC
w Write Current 60 mA
lo RDX, RDY Qutput Current -10 mA
Iver VCT Output Current -60 mA
Iwus WUS Output Current +12 mA
Tstg Storage Temperature Range -65 to +150 °C
Lead Temperature, PDIP, Flatpack (10 sec soldering) 260 °C
Package Temperature, PLCC, SOL (20 sec reflow) 215 °C
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SSI 32R117/117R
2, 4, 6-Channel
Read/Write Circuit

RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN NOM | MAX UNITS
DC Supply Voltage VDD1 10.8 12.0 13.2 VvDC
DC Supply Voltage VvCC 45 5.0 55 vDC
Head Inductance Lh 5 15 uH
Damping Resistor RD | 32R117 only 500 2000 Q
RCT Resistor RCT 125.0 130 135.0 Q
Write Current Iw 25 50 mA
Junction Temperature Range Tj 25 125 °C
DC CHARACTERISTICS
(Unless otherwise specified, recommended operating conditions apply.)
PARAMETER CONDITIONS MIN | NOM | MAX UNITS
VCC Supply Current Read/Idle Mode 25 mA
Write Mode 30 mA
VDD Supply Current Idle Mode 25 mA
Read Mode 50 mA
Write Mode 30+iw mA
Power Dissipation (Tj = +125°C) Idle Mode 400 mwW
Read Mode 600 mwW
Wirite Mode, Iw = 50 mA, 700 mwW
RCT = 130Q
Write Mode, Iw = 50 mA, 1050 mw
RCT = 0Q
Digital Inputs
Input Low Voltage VIL -0.3 0.8 VvDC
Input High Voltage VIH 2.0 VCC+0.3] VDC
Input Low Current IIL | VIL=0.8V -0.4 mA
Input High Current IIH | VIH=2.0V 100 HA
WUS Output VOL | IOL=8mA 0.5 vDC
WUS Output IOH | VOH =5.0V 100 pA
Center Tap Voltage VCT | Write Mode 6.0 vDC
Read Mode 4.0 vDC

1-28
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SSI 32R117/117R
2, 4, 6-Channel
Read/Write Circuit

WRITE CHARACTERISTICS (Unless otherwise specified: recommended operating conditions apply,
IW =45 mA, Lh = 10 pH, Rd = 750Q (32R117 only), f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Write Current Range 10 50 mA
Write Current Constant “K” 133 147 \"
Differential Head Voltage Swing 8.0 V(pk)
Unselected Head Transient Current 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R117 10K Q
32R117R 562 938 Q
WDI Transition Frequency WUS = low 250 kHz
Iwc to Head Current Gain Iw/lwe 20 mA/mA
Unselected Head Leakage Current | Sumof X & Y side 85 HA
leakage current
READ CHARACTERISTICS

(Unless otherwise specified: recommended operating conditions apply, IW = 45 mA, Lh = 10 pH,
Rd = 750Q (32R117 only), f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF, Vin is referenced to VCT)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 80 120 VIV
RL(RDX), RL(RDY) = 1 KQ
Dynamic Range DC Input Voltage, Vi, -3 +3 mV
Where Gain Falls by 10%,
Vin = Vi + 0.5 mVpp
@ 300 KHz
Bandwidth (-3dB) |Zs| < 5Q, Vin =1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 2.1 nV/VHz
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 20 pF
Differential Input Resistance 32R117,f =5 MHz 2K Q
32R117R, f =5 MHz 390 810 Q
Input Bias Current (per side) 45 HA
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 dB
@ 5 MHz
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SSI 32R117/117R
2, 4, 6-Channel
Read/Write Circuit

READ CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNITS

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VDD1, VDD2 or VCC

Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin = 0 mVpp

Output Offset Voltage -480 +480 mV

Common Mode Output Voltage Read Mode 5 7 \
Write/idle Mode 4.3 \Y

Single Ended Output Resistance f=5MHz 30

Leakage Current, RDX, RDY RDX, RDY = 6V -100 +100 HA
Write/Idle Mode

Output Current AC Coupled Load, 2 mA
RDX to RDY

SWITCHING CHARACTERISTICS (Unless otherwise specified: recommended operating conditions

apply, IW =45 mA, Lh = 10 uH, Rd = 750Q (32R117) only, f(Data) = 5 MHz)

PARAMETER

CONDITIONS

MIN

NOM

MAX

UNITS

R/W To Write

Delay to 90% of
write current

1.0

us

R/W to Read

Delay to 90% of 100 mV
10 MHz read signal
envelope or to 90 %
decay of write current

1.0

us

CS to Select

Delay to 90% of write
current or to 90% of
100mV 10MHz read
signal envelope

1.0

us

S to Unselect

Delay to 90% decay
of write current

1.0

us

1-30
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SSI 32R117/117R
2, 4, 6-Channel

Read/Write Circuit
SWITCHING CHARACTERISTICS (Continued)
PARAMETER CONDITIONS MIN NOM | MAX UNITS
HSO - HS2 to any head Delay to 90% of 100 mV 1.0 us
10 MHz read signal
envelope
WUS - Safe to Unsafe - TD1 Iw =50 mA 1.6 8.0 us
WUS - Unsafe to Safe - TD2 Iw =20 mA 1.0 us
Head Current (Lh = 0 uH, Rh = 0Q)
Prop. Delay - TD3 From 50% points 25 ns
Asymmetry WDI has 50% duty cycle 2 ns
and 1ns rise/fall time
Rise/Fall Time 10% - 90% points 20 ns
wol A / \
4— 02 —) ™ —P
wus
—>)| |[¢—TD3
HEAD \
CURRENT
(Ix-ly)

FIGURE 1: Write Mode Timing Diagram

0788 1-31



SSI 32R117/117R

2, 4, 6-Channel
Read/Write Circuit
+5V +12Vv
see Note 5 _L—“
100 pFI 4 see Note 1 see Note 2
= RCT ,—-—
2K VCC VDD1 VDD2 VCT
see Note 4
| MICROPROCESSOR |¢ . WwuUs HOX
DRIVE b
INTERFACE I HoY
: N RW H1X
. ' 4 SSI132B545
’ SUPPORT '
E cs H1Y
i H2X
: SS132P540 I .
i READ DATA PROCESSOR LOW
H VOLTAGE] H2Y
! DETECT SSI32R117
' (}c Hso H3X
H 3
HEAD H
seLect ! {}" HS1 HaY
.
' Y
WRITE T
DATA ! wol Hay
E /{ see Note 3 HS5X
I TIME _l I ROX
READ DOMAIN FILTER HY
— FILTER o
: _| I RDY  wc anp
RWC %
NOTES see Note 6 b

1. An external resistor, RCT, given by,
RCT = 130(55/lw)Q, where Iw is in mA,
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1.

2. Aferrite bead (Ferroxcube 5659065/4A6) can be used to suppress write current overshoot and ringing
induced by flex cable parasitics.

3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF.
4. Damping resistors not required on 32R117R version.

5. The power bypassing capacitor must be located close to the 32R117 with its ground returned direi;tly to
device ground with as short a path as possible.

6. Toreduce ringing due to stray capacitance this resistor should be located close to the 32R117. Where this
is not desirable a series resistor can be used to buffer a long WC line.

FIGURE 2: Applications Information
1-32
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SSI 32R117/117R

2, 4, 6-Channel
Read/Write Circuit
PACKAGE PIN DESIGNATIONS 1
(TOP VIEW)

CS |1 18] Hso CS [I1 22[] HSO Hso [1 28[] HS1
GND [J2 17[1 wol GND []2 21[] Hs1 TS 2 27{] Hs2
NC [J3 16[] vDD1 Hox [J3 20[] wD! GND [J3 26[] wWDI
Hox [4 15[] VDD2 Hoy [4 19[] VDD1 HOX [;4 25[] vDD1
Hoy [J5 22172 4401 voT HiX []s 18[] vDD2 Hoy [Is 24[] VvDD2
RW [6 13[] HiX My [J6 SR04 47] ver H1X [l6 23[] veT
we [J7 12[] HIY Hax 17 16[] H3X HIY [07  popyere 22[] HEX
RDX [|8 110 wus Hay [Js 15[] H3Y H2x [8 32R"7R% 211 Hsy
RDY [|o 10[] vee RAW []o 141 wus H2y [Jo 20[] H4X

we [J1o 13[] vee RW [J10 19[] Hay
18-lead PDIP RDX [J11 12[] RDY we []11 18[] HaX
53p 8288 22-lead PDIP Ne (12 170 Hay
T 0o xzxzx= RDX [[13 16[] wWus
RDY [{14 15[] vee
vDD1

88

32R117-6
32R117R-6

vDD2
VvCT
H5X
H5Y
H4X
H4Y

28-lead PLCC

TSI ] HSO
GND :‘ ': HS1
Hox C—Ja 2 1 24 28— ] wpi
Hoy 14 21— vop1
Hix s 20— vpbD2
HIYy 16 32R117-4 ] — Ve
ox . MRS ox
Hey 8 171 Hay
RW ——° L] s— Vel
weC—" 4y 12 13 14 S—nNc
RDX :’l_l |:I Wwus

RDY [

1 vee

24-lead Flatpack, SOL

28-lead PDIP,
Flatpack, SOL

THERMAL CHARACTERISTICS

PACKAGE Oja
18-lead PDIP 140°C/W
22-lead PDIP 65°C/W
24-lead Flatpack | 110°C/W
SOL 80°C/W
28-lead PDIP 55°C/W
Flatpack | 100°c/W
PLCC 65°C/W
SOL 70°C/W
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SSI 32R117/117R
2, 4, 6-Channel
Read/Write Circuit

ORDERING INFORMATION

PART DESCRIPTION ORDER NO. PKG. MARK
SSI132R117
2-Channel PDIP SSI132R117-2P 32R117-2P
4-Channel PDIP SSI 32R117-4CP 32R117-4CP
4-Channel SOL SSI132R117-4CL 32R117-4CL
4-Channel Flatpack SSI 32R117-4F 32R117-4F
6-Channel PDIP SSI132R117-6CP 32R117-6CP
6-Channel SOL SSI132R117-6CL 32R117-6CL
6-Channel Flatpack SS132R117-6F 32R117-6F
6-Channel PLCC SSI132R117-6CH 32R117-6CH
SS1 32R117R with Internal Damping Resistor
2-Channel PDIP SSI32R117R-2P 32R117R-2P

4-Channel PDIP

SSI 32R117R-4CP

32R117R-4CP

4-Channel SOL

SSI32R117R-4CL

32R117R-4CL

4-Channel Flatpack

SSI 32R117R-4F

32R117R-4F

6-Channel PDIP

SSI132R117R-6CP

32R117R-6CP

6-Channel SOL

SSI132R117R-6CL

32R117R-6CL

6-Channel Flatpack

SSI32R117R-6F

32R117R-6F

6-Channel PLCC

SSI132R117R-6CH

32R117R-6CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

14351 Myford Road, Tustin, CA 92680 (714) 731-7110, TWX 910-595-2809

©1988 Silicon Systems, Inc. 0788



INNOVATORS IN JINTEGRATION

August, 1988 1

SSI 32R117A/117AR
1k ™ 2, 4, 6 Channel
J ﬂd‘ Read/Write Circuit

DESCRIPTION FEATURES

The SSI 32R117A devices are bipolar monolithicinte- o  45v, +12V power supplies
grated circuits designed for use with center-tapped . wi i
ferrite recording heads. They provide a low noise read Single or multi-platter Winchester drives
path, write current control, and data protection circuitry ¢ Designed for center-tapped ferrite heads
for as many as six channels. The SSI 32R117A | Programmable write current source

requires +5V and +12V power supplies andis available
in2, 4 or 6 channel versions with a variety of packages.  ® Available in 2, 4 or 6 channels

, e Easily multiplexed for larger systems
The SSI 32R117AR differs from the SSI 32R117A by
having internal damping resistors. * Includes write unsafe detection

e TTL compatible control sighals

BLOCK DIAGRAM PIN DIAGRAM

VDD1 vce GND wus - VvDD2 vCcT

[ ] Hoy
1 1 Hs1
2 [ Hs2
- HiX 3 1 woi
] wy 4 17 voD1
5 1 vop2
RDX s 0 ver
RDY L] Hex HIY 07 porvrne 22[1 HEX
Hay Hox [Jg 3RV7ARE 511 psy
HaY [jo 20[] Hax
RW [}10 19[] Hay
H3X we [J11 18[] Hax
wol Hay Nc [i2 17{] HaY
RDX []13 16[] wus
ROY [J14 15[] vee
Hax
Hay

HS0

HS1 Hs5X

HS2 H5Y

wC

1-35 CAUTION: Use handling procedures necessary
888 h for a static sensitive component.




SSI 32R117A/117AR
2, 4, 6-Channel
Read/Write Circuit

CIRCUIT OPERATION

The SSI 32R117A functions as a write driver or as a
read amplifier for the selected head. Head selection
and mode control are described in Tables 1 & 2. Both
R/W and CS have internal pull-up resistors to prevent
an accidental write condition.

WRITE MODE

The Write mode configures the SSI 32R117A as a
current switch and activates the Write Unsafe Detec-
tor. Head currentis toggled between the X- and Y-side
of the recording head onthe falling edges of WDI, Write
Data Input. Note that a preceding read operation
initializes the Write Data Flip-Flop, WDFF, to pass
current through the X-side of the head. The magnitude
of the write current, given by

lw = K/Rwc, where K = Write Current Constant

is set by the external resistor, Rwc, connected frompin
WC to GND.

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output:

» Headopen

» Head center tap open
+  WDI frequency too low
» Device in Read mode
» Device not selected

«  No write current

After the fault condition is removed, two negative
transitions on WDI are required to clear WUS.

Power dissipation in write mode may be reduced by
placing aresistor (RCT) between VDD1 & VDD2. The
optimum resistor value is 130Q x 50/iw (lw in mA). At
low write currents (<15 mA) read mode dissipation is
higher than write mode and RCT, though recom-
mended, may not be considered necessary. In this
case VDD2 is connected directly to VDD1.

READ MODE

Inthe Read mode the SSI 32R117A is configured as a
low noise differential amplifier, the write current source
and the write unsafe detector are deactivated, and the
write data flip-flop is set. The RDX and RDY outputs
are driven by emitterfollowers and are in phase with the
“X" and “Y” head ports. They should be AC coupled to
the load.

Note that the internal write current source is deacti-
vated for both the Read and the Chip Deselect mode.
This eliminates the need for external gating of the write
current source.

IDLE MODE

Taking CS high selects the idle mode which
switches the RDX, RDY outputs into a high imped-
ance state and deactivates the internal write current
source. This facilitates multi-device installations by
allowing the read outputs to be wire OR’ed.

TABLE 1: MODE SELECT

[eX R/W MODE
0 0 Write
0 1 Read
1 X Idle
TABLE 2: HEAD SELECT
HS2 HS1 HSO HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 X None
0=Lowlevel 1=Highlevel x=Don'tcare
1-36
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SSI 32R117A/117AR
2, 4, 6-Channel

388

Read/Write Circuit
PIN DESCRIPTIONS
NAME /0 DESCRIPTION
HS0-HS2 | Head Select: selects up to six heads
CS | Chip Select: a low level enables device
RW I Read/Write: a high level selects read mode
WUS o* Write Unsafe: a high level indicates an unsafe writing condition (open collector)
WDI | Write Data In: negative transition toggles the direction of the head current
HOX-H5X /0 X,Y head connections
HOY-H5Y
RDX, RDY o* X, Y Read Data: differential read signal out
WC - Write Current: used to set the magnitude of the write current
VCT - Voltage Center Tap: voltage source for head center tap
VCC - +5V
VDD1 - +12V
VDD2 - Positive power supply for the center tap voltage source
GND - Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ABSOLUTE MAXIMUM RATINGS (Operation above absolute maximum ratings may permanently
damage the device. All voltages referenced to GND.)

PARAMETER VALUE UNITS
VDD1 DC Supply Voltage -0.3to +14 vDC
VDD2 DC Supply Voltage -0.3to +14 VvDC
VCC DC Supply Voltage -0.3to +6 VvDC
VIN Digital Input Voltage Range -0.3to VCC + 0.3 VvDC
VH Head Port Voltage Range -0.3to VDD + 0.3 VDC
Vwus WUS Port Voltage Range -0.3to +14 VvDC
Iw Write Current 60 mA
lo RDX, RDY Output Current -10 mA
Iver VCT Output Current -60 mA
lwus WUS Output Current +12 mA
Tstg Storage Temperature Range -65 to +150 °C
Lead Temperature PDIP, Flatpack (10 sec soldering) 260 °C
Package Temperature PLCC, SOL (20 sec reflow) 215 °C
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SSI 32R117A/117AR
2, 4, 6-Channel
Read/Write Circuit

RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN | NOM | MAX UNITS
DC Supply Voltage VDD1 10.8 12.0 13.2 VvDC
DC Supply Voltage VCC 45 5.0 55 VvDC
Head Inductance Lh 5 15 pH
Damping Resistor RD | 32R117A only 500 2000 Q
RCT Resistor RCT 125.0 130 135.0 Q
Write Current Iw 25 50 mA
Junction Temperature Range Tj 25 125 °C
DC CHARACTERISTICS
(Unless otherwise specified, recommended operating conditions apply.)
PARAMETER CONDITIONS MIN | NOM | MAX UNITS
VCC Supply Current Read/Idle Mode 25 mA
Write Mode 30 mA
VDD Supply Current Idle Mode 25 mA
Read Mode 50 mA
Write Mode 30+w mA
Power Dissipation (Tj = +125°C) Idle Mode 400 mwW
Read Mode 600 mW
Write Mode, Iw = 50 mA, 700 mw
RCT = 130Q
Write Mode, Iw = 50 mA, 1050 mw
RCT = 0Q
Digital Inputs
Input Low Voltage VIL -0.3 0.8 VDC
Input High Voltage VH 2.0 VCC+0.3| VDC
Input Low Current liL | VIL=0.8V -0.4 mA
Input High Current IIH | VIH=2.0V 100 pA
WUS Output VOL | IOL=8mA 05 vDC
WUS Qutput IOH | VOH =5.0V 100 pA
Center Tap Voltage VCT | Write Mode 6.0 vDC
Read Mode 4.0 vDC

1-38
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SSI1 32R117A/117AR
2, 4, 6-Channel
Read/Write Circuit

WRITE CHARACTERISTICS (Unless otherwise specified: recommended operating conditions apply,
IW=45mA, Lh =10 pH, Rd = 750Q (32R117A only), f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Write Current Range 10 50 mA
Write Current Constant “K” 133 147 \
Differential Head Voltage Swing 8.0 V(pk)
Unselected Head Transient Current 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R117A 10K Q
32R117AR 638 863 Q
WDI Transition Frequency WUS = low 250 kHz
Iwc to Head Current Gain Iw/lwe 20 mA/mA
Unselected Head Leakage Current | Sumof X &Y side 85 HA
leakage current
READ CHARACTERISTICS

(Unless otherwise specified: recommended operating conditions apply, IW = 45 mA, Lh = 10 pH,
Rd = 750Q (32R117A only), f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF, Vin is referenced to VCT)

PARAMETER CONDITIONS MIN | NOM | MAX UNITS
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 90 110 VIV
RL(RDX), RL(RDY) = 1 KQ
Dynamic Range DC Input Voltage, Vi, -3 +3 mvV
Where Gain Falls by 10%,
Vin = Vi + 0.5 mVpp
| @ 300 KHz
Bandwidth (-3dB) |1Zs] < 5Q, Vin = 1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 1.7 nV/AHz
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 20 pF
Differential Input Resistance 32R117A,f =5 MHz 2K Q
32R117AR, f = 5 MHz 450 750 Q
Input Bias Current (per side) 45 HA
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 db
@ 5MHz
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SSI 32R117A/117AR
2, 4, 6-Channel
Read/Write Circuit

READ CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VDD1, VDD2 or VCC
Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin = 0 mVpp
Output Offset Voltage -440 +440 mV
Common Mode Output Voltage Read Mode 5 7 \Y
Write/Idie Mode 4.3 \Y%
Single Ended Output Resistance f=5MHz 30 Q
Leakage Current, RDX, RDY RDX, RDY = 6V -100 +100 UHA
Write/Idle Mode
Output Current 'AC Coupled Load, 2 mA
RDX to RDY

SWITCHING CHARACTERISTICS (Unless otherwise specified: recommended operating conditions

apply, IW = 45 mA, Lh = 10 uH, Rd = 750Q (32R117A only), f(Data) = 5 MHz)

PARAMETER

CONDITIONS

MIN

NOM

MAX

UNITS

R/W To Write

Delay to 90% of
write current

1.0

us

R/W to Read

Delay to 90% of 100 mV
10 MHz read signal
envelope orto 90 %
decay of write current

1.0

us

CS to Select

Delay to 90% of write
current or to 90% of
100mV 10MHz read
signal envelope

1.0

us

S to Unselect

Delay to 90% decay
of write current

1.0

us
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SSI 32R117A/117AR

2, 4, 6-Channel
Read/Write Circuit
SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM | MAX UNITS
HSO - HS2 to any head Delay to 90% of 100 mV 1.0 us
10 MHz read signal
envelope
WUS - Safe to Unsafe - TD1 Iw =50 mA 1.6 8.0 us
WUS - Unsafe to Safe - TD2 Iw =20 mA 1.0 us
Head Current (Lh = 0 uH, Rh = 0Q)
Prop. Delay - TD3 From 50% points 25 ns
Asymmetry WDI has 50% duty cycle 2 ns
and 1ns rise/fall time
Rise/Fall Time 10% - 90% points 20 ns

™2 —) 44— 101 —))|
wus N }

—)

—

TD3
HEAD / \ \
CURRENT /———\__/
(Ix-ly)

5

FIGURE 1: Write Mode Timing Diagram
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SSI 32R117A/117AR
2, 4, 6-Channel

Read/Write Circuit
+5V +12v
see Note 5_['"
100pFI- see Note 1 see Note 2
e RCT
2K VCC VDD1 VDD2 VCT
see Note 4
)| MICROPROCESSOR . WUS HOX
DRIVE E_
INTER:FACE l Hoy
: R RW H1X |
: - SS132B545
| SUPPORT '
H
H cs H1Y
H
: —[ H2x
! SS132P540 1 ,
H READ DATA PROCESSOR LOW
f VOLTAGE| HaY
H DETECT SSI32R117A
B @c - - %
: b
HEAD |
SELECTY ! ‘E% HS1 Hay
1
! 14X
' 3
WRITE i
DATA | woi Hay
;
! /{ see Note 3 HEX
: |——— RDX
READ ——— TIME u ——|
DATA | DOMAIN FILTER HSY
— FILTER H
: _‘I I RDY  wc anD
RWC %
NOTES see Note 6 !

1. An external resistor, RCT, given by,

induced by flex cable parasitics.

RCT = 130(50/Iw)Q, where Iw is in mA,

can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1.

3. Limit DC current from RDX and RDY to 100 pnA and load capacitance to 20 pF.
4. Damping resistors not required on 32R117AR version.

2. A ferrite bead (Ferroxcube 5659065/4A6) can be used to suppress write current overshoot and ringing

5. The power bypassing capacitor must be located close to the 32R117A with its ground returned directly to
device ground with as short a path as possible.

6. To reduce ringing due to stray capacitance this resistor should be located close to the 32R117A. Where
this is not desirable a series resistor can be used to buffer a long WC line.

FIGURE 2: Applications Information
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SSI 32R117/117R

788

2, 4, 6-Channel
Read/Write Circuit
PACKAGE PIN DESIGNATIONS
(TOP VIEW)

CS 1 18[] HsO s [I1 22[] HSO Hsoﬁ1 28[] HS1
GND []2 17[] wol GND []2 21[] Hs1 TS [J2 27[] HS2
NC []3 16[] VDD1 Hox []3 20[] wpI GND []3 26[] wDI
Hox [J4 15;] VDD2 Hoy []4 19; VDD1 HoX []4 25; VDD1
Hoy [I5 3322;’1‘7:?2 14j VCT H1X [Js ] 18[] VDD2 Hoy [5 24[] vDD2
RAW [6 13[] H1X H1Y ﬁs e 17[1 veT H1X [J6 23[] veT
we [J7 12]] HIY Hax [j7 16[] Hax HIY [I7  ppyere  22] HSX
RDX [J8 1] wus Hay [J8 15[] Hay Hex [J8 **"'7"€ 240 Hsy
RDY []o 10{] vee RW []o 14[] wus H2Y dg 20[] H4x

wc [j10 13[] vce RW []10 19[] H4Y
18-lead PDIP RDX [{11 12[] RDY we []11 18[] H3X
52 B 8288 22-lead PDIP NC [j12 17[] Hay
IOl xzxzx = RDX []13 16[] WUs
4 3 2 1 28 27 26 ‘E RDY [J14 15[] vce
Hoy ff 5 2501 vDD1
H1X Q6 2401 vDD2 28-lead PDIP,
HIY D7 23f1 veT Flatpack, SOL
H2X |8 AN 22E H5X
HaY g9 211 H5Y
RW 10 2001 H4X
we 11 191 HaY
PR THERMAL CHARACTERISTICS
O X > O v > X
*ER2gIZ PACKAGE Zja
28-lead PLCC 18-lead PDIP 140°C/W
o r ~ e 22-lead PDIP | 65°C/W
GND l____l I ,_J HS1
wx—TJs 2 1 2 2 % wor 24-lead Flatpack | 110°C/W
Hoy 4 211 vop1 SQL 80°C/W
Hix —s 20— vop2 28-lead PDIP 55°C/W
MY g ST Flatpack | 100°c/W
Hex 7 18 Hax
0O,
Hey 8 7T Hay PLCC 65°C/W
RW —]° 18— ne SOL 70°C/W
WCl:wn 12 13 14 S—— nc
RDX f_—_l I l I_—_| WUS
RDY [ ] vee

24-lead Flatpack, SOL
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SSI 32R117A/117AR
2, 4, 6-Channel

Read/Write Circuit

ORDERING INFORMATION

PART DESCRIPTION ORDER NO. PKG. MARK

SSI32R117A
2-Channel PDIP SSI132R117A-2P 32R117A-2P
4-Channel PDIP SSI 32R117A-4CP 32R117A-4CP
4-Channel SOL SSI 32R117A-4CL 32R117A-4CL
4-Channel Flatpack SSI 32R117A-4F 32R117A-4F

6-Channel PDIP

SSI1 32R117A-6CP

32R117A-6CP

6-Channel SOL

SSI 32R117A-6CL

32R117A-6CL

6-Channel Flatpack

SS132R117A-6F

32R117A-6F

6-Channel PLCC

SSI132R117A-6CH

32R117A-6CH

SSI1 32R117AR with Internal Damping Resistor

2-Channel PDIP

SSI 32R117AR-2P

32R117AR-2P

4-Channel PDIP

SSI 32R117AR-4CP

32R117AR-4CP

4-Channel SOL

SSI132R117AR-4CL

32R117AR-4CL

4-Channel Flatpack

SSI 32R117AR-4F

32R117AR-4F

6-Channel PDIP

SSI 32R117AR-6CP

32R117AR-6CP

6-Channel SOL

SSI132R117AR-6CL

32R117AR-6CL

6-Channel Flatpack

SSI 32R117AR-6F

32R117AR-6F

6-Channel PLCC

SSI132R117AR-6CH

32R117AR-6CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

illcon systems

14351 Myford Road, Tustin, CA 92680 (714) 731-7110, TWX 910-595-2809

©1988 Silicon Systems, Inc.
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SSI 32R188

INNOVATORS IN JINTEGRATION

s ™ 4-Channel
J ﬂ(’l Read/Write Circuit

July, 1988
DESCRIPTION FEATURES

The SSI 32R188 is a high-performance, bipolar * Fast switching characteristics
integrated fead/write circuit .for use witt! center o 7L compatible control signals
tapped, ferrite heads. It provides a low noise read

path, write control circuitry and data protection cir- * Four head capacity

cuitry for 4-channels. The SSI 32R188 requires
+6.5V and -5.2V power supplies. ltis available in a
24-pin flat pack. * Includes write unsafe detection

¢ Designed for center-tapped ferrite heads

¢ Easily multiplexed

BLOCK DIAGRAM PIN DIAGRAM

wus ver

we [— ] vec
GND E__—_;'| JF:‘ ver
VEE[C—J3 2 1 24 23 7 ypx
WOs 4 21 Wy
HS1 5 207 Hox
Hso 16 19" Hoy
WRITE
prricioilA o5 ——7 183 Hax
(27— 71 Hay
9 16}
CENTER TAP [ — [ Hix
DRIVER 10 15
D'FFREEESTML DX ™41 12 13 14 P/ HIY
AMPLIFIERS
AND by vce
READ CURRENT DVaIRITEs
IVER!
(4 CHANNELS) VEE [ —J GND

CAUTION: Use handfing procedures necessary for
a static sensitive component.
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SSI 32R188
4-Channel
Read/Write Circuit

FUNCTIONAL DESCRIPTION

The SSI32R188 has three selectable modes of opera-
tion as illustrated in Table 1. The R/W and CS inputs
which determine these modes have internal resistor
pullups to prevent an accidental write condition. De-
pending on the mode selected, the chip performs as a
write gate or read amplifierforthe selected head. Table
2 shows proper head addressing. In the Idle mode all
inputs and outputs are in a high-impedance state,
except the WC pin which is diverted to GND.

WRITE MODE

In this mode, externally supplied write current is gated
to the “X” side of the chosen head when the DX input
is low and to the “Y” side when DY is low. The write
unsafe detectoris activated whenthe SSI 32R188isin
the write mode. A low onthe WUS pin indicates one of
the following unsafe conditions:

» Head open or shorted
« No write current
» No write data transitions

During a normal write cycle the pin is initially low and
then goes high after the differential input makes two
transitions. Two transitions are also needed to clear
WUS after a fault condition.

READ MODE
The SSI32R188 amplifies the differential signal onthe

addressed head wheninthe read mode. The amplified
signalis output on the open-collector DX and DY pins,

with a gain dependent on external resistors tied from
each pin to ground. The nominal values listed in this
data sheet were obtained with 50Q resistors and can
be doubled by using100Q resistors. Polarity is such
that the DX output is more positive when the “X” side of
the head is more positive. External gating of the write
current source is not necessary because an on-chip
diverter circuit prevents the write current from flowing
in the head circuits during the read and idle modes.

TABLE 1: Mode Select

[ RW MODE
0 0 Write
0 1 Read
1 X Idle

TABLE 2: Head Select

HS1 HSO0 HEAD
0 0 0
0 1 1
1 0 2
1 1 3
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SSI 32R188
4-Channel
Read/Write Circuit

PIN DESCRIPTION

NAME TYPE DESCRIPTION

HSO - HS1 | Head Select: selects up to four heads

CcS | Chip Select: a low level enables device

RW | Read/Write: a high level selects Read mode

WUS (0] Write Unsafe: open collector output, low indicates unsafe condition
HOX-H3X I10 X, Y head connections

HOY-H3Y

DX, DY l{e] X, Y Read/Write Data: differential read data in/write data out signal
wcC - Write Current: external write current generator connected to this pin
VCT - Voltage Center Tap: voltage source for head center tap

vCcC - +6.5V

VEE - -5.2V

GND - Ground

ABSOLUTE MAXIMUM RATINGS (Operation above absolute maximum ratings may perma-

nently damage the device.)

PARAMETER RATING UNIT

DC Supply Voltages VCC 75 vDC

VEE -6.0 vDC

Digital Input Voltage Range -0.3to VCC +0.3 VvDC

Head Input (Read Mode) -0.6t0 0.4 vDC

Head Select (HS0, HS1) -0.4 (or -2 mA) to VCC + 0.3 VvDC

WUS Port Voltage Range -0.4t0 VCC + 0.3 vDC
Write Current (lw) -80 mA
Output Current VCT -80 mA
WUS 10 mA

DX, DY Voltage -0.1to +0.3 VvDC

Differential Voltage, VR/W - VCS | 6.5 VvDC
Storage Temperature Range (Tstg) -65to + 150 °C
Lead Temperature (10 sec soldering) 260 °C

0788
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SSI 32R188
4-Channel
Read/Write Circuit

RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN NOM | MAX UNITS
DC Supply Voltage vCcC 6.2 6.5 6.8 vDC
DC Supply Voltage VEE -5.5 5.2 -4.9 VvDC
Head Inductance Lh 1.5 15 puH
Write Current w 35 70 mA
Junction Temperature Range  Tj 25 125 °C
DC CHARACTERISTICS
(Unless otherwise specified, VCC = 6.5 + 5%, VEE = -5.2 + 5%, +25°C < Tj < +125°C.)
PARAMETER CONDITIONS MIN NOM | MAX UNITS
VCC Supply Current Idle Mode 35 mA
Read Mode 80 mA
Write Mode 40+iw mA
VEE Supply Current Idle Mode -20 mA
Read Mode -75 mA
Write Mode -30 mA
Digital Inputs HSO0, HS1, RW, CS .
Input Low Voltage VIL 0.8 VDC
Input High Voltage VIH 2.0 VvDC
Head Select
Input Low Current I | viL=0.8v -0.1 0.2 mA
Input High Current IIH | VIH=2.0V -0.1 0.2 mA
Chip Select & Read/Write
Input Low Current lIL | VIL=0.8V -1.6 -0.1 mA
Input High Current ~ IIH | VIH=2.0V -1.4 -0.1 mA
WUS Output VOL | IOL=8mA 0.5 vDC
WUS Output IOH | VOH=5.0V -100 100 HA
Center Tap Voltage VCT | Read Mode 0.0 vDC
Write Mode 4.2 VvDC
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SSI 32R188
4-Channel
Read/Write Circuit

0788

WRITE CHARACTERISTICS (Unless otherwise specified: VCC = 6.5+ 5%, VEE = -56.2 + §%,

lw = 70 mA, Lh = 1.8 pH, Rd = 230Q)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Write Current Range 35 70 mA
Current Gain Head Current/lwc 0.95 1.01 -
Differential Head Voltage Swing 105 V(pk)
Unselected Diff. Head Current 3 mA(pk)
Data Input Capacitance Per side to GND 10 pF
Data Input Resistance 5 KQ
WC Voltage -4.5 -0.5 vV
Differential Data Input Voltage 300 mV
Data Input Voltage Range -0.8 +0.1 \
Data Input Current Per side 100 UHA
READ CHARACTERISTICS
(Unless otherwise specified: VCC = 6.5 + 5%, VEE = -5.2 + 5%, Lh = 1.8 pH, Rd = 230Q,
f(Data) = 5 MHz, RL(DX, DY) = 50Q to GND, Vin is referenced to VCT)
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Voltage Gain Vin =1 mVpp @ 300 KHz 25 60 VIV
Dynamic Range DC Input Voltage, Vi, -2 +2 mV

Where Gain Falls by 10%,

Vin = Vi + 0.5 mVpp

@ 300 KHz
Bandwidth (-3dB) |Zs| < 5, Vin = 1 mVpp 48 MHz
Input Noise Voltage BW = 15 MHz, Vin = 0.0 VDC 24 nv/VHz

Lh=0,Rh=0

Lh = 0, Rh = 115Q per side 3.3 nV/VHz
Differential Input Capacitance Vin=0.0 VDC 18 pF
Differential Input Resistance V=0.0VDC 1.5 KQ
Input Bias Current (per side) Vin = 0.0 VDC 100 HA
Common Mode Rejection Ratio | Vem = 100 mVpp @ 12 MHz 45 ‘ dB
Power Supply Rejection Ratio 100 mVpp on VCC or VEE 45 dB
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SSI 32R188
4-Channel

Read/Write Circuit

READ CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Channel Separation Unselected Channels: 34 dB
Vin=100 mVpp @ 12 MHz;

Selected Channel:

Vin = 0 mVpp
Input Offset Voltage -10 +10 mV
Common Mode Output Voltage -1.3 -0.2 Vv
Single Ended Output Resistance 5 KQ
Single Ended Output Capacitance 10 pF
WC Voltage IWC =70 mA -3.2 -0.4 VvDC
Total Head Input Current IVCT | IWC=0 -500 +500 pA

SWITCHING CHARACTERISTICS (Unless otherwise specified: VCC = 6.5 + 5%, VEE = -5.2V + 5%,
Tj=25°C, lw =70 mA, Lh = 1.8 uH, Rd = 230Q, f(Data) = 5 MHz)

PARAMETER CONDITIONS MIN | NOM | MAX UNITS
R/W To Write Delay to 90% of write current 0.6 us
R/W to Read Delay to 90% of 100 mV 10 MHz read 0.6 us
signal envelope or to 90 % decay of
write current
CS to Select Delay to 90% of write current or to 90% 0.6 us
of 100mV 10MHz read signal envelope
CS to Unselect Delay to 90% decay of write current 0.6 us
HSO - HS2 to any head | Delay to 90% of 100 mV 10 MHz read 0.25 us
signal envelope
WUS - Safe to Unsafe | TD1, w =70 mA 0.4 4.0 us
WUS - Unsafe to Safe | TD2, lw =35 mA 1.0 us
Head Current Lh = 0 uH, Rh = 25Q per side
Prop. Delay TD3, From 50% points 19 ns
Asymmetry 2 ns max input switching 2 ns
Rise/Fall Time 10% - 90% points 15 ns
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SSI 32R188

)788

4-Channel
Read/Write Circuit
Head Overshoot ‘ ‘ "
Voltage (VH1, VH2) U |_| .
|
!
—— TD4 ——bi
WUS |
o.7v Load Capacitance = 20 pF

Pull Up Resistor = 1 KQ

FIGURE 1: Safe to Unsafe Timing

50% —+
Dx - Dy I Data

i Load Capacitance = 20 pF

1
‘_
TDy —» /rov Pull Up Resistor = 1 KQ

FIGURE 2: Unsafe to Safe Timing

50%
Dx - Dy /-

§<—Tns

>
I
0mA
Differential Head Current

\\m
N oma

1
ﬁ—TDs—bE
' i

FIGURE 3: Head Current Timing
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SSI1 32R188
4-Channel
Read/Write Circuit .

TEMPERATURE MONITORING

Two sets of series diodes are included on the chip for
junction temperature monitoring. Between both the
HS0 and HS1 pads to GND, two diodes are con-
nected in series as shown in Figure 4.

To calibrate the diodes remove power from the
SS1 32R188, pull down on the HS0 or HS1 pin with a
constant current and measure the diode forward bias
voltage as the temperature is varied. To monitor
temperature measurethe diode forward bias voltage
in either read or write mode and compare to the
previously determined calibration curve.

APPLICATIONS

The circuits shown in Figures 5, 6, and 7 are suggested for interfacing the differential DX and DY lines and

either ECL or TTL data.

VEE

Re

VEE

]

H—
ECL Dx
e 7
RW MC10194
\ i
) ) Do
(1/2) MC10113 R Rg 50q
VEE VEE e
FIGURE 5
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SSI 32R188
4-Channel
Read/Write Circuit

0788

APPLICATIONS (Continued)

. J 7%
%g \ D,
- W

¥V VEE
FIGURE 6
(1/2) 1SN 75110 500
T . Dx
Write Data —I > Dy
§ 500
WW AP‘
FIGURE 7
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SSI 32R188

4-Channel
Read/Write Circuit
PACKAGE PIN DESIGNATIONS
(TOP VIEW)
we | ] vee
GND !:I r ,:3 VCT
VEE[___J3 2 1 24 23 o[ Hox
WUS 4 21 ] Hay
Hst 15 201 Hox
Hso |6 19— Hoy
csC—17 181 H3X
LY — 171 Hay
Nne 0 187 Hix
px ——|1° 11 12 13 14 15— my
DY l:,, l_l—__l vce
VEE [ 1 GND
Jja = 105°C/W 24-Pin Flatpack
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32R188 24-Pin Flatpack SSI 32R188-4F 32R188-4F

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

silicon dustems

Silicon Systems, Inc., 14351 Myford Road, Tustin,

©1988 Silicon Systems, Inc.

CA 92680, (714) 731-7110, TWX 910-595-2809
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SSI 32R501/501R

INNOVATORS IN JINTEGRATION

August, 1988

Iy ™ 4, 6, 8-Channel Ferrite
J ﬂ(‘l Read/Write Circuit

DESCRIPTION FEATURES

The SSI132R501 is a bipolar monolithic integrated cir- ¢ Single or multi-platter Winchester drives
cuit designed for use with a center-tapped ferrite re-

cording head. It provides a low noise read path, write ~ ©  Designed for center-tapped ferrite heads
current control, and data protectionciruitry forasmany e  Programmable write current source

as 8 channels. The SSI 32R501 requires +5V and

+12V power supplies and is available in a variety of ~ *  Easlly multiplexed for larger systems

packages. * Includes write unsafe detection
The SSI 32R501R performs the same functionasthe  ® TTL compatible control signals

SSI132R501 withthe additionof internaldampingresis- o

; 1.5 nVA/Hz maximum input noise voltage
ors.

* 45V, +12V power supplies

BLOCK DIAGRAM PIN DIAGRAM
VDD1 VCC  GND wus vDD2 VeT

Hox [ 1 s2[]aND
Hovd 2 31 ] ne
Hix[] 3 30[]TS
HIY [] 4 20 [] RIW
HX [ s 28 [] we
Hay [} & 27 [] ROY
Hax [ 7 26 j RDX

MULTIPLEXER Hav [l gg:::; 25 [] Hso
HIX[] 0 cpo o 26 [1HS1
Hay [] 10 23 [] Hs2
Hsx [] 11 22 [] vee
Hsy [] 12 21 [] wol
Hex [] 13 20 [] wus
Hey [] 14 19 [] vop1
H7X [] 15 18 a VDD2
HrY [] 18 17 [] ver

32-LEAD SOW

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

CIRCUIT OPERATION

The SSI32R501 givesthe userthe ability to address up
to eight center-tapped ferrite heads and provide write
drive or read amplification. Head selection and mode
control is accomplished using the HSn, CS and RW
inputs as shown in Tables 1 & 2. Internal pullups are
provided for the CS & R/W inputs to force the device
into a non-writing condition if either control line is
opened accidentally.

TABLE 1: Mode Select

CS R/W MODE
0 0 Write
0 1 Read
1 X Idle
TABLE 2: Head Select
HS2 HS1 HSO0 HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
0 =Low level 1 =High level
WRITE MODE

Taking both CS and R/W low selects write mode which
configures the SSI32R501 as a current switch and ac-
tivates the Write Unsafe (WUS) detector circuitry.
Write current is toggled betweenthe X and Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding read
mode selection initializes the Write Data Flip-Flop,
WDFF, to pass write current through the “X” side of the
head. The zero-peak write current magnitude is pro-
grammed by an external resistor Rwc from pin WC to
GND and is given by:

Iw = K/Rwc, where K = Write Current Constant

The Write Unsafe detection circuitry monitors voltage
transitions at the selected head connections and flags
any of the following conditions as a high level on the
Write Unsafe open collector output:

« Head open » Head center tap open
» WDI frequency too low < Device in read mode
» Device not selected » No write current

Two negative transitions on.WDI, after the fault is
corrected, will clear the WUS flag.

Power dissipation in write mode may be reduced by
placing a resistor (RCT) between VDD1 & VDD2. The
optimum resistor value is 120Q x 50/lw (lw in mA). At
low write currents (<15 mA) read mode dissipation is
higher than write mode and RCT, though recom-
mended, may not be considered necessary. In this
case VDD2 is connected directly to VDD1.

READ MODE

Taking CS low and R/W high selects read mode which
configures the SSI 32R501 as a low noise differential
amplifier for the selected head. The RDX and RDY
outputs are driven by emitter followers and are inphase
with the “X” and “Y” head ports. These outputs should
be AC coupled to the load. The internal write current
source is gated off in read mode eliminating the need
for any external gating.

Read mode selection also initializes the Write Data
Flip-Flop (WDFF) to pass write current through the “X”
side of the head at a subsequent write mode selection.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX, RDY outputs into a highimpedance state and
deactivates the internal write current source. This
facilitates multi-device installations by allowing the
read outputs to be wire OR’ed.
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

0888

PIN DESCRIPTIONS

NAME /0 DESCRIPTION

HS0-HS2 | Head Select

CS | Chip Select: a low level enables device

RW | Read/Write: a high level selects read mode

WUS o Write Unsafe: a high level indicates an unsafe writing condition
WDI | Write Data In: negative transition toggles direction of head current
HOX-H7X 110 X,Y head connections

HOY-H7Y

RDX, RDY o* X, Y Read Data: differential read signal out

wWC Write Current: used to set the magnitude of the write current
VCT Voltage Center Tap: voltage source for head center tap

vCC +5V

VDD1 +12V

VvDD2 Positive power supply for the center tap voltage source

GND Ground

* When more than one R/W device is used these signals can be wire OR'ed.

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.)

PARAMETER VALUE UNITS
DC Supply Voltage VDD1 -0.3to +14 VDC
DC Supply Voltage VvDD2 -0.3to +14 vDC
DC Supply Voltage VCC -0.3to0 +6 vDC
Digital Input Voltage Range VIN -0.3to VCC + 0.3 vDC
Head Port Voltage Range VH -0.3to VDD1 + 0.3 vDC
WUS Pin Voltage Range Vwus -0.3to +14 vDC
Write Current Zero Peak Iw 60 mA
Output Current RDX, RDY lo -10 mA
Output Current IveT -60 mA
Output Current Iwus +12 mA
Storage Temperature Range Tstg -65 to 150 °C
Lead Temp. PDIP, Flatpack (10 sec Soldering) 260 °C
Package Temperature PLCC, SO (20 sec Reflow) 215 °C
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN NOM | MAX UNITS
DC Supply Voltage VDD1 10.8 12.0 13.2 VvDC
DC Supply Voltage VCC 4.5 5.0 55 vDC
Head Inductance Lh 5 15 uH
Damping Resistor RD | 32R501 only 500 2000 Q
RCT Resistor RCT* Iw =50 mA 114 120 126 Q
Write Current Iw 22 50 mA
Junction Temperature Range Tj +25 +135 °C
*For lw = 50 mA. At other Iw levels refer to Applications Information that follows this specification.

DC CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply.

POWER SUPPLY

PARAMETER CONDITIONS MIN NOM | MAX UNITS

VCC Supply Current Read/Idle Mode 25 mA
Write Mode 1 30 mA

VDD Supply Current Idle Mode 25 mA

(sum of VDD1 and VDD2) Read Mode 50 mA
Write Mode 30 + w mA

Power Dissipation (Tj = +135°C) Idle Mode 400 mw
Read Mode 600 mw
Write Mode, Iw =50 mA, 1050 mw
RCT = 0Q
Write Mode, Iw =50 mA 750 mw
RCT = 120Q
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SSI 32R501/501R

4, 6, 8-Channel Ferrite

Read/Write Circuit

DC CHARACTERISTICS (Continued)

DIGITAL I/0O

PARAMETER CONDITIONS MIN NOM | MAX UNITS

VIL Input Low Voltage -0.3 0.8 VvDC

VIH Input High Voltage 2.0 VvCC VvDC

+0.3

L Input Low Current VIL =0.8V -0.4 mA

IH Input High Current VIH = 2.0V 85 pA

VOL  WUS Output Low Voltage IOL =8 mA 0.5 vDC

IOH  WUS Output High Current VOH = 5.0V 100 HA

WRITE MODE

PARAMETER CONDITIONS MIN NOM | MAX UNITS

Center Tap Voltage VCT | Write Mode 6.0 VvDC

Write Current Range 10 50 mA

Write Current Constant “K” 129 151

lwc to Head Current Gain 20 mA/mA

Unselected Head Leakage Current 85 A

RDX, RDY Common Mode Write/Idle Mode 4.3 vDC

Output Voltage

RDX, RDY Leakage RD 3.0 <RDX, RDY < 8.0V -50 +50 pA
Write/ldle Mode

READ MODE

PARAMETER CONDITIONS MIN NOM | MAX UNITS

Center Tap Voltage Read Mode 4.0 VvDC

Input Bias Current (differential) 100 HA

Output Offset Voltage Read Mode -480 +480 mV

Common Mode Output Voltage Read Mode 5 7 vDC

0888
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

DYNAMIC CHARACTERISTICS AND TIMING

Unless otherwise specified, recommended operating conditions apply and Iw =45 mA, Lh= 10 uH, Rd = 750Q
32R501 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.)

WRITE MODE
PARAMETER CONDITIONS / MIN NOM | MAX UNITS
Differential Head Voltage Swing 7.5 V(pk)
Unselected Head Transient Current S5uH<Lh<95puH 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R501 10K Q
32R501R 600 960 Q
WDI Transition Frequency WUS = low 250 KHz
READ MODE
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Voltage Gain Vin =1 mVpp @ 300 kHz,| 80 120 VIV
RL(RDX), RL(RDY)
=1 KQ
Dynamic Range DC Input Voltage, Vi, -3 +3 mvV
Where Gain Falls
by 10%. Vin = Vi +
0.5 mVpp @ 300 kHz
Bandwidth (-3dB) |Zs| < 5Q, Vin =1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 1.5 nV/Hz
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 23 pF
Differential Input Resistance 32R501,f =5 MHz 2K Q
Differential Input Resistance 32R501R, f =5 MHz 460 860 Q
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 dB
@ 5 MHz
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VDD1, VDD2 or VCC
Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin = 0 mVpp
Single Ended Output Resistance f=5MHz 30 Q
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

READ MODE (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNITS
Output Current AC Coupled Load, 2.0 mA
RDX to RDY
External Resistance Load AC coupled to output 100 Q
per side to GND
Center tap output impedance 0<f<5MHz 150 Q
SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM | MAX UNITS
R/W To Write Delay to 90% of 600 ns
Write Current
R/W to Read Delay to 90% of 600 ns
100 mV, 10 MHz Read
Signal Envelope or
to 90% decay of
Write Current
CS to Select Delay to 90% of Write 600 ns
Current or to 90% of
100 mV, 10 MHz Read
Signal Envelope
CS to Unselect Delay to 90% Decay 600 ns
of Write Current
HSO0 - HS2 to any head Delay to 90% of 100 mV, 600 ns
10 MHz Read Signal
Envelope
WUS-Safe to Unsafe - TD1 Iw =50 mA 1.6 8.0 us
WUS-Unsafe to Safe - TD2 Iw =20 mA 1.0 us
Head Current (Lh = 0 uH, Rh = 0Q)
Prop. Delay - TD3 From 50% Points 30 ns
Asymmetry WDI has 50% Duty Cycle 2 ns
and 1ns Rise/Fall Time
Rise/Fall Time 10% - 90% Points 20 ns
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

o)

wus

HEAD
CURRENT

4— TD2

TD3

(Ix-ly)

=

YAVAVAVAVA

'\

¢— TD1 —»

[

\_

FIGURE 1: Write Mode Timing Diagram
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$85132P541 READ DATA PROCESSOR

see Note 3

| RDY

NOTES

outputs can be wire-OR'ed.

1. Anexternal resistor, RCT, givenby; RCT = 120 (50/w) where Iw is the zero-peak write current in mA, can be used
to limit internal power dissipation. Otherwise connect VDD2 to VDD1.

2. Damping resistors not required on 32R501R versions.

3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. in multi-chip application these

4. The power bypassing capacitor must be located close to the 32R501 with its ground returned directly to device
ground, with as short a path as possible.
5. To reduce ringing due to stray capacitance this resistor should be located close to the 32R501. Where this is not Rwe
desirable a series resistor can be used to buffer a long WC line.

$S1 32R501

vbD2 VCT
HoX

see Note 2

Hoy
HiX

H1Y
H2X

Hay
H3X

H3Yy
Hax

Hay
HSX

HsY
4

Hey
H7X

Hay
Hox

G 5 B 1 B B o

Hoy
GND

see Note 5

FIGURE 2: Applications Information
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
GND [] 1 24 [] Nict Hox [] 1 32 [] anD
HOY || 2 31 N/C*
ne [ 2 23 [1C8 . ’
HIX ] 3 []TS
Hox [] 3 zsz}W wiv [ o = [ W
Hov [] 4 21 [Jwe wex [1s 2 [] we
HiX ] 5 20 [] ROV Hav [ e 27 [] ROy
H3; 7 26 RDX
iy [ 6 J2RS014 4o I Rox . ’
32R501R-4 Hav [| 8 3285018 25 ] Hso
4 8
HX [ 7 Ghannets 18 [] HsO HX 19 ranneis 24 [ HS1
Hay [] 8 17 ] wst Hav [] 10 23 [] Hs2
Hsx [] 11 22 [] vec
Hax [] o 16 [] vee ey [] 12 21 ] wor
Hay [] 10 15 [] wol wex [ 13 20 [] wus
veT [ 1 14 ] WUS Hey [] 14 19 [] voD1
H7x [] 15 18 [] vDbp2
vob2 [] 12 13 [] vbD1 wrv [ 16 w b ver
* Must remain open *Must remain open
24-Lead SOL 32-Lead Flatpack, SOW
HOX [} 1 40 {| GND
HoX E 1 28 [] GND U X
Hoy [] 2 3 []ne
Hoy [] 2 27 [] Ne* ne [l 3 38 [] nC
HiX [] 3 26 [] T8 e 57 [] wo
HIX ] 5 3% T8
HIY [] 4 25 [] RW wv e s [
H2X [] 5 24 [] we wex 17 4 [Jwe
Hy [] 6 23 [] ROY il E s * g“”"
H3X |19 32Rs01-8/ 32 RDX
R-1
Hax [ 7 3:;2;50011:/6 22 ] RDX Hav ] 10 32ng1 * 31 [] Hso
Channels
Hay [ 8 on 6 o 2 [] Hso Hax [} 11 30 [ Hst
anneis
H4aY [} 12 29 [| HS2
Hax [] 9 20 [] Hs1 : i
Hsx [ 13 28 [] vee
Hay [] 10 19 [] Hs2 Hsy [] 14 27 [] wol
Hsx [] 11 18 [] vee wex [ s 28 [Jwus
Hey [] 16 25 [] NG
HsY [] 12 17 [] woi we ] v 20 fwe
veT [] 13 16 [] wWus Ne ] 18 23 [] voo1
VDD:
Vo2 [ 14 15 [].voD1 Hx o 22 (] voo2
H7Y [] 20 21 ] ver
*Must remain open *Must remain open
28-Lead PDIP, SOL, Flatpack 40-Lead PDIP
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

PACKAGE PIN DESIGNATIONS

(TOP VIEW)

-~ o
Q 5 8 2 g k 3
g £ 8828 2
- I = B I i | | o | fom | o | ~
18 17 16 15 14 13 12
HS2 [] 19 11 I HsX
HS1 ] 20 10 [] Hay
HSO [] 21 9 [1 Hax
32R501-6/32R501R-6
RDX t 22 6 Channels 8 1 Havy
RDY [] 23 7 I H3X
WC [] 24 6 [] Hz2y
RW (] 25 O 5[] H2X
26 27 28 1 2 3 4
=T =T =T T T T T
* a X > X >
B o 2§ 8% %
*Must remain open
28-Lead PLCC
58 Lk > x
[SIN¢) [S R4 o
22222888k Ek32
28 27 26 25 24 23 22 21 20 19 18
WUS []29 170
WDI [ 30 16
vCC O3 150
HS2 32 14 f1
HS1 Gas 32R501-8/32R501R-8 13
34 120
HSo 1 8 Channels
RDX {35 1
RDY (36 100
WC 37 sf
RW fj3s 8
N/C [ 39 O 7h
%0 4 42 4 4 1 2 3 4 5
0 O H O X > 0 O X >
Q ==
S3BL 2325535z
“Must remain open
44-Lead PLCC
1-64
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SSI 32R501/501R
4, 6, 8-Channel Ferrite
Read/Write Circuit

THERMAL CHARACTERISTICS: 0Oja

24-lead SOL 80°C/W 32-lead FLATPACK 95°C/W

28-lead PDIP 55°C/W sow 55°C/W
PLCC 65°C/W 40-lead PDIP 45°C/W
SOL 70°C/W 44-lead PLCC 60°C/W
Flatpack 100°C/W

ORDERING INFORMATION

PART DESCRIPTION | ORDER NO. | PKG. MARK

SSI 32R501
4-Channel SOL SS132R501-4CL 32R501-4CL
6-Channel Flatpack SSI 32R501-6F 32R501-6F
6-Channel PLCC SSI32R501-6CH 32R501-6CH
6-Channel SOL SSI 32R501-6CL 32R501-6CL
6-Channel PDIP SSI 32R501-6CP 32R501-6CP
8-Channel Flatpack SSI 32R501-8F 32R501-8F
8-Channel SOW SSI 32R501-8CW 32R501-8CW
8-Channel PDIP SS132R501-8CP 32R501-8CP
8-Channel PLCC SS132R501-8CH 32R501-8CH

SS132R501R
4-Channel SOL SSI32R501R-4CL 32R501R-4CL
6-Channel Flatpack SSI 32R501R-6F 32R501R-6F
6-Channel PLCC SSI32R501R-6CH 32R501R-6CH
6-Channel SOL SSI 32R501R-6CL 32R501R-6CL
6-Channel PDIP SSI 32R501R-6CP 32R501R-6CP
8-Channel Flatpack SS1 32R501R-8F 32R501R-8F
8-Channel SOW SSI 32R501R-8CW 32R501R-8CW
8-Channel PDIP $SI 32R501R-8CP 32R501R-8CP
8-Channel PLCC SS132R501R-8CH 32R501R-8CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

Ne
-Silicon Systems, Inc., 14351 Myford Road, Tustin CA 92680, (714) 731-7110, TWX 910-595-2809
0888 ©1988 Silicon Systems, Inc.
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INNOVATORS INJINTEGRATION

SSI 32R510A/510AR
vk ™ 2, 4, 6-Channel
J ﬂ(j‘ Read/Write Device

July, 1988
DESCRIPTION FEATURES
The SSI 32R510A is a bipolar monolithic integrated e High performance:
circuit designed for use with a center-tapped ferrite - Read mode gain = 100 V/V
recording head. It provides a low noise read path, write - Input noise = 1.5 nV/VHz max.
current control, and data protection circuitry for as - Input capacitance = 20 pF max.
many as 6 channels. The SSI 32R510A requires +5V - Write current range = 10 mA to 40 mA
and +12V power supplies and is available in a variety .
of packages. * Enhanced system write to read recovery time

* Power supply fault protection
The SSI32R510AR performs the same functionasthe o pjug compatible to the SSI 32R117
SSI32R510A with the addition ofinternal 750Qdamp- 1. gned for center-tapped ferrite heads

ing resistors.
g * Programmable write current source
* Write unsafe detection

* TTL compatible control signals
* +5V, +12V power supplies

BLOCK DIAGRAM PIN DIAGRAM
(6-Channel)
VDDt vcc GND Wus VvDD2 veT
. AP Hso 1 28[] Hs1
CS ]2 27[] Hs2
~ ] wmooe HoX GND []3 26[] WDI
‘ ECT
SELI HoY HoX [{4 25[] VDD1
HIX Hoy [Js5 24E| VDD2
£
Fox E['L HY H1X [J6 23[] ver
roY [} H2X
v H1Y 07 gonsions 22[1 H5X
] - -6
LT - Hax [j8 327510ARS o111 Hsy
] Ha2y [Jo 20[] H4X
H3Y
woi [ i RW [J10 19[] HaY
— ey we [|11 18[] Hax
o R | Hsx NC [|12 17[] HaY
K =] DETECTOR
T HSY RDX |;13 16[] WUS
o[k RDY []14 15[] vee
Hst [
Hs2 [ ===
CAUTION: Use handling procedures necessary

for a static sensitive component.
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SSI 32R510A/510AR
2, 4, 6-Channel
Read/Write Device

CIRCUIT OPERATION

The SSI 32R510A has the ability to address up to 6
center-tapped ferrite heads and provide write drive or
read amplification. Head selection and mode control
are accomplished using the HSn, CS and R/W inputs
as shownintables 1 & 2. Internal pullups are provided
forthe CS & R/W inputs to force the device into a non-
writing conditionif either control line is opened acciden-
tally.

TABLE 1: MODE SELECT

cs RW MODE
0 0 Write
0 1 Read
1 X Idle
TABLE 2: HEAD SELECT
HS2 HS1 HSO0 HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 X None
0=Lowlevel 1 =Highlevel x=Don'tcare
WRITE MODE

Taking both CS and R/W low selects write mode which
configures the SSI 32R510A as a current switch and
activates the Write Unsafe (WUS) detector circuitry.
Write eurrentis toggled betweenthe Xand Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding read
mode selection initializes the Write Data Flip-Flop,
WDFF, to pass write current through the “X” side of the
head. The zero-peak write current magnitude is pro-
grammed by an external resistor Rwc from pin WC to
GND and is given by:

Iw = K/Rwc, where K = Write Current Constant

The Write Unsafe detection circuitry monitors voltage
transitions at the selected head connections and flags
any of the following conditions as a high level on the
Write Unsafe open collector output:

« Head open » Head center tap open
- WDI frequency too low « Device in read mode
 Device not selected « No write current

Two negative transitions on WDI, after the fault is
corrected, will clear the WUS flag.

To further assure data security a voltage fault detection
circuit prevents application of write current during
power loss or power sequencing.

To enhance write to read recovery time the change in
RDX, RDY common mode voltage is minimized by
biasing these outputs to a level within the read mode
range when in write mode.

Power dissipation in write mode may be reduced by
placing a resistor (RCT) between VDD1 & VDD2. The
optimum resistor value is 150Q x 40 /lw (lw in mA). At
low write currents (<15mA) read mode dissipation is
higher than write mode and RCT, though recom-
mended, may not be considered necessary. In this
case VDD2 is connected directly to VDD1.

READ MODE

Taking CS low and R/W high selects read mode which
configures the SSI 32R510A as a low noise differential
amplifier for the selected head. The RDX and RDY
outputs are driven by emitterfollowers and are inphase
with the “X” and “Y” head paths. These outputs should
be AC coupled to the load. The internal write current
source is gated off in read mode eliminating the need
for any external gating.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX, RDY outputs into a highimpedance state and
deactivates the internal write current source. This
facilitates multi-device installations by allowing the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.
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SSI 32R510A/510AR
2, 4, 6-Channel
Read/Write Device

0788

PIN DESCRIPTIONS

NAME /0 DESCRIPTION

HS0-HS2 | Head Select

CS 1 Chip Select: a low level enables device

R/W | Read/Write: a high level selects read mode

WUS o* Write Unsafe: a high level indicates an unsafe writing condition
WDI I Write Data In: negative transition toggles direction of head current
HOX-H5X /0 X,Y head connections

HOY-H5Y

RDX, RDY o* X, Y Read Data: differential read signal out

wC * Wirite Current: used to set the magnitude of the write current
VCT Voltage Center Tap: voltage source for head center tap

VCC +5V

VDD1 +12V

VDD2 Positive power supply for the center tap voltage source

GND Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ABSOLUTE MAXIMUM RATINGS (Operation above absolute maximum ratings may permanently damage
the device. All voltages referenced to GND. Currents into device are positive.)

PARAMETER VALUE UNITS
DC Supply Voltage VDD1 -0.3to +14 vDC
DC Supply Voltage VDD2 -0.3to +14 vDC
DC Supply Voltage VCC -0.3to +6 VvDC
Digital Input Voltage Range VIN -0.3to VCC + 0.3 vDC
Head Port Voltage Range VH -0.3to VDD1 + 0.3 VDC
WUS Pin Voltage Range Vwus -0.3to +14 VvDC
Write Current (Zero Peak) W 60 mA
RDX, RDY Output Current lo -10 mA
VCT Output Current Iver -60 mA
WUS Output Current Iwus +12 mA
Storage Temperature Range Tstg -65 to 150 °C
Lead Temperature PDIP, Flat Pack

(10 sec Soldering) 260 °C
Package Temperature PLCC, SO

(20 sec Reflow) 215 °C
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SSI 32R510A/510AR
2, 4, 6-Channel
Read/Write Device

RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN NOM | MAX UNITS
DC Supply Voltage VDD1 10.8 12.0 13.2 vDC
DC Supply Voltage vcC 4.5 5.0 55 vDC
Head Inductance Lh 5 15 uH
Damping Resistor RD | 32R510A only 500 2000 Q
RCT Resistor RCT | w =40 mA, see Note 124 130 136 Q
Write Current w 10 40 mA
Junction Temperature Range Tj +25 +135 °C

Note: For lw =40mA. At other Iw levels refer to Applications Information that follows this specification.

DC CHARACTERISTICS

(Unless otherwise specified, recommended operating conditions apply.)

POWER SUPPLY

PARAMETER CONDITIONS MIN NOM | MAX UNITS

VCC Supply Current Read/Idle Mode 35 mA
Write Mode 30 mA

VDD Supply Current Idle Mode 20 mA

(sum of VDD1 and VDD2) Read Mode 35 mA
Write Mode 20 + Iw mA

Power Dissipation (Tj = +125°C) Idle Mode 400 mw
Read Mode 600 mw
Write Mode, IW =40 mA, 800 mw
RCT =0Q
Write Mode, IW = 40 mA, 600 mw

RCT = 130Q
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SSI 32R510A/510AR
2, 4, 6-Channel
Read/Write Device

0788

DC CHARACTERISTICS (continued)

DIGITAL /O
PARAMETER CONDITIONS MIN NOM | MAX UNITS
VIL Input Low Voltage 0.8 VvDC
VIH Input High Voltage 2.0 VvDC
L Input Low Current VIL = 0.8V -0.4 mA
1IH Input High Current VIH = 2.0V 100 pA
VOL  WUS Output Low Voltage IOL =8 mA 05 VvDC
IOH  WUS Output High Current | VOH = 5.0V 100 pA
WRITE MODE
Center Tap Voltage (VCT) Write Mode 6.0 VvDC
Head Current (per side) Wirite Mode, 0<VCC<3.7V, -200 +200 HA
0<VDD1<8.7V
Write Current Range 10 40 mA
Write Current Constant ‘K" 2.375 2.625
Iwc to Head Current Gain 0.99 mMA/MA
Unselected Head Leakage Current 85 HA
RDX, RDY Output Offset Voltage Write/Idle Mode -20 +20 mV
RDX, RDY Common Mode Write/Idle Mode 5.3 vDC
Output Voltage
RDX, RDY Leakage RDX, RDY = 6V -100 +100 HA
Write/Idle Mode
READ MODE
Center Tap Voltage Read Mode 4.0 VvDC
Head Current (per side) Read or Idle Mode -200 +200 HA
0<VCC<55V
0<VDD1<13.2V
Input Bias Current (per side) 45 HA
Input Offset Voltage Read Mode -440 +440 mV
Common Mode Output Voltage Read Mode 4.5 6.5 VvDC
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SSI 32R510A/510AR

2, 4, 6-Channel
Read/Write Device

DYNAMIC CHARACTERISTICS AND TIMING

(Unless otherwise specified, recommended operating conditions apply, IW = 35 mA, Lh = 10 pH,

Rd = 750Q, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.)

WRITE MODE
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Head Voltage Swing 7.0 V(pk)
Unselected Head Transient Current 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R510A 10K Q
32R510AR 600 960 Q
WDI Transition Frequency WUS = low 250 kHz
READ MODE
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 85 115 A"
RL(RDX), RL(RDY) = 1 KQ
Dynamic Range DC Input Voltage, Vi, -3 +3 mV
Where Gain Falls by 10%,
Vin = Vi + 0.5 mVpp
@ 300 KHz
Bandwidth (-3dB) |Zs| < 5Q, Vin = 1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 1.5 nVAHz
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 20 pF
Differential Input Resistance 32R510A, f = 5 MHz 2K Q
32R510AR, f = 5 MHz 460 860 Q
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 dB
@ 5 MHz
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VvVDD1, VDD2 or VCC
Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin = 0 mVpp
Single Ended Output Resistance f=5MHz 30 Q
Output Current AC Coupled Load, 21 mA
RDX to RDY
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SSI 32R510A/510AR

2, 4, 6-Channel

Read/Write Device

0788

DYNAMIC CHARACTERISTICS AND TIMING (continued)

SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM MAX UNITS
R/W To Write Delay to 90% of 1.0 us
write current
R/W to Read Delay to 90% of 100 mV 1.0 us
10 MHz read signal
envelope or to 90 % of
write current
CS to Select Delay to 90% of write 1.0 us
current or to 90% of
100mV 10MHz read
signal envelope
CS to Unselect Delay to 90% decay 1.0 us
of write current
HSO - HS2 to any head Delay to 90% of 100 mV 1.0 us
10 MHz read signal
envelope
WUS, Safe to Unsafe - TD1 lw =35 mA 1.6 8.0 us
WUS, Unsafe to Safe - TD2 Iw=35mA 1.0 us
Head Current (Lh = 0 pH, Rh = 0Q)
Prop. Delay - TD3 From 50% points 25 ns
Asymmetry WDI has 50% duty cycle 2 ns
and 1ns rise/fall time
Rise/Fall Time 10% - 90% points 20 ns
AVAVAVAVAVA YA
44— 02 —) 4—1 —P
Wus 7
—) TD3 !
HEAD | / \ / \ / \
CURRENT
(Ix-ly) |

FIGURE 1: Write Mode Timing Diagram
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READ
DATA

1.

+5V

2K

P| MICROPROCESSOR ¢

100 pF

+1
see Note 4 ‘L_J
<

=

see Note 1
RCT

1

VCC VDD1 VDD2 VCT

|

wus HoX

Hoy
RW H1X

LOGIC
SUPPORT

h 4

Ts H1Y

FILTER h
h 4

see Note 3

H2X

H2y
SSI32R510A
RDX H3X

{1
11

c
oK AMPLIFIER I

z LEVEL
a b QUAL

$§S132P541 READ DATA PROCESSOR

' A | rov Hov

H4X

H4y

NOTES
An external resistor, RCT, given by; RCT = 130 (40/lw) where Iw is the zero-peak write currentin mA, can

v

HSn H5Y

WC GND

see Note 2

C b B L

RWC %
see Note 5 >

be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1.

Damping resistors not required on 32R510AR versions.

Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application

these outputs can be wire-OR’ed.

The power bypassing capacitor must be located close to the 32R510A with its ground returned directly

to device ground, with as short a path as possible.

To reduce ringing due to stray capacitance this resistor should be located close to the 32R510A. Where
thisis notdesirable a series resistor canbe usedto buffer along WC line. In multi-chip applications a single

resistor common to all chips may be used.

FIGURE 2: Applications Information

1-74

0788



SSI 32R510A/510AR
2, 4, 6-Channel
Read/Write Device

PACKAGE PIN DESIGNATIONS

(TOP VIEW)

TS 1 18[] Hso cs [ 20[] HsO TS O1 22[] Hso
GND []2 17[1 woi GND [J2 191 wpI GND []2 21[] Hs1
NC [3 16[] vDD1 NC []3 18[] vDD1 Hox []3 20[] wp!
Hox []4 15[] vDD2 NC [ 17[] vDD2 Hoy [l4 19[] vDD1
Hoy [J5 2R=t™2 14[] veT HOX [5 sorsioaz 16[ VCT HIX (|5 18[] vDD2
RW [|6 13[] HiX Hoy [J6 32™"AR2 451 Hix HIY [J6 J2RS10A4 4700 ver
wc [J7 12[] H1Y NC []7 14[] H1Y H2x [J7 16[] H3X
RDX []8 11[] wus RW []|8 13[] wus Hay [[s 15[] H3Y
RDY []o 10[] vce wc []9 12[] vce RW []9 14[] WUS

RDX []10 11[] RDY wc [J1o 13[] vee
18-lead PDIP RDX [t 1211 ROV
20-lead SOL
x 0 o - 5 22-lead PDIP
am oo oo - r "
HoY c{ 821wz 2625 vDD1
HoXx 3 2 1 24 23— wpi
H1X 16 2401 VDD2
Wiy 7 23h ver [21)' 4 I— 211 vDbD1 Hso [1 28:] HS1
Hex ds 332":;:;10%-56 22l Hsx HiIx 15 201 vDD2 TS [2 27[] Hs2
9 H5Y HiY C——6 32R510A-4 -] mo— /o3 § GND [3 26] WDI
32R510AR-4
H4X Hox C—7 181 HaX Hox []4 25[] vDD1
H4Y Hey |8 17— Hay Hoy [}5 24[] vDD2
RW o 161 NC H1X [le 23[] vCT
C X > 0o 0 > X
e Rgzx2¢e WC 1041 12 13 14 1S NC HIY [07  sopstons 22[] H5X
Hax [Js 32RE10ARE 5111 HsY
28-lead PLCC Aox ———— | E—ws [ 1
RDY [ ] VCC H2Y [j9 20[] H4X
24-lead Flatpack, SOL RW [}10 19]] Hay
we [[11 18[] H3X
NC [J12 17[] H3Y
THERMAL CHARACTERISTICS RDX []13 16[] wus
. ) RDY []14 15[] vce
PACKAGE Oja | PACKAGE QJja
28-lead PDIP,
18-lead  PDIP 140 | 28-lead | Flatpack 100 Flatpack, SOL
20-lead SOL 95 PLCC 65
22-lead PDIP 65 PDIP 55
24-lead | Flatpack 105 SOL 70
SOL 80
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SSI 32R510A/510AR

2, 4, 6-Channel

Read/Write Device

ORDERING INFORMATION

PART DESCRIPTION ORDER NO. PKG. MARK

SSI132R510A
2-Channel PDIP SSI 32R510A-2P 32R510A-2P
2-Channel SOL SSI 32R510A-2L 32R510A-2L
4-Channel SOL SSI32R510A-4CL 32R510A-4CL
4-Channel Flatpack SSI 32R510A-4F 32R510A-4F
4-Channel PDIP SSI132R510A-4CP 32R510A-4CP
6-Channel PDIP SS132R510A-6CP 32R510A-6CP
6-Channel SOL SSI1 32R510A-6CL 32R510A-6CL
6-Channel Flatpack SSI 32R510A-6F 32R510A-6F
6-Channel PLCC SSI 32R510A-6CH 32R510A-6CH

SSI1 32R510AR with Internal Damping Resistor

2-Channel PDIP

SSI 32R510AR-2P

32R510AR-2P

2-Channel SOL SSI 32R510AR-2L 32R510AR-2L
4-Channel SOL SSI 32R510AR-4CL 32R510AR-4CL
4-Channel Flatpack SSI1 32R510AR-4F 32R510AR-4F
4-Channel PDIP SSI 32R510AR-4CP 32R510AR-4CP

6-Channel PDIP

SSI 32R510AR-6CP

32R510AR-6CP

6-Channel SOL

SSI 32R510AR-6CL

32R510AR-6CL

6-Channel Flatpack

SSI 32R510AR-6F

32R510AR-6F

6-Channel PLCC

SSI 32R510AR-6CH

32R510AR-6CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.
j YM

14351 Myford Road, Tustin, CA 92680 (714) 731-7110, TWX 910-595-2809

©1988 Silicon Systems, Inc.




INNOVATORS IN JINTEGRATION

SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

ilicm ﬂ‘f{tm{ "‘

DESCRIPTION

The SSI32R511 is a bipolar monolithic integrated cir-
cuit designed for use with a center-tapped ferrite re-
cording head. The SSI32R511 offersthe performance
upgrades ofthe SSI32R510A, along with theimproved
pin arrangement of the SSI 32R501. It provides a low
noise read path, write current control, and data protec-
tion ciruitry for as many as 8 channels. The SSI32R511
requires +5V and +12V power supplies and is available
in a variety of packages.

The SSI 32R511R performs the same function as the
SS132R511 with the addition of internal 750Q damping
resistors. The SSI32R511M and SSI32R511RM are
functionally equivalent to the SSI 32R511 and SSI
32R511R however, they have the mirrorimage pin ar-
rangement to simplify layout when using multiple de-
vices.

August, 1988
FEATURES

High performance
Read mode gain = 100 V/V
Input noise = 1.5 nV/YHz maximum
Input capacitance = 20 pF
Write current range = 10 mA to 40 mA

* Enhanced system write to read recovery time
* Power supply fault protection

* Pin compatible with the SSI1 32R501/501R

* Designed for center-tapped ferrite heads

* Programmable write current source’

* Easily multiplexed for larger systems

¢ Includes write unsafe detection

* TTL compatible control sighals

* +5V, +12V power supplies

* Mirror image pin arrangements

0888

BLOCK DIAGRAM

vDD1 VvCC GND wus vDD2 VvCT

PIN DIAGRAM

| mope
SELECT

a

RDX

RDY

WD [_J‘

Hso

HS1

HS2

wc

1 MULTIPLEXER

Hox [] 1 32 [] aND

Hoy [] 2 31 [] Ne
HoxX HIX[] 3 0[] TS
Hoy HiY [] 4 29 [] RW
HIX H2x [ s 28 [] we
. Hay [] 6 27 [] ROY
HeX Hax [ 7 26 |] RDX
Hay Hav [| 8 J2RS1EH 5 1] hiso
Hax X9 Ghannes 26 [ HS1
Hay Hay [] 10 23 [] Hs2
Hax Hsx [ 11 22 [] vee
ey sy [] 12 21 [] woi
HX Hex [] 13 20 [] wus
Hev Hey [] 14 19 [] voo1
Hox Hx [] 15 18 |1 voo2
ey Hry [} 16 17 ] vet
H7X

32-LEAD SOW

1-77

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

CIRCUIT OPERATION

The SSI132R511 givesthe userthe ability to address up
to 8 center-tapped ferrite heads and provide write drive
orread amplification. Head selectionand mode control
is accomplished using the HSn, CS and R/W inputs as
shownintables 1 &2. Internal pullups are provided for
the CS & R/W inputs to force the device into a non-
writing condition if either controlline is opened acciden-
tally.

TABLE 1: MODE SELECT

CS RW MODE
0 0 Write
1 Read
1 X Idle
TABLE 2: HEAD SELECT
HS2 HS1 HSO HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
0 =Low level 1 =High level
WRITE MODE

Taking both CS and R/W low selects write mode which
configures the SSI32R511 as a current switch and ac-
tivates the Write Unsafe (WUS) detector circuitry.
Write currentis toggled between the Xand Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding read
mode selection initializes the Write Data Flip-Flop,
WDFF, to pass write current through the “X” side of the
head. The zero-peak write current magnitude is pro-

« grammed by an external resistor Rwc from pin WC to

GND and is given by:

Iw = K/Rwc, where K = Write Current Constant

The Write Unsafe detection circuitry monitors voltage
transitions at the selected head connections and flags
any of the following conditions as a high level on the
Write Unsafe open collector output:

« Head open « Head center tap open
» WDI frequency too low -+ Device in read mode
 Device not selected « No write current

Two negative transitions on WDI, after the fault is
corrected, will clear the WUS flag.

To further assure data security a voltage fault detection
circuit prevents application of write current during
power loss or power sequencing.

To enhance write to read recovery time the change in
RDX, RDY common mode voltage is minimized by
biasing these outputs to a level within the read mode
range when in write mode.

Power dissipation in write mode may be reduced by
placing a resistor (RCT) between VDD1 & VDD2. The
optimum resistor value is 120Q x 40 /lw (lw in mA). At
low write currents (<15 mA) read mode dissipation is
higher than write mode and RCT, though recom-
mended, may not be considered necessary. In this
case VDD2 is connected directly to VDD1.

READ MODE

Taking CS low and R/W high selects read mode which
configures the SSI 32R511 as a low noise differential
amplifier for the selected head. The RDX and RDY
outputs are drivenby emitter followers and are inphase
with the “X” and “Y” head ports. These outputs should
be AC coupled to the load. The internal write current
source is gated off in read mode eliminating the need
for any external gating.

Read mode selection also initializes the Write Data
Flip-Flop (WDFF) to pass write current through the “X”
side of the head at a subsequent write mode selection.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX, RDY outputs into a high impedance state and
deactivates the internal write current source. This
facilitates multi-device installations by allowing the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.

1-78
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

0888

PIN DESCRIPTIONS

NAME 110 DESCRIPTION

HS0-HS2 | Head Select

CS | Chip Select: a low level enables device

RW | Read/Write: a high level selects read mode

WUS o* Wirite Unsafe: a high level indicates an unsafe writing condition
WDI | Write Data In: negative transition toggles direction of head current
HOX-H7X 110 X,Y head connections

HOY-H7Y

RDX, RDY o* X, Y Read Data: differential read signal out

wC * Write Current: used to set the magnitude of the write current
VCT - Voltage Center Tap: voltage source for head center tap

vCcC - +5V

VDD1 - +12V

VvDD2 - Positive power supply for the center tap voltage source

GND - Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.)

PARAMETER VALUE UNITS
DC Supply Voltage VDD1 -0.3t0 +14 vDC
DC Supply Voltage VDD2 -0.3to +14 vDC
DC Supply Voltage VvCC -0.3t0 +6 vDC
Digital Input Voltage Range VIN -0.3to VCC + 0.3 vDC
Head Port Voltage Range VH -0.3to VDD1 + 0.3 VvDC
WUS Pin Voltage Range Vwus -0.3to0 +14 vDC
Write Current Zero Peak w 60 mA
RDX, RDy Output Current lo -10 mA
VCT Qutput Current Iver -60 mA
WUS Output Current Iwus +12 mA
Storage Temperature Range Tstg -65 to 150 °C
Lead Temperature PDIP, Flat Pack

(10 sec Soldering) 260 °C
Package Temperature PLCC, SO

(20 sec Reflow) 215 °C
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN NOM | MAX UNITS
DC Supply Voltage VDD1 10.8 12.0 13.2 vDC
DC Supply Voltage vCC 45 5.0 55 vDC
Head Inductance Lh 5 15 uH
Damping Resistor RD | 32R511 only 500 2000 Q
RCT Resistor RCT* | w=40mA 114 120 126 Q
Write Current w 10 40 mA
Junction Temperature Range Tj +25 +135 °C
*For lw = 40 mA. At other Iw levels refer to Applications Information that follows this specification.
DC CHARACTERISTICS
(Unless otherwise specified, recommended operating conditions apply.)
POWER SUPPLY
PARAMETER CONDITIONS MIN NOM | MAX UNITS
VCC Supply Current Read/Idle Mode 35 mA
Write Mode 30 mA
VDD Supply Current Idle Mode 20 mA
(sum of VDD1 and VDD2) Read Mode 35 mA
Write Mode 20 + w mA
Power Dissipation (Tj = +125°C) Idle Mode 400 mw
Read Mode 600 mw
Write Mode, IW = 40 mA, 800 mw
RCT = 0Q
Write Mode, IW = 40 mA, 610 mw

RCT = 120Q

1-80
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

DC CHARACTERISTICS (continued)

DIGITAL I/0
PARAMETER CONDITIONS MIN NOM | MAX UNITS
VIL Input Low Voltage 0.8 VvDC
VIH Input High Voltage 2.0 VvCC vDC
+0.3
liL Input Low Current VIL=0.8V -0.4 mA
IH Input High Current VIH = 2.0V 100 LA
VOL  WUS Output Low Voltage IOL=8mA 0.5 vDC
IOH  WUS Output High Current VOH =5.0V 100 HA
WRITE MODE
Center Tap Voltage VCT | Write Mode 6.0 VDC
Head Current (per side) Write Mode, -200 200 HA
' 0<VCC<37V,

0<VDD1<8.7V
Write Current Range 10 40 mA
Write Current Constant “K” 2.375 2.625
Iwc to Head Current Gain 0.99 mA/mA
Unselected Head Leakage Current 85 pA
RDX, RDY Output Offset Voltage Write/Idle Mode -20 +20 mV
RDX, RDY Common Mode Write/Idle Mode 5.3 VvDC
Output Voltage
RDX, RDY Leakage RDX, RDY = 6V -100 100 LA

Write/Idle Mode
READ MODE
Center Tap Voltage Read Mode 4.0 vDC
Head Current (per side) Read or Idle Mode -200 200 HA

0<VCC<55V

0<VDD1<13.2V
Input Bias Current (per side) 45 HA
Input Offset Voltage Read Mode -4 +4 mV
Common Mode Output Voltage Read Mode 4.5 6.5 vDC
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

DYNAMIC CHARACTERISTICS AND TIMING
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 10 uH,

Rd = 750Q 32R511 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.)

WRITE MODE
PARAMETER CONDITIONS MIN | NOM | MAX UNITS
Differential Head Voltage Swing 7.0 V(pk)
Unselected Head Transient Current 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R511 10K Q
32R511R 600 960 Q
WDI Transition Frequency WUS = low 250 KHz
READ MODE
Differential Voltage Gain Vin=1mVpp @ 300 kHz,| 85 115 VIV
RL(RDX), RL(RDY)
=1KQ
Dynamic Range DC Input Voltage, Vi, -3 +3 mV
Where Gain Falls
by 10%. Vin = Vi +
0.5 mVpp @ 300 kHz
Bandwidth (-3dB) |Zs| < 5Q, Vin = 1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 1.5 nVA~Hz
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 20 pF
Differential Input Resistance 32R511,f=5 MHz ‘ 2K Q
Differential Input Resistance 32R511R, f =5 MHz 460 860 Q
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 dB
@ 5 MHz
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VvVDD1, VDD2 or VCC
Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin = 0 mVpp
Single Ended Output Resistance f=5MHz 30 Q
Output Current AC Coupled Load, +2.1 mA
RDX to RDY

1-82
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

0888

DYNAMIC CHARACTERISTICS AND TIMING (continued)

SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM | MAX UNITS
R/W To Write Delay to 90% of 1.0 us
Write Current
R/W to Read Delay to 90% of . 1.0 us
100 mV, 10 MHz Read
Signal Envelope or
to 90% decay of
Write Current
CS to Select Delay to 90% of Write 1.0 us
Current or to 90% of
100 mV, 10 MHz Read
Signal Envelope
CS to Unselect Delay to 90% Decay 1.0 us
of Write Current
HSO0 - HS2 to any head Delay to 90% of 100 mV, 1.0 us
10 MHz Read Signal
Envelope
WUS, Safe to Unsafe - TD1 Iw =35 mA 1.6 8.0 us
WUS, Unsafe to Safe - TD2 Iw =35 mA 1.0 us
Head Current (Lh = 0 pH, Rh = 0Q)
Prop. Delay - TD3 From 50% Points 25 ns
Asymmetry WDI has 50% Duty Cycle 2 ns
and 1ns Rise/Fall Time
Rise/Fall Time 10% - 90% Points 20 ns
A VAVAVAVAVA YA
«— TD2 —->| <«— TD1 >
wus ] \ J
—»| |4—TD3
WEAD | [\ /—\_/ \
CURRENT
(x-ly) |

FIGURE 1: WRITE MODE TIMING DIAGRAM
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

REA
DATA

1.

| MICROPROCESSOR i¢

LOGIC

DK} o

|4 SUPPORT

FILTER ‘—\
~

CK

D

LEVEL
QUAL

§81 32P541 READ DATA PROCESSOR

AGC
AMPLIFIER

NOTES

RWC %
see Note 5 >

+5V +12v
see Note 4 ’
100 pF £ see Note 1
= RCT
04w
- VCC VDD1 VDD2 VCT
see Note 2
wus HOX
>
HoY
HIX
» RW = §
HIY
» TS HaX
HeY | —&- %
HaX
seo Note 3 $5132R511 g—"
1 RDX HaY
Hax
-
a]l RDY = 3“‘
I Hay
HEX
= §—0
H5Y
HBX
HeY | —&= 3
H7X
-
HTY
WC  GND

An external resistor, RCT, given by; RCT = 120 (40/lw) where Iw is the zero-peak write current in mA,
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1.
Damping resistors not required on 32R511R versions.
Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application
these outputs can be wire-OR’ed.
The power bypassing capacitor must be located close to the 32R511 with its ground returned directly
to device ground, with as short a path as possible. ‘
To reduce ringing due to stray capacitance this resistor should be located close to the 32R511. Where
this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications
a single resistor common to all chips may be used.

FIGURE 2: APPLICATIONS INFORMATION
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

PACKAGE PIN DESIGNATIONS (Top View)

Hox [] 1 28 [] GND GND [] 1 28 [] HoX
Hoy [] 2 27 [] ne ne [ 2 27 [] Hoy o
Q 5 8 @ a & x
Hix [] 3 26 [] T3 TS s 26 [] HIX g 2 2 ¢ 2 ¢ &
v o o | | fn | — — o
HY [] 4 25 [] RW RV [] 4 25 [] H1 (18 17 16 15 12 13 12 )
H2X [] 5 24 []we wc]s 24 [] H2x HS2 [} 19 11 [1 H5X
HaY [ & 23 [] RDY RDY d 6 23 [] Hay HS1 [] 20 10 1 H4y
07 smsie 2] ox [ 32R511M-6/ H
Hax [} 7 -6/ 22 [] RDX R 7 32R511RM-6 22 [] H3
Bl A HSO [] 21 9 [1 Hax
6
Hay [| 8 Chamois 2! [] Hso HSo [| 8 Chamnels 21 [] HaY RDX [ 22 sms;gal/aznsnns s h wHay
annels
Hax [ 9 20 [] Hs1 HS1 [] o 20 [] Hax
RDY [} 23 7 [0 H3X
Hay [] 10 19 [] HS2 Hs2 [ 10 19 [] Hay
WC [| 24 6 {1 Hay
HsX [] 11 18 [] vee vce E 1 18 [] HsX
RW [} 25 51 H2X
HsY [] 12 17 [] wol woi [] 12 17 [] HsY 26 27 28 1 2 3 a4
J =T =T =T T T —J
vet [ 13 16 [] wus wus [] 13 16 [] veT 9 2 2 3z % zz
vop2 [] 14 15 [] vDD1 voD1 [ 14 15 [] voD2 © 8 x 2 x <
28-Lead PLCC
28-Lead SOL 28-Lead SOL
Mirror Image
Hox [] 1 32 [] GND GND [] 1 32 [] Hox GND [] 1 24 ] ne
Hov [] 2 31 [] nC Ne [ 2 31 [] Hoy we [ 2 23 [] T8
HIX [] 3 30 [] T8 5[] 3 30 [] HIX Hox [] 3 22 [] RW
HIY [] 4 29 [] RW RW[] 4 29 [] H1Y Hoy [] 4 21 [J we
HX [] 5 28 [] we wc[]s 28 [] HaX HIX[]| 5 20 [] RDY
H2Y [] 6 27 [] RDY RDY [] & 27 [] Hay HiY[| 6 3322:551111;: 19 [] RDX
Hax [} 7 26 [] RDX ROX [| 7 26 [] Hax HX [ 7 Cha:,‘e,s 18 [] Hso
32R511-8/ 32R511M-8/
HaY [] 8 o ine 25 [] HSO HSO [] 8 Lonerirnes 25 [ H3Y Hey [| 8 17 [] Hs1
Hax [] o Chaﬁnels 24 [] Hs1 Hs1[] o Chagne,s 24 [] Hax H3X [] 9 16 [] vec
Hay [] 10 23 [] HS2 Hs2 [] 10 23 [] Hay Hay [} 10 15 [] woi
HeX [] 11 22 [] vee vee [ 11 22 [] HsX vet [ i 14 [] wus
Hsy [] 12 21 [] wol wol [] 12 21 [] Hsy vbp2 [] 12 13 [] voD1
Hex [] 13 20 [] wus wus [] 13 20 [] Hex
Hey [] 14 19 [] vDD1 vDD1 [] 14 19 [] HeY 24-Lead SOL
H7X [] 15 18 [] vbD2 voD2 [] 15 18 [] H7X
H7Y [] 16 17 ] ver vet [] 16 17 [] H7Y
32-Lead Flatpack, SOW 32-Lead SOW

Mirror Image
0888 1-85



SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

PACKAGE PIN DESIGNATIONS (Continued)

Hox [] 1 40 [] GND
Hoy [] 2 39 []Ne
Ne []a 38 [] NC
e []a 37 [] NC
HIX [] 5 36 [] TS
HIY ] & 35 [] RW
H2x [ 7 34 [Jwe
. Hey [| 8 33 [] RDY
Hax [] o 32 [] RDX
Hay [] 10 31 [] Hso
Hax [] 11 30 [] HS1
Hay [] 12 29 [] Hs2
HsX [] 13 28 ] vee
HsY [] 14 27 [Jwol
Hex [] 15 26 [] wus
Hey [] 16 25 [1 Ne
Ne [ 17 24 [ NC
Ne [] 18 23 [] vDD1
H7X [] 19 22 [] vbD2
H7Y [} 20 21 [] ver
40-Lead PDIP

wus
WDI
vce
HS2
HS1
HSO
RDX
RDY
wC

N/C

K

8 8 9 8 8 8 8 8

.

80 Nne
%p Nne
3P NC
&0 Nne
P NC
80 vDD1
R p vDD2
2P ver
8p H7Y
o1 H7X
s NC

32R511-8/32R511R-8

NC o8&
NC g2

Cs &

44-Lead PLCC

THERMAL CHARACTERISTICS: Qja

NC [ &
GND O &
HOX O -
HOY @ »
NC [ «
NC [ »
HIX [ &
HIY [ »

24-lead SOL 80°C/W
28-lead PLCC 65°C/W

SOL 70°C/W
32-lead FLATPACK | 95°C/W

sow 55°C/W
40-lead PDIP 45°C/W
44-lead PLCC 60°C/W
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SSI 32R511/511R
4, 6, 8-Channel Ferrite
Read/Write Device

ORDERING INFORMATION

PART DESCRIPTION ORDER NO. PKG. MARK

SS132R511
4-Channel SOL SS132R511-4CL 32R511-4CL
6-Channel PLCC SS132R511-6CH 32R511-6CH
6-Channel SOL SSI132R511-6CL 32R511-6CL
8-Channel Flat Pack SS132R511-8F 32R511-8F
8-Channel SOW SS132R511-8CW 32R511-8CW
8-Channel PDIP SSI132R511-8CP 32R511-8CP
8-Channel PLCC SS132R511-8CH 32R511-8CH

SSI32R511R

4-Channel SOL

SS132R511R-4CL

32R511R-4CL

6-Channel PLCC

SSI32R511R-6CH

32R511R-6CH

6-Channel SOL

SS132R511R-6CL

32R511R-6CL

8-Channel Flat Pack SSI132R511R-8F 32R511R-8F
8-Channel SOW SSI1 32R511R-8CW 32R511R-8CW
8-Channel PDIP SSI132R511R-8CP 32R511R-8CP

8-Channel PLCC

SS132R511R-8CH

32R511R-8CH

SSI 32R511M

6-Channel SOL

SSI 32R511M-6CL

32R511M-6CL

8-Channel SOW SSI32R511M-8CW 32R511M-8CW
SS132R511RM
6-Channel SOL SSI 32R511RM-6CL 32R511RM6CL

8-Channel SOW

SSI 32R511RM-8CW

32R511RM-8CW

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

Silicon Systems Inc., 14351 Myford Road, Tustin

0888

CA 92680, (714) 731-7110, TWX 910-595-2809

©1988 Silicon systems, Inc.
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INNOVATORS IN JINTEGRATION

’ SSI 32R512/512R
. " 8 & 9-Channel Thin Film
J ﬂ({ Read/Write Device

August 1988
DESCRIPTION FEATURES

The SSI132R512/512R Read/Write devices arebipolar High performance:

monolithic integrated circuits designed for use with Read mode gain = 150 V/V

two terminal thin film recording heads. They provide a Input nolse = 0.85 nV/vHz max.

low noise read amplifier, write current control and data Input capacitance = 40 pF max.
protection circuitry for eight or nine channels. Power Write current range = 10 mA to 40 mA
supply fault protectionis provided by disabling the write Head voltage swing = 7 Vpp

current generator during power sequencing. System Write current rise time = 9 nsec

write to read recovery time is significantly improved by
controlling the read channel common mode output * Enhanced system write to read recovery time
voltage shift in the write mode. They require +5Vand * Power supply fault protection
+12V power supplies and are available in a variety of Plug compatible to the SSI 32R501 & SSI 32R511
package configurations. A mirrorimage pinout option
is available to simplify flex circuit layoutin multiple R-W  * Compatible with two & three terminal thin film heads
device applications. The SSI32R512R option pro- e write unsafe detection
vides internal 1000Q damping resistors.

* 45V, +12V power supplies

* Mirror image pinout option

BLOCK DIAGRAM PIN DIAGRAM
VvDD1 vCC GND wus VvDD2
O Hox [] 1 32 [JGND GND [] 1 32 []Hox
Hoy [] 2 31 [INC NC (] 2 31 ] Hoy
lm.& HiIX [] 8 3 [ITS TS 3 30 [JH1X
DETECTOR e HIY [] 4 29 []RW RW I 4 29 [JH1Y
oY HX ] § 28 Jwe we s 28 []Hax
HIX H2y [| 27 [JRDY RDY [] 6 27 [JHay
ROX () ; : vy HaX [| 7 26 [JRDX  RDX [] 7 26 []Hax
| MULTIPLEXER Hay [| 8 25 []HSO Hso [] 8 25 []Hay
Hex Hax [| 9 24 []Hs1 Hs1 ] 9 24 []Hax
Hey Hay [] 10 23 []Hs2 Hs2 [] 10 23 [] Hay
Hax Hsx [ 11 2 jvcc  veec [ 1 22 []HsX
Hay HsY [| 12 21 [Jwbli wDI [] 12 21 [JHsY
o Hex [] 13 20 fwus wus (] 13 20 []Hex
ey Hey [| 14 19 [JvbD1 vDD1 [| 14 19 []HeY
H7X [] 15 18 [JvDD2 VDD2 [| 15 18 (] H7X
HsX HrY [ 16 17 NG ne [ 16 17 [THry
H5Y
HeX
32-LEAD SOW, 32-LEAD SOW
v FLATPACK MIRROR
H7X
H7Y
CAUTION: Use handling procedures necessary

for a static sensitive component.
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SSI 32R512/512R
8 & 9-Channel Thin Film
Read/Write Device

CIRCUIT OPERATION

The SSI 32R512 addresses up to nine two-terminal
thin film heads providing write drive or read amplifica-
tion. Head selection and mode controlis accomplished
with pins HSn, CS and R/W, as shownin Tables 1 & 2.
Internal resistor pullups, provided on pins CS and R/W
willforce the device into a non-writing conditionif either
control line is opened accidentally.

WRITE MODE

The write mode configures the SSI 32R512 as a
current switch and activates the Write Unsafe (WUS)
detection circuitry. Write current is toggled between
the X and Y direction of the selected head on each high
to low transition on pin WDI, Write Data Input.

A preceding read operation initializes the Write Data
Flip Flop (WDFF) to pass write current in the X-
direction of the head.

The magnitude of the write current (0-pk) given by:
w=_we
RWC

where Vwc (WC pin voltage) = 1.65V + 5%, is pro-
grammed by an external resistor RWC, connected
frompin WC to ground. In multiple device applications,
a single RWC resistor may be made common to all
devices. The actual head current Ix, y is given by:

Ix,y = w
1+RhRd
where:
Rh = head resistance + external wire resistance, and
Rd = damping resistance.

Power supply fault protection improves data security
by disabling the write current generator during a volt-
age fault or power supply sequencing. Additionally, the
write unsafe detection circuitry will flag any of the
conditions listed below as a high level on the open
collector output pin, WUS. Two negative transitions on
pin WDI, after the fault is corrected, are required to
clear the WUS flag.

« Device in read mode
» No write current

» WDI frequency too low
= Device not selected

Power dissipation in Write Mode may be reduced by
placing aresistor, Rw, between VDD1 and VDD2. The

resistor value should be chosen such that lw Rw<3.0V
for an accompanying reduction of (Iw)? Rw in power
dissipation. If a resistor is not used, VDD2 should be
connected to VDD1. Note that Rw will also provide
current limiting in the_event of a head short.

READ MODE

The read mode configures the SSI 32R512 as a low
noise differential amplifier and deactivates the write
current generator and write unsafe detection circuitry.
The RDX and RDY outputs are emitter followers and
are in phase with the "X" and "Y" head ports. These
outputs should be AC coupled to the load. The RDX,
RDY common mode voltage is maintained in the write
mode, minimizing the transient between write mode
and read mode, substantially reducing the write to read
recovery time in the subsequent Pulse Detection cir-
cuitry.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.

TABLE 1: MODE SELECT

CS RW MODE
0 0 Write
0 1 Read
1 0 Idle
1 1 Idle
TABLE 2: HEAD SELECT
HS3 HS2 HS1 HSo HEAD
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
0 = Low level 1 = High level
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SSI 32R512/512R
8 & 9-Channel Thin Film
Read/Write Device

PIN DESCRIPTIONS

NAME TYPE DESCRIPTION

HSO - HS3 1 Head Select

CS | Chip Select: a low level enables the device

RW 1 Read/Write: a high level selects Read mode

WUS o* Write Unsafe: Open collector output, a high level indicates an unsafe writing
: condition

WDl | Write Data In: a negative transition toggles the direction of the head current

HOX - H8X 110 X, Y Head Connections: Current in the X-direction flows into the X-port

HOY - H8Y

RDX, RDY o* X, Y Read Data: differential read data output

wC * Write Current: used to set the magnitude of the write current

VvCC - +5V Logic Circuit Supply

VDD1 - +12V

vDD2 - Positive Power Supply for Write current drivers

GND - Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD1, 2 -0.3t0 +14 VvDC
VCC -0.3to +7 VvDC
Write Current Iw 100 mA
Digital Input Voltage Vin -0.3to VCC +0.3 vDC
Head Port Voltage VH -0.3to VDD2 +0.3 vDC
WUS Pin Voltage Range Vwus -0.3t0 +14 vDC
Output Current RDX, RDY lo -10 mA
WUuS lwus +12 mA
Storage Temperature Tstg -65 to +150 °C
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SSI 32R512/512R

8 & 9-Channel Thin Film

Read/Write Device

. RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD1 12+ 10% vDC
VvDD2 VDD1 - 3.0 to VDD1 VDC
VCC 5+10% VvDC
Operating Temperature Tj +25 to +135 °C
DC CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply.
PARAMETER CONDITIONS MIN NOM MAX | UNITS
VDD1 Supply Current Read Mode - - 34 mA
Write Mode - - 38 mA
Idle Mode - - 14 mA
VDD2 Supply Current Read Mode - - 200 pA
Write Mode - - IW+0.4 mA
Idle Mode - - 200 pHA
VCC Supply Current Read Mode - - 75 mA
Write Mode - - 56 mA
Idle Mode - - 60 mA
Power Dissipation (Tj = +135°C) Read Mode - - 800 mw
Write Mode: Iw = 20 mA, - - 1000 mw
VDD2 = VDD1
Write Mode:Iw = 40 mA, - - 1140 mwW
VDD1 - VDD2 = 3.0V
Idle Mode - - 500 mw
Input Low Voltage (VIL) - - 0.8 VvDC
Input High Voltage (VIH) 2.0 - - vDC
Input Low Current (lIL) VIL =0.8v -0.4 - - mA
Input High Current (IHL) VIH = 2.0v - - 100 A
WUS Output Low Voltage (VOL) lol = 8 MA - - 0.5 VDC
VDD Fault Voltage 8.5 - 10.0 VDC
VCC Fault Voltage 35 - 4.2 VvDC
Head Current (HnX, HnY) Write Mode, 0<VCC <3.5V | -200 - +200 HA
0<VDD1 <8.5V
Read/ldle Mode -200 - +200 HA
0<VCC <5.5V
0<VDD1 <13.2V
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SSI 32R512/512R
8 & 9-Channel Thin Film
Read/Write Device

0888

WRITE CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, Ilw = 20 mA, Lh = 1.0 uH, Rh = 30Q

and f(WDI) = 5 MHz.

PARAMETER CONDITIONS MIN. | NOM MAX | UNITS
WC Pin Voltage (Vwc) - |[1.6515% - Vv
Differential Head Voltage Swing 7 - - Vpp
Unselected Head Current - - 1 mA(pk)
Differential Output Capacitance - - 25 pF
Differential Output Resistance 32R512R 800 1000 1350 Q
32R512 4K - - Q
WDI Transition Frequency WUS = low 1.7 - - MHz
Write Current Range 10 - 40 mA

READ CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and

RL (RDX,RDY) = 1KQ.

PARAMETER CONDITIONS MIN | NOM| MAX| UNITS
Differential Voltage Gain Vin=1mVpp @ 300 kHz 125 - 175 | VNV
Bandwidth -1dB | |Zs|<5Q, Vin=1 mVpp @ 300 kHz | 25 - - MHz
-3dB | [Zs|<5Q, Vin=1 mVpp @ 300 kHz | 45 - - MHz
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 - 0.62 | 0.85| nviVHz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz - - 40 pF
Differential Input 32R512R | Vin=1mVpp, f=5MHz 390 - - Q
Resistance 32R512 | Vin=1mVpp, f=5MHz 640 - - Q
Dynamic Range DC input voltage where gain -3 - 3 mV
falls to 90% of its 0 VDC value,
Vin = VDC +0.5 mVpp, f =5 MHz
Common Mode Rejection Ratio Vin =0 VDC+100 mVpp @ 5 MHz| 54 - - dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD1 54 - - dB
100 mVpp @ 5 MHz on VCC
Channel Separation Unselected channels driven 45 - - dB
with 100 mVpp @ 5 MHz,
Vin = 0 mVpp
Output Offset Voltage -360 | - [ 4360 mV
RDX, RDY Common Mode Read Mode 22 [ 29 | 36| VDC
Output Voltage Write Mode - 29 - VvDC
Single Ended Output Resistance f=5MHz - - 30 Q
Output Current AC Coupled Load, RDX to RDY 3.2 - - mA
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SSI 32R512/512R
8 & 9-Channel Thin Film
Read/Write Device

SWITCHING CHARACTERISTICS (See Figure 1)
Unless otherwise specified, recommended operating conditions apply, iw =20 mA, Lh=1.0uH, Rh =30Q
and f(WDI) = 5 MHz.

PARAMETER CONDITIONS MIN MAX | UNITS
RW
R/W to Write Mode Delay to 90% of write current - 0.6 us
R/W to Read Mode Delay to 90% of 100mV 10MHz - 0.6 us
Read signal envelope or to 90%
decay of write current
CcS
CS to Select Delay to 90% of write current or to - 0.6 us
90% of 100mV 10MHz Read
signal envelope
CS to Unselect Delay to 90% of write current - 0.6
HSn
HSO, 1, 2to any Head Delay to 90 % of 100mV 10MHz - 04
Read signal envelope
WUSs
Safe to Unsafe - TD1 0.6 3.6 us
Unsafe to Safe - TD2 - 1 us
Head Current
Prop. Delay - TD3 From 50 % points, Lh=0ph, Rh=0Q - 32 ns
Asymmetry WDI has 50 % duty cycle and - 1 ns
1ns rise/fall time, Lh=0ph, Rh=0Q
Rise/Fall Time 10% - 90% points, Lh=0ph, Rh=0Q - 9 ns

AVAVAVAVAVA A
- | | €«— TD1 —»
e [\ L

(Ix-ly)

FIGURE 1: WRITE MODE TIMING DIAGRAM
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SSI 32R512/512R
8 & 9-Channel Thin Film
Read/Write Device

APPLICATIONS INFORMATION

The specifications, provided in the data section, account for the worst case values of each parameter taken
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 &
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the
higher read back signal resulting from the higher input impedance can compensate for the higher input noise.
Accounting for this correlation in your analysis will be more representative of actual performance.

TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS

PARAMETER Tj=25°C Tj = 135°C UNITS
Input Noise Voltage (Max.) 0.70 0.85 nVHz
Differential Input Resistance (Min.) 32R512R 539 595 Q
32R512 1200 1500 Q
Differential Input Capacitance (Max.) 34 36 pF
TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS
PARAMETER Tj=25°C Tj = 135°C UNITS
Input Noise Voltage (Max.) 0.58 0.71 nVAHz
Differential Input Resistance (Min.) 32R512R 391 458 Q
32R512 643 846 Q
Differential Input Capacitance (Max.) 38 40 pF

0888
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SSI 32R512/512R

8 & 9-Channel Thin Film
Read/Write Device

PACKAGE PIN DESIGNATIONS (Top View)

Hox [] 1 32 []GND
Hoy [} 2 31 [InC
HiIX [| 3 30 []CS
H1Y [] 4 29 [ RW
Hex [] 5 28 [we
H2y [| 6 27 [1RDY
H3X q 7 26 [] RDX
Hay [| 8 25 [1HSo
Hax [} o 24 [ Hs1
Hay [| 10 23 []Hs2
Hex ] 11 22 fjvce
HsY [| 12 21 [Jwol
Hex [] 13 20 [Jwus
Hey [] 14 19 {] vDD1
H7X [] 15 18 [] vDD2
H7Y [| 16 17 [Inc
8-Channel
32-Lead SOW
Hox [ 1 34[]anp
Hov [] 2 33 []Hs3
mix s 32[]cs
Hiv [] 4 31 []rW
wx [ s 30 [Jwe
vy [ 6 29 [] RDY
Hax [ 7 28 [] RDX
Hay [1 8 27 {J Hso
Hax [] o 26 [J st
ey [] 10 25| Hs2
Hsx [ 11 24 gvcc
Hsy [ 12 23 [Jwol
Hex [ 13 22 gwus
Hev [ 14 21 [] voo1
H7XE 15 20 gvpnz
wrv [ 16 19 [JHey
ne [ 17 18 [] Hex
9-Channel
34-Lead SOL

GND [] 1 32 [] Hox
Ne [l 2 31 [] Hoy
CsS[] 3 30 [JHix
RW [ 4 29 [JH1Y
wc [ s 28 [ H2x
RDY [| 6 27 [JH2y
RDX [ 7 26 []H3X
HSo [] 8 25 [] HaY
Hs1[] 9 24 [] Hax
Hs2 [] 10 23 [] Hay
vce [ 1 22 []H5X
woI [} 12 21 [Jusy
wus [] 13 20 [] Hex
vDD1 [ 14 19 [JHeY
vDD2 [] 15 18 [] H7X
NC [] 16 17 [JH7Y
8-Channel
32-Lead SOW
Mirror
GND []1 34[] Hox
Hs3 [ 2 a3[] Hov
TS []3 32[] Hix
RW [ 4 31 [] HiY
we []s 30 [] Hex
RoY (16 29[ Hay
Rox []7 28 [] Hax
Hso []8 27(] Hay
Hs1 []o 26 [] Hax
us2 [] 10 25[] Hay
vee [ 11 24{] Hsx
wol [] 12 23] Hsy
wus [] 13 22[] Hex
voot [] 14 21 [] Hey
voz [] 15 20[] Hrx
Hey [ 16 19[] Hry
HexX E 17 18] NC
9-Channel
34-Lead SOL
Mirror
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SSI 32R512/512R
8 & 9-Channel Thin Film
Read/Write Device

THERMAL CHARACTERISTICS: @ja

32-Lead SOW 55°C/W
34-Lead SOL 60°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32R512 Read/Write IC
8-Channel SOW SSI 32R512-8CW 32R512-8CW
9-Channel SOL SSI 32R512-9CL 32R512-9CL
SSI 32R512R with Internal Damping Resistor
8-Channel SOW SSI 32R512R-8CW 32R512R-8CW
9-Channel SOL SSI 32R512R-9CL 32R512R-9CL
SSI 32R512M Mirror Image
8-Channel SOW SSI 32R512M-8CW 32R512M-8CW
9-Channel SOL SSI 32R512M-9CL 32R512M-9CL
SSI1 32R512RM Mirror Image with Damping Resistor
8-Channel SOW SSI 32R512RM-8CW 32R512RM-8CW
9-Channel SOL SSI 32R512RM-9CL 32R512RM-9CL

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

zéam stoms

Silicon Systems, Inc., 14351 Myford Road, Tustin CA 92680, (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Systems, Inc.
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SSI 32R514/514R

INNOVATORS INJINTEGRATION

“f- " 2, 4, 6-Channel
J ﬂd‘ Read/Write Device

August, 1988

DESCRIPTION FEATURES

The SSI132R514/514R Read/Write devices are bipolar ¢ High performance:

monolithic integrated circuits designed for use with - Read mode gain = 150 V/V
center-tapped ferrite recording heads. They provide a - Input nolse = 1.5 nV/VHz max.

low noise read amplifier, write current control and data - Input capacitance = 20 pF max.
protection circuitry for as many as six channels. The - Write current range = 10 mA to 40 mA

SSI 32R514R option provides internal 750Q damping ]
resistors. Power supply fault protection is providedby ~ * Enhanced system write to read recovery time
disabling the write current generator during power  ® Power supply fault protection
sequencirtllg- Systeg ;vrite to rlfad r:cove;y t':me isl * Plug compatible to the SSI 32R117 & SSI 32R510A
significantly improved by controlling the read channe q y
common mode output voltage shift in the write mode. * Designed for center-tapped ferrite heads
The SSI 32R514 is available in a variety of package ~ * Programmable write current source
and channel configurations. * Write unsafe detection

¢ TTL compatible control signals

* +5V, +12V power supplies

BLOCK DIAGRAM

VvDD1 vCC GND wus vDD2 VCT

TAP
DRIVER Hox

H1X

RDX

H1Y

MULTIPLEXER

RDY

WDI

H3Y
Hax
HSo Hay
HS1 H5X
HS2 4

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

CIRCUIT OPERATION

The SSI 32R514 addresses up to six center-tapped
ferrite heads providing write drive or read amplification.
Head selection and mode controlis accomplished with
pins HSn, CS, and R/W, as shown in Tables 1 & 2.
Internal resistor pullups, provided on pins CS and RW,
willforce the device into a non-writing conditioniif either
control line is opened accidentally.

TABLE 1: MODE SELECT

(3] RW MODE
0 0 Write
0 1 Read
1 X Idle
TABLE 2: HEAD SELECT
HS2 HS1 HSO0 HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 X None
0=Lowlevel 1 =Highlevel X=Dont care
WRITE MODE

The write mode configures the SSI 32R514 as a
current switch and activates the Write Unsafe (WUS)
detection circuitry. Write current is toggled between
the X and Y side of the selected head on each high to
low transition of the Write Data Input (WDI).

The magnitude of the write current (0-pk) is pro-
grammed by an external resistor RWC, connected
from pin WC to ground and is given by:
lw = K
RWC

where K is the Write Current Constant. In multiple
device applications, a single RWC resistor may be
made common to all devices.

Power supply fault protection improves data security
by disabling the write current generator during a volt-
age faultorpower supply sequencing. Additionally,the
write unsafe detection circuitry monitors voltage tran-
sitions at the selected head connections and flags any
of the conditions listed below as a high level on the
open collector output pin, WUS. Two negative transi-
tions on pin WDI, after the fault is corrected, are
required to clear the WUS flag.

* Head open
« WDI frequency too low
 Device not selected

« Head center tap open
 Device in read mode
* No write current

To reduce internal power dissipation, an optional
external resistor, RCT, given by RCT < 130Q x 40/lw
(lw in mA), is connected between pins VDD1 and
VDD2. Otherwise connect pin VDD1 to VDD2.

To initialize the Write Data Flip Flop (WDFF) to pass
currentthrough the X-side of the head, pin WDI mustbe
low when the previous read mode was commanded.

READ MODE

The read mode configures the SSI 32R514 as a low
noise differential amplifier and deactivates the write
current generator and write unsafe circuitry. The RDX
and RDY outputs are emitter followers and are inphase
with the “X” and “Y” head ports. These outputs should
be AC coupled to the load. The RDX, RDY common
mode voltage is maintained in the write mode, minimiz-
ing the transient between write mode and read mode,
substantially reducing the write to read recovery time in
the subsequent pulse detection circuitry.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector, and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device
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PIN DESCRIPTIONS

NAME 1]e] DESCRIPTION

HS0-HS2 1 Head Select

CS | Chip Select: a low level enables device

R/W | Read/Write: a high level selects Read mode

WUS o Wirite Unsafe: a high level indicates an unsafe writing condition
WDI | Write Data In: negative transition toggles direction of head current
HOX-H5X 110 X,Y head connections

HOY-H5Y

RDX, RDY o X, Y Read Data: differential read signal output

WC * Write Current: used to set the magnitude of the write current
VCT - Voltage Center Tap: voltage source for head center tap

vce - +5V

VDD1 - +12V

VvDD2 - Positive power supply for the center-tap voltage source

GND - Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ABSOLUTE MAXIMUM RATINGS
(Al voltages referenced to GND. Currents into device are positive.)

PARAMETER VALUE UNITS
DC Supply Voltage VDD1 -0.3t0 +14 vDC
DC Supply Voltage VvDD2 -0.3t0 +14 vDC
DC Supply Voltage vCcC -0.3to +6 vDC
Digital Input Voltage Range VIN -0.3toVCC +0.3 vDC
Head Port Voltage Range VH -0.3to VDD1 + 0.3 vDC
WUS Pin Voltage Range Vwus -0.3to +14 vDC
Write Current (0-pk) w 60 mA
RDX, RDY Output Current lo -10 mA
VCT Output Current Iver -60 mA
WUS Output Current Iwus +12 mA
Storage Temperature Range Tstg -65 to 150 °C
Lead Temperature PDIP, 260 °C
(10 sec Soldering)

Package Temperature PLCC, 215 °C
SO (20 sec Reflow)
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN [ NOM | MAX UNITS
VDD1 DC Supply Voltage 10.8 12.0 13.2 VvDC
VCC DC Supply Voltage 4.5 5.0 55 vDC
Lh Head Inductance 5 15 uH
RD Damping Resistor 32R514 only 500 2000 Q
RCT* RCT Resistor Iw = 40 mA 123 130 137 Q
w Write Current (0-pk) 10 40 mA
Tj Junction Temperature Range +25 +135 °C

*For lw = 40 mA. At other lw levels refer to Applications Information that follows this specification.

DC CHARACTERISTICS

(Recommended operating conditions apply unless otherwise specified.)

POWER SUPPLY

PARAMETER CONDITIONS MIN | NOM | MAX UNITS

VCC Supply Current Read/Idle Mode 35 mA
Write Mode 30 mA

VDD Supply Current Idle Mode 20 mA

(sum of VDD1 and VDD2) Read Mode 35 mA
Write Mode 20 + Iw mA

Power Dissipation (Tj = +135°C) Idle Mode 400 mw
Read Mode 600 mw
Write Mode, Iw = 40 mA, 800 mw
RCT = 0Q
Write Mode, Iw = 40 mA, 600 mw

RCT = 130Q
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

DC CHARACTERISTICS (continued)

DIGITAL I/O
PARAMETER CONDITIONS MIN NOM | MAX UNITS
VIL input Low Voltage 0.8 vDC
VIH Input High Voltage 20 VvDC
1L Input Low Current VIL = 0.8V -0.4 mA
IIH Input High Current VIH = 2.0V 100 HA
VOL  WUS Output Low Voltage IOL=8mA 0.5 VvDC
IOH  WUS Output High Current VOH = 5.0V 100 pA
WRITE MODE
VCT Center Tap Voltage Write Mode 6.7 VvDC
Head Current (per side) Write Mode, -200 200 pA
0<VCC<3.7V,
0<VDD1<8.7V
Write Current Range 10 40 mA
Write Current Constant “K” 2.375 2.625
Iwc to Head Current Gain 0.99 mA/mA
Unselected Head Leakage Current 85 HA
RDX, RDY Output Offset Voltage Write/Idle Mode -20 +20 mvV
RDX, RDY Common Mode Write/ldle Mode 53 VvDC
Output Voltage
RDX, RDY Leakage RDX, RDY =6V -100 100 HA
Write/Idle Mode
READ MODE
VCT Center Tap Voltage Read Mode 4.0 VDC
Head Current (per side) Read or Idle Mode -200 200 pA
0<VCC<55V
0<VDD1<13.2V
Input Bias Current (per side) 45 UHA
Output Offset Voltage Read Mode -615 +615 mV
Common Mode Output Voltage Read Mode 45 6.5 vDC
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

DYNAMIC CHARACTERISTICS AND TIMING
Iw = 35 mA, Lh = 10 uH, Rd = 750 Q 32R514 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF. Recom-
mended operating conditions apply unless otherwise specified.

WRITE MODE
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Head Voltage Swing 7.0 V(pk)
Unselected Head Transient Current 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R514 10K Q
32R514R 600 960 Q
WDI Transition Frequency WUS = low 250 KHz
READ MODE
Differential Voltage Gain Vin = 1 mVpp @ 300 kHz 125 175 VIV
ZL(RDX), ZL(RDY) = 1 KQ
Dynamic Range DC Input Voltage, Vi, -2 +2 mV
Where Gain Falls by 10%
Vin = Vi + 0.5 mVpp
@ 300 KHz
Bandwidth (-3dB) |Zs| < 5Q, Vin = 1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 15 nVAHz
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 20 pF
Differential Input Resistance 32R514,f =5 MHz 3.2K Q
32R514R, f = 5 MHz 500 1000 Q
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 dB
@ 5 MHz
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VvDD1, VDD2 or VCC
Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin=0 mVpp
Single Ended Output Resistance f=5MHz 30 Q
Output Current AC Coupled Load, +2.1 mA
RDX to RDY
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

DYNAMIC CHARACTERISTICS AND TIMING (continued)

SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM | MAX UNITS
R/W To Write Mode Delay to 90% of 1.0 us
Write Current
R/W to Read Mode Delay to 90% of 1.0 us
100 mV, 10 MHz Read
Signal Envelope or
to 90% decay of
Write Current
CS to Select Delay to 90% of Write 1.0 us
Current or to 90% of
100 mV, 10 MHz Read
Signal Envelope
CS to Unselect Delay to 90% Decay 1.0 us
of Write Current
HSO - HS2 to any head Delay to 90% of 100mV 1.0 us
10 MHz Read Signal
Envelope
WUS, Safe to Unsafe - TD1 Iw = 35 mA, see Figure 1 1.6 8.0 us
WUS, Unsafe to Safe - TD2 lw = 35 mA, see Figure 1 1.0 us
Head Current
(Lh = 0 uH, Rh = 0Q, see Figure 1)
Prop. Delay - TD3 From 50% Points 25 ns
Asymmetry WDI has 50% Duty Cycle 2 ns
and 1ns Rise/Fall Time
Rise/Fall Time 10% - 90% Points 20 ns
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

R

<— TD2 —bl €—— TD1 —
wus \

—»| |4—TD3

HEAD \
CURRENT

(Ix-ly)

'FIGURE 1: WRITE MODE TIMING DIAGRAM

APPLICATIONS INFORMATION

The specifications, provided in the data section, account for the worst case values of each parameter taken
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables
3 &4 demonstrate this for several key parameters. Notice that underthe conditions of worst case input noise,
the higher read back signal resulting from the higher input impedance can compensate for the higher input
noise. Accounting for this correlation in your analysis will be more representative of actual performance.

TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS

PARAMETER Tj=25°C Tj=135°C UNITS
Inputs Noise Voltage (max.) 1.1 15 nVAHz
Differential Input Resistance (min.) 32R514R 850 1000 Q
32R514 15.4 29.4 KQ
Differential Input Capacitance (max.) 11.6 10.8 pF

TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS

PARAMETER Tj=25°C Tj=135°C UNITS
Inputs Noise Voltage (max.) 0.92 1.2 nVAHz
Differential Input Resistance (min.) 32R514R 500 620 Q
32R514 3.2 6.1 KQ
Differential Input Capacitance (max.) 10.1 10.3 pF
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

0888

APPLICATIONS INFORMATION (continued)

+5V +12V

see Note 4 »
100 pF - L see Note 1
= RCT

01T
= VvCC  VDD1 VDD2 VCT
see Note 2
$| MICROPROGESSOR (¢ . wus HOX

‘ Hoy

b RW H1X
[ LOGIC

» SUPPORT
» TS H1Y
HaxX

FILTER ‘-‘ ,
Hay
see JN(°'° 3 SSI32R514
E I} RDX Hax
ﬂ . AGC Jl I RDY HaY
CcK AMPLIFIER

Hax
READ Q b LEVEL
DATA QUAL
Hay
HSX

$8I 32P541 READ DATA PROCESSOR

HSn
WDI HsY

RWC %
see Note 5

NOTES i

b B R

v v

1. An external resistor, RCT, given by; RCT < 130 (40/lw) where lw is the zero-peak write current in mA, can
be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1.

2. Damping resistors not required on 32R514R versions.

3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application
these outputs can be wire OR’ed.

4. The power bypassing capacitor must be located close to the device with its ground returned directly to
device ground, with as short a path as possible.

5. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where this
is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications a single
resistor common to all chips may be used.

FIGURE 2: TYPICAL APPLICATION DIAGRAM

1-107




SSI 32R514/514R

2, 4, 6-Channel

Read/Write Device

PACKAGE PIN DESIGNATIONS (TOP VIEW)

TS 1 18 [] HSO cs 1 24[] Hso Hso [] 1 28 [] HS1
GND [] 2 17 [] WDI GND [ 2 23[] Hst CsS 2 27 [] Hs2
NG [3 16 [] vDD1 HoX [] 3 22[] wbl GND [] 3 26 [] WDI
HoX [] 4 15[] VDD2 Hoy []4 21[] vDD1 HoX [] 4 25[] VDD1
HOY [|5 garet®2 4[] VCT HIX [5 20[] vbD2 Hoy []5 24 ] vDD2
R/W []6 1300 HIX HIY [[6 gopsieq 191 VCT HIX [ 6 23] veT
32R514R-4
we 17 12[] H1Y Hox []7 18[] Hax HIY 7 gonsree 221 H5X
RDX [] 8 1] wus Hey [] 8 17[] Hay Hox [ PE 211 sy
RDY [] 9 10[] vee R/W (]9 16[] NC H2y ] o 20 [] H4xX
we 10 151 NC R/W [] 10 19 ] Hay
18-LEAD SOL RDX [] 11 14]] wus we [ 11 18]] Hox
RDY [] 12 13[] vee NC [ 12 17 ] Hay
RDX [] 13 16 ] wus
24-LEAD SOL
RDY [] 14 15[] vce
x 2 S - N B 28-LEAD SOL
$2mg2gsd °
/4 3 2 1 27 )
Hoy { 5 25 VDD1
HIX 6 24 1 VDD2
THERMAL CHARACTERISTICS
H1Y []7 23 1 veT
32R514-6
HeX g8 32R514R-6 22 1 HsX PACKAGE gja
H2Y [ 9 21 [] H5Y
! ! 18-Lead soL 100°C/W
R/W 10 20 j H4X
we d 11 19 P Hay 24-Lead SOL 80°C/W
LI L UL AL 28-Lead soL 70°C/W
O X > O > X
228328 28-Lead PLCC 65°C/W
28-LEAD PLCC
1-108
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SSI 32R514/514R
2, 4, 6-Channel
Read/Write Device

ORDERING INFORMATION

PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32R514 Read/Write IC
2-Channel SOL SSI 32R514-2CL 32R514-2CL
4-Channel SOL SSI 32R514-4CL 32R514-4CL
6-Channel SOL SSI 32R514-6CL 32R514-6CL
6-Channel PLCC SSI 32R514-6CH 32R514-6CH
SSI 32R514R Read/Write IC-with internal damping resistors
2-Channel SOL SSI 32R514R-2CL 32R514R-2CL
4-Channel SOL SSI 32R514R-4CL 32R514R-4CL
6-Channel SOL SSI 32R514R-6CL 32R514R-6CL
6-Channel PLCC SSI 32R514R-6CH 32R514R-6CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

Silicon Systems Inc., 14351 Myford Road, CA 92680, (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Systems, Inc.
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SSI 32R515/515R

1 ™ 9, 10-Channel Ferrite
J ﬂ(’l Read/Write Device

INNOVATORS IN JINTEGRATION

August 1988
DESCRIPTION FEATURES
The SSI 32R515 is a bipolar monolithic integrated ci- ¢  High Performance
cuit designed for use with a center-tapped ferrite re- Read Mode Gain = 100V/V
cording head. It provides a low noise read path, write iz
current control, and data protection ciruitry for as many Input Noise = 1.5 nV/vHz max.
as 10 channels. The SSI 32R515 requires +5V and Input Capacitance = 20 pF
+12V power supplies and is available in a variety of

Write Current Range = 10 mA to 50 mA
* Enhanced system write to read recovery time
The SSI 32R515R performs the same functionasthe ¢ Power supply fault protection
SSI32R515 withthe addition of internaldamping resis- g
tors. The SSI 32R515M and SSI 32R515AM are ~  Designed for center-tapped ferrite heads
functionally equivalent to the SSI 32R515 and * Programmable write current source
SS1 32R515R however, they have the mirrorimagepin -«  |ncludes write unsafe detection
arrangement to simplify layout when using multiple de-
vices.g pifly lay 9 P * TTL compatible control signals
* +5V, +12V power supplies

* Mirror image package option

packages.

BLOCK DIAGRAM PIN DIAGRAM
VDD1 VCC  GND wus vDD2 VCT
Hox [ 1 34 []ano
Hov [] 2 33 [] Hs3
HiX [] 3 2 [T
Hiy [] 4 3t [] AW
Hx [ 5 30 [ we
Hzv | 6 2 (] ROY
Hax [} 7 28 [] RDX
Hor 18 opsyy 27 [1HS0
wx [0 SRSR 26 M wst
Hay [[ 10 O™ 25 [ nse
Hsx [ 11 24 [Jvee
Hsy [] 12 23 [Jwol
Hex [] 13 22 ] wus
HeY q 1 21 [] vopt
ux [] 1s 20 [] voo2
Hry [ 16 19 [] ver
Hex [ 17 18 [] Hey
34-LEAD SOL
CAUTION: Use handling procedures necessary
for a static sensitive component.

0888

1-111



SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

CIRCUIT OPERATION

The SSI32R515 givesthe userthe ability to address up
to 10 center-tapped ferrite heads and provide write
drive or read amplification. Head selection and mode
control is accomplished using the HSn, CS and RIW
inputs as shown in tables 1 & 2. Internal pullups are
provided for the CS & R/W inputs to force the device
into a non-writing condition if either control line is
opened accidentally.

TABLE 1: Mode Select

[ R/W MODE
0 0 Write
0 1 Read
1 X Idle
TABLE 2: Head Select
HS3 HS2 HS1 HSO HEAD
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
0 =Low level 1 =High level
WRITE MODE

Taking both CS and R/W low selects write mode which
configures the SSI32R515 as a current switch and ac-
tivates the Write Unsafe (WUS) detector circuitry.
Write current is toggled betweenthe Xand Y side ofthe
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding read
mode selection initializes the Write Data Flip-Flop,
WDFF, to pass write current through the “X” side of the
head. The zero-peak write current magnitude is pro-
grammed by an external resistor Rwc from pin WC to
GND and is given by:

Iw = K/Rwc, where K = Write Current Constant

The Write Unsafe detection circuitry monitors voltage
transitions at the selected head connections and flags
any of the following conditions as a high level on the
Write Unsafe open collector output:

» Head open » Head center tap open
» WDI frequency too low « Device in read mode
 Device not selected » No write current

Two negative transitions on WDI, after the fault is
corrected, will clear the WUS flag.

To further assure data security a voltage fault detection
circuit prevents application of write current during
power loss or power sequencing.

To enhance write to read recovery time the change in
RDX, RDY common mode voltage is minimized by
biasing these outputs to a level within the read mode
range when in write mode.

Power dissipation in write mode may be reduced by
placing a resistor (RCT) between VDD1 & VDD2. The
optimumresistorvalue is 96Q x 50/Iw (lwinmA). Atlow
write currents (<15 mA) read mode dissipation is
higher than write mode and RCT, though recom-
mended, may not be considered necessary. In this
case VDD2 is connected directly to VDD1.

READ MODE

Taking CS low and R/W high selects read mode which
configures the SSI 32R515 as a low noise differential
amplifier for the selected head. The RDX and RDY
outputs are driven by emitter followers and are inphase
with the “X” and “Y” head ports. These outputs should
be AC coupled to the load. The internal write current
source is gated off in read mode eliminating the need
for any external gating.

Read mode selection also initializes the Write Data
Flip-Flop (WDFF) to pass write current through the “X”
side of the head at a subsequent write mode selection.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX, RDY outputs into a high impedance state and
deactivates the internal write current source. This
facilitates multi-device installations by allowing the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

PIN DESCRIPTIONS

NAME 110 DESCRIPTION

HS0-HS3 | Head Select

CS | Chip Select: a low level enables device

R/W | Read/Write: a high level selects read mode

wus o* Write Unsafe: a high level indicates an unsafe writing condition
WDI | Wirite Data In: negative transition toggles direction of head current
HOX-H9X 1o X,Y head connections

HOY-H9Y

RDX, RDY o* X, Y Read Data: differential read signal out

WC * Wirite Current: used to set the magnitude of the write current
VCT - Voltage Center Tap: voltage source for head center tap

VCC - +5V

VDD1 - +12V

VDD2 - Positive power supply for the center tap voltage source

GND - Ground

* When more than one Read/Write device is used, these signals can be wire OR'ed.

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.)

PARAMETER VALUE UNITS
DC Supply Voltage VDD1 -0.3to +14 VvDC
DC Supply Voltage VvDD2 -0.3to +14 vDC
DC Supply Voltage VCC -0.3to0 +6 VDC
Digital Input Voltage Range VIN -0.3t0 VCC + 0.3 VvDC
Head Port Voltage Range VH -0.3to VDD1 + 0.3 VvDC
WUS Pin Voltage Range Vwus -0.3to +14 VvDC
Write Current Zero Peak Iw 60 mA
Output Current RDX, RD lo -10 mA
Output Current Ivet -60 mA
Output Current lwus +12 mA
Storage Temperature Range Tstg -65 to 150 °C
Package Temperature PLCC, SO 215 °C.
(20 sec Reflow)
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

RECOMMENDED OPERATION CONDITIONS

'PARAMETER CONDITIONS MIN NOM | MAX UNITS
DC Supply Voltage VDD1 10.8 12.0 13.2 VvDC
DC Supply Voltage VCC 45 5.0 55 vDC
Head Inductance Lh 3 15 uH
Damping Resistor RD | 32R515 only 500 2000 Q
RCT Resistor RCT* | w=50mA N 96 101 Q
Write Current w 10 80 mA
Junction Temperature Range Tj +25 +135 °C
*For lw = 50 mA. At othér Iw levels refer to Applications Information that follows this specification.

DC CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply.

POWER SUPPLY
PARAMETER CONDITIONS MIN NOM | MAX UNITS
VCC Supply Current Read/Idle Mode 35 mA

Write Mode 30 mA

VDD Supply Current Idle Mode 20 mA

(sum of VDD1 and VDD2) Read Mode 35 mA
Write Mode 20 + w mA

Power Dissipation (Tj = +125°C) Idle Mode 400 mw
Read Mode 600 mw
Write Mode, Iw =50 mA, 900 mwW
RCT = 0Q
Write Mode, IW = 50 mA 660 mw
RCT =96Q
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

0888

DC CHARACTERISTICS (Continued)

DIGITAL 1/O
PARAMETER CONDITIONS MIN NOM | MAX UNITS
ViL Input Low Voltage 0.8 vDC
VIH Input High Voltage 2.0 VCC vDC
+0.3
1L Input Low Current VIL=0.8V -0.4 mA
IIH Input High Current VIH = 2.0V 100 HA
VOL  WUS Qutput Low Voltage IOL =8 mA 0.5 vDC
IOH  WUS Output High Current VOH = 5.0V 100 LA
WRITE MODE
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Center Tap Voltage VCT | Write Mode 6.0 VvDC
Head Current (per side) Write Mode, -200 200 LA
0<VCC<37V,
0<VDD1<8.7V
Write Current Range 10 50 mA
Write Current Constant “K” 2.375 2.625
Iwc to Head Current Gain 0.99 mA/mA
Unselected Head Leakage Current 100 pA
RDX, RDY Output Offset Voltage Write/ldle Mode -20 +20 mv
RDX, RDY Common Mode Write/Idle Mode 53 VvDC
Output Voltage
RDX, RDY Leakage RDX, RDY =6V -100 100 nA

Write/Idle Mode

READ MODE
PARAMETER CONDITIONS MIN NOM MAX UNITS
Center Tap Voltage Read Mode 3.0 4.0 5.0 VDC
Head Current (per side) Read or Idle Mode -200 200 HA
0<VCC<55V
0<VDD1<13.2V
Input Bias Current (differential) 100 A
Input Offset Voltage Read Mode -4 +4 mV
Common Mode Output Voltage Read Mode 45 6.5 vDC
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

DYNAMIC CHARACTERISTICS AND TIMING

Unless otherwise specified, recommended operating conditions apply and Iw =35 mA, Lh =10 uH, Rd =750Q
32R515 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.)

WRITE MODE
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Head Voltage Swing 7.0 V(pk)
Unselected Head Transient Current 5 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance 32R515 10K Q
32R515R 458 610 763 Q
WDI Transition Frequency WUS = low 250 KHz
READ MODE
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Differential Voltage Gain Vin=1mVpp @ 300 kHz,| 85 115 VIV
RL(RDX), RL(RDY)
=1KQ
Dynamic Range DC Input Voltage, Vi, -3 +3 mV
Where Gain Falls
by 10%. Vin = Vi +
0.5 mVpp @ 300 kHz
Bandwidth (-3dB) |Zs| < 5Q, Vin = 1 mVpp 30 MHz
Input Noise Voltage BW = 15 MHz, 15 nVANHzZ
Lh=0,Rh=0
Differential Input Capacitance f=5MHz 20 pF
Differential Input Resistance 32R515, f = 5 MHz 2K Q
Differential Input Resistance 32R515R, f =5 MHz 373 735 Q
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 dB
@ 5 MHz
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 dB
VDD1, VDD2 or VCC
Channel Separation Unselected Channels: 45 dB
Vin=100 mVpp @ 5 MHz;
Selected Channel:
Vin=0mVpp
Single Ended Output Resistance f=5MHz 30 Q
Output Current AC Coupled Load, +2.1 mA
RDX to RDY
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

SWITCHING CHARACTERISTICS

PARAMETER CONDITIONS MIN NOM MAX UNITS

R/W To Write Delay to 90% of 1.0 us
Wirite Current

R/W to Read Delay to 90% of 1.0 us

100 mV, 10 MHz Read
Signal Envelope or

to 90% decay of

Write Current

CS to Select Delay to 90% of Write 1.0 us
Current or to 90% of
100 mV, 10 MHz Read
Signal Envelope

S to Unselect Delay to 90% Decay 1.0 us
of Write Current
HSO0 - HS3 to any head Delay to 90% of 100 mV, 600 ns
10 MHz Read Signal
Envelope
WUS-Safe to Unsafe - TD1 lw =35 mA 1.6 8.0 us
WUS-Unsafe to Safe - TD2 Iw =35 mA 1.0 us
Head Current (Lh = 0 uH, Rh = 0Q)
Prop. Delay - TD3 From 50% Points 25 ns
Asymmetry WDI has 50% Duty Cycle 2 ns
and 1ns Rise/Fall Time
Rise/Fall Time 10% - 90% Points 20 ns
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

HEAD
CURRENT
(Ix-ly)

—

LU N

4— TD2 —p|

wus \

| €—— TD1 —p

TD3

[\ A

FIGURE 1: Write Mode Timing Diagram

+5V +12V
see Note 4 r
100pF == 4 see Note 1
= RCT
OAuFTT
= 2K VCC VDD1 VDD2 VCT
| MICROPROCESSOR wus Hox
| HoY
H1X
» RW
N LOGIC
q SUPPORT HIY
» TS HaX

FILTER Hey
Hax

to all chips may be used.

see Note 2
see |N°" 3 $5132R515 g——‘
1 RDX H3y
<-4
oK AMPLIFIER ! Hay
READ Q D LEVEL H5X
DATA QUAL %
HSY
88132P541 READ DATA PROCESSOR Hex
H7X
H7Y
HaX
1. Anexternalresistor, RCT, given by; RCT = 96 (50/w) where Iw is the zero-peak write current in mA, can be used Hey
to limit internal power dissipation. Otherwise connect VDD2 to VDD1. HoX
2. Damping resistors not required on 32R515R versions.
3. Limit DC current from RDX and RDY to 100 uA and load capacitance to 20 pF. In multi-chip application these Hoy
outputs can be wire-OR'ed. WC  GND
4.  The power bypassing capacitor must be located close to the 32R515 with its ground returned directly to device

ground, with as short a path as possible.
5. To reduce ringing due to stray capacitance this resistor should be located close to the 32R515. Where this is not RwC
desirable aseries resistor can be used to buffer along WC line. In

lti-chip asingle resistor see Note 5

FIGURE 2: Applications Information
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

PACKAGE PIN DESIGNATIONS

(TOP VIEW) -«
$88888¢c8%5¢%
EEEEEEEEEEER
WUS 020 17 1 H8X
WDI 3% 16 I H7Y
vce qgat 15 1 H7X
HS2 [ 32 14 I HeY
HS1 oo 32R515/32R515R 13 {1 HeX
HSO g 10 Channels 12 i HSY
RDX [ 35 11 I HSX
RDY (38 10 ] H4Y
WC & 9 {1 H4X
RW fjae 8 1 H3Y
N/IC % 7 1 H3X
40 4 42 43 4 1 2 3 4 5 6
e e I = e ==
22B8Z83::8%
44-Lead PLCC
Hox [] 1 34 [] GND GND [] 1 34 [] Hox
HoY [] 2 33 [] Hs3 HS3 [] 2 33 [] Hoy
HIX [| 3 32 [1TS 65[3 32 [] HIX
HIY [] 4 31 [] RW RW []4 31 [] HiY
Hex [ 5 30 []we wc[]s 30 [] H2x
Hay [ 6 2 [JROoY . ROY [] 6 29 [] Hay
Hax [ 7 28 [] RDX RDX [ 7 28 [] Hax
Hay [| 8 U [ Hso Hso [ 8 sorsism 2 ] Hay
wax [Jo F2RS1SR g6 [ st ust[o S2REISAM o6 17 hax
way [ 10 OMaMeE o5 N wsa ws2 [[10 O o5 7 pay
Hsx [ 11 24-[] vee vee [ 1 24 [] HX
HsY [] 12 23 [] woI woi [] 12 23 [] HsY
Hex [] 13 22 [] wus wus [] 13 22 [] Hex
Hey [] 14 21 [] voD1 voD1[] 14 21 [] Hey
H7x [] 15 20 [] vop2 vopz [] 15 20 [] H7X
H7y [] 16 19 [] ver vet [ 16 19 [] H7Y
Hex [] 17 18 [] HeY Hey [] 17 18 [] Hex
34-Lead SOL 34-Lead SOL
Mirror Image
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SSI 32R515/515R
9, 10-Channel Ferrite
Read/Write Device

THERMAL CHARACTERISTICS: @ja

34lead | SOL | 50°C/W
44-Lead | PLCC | 60°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SS1 32R515
9-Channel SOL SS1 32R515-9CL 32R515-9CL
10-Channel PLCC $SI 32R515-10CH 32R515-10CH
SSI 32R515R
9-Channel SOL SSI 32R515R-9CL 32R515R-9CL
10-Channel PLCC SSI 32R515R-10CH 32R515R-10CH
SSI 32R515M |
9-Channel SOL | ssis2rs15M-90L | s2rs15M-90L
SSI 32R515RM
9-Channel SOL | ssi32rs15RM-9cL | 32Rs15RM-9CL

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

¥
Silicon Systems, Inc., 14351 Myford Road, Tustin CA 92680, (714) 731-7110, TWX 910-595-2809

©1988 Silicon Systems, Inc.
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INNOVATORS IN JINTEGRATION

SSI 32R520/520R
4-Channel Thin Film
Read/Write Device

silicon ﬂ&‘m ’“

DESCRIPTION

The SSI 32R520 is an integrated read/write circuit
designed for use with non-center tapped thin film
heads in disk drive systems. Each chip controls four
heads and has three modes of operation: read, write,
and idle. The circuit contains four channels of read
amplifiers and write drivers and also has an internal
write current source.

A current monitor (IMF) output is provided that allows
a multi-chip enable fault to be detected. An enabled
chip’s output will produce one unit of current. Anopen
collector output, write select verify (WSV), will go low if
the write current source transistor is forward biased.
The circuit operates on +5 volt, and -5 volt power and
is available in a 24-pin flatpack. The SSI| 32R520R
differs from the SSI 32R520 by having internal 200Q
damping resistors.

August, 1988
FEATURES

® High performance

Read mode gain = 120V/V

Input noise = 0.9nV/Hz

Input capacitance = 65 pF

Write current range = 30 mA to 75 mA
Head voltage swing = 3.8 Vpp

Write current risetime = 13 nsec

® Write unsafe detection
* TTL - compatible logic levels

® Operates on standard +5 volt and -5 volt power
supplies

0888

BLOCK DIAGRAM

IMF us

CHIP
SELECT

WRITE
ws SELECT
wsv
RD POST
READ
RD AMPLIFIER
wo WRITE
WD BUFFER

HS1 HEAD
Hs2 SELECT

HEAD
TRANSITION
DETECTOR

DIFFERENTIAL
READ

AMPLIFIERS
AND
WRITE

CURRENT
SWITCHES

(4-CHANNELS)

PIN DIAGRAM
GND [ ] VEE
i r—
wsvC—3 2 1 24 Bxpr——pw
Hs1 14 217 Hox
Hs2 15 20" Hoy
Wb {6 19— Hax
wo C—7 187 Hay
us 8 173 Hix
MF C—° 18— Hiy
vee —4" 41 12 13 14 'S/ Hax
RD l_"__rl [;_l H3Y
RD [ 1 GND

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R520/520R
4-Channel Thin Film
Read/Write Device

CIRCUIT DESCRIPTION

WRITE MODE

Inthe write mode (R/W and CE low) the circuit functions
as adifferential current switch. The Head Selectinputs
(HS1 and HS2) determine the selected head. The
Write Data Inputs (WD, WD) determine the polarity of
the head current. The write current magnitude is
adjustable by an external 1% resistor, Rwe, from VWC
to VEE, where:

|W-_-JVW

1400

Rwe ( Bd )

Where:Vwec = Write Current Pin Voltage = 1.65 + 5%
Rh = Head Plus External Wire Resistance
Rd = Damping Resistance

READ MODE

In the Read Mode, (R/W high and CD low), the circuit
functions as a differential amplifier. The amplifier input
terminals are determined by the Head Select inputs.

HEAD SELECT TABLE
HEAD SELECTED HS2 HS1
0 0 0
1 0 1
2 1 0
3 1 1

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, 4.75 < Vcc < 5.25, -5.5 < VEE < -4.95V, 25° < T (junction) < 125 °C.

ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.
PARAMETER RATING UNIT
Positive Supply Voltage, Vcc 6 \
Negative Supply Voltage, VEE -6 Vv
Operating Junction Temperature 25t0 125 °C
Storage Temperature -65 to 150 °C
Lead Temperature (Soldering, 10 sec) 260 °C
Input Voltages
Head Select (HS) -0.4to Vcc +0.3 \
Chip Enable (CE) -0.4 to Vcc +0.3 '
Read Select (RW) -0.4 or -2 mA to Vcc +0.3 \'
Write Data (WD, WD) Vee to + 0.3 \
Head Inputs (Read Mode) -0.6to +04 v
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SSI 32R520/520R
4-Channel Thin Film
Read/Write Device

0888

ABSOLUTE MAXIMUM RATINGS (Continued)

PARAMETER RATING UNIT
Outputs

Read Data (RD, RD) 0.5to Vcec +0.3 '

Write Unsafe (WUS) -0.4to Vec +0.3 \

and 20 mA

Write Select Verify (WSV) -0.4V to Vcc +0.3V and 20 mA

Current Monitor (IMF) -0.4to Vcc +0.3 \'

Current Reference (VWC) VEE to Veec +0.3 \

and 8 mA

Head Outputs (Write Mode) lw max = 150 mA
POWER SUPPLY
PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Dissipation All modes, 25 < Tj< 100 612+6.7Iw mW

100°<Tj<125°C 563+6.7w| mW

Positive Supply Current (ICC) Idle Mode 10+Iw/19 mA
Positive Supply Current (ICC) Read Mode 40+lw/19 mA
Positive Supply Current (ICC) Write Mode 38+Iw/19 mA
Negative Supply Current (IEE) Idle Mode -12-iw/19 mA
Negative Supply Current (IEE) Read Mode -66-1w/19 mA
Negative Supply Current (IEE) Write Mode -75-1.16lw, mA
LOGIC SIGNALS
PARAMETER CONDITIONS MIN NOM MAX UNIT
Chip Enable Low Voltage (VLCE) | Read or Write Mode 0.8 \
Chip Enable High Voltage (VHCE)| Idle Mode 2.0 Vv
Chip Enable Low Current (ILCE) | VLCE =0V -1.60 mA
Chip Enable High Current (IHCE) | VHCE = 2.0V -0.3 mA
Read Select High Voltage (VHR/W) Read or Idle Mode 2.0 \"
Read Select Low Voltage (VLR/W) Write or Idle Mode 0.8 \
Read Select High Current (IHR/W) VHR/W = 2.0V 0.015 mA
Read Select Low Current (ILR/W) | VLR/W =0V -0.15 mA
Head Select High Voltage (VHHS) 2.0 \'
Head Select Low Voltage (VLHS) 0.8 \
Head Select High Current (IHHS) | VHHS = VCC 0.25 mA
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SSI 32R520/520R

4-Channel Thin Film

Read/Write Device

LOGIC SIGNALS (Continued)
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Head Select low Current (ILHS) VLHS = 0V -0.1 0.25 mA
WUS, WSV Low Level Voltage ILUS =8 mA 0.5 \
(denotes safe condition)
“WUS, WSV High Level Current | VHUS = 5.0V 100 pA
(denotes unsafe condition)
IMF ON Current 2.20 3.70 mA
IMF OFF Current 0.02 mA
IMF Voltage Range 0 VCC+0.3 \"
READ MODE - v
Tests performed with 100Q load resistors from RD and RD through series isolation diodes to VCC.
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Differential Voltage Gain Vin = 1 mVpp, f = 300 KHz;
25°C<Tj<125°C 75 170 VIV
Tj=70°C 85 150 VA"
Voltage Bandwidth (-3 dB) Zs < 5Q, Vin = 1 mVpp 45 MHz
f midband = 300 KHz
Input Noise Voltage Zs = 0Q, Vin = 0V, 09 | nvAHz
Power Bandwidth = 15 MHz
Differential Input Capacitance Vin=1mVpp, f =5 MHz 65 pF
Differential Input Resistance Vin =1 mVpp, f =5 MHz
32R520 1K Q
32R520R 130 270 Q
Input Bias Current (per side) Vin = 0V 0.17 mA
Dynamic Range DC input voltage where AC -3.0 3.0 mV
gain falls to 90% of the gain
with .5 mVpp input signal
CMRR Vin = 100 mVpp, 0V DC
1 MHz<f< 10 MHz 54 dB
10 MHz < f <20 MHz 48 dB
Power Supply Rejection Ratio VCC or VEE = 100 mVpp
1 MHz<f< 10 MHz 54 dB
10 MHz < f < 20 MHz 40 dB
Channel Separation The three unselected channels
are driven with Vin = 100 mVpp
1 MHz<f< 10 MHz 43 dB
10 MHz < f < 20 MHz 37 dB
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SSI 32R520/520R
4-Channel Thin Film
Read/Write Device

READ MODE (Continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Output Offset Voltage -360 360 mV
Output Leakage Current Idle Mode 0.01 mA
Output Common Mode Voltage (Without series isolation diodes) vce-1.1 vCC-0.13 \'
Single Ended Output Resistance : 10 KQ
Single Ended Output Capacitance 10 pF
WRITE MODE

PARAMETER CONDITIONS MIN NOM MAX UNIT
Current Range (iw) 30 75 mA
Current Tolerance Current set to nomial value -8 +8 %

by Rx, Rh = 15Q + 10%,
Tj =50 °C, Rd = 200Q

(iw) (Rh) Product 0.24 1.30 \"

Differential Head Voltage Swing Iw =40 mA, Lh=0.3 pH, 3.8 Vpp
Rh = 15Q

Unselected Head Iw =40 mA, Lh=0.3 pH, 2 mAp

Transient Current Rh = 15Q Non-adjacent

heads tested to minimize
external coupling effects

Head Differential Load 32R520 1K Q
Resistance, Rd 32R520R25°C<Tj<125°C | 130 270 Q
60°C<Tj<120°C | 140 260 Q
Tj=70°C | 150 250 Q
Head Differential Load 30 pF
Capacitance
Differential Data Voltage, 0.20 \
(WD - WD)
Data Input Voltage Range -1.87 +0.1 \Y
Data Input Current (per side) Chip Enabled 150 HA
Data Input Capacitance Per side to GND 10 pF
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SSI 32R520/520R
4-Channel Thin Film
Read/Write Device

SWITCHING CHARACTERISTICS

90% of final IMF current

PARAMETER CONDITIONS MIN NOM MAX UNIT
Idle to Read/Write Transition Time 1.0 us
Read/Write to Idle Transition Time 1.0 us
Read to Write Transition Time VLCE =0.8V, 0.6 us
Delay to 90% of iw
Write to Read Transition Time VLCE = 0.8V, Delay to 90% 0.6 us
of 20 MHz Read Signal
envelope, Iw decay to 10%
Head Select Switching Delay Read or Write Mode 0.40 us
Shorted Head Current Iw =40 mA, Lh < 0.05 pH, 13 ns
Transition Time Rh=0
Shorted Head Current Switching | Iw =40 mA, Lh < 0.05 pH, 18 ns
Delay Time Rh = 0, measured from 50%
of input to 50% of current
change
Head Current Switching w=40mA, Lh=0.2 pH, 1.0 ns
Time Symmetry Rh = 10Q, WD & WD
transitions 2 ns, switching
time symmetry 0.2 ns
WSV Transition Time Delay from 50% of write select 1.0 us
swing to 90% of final WSV
voltage, Load = 2 KQ // 20 pF
Unsafe to Safe Delay After f(data) = 10 MHz 1.0 us
Write Data Begins (WUS)
Safe to Unsafe Delay, (WUS) Non-switching write data, 0.6 3.6 us
no write current
Safe to Unsafe Delay, (WUS) Head open or head select 0.6
input open
IMF Switching Time Delay from 50% of CE to 1.0
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SSI 32R520/520R
4-Channel Thin Film
Read/Write Device

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: @ ja
(TOP VIEW)

| 24-Lead | Fiatpack | 105°crw |
GND [ ’J 1 VEE

vwc l:;‘l Fﬁ

wsv____J3 2 1 24 28— RpW
Hs1 [ 14 217 Hox
Hs2 15 201 Hoy
L2/ e— 191 H2x
wp C—7 18 Hay
us 18 17— HiX
L/ — O] Hiy
vee " 41 12 13 14 P HaX

RD L_—‘__ij b HaY

0888

RD [ 1 GND
24-Pin Flatpack
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK

SSI 32R520 Read/Write IC

24-Pin Flatpack | ssisers2o-F |  ssiazrs20-F
SSI 32R520R Read/Write IC with Damping Resistors

24-Pin Flatpack I SSI 32R520R-F [ SSI 32R520R-F

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties

resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

silicon Sustoms

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, TWX 910-595-2809

©1988 Silicon Systems, Inc.
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SSI 32R521/521R
™ Thin Film-6-Channel
Read/Write Device

INNOVATORS INJINTEGRATION

dilicon Ly

DESCRIPTION

The SSI 32R521 is a bipolar monolithic integrated cir-
cuit designed for use with non-center tapped thin film
recording heads. It provides a low noise read path,
write current control, and data protection circuitry forup
to six channels. The SSI32R521 requires +5V and
+12V power supplies and is available in a variety of
packages. The SSI32R521R differs from the
SSI 32R521 by having 200Q internal damping resis-
tors.

August, 1988

FEATURES

¢ Designed for thin film heads

* 45V, +12V power supplies

* Ideal for multi-platter Winchester applications
* Programmable write current source

e Easily multiplexed for larger systems

* Includes write unsafe detection

0888

BLOCK DIAGRAM

VDD VCC1 VCC2 GND wus IMF

RDX
RDY

WDI

wp

HSo

Hs1

HS2

PIN DIAGRAM

5 2 o = X >
o Qo
£ 58 82 2 %
) I e e I e I s O e T o | N
4 3 2 1 28 271 26
wp []s 25 [ HIX
RW [ 6 24 [] Hay
cs (7 23 [] HX
Hso [ls 22 [] Hay
Hs1 []o 21 [] Hax
Hs2 [| 10 20 [] Hay
wus[] 11 19 [] Hax
12 13 14 15 16 17 18 |
| SN R IR Gy SR [y NN g SN g SN R S |
X > 5 8 %X X
t5p58¢t¢d
28-LEAD PLCC

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device

CIRCUIT OPERATION

The SSI 32R521 functions as a write driveror as aread
amplifier for the selected head. Head selection and
mode control are describedin Tables 1& 2. The inputs
R/W, CS and WP have internal pull-up resistors to
prevent an accidental write condition.

WRITE MODE

The Write mode configures the SSI 32R521 as a cur-
rent switch and activates the Write Unsafe Detector.
Head current is toggled between the X- and Y-direc-
tions of the recording head on the falling edges of WDI,
Write Data Input. The magnitude of the write current,
given by:

Iw = Ywc
Rwc

is controlled by an external resistor, Rwc, connected
from pin WC to GND.

Head Curentlx,y =W __
1+RhRd

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

+  WDI frequency too low

* Device in Read mode

» Chip disabled

*  No write current

After fault condition is removed, two negative

transitions on WDI are required to clear WUS. The
Current monitor output (IMF) sinks one unit of current

when the device is selected. This allows a multichip
enable fault to be detected.

NOTE: Ifitis desirable to initialize the Write Data flip-
flop to pass current in the Y-direction of the head when
entering Write Mode, the WDI input must go low in
Read mode for 20 ns minimum.

READ MODE

In the Read mode, the SSI 32R521 is configured as a
low noise differential amplifier, the write current source
and the write unsafe detector are deactivated, and the
write data flip-flop can be set. The RDX and RDY
outputs are driven by emitter followers. They should be
AC coupledto load. Note that the internal write current
source is deactivated for both the Read and chip
deselected modes.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.

TABLE 1: MODE SELECT

Ccs RW MODE
0 0 Write
0 1 Read
1 0 Idle
1 1 Idle
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device

0888

TABLE 2: HEAD SELECT

HS2 HS1 HSO HEAD

0 0 0

0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 none

1 1 1 none
PIN DESCRIPTIONS
NAME 110 DESCRIPTION
HSO - HS2 | Head Select: selects one of six heads
CS 1 Chip Select: a high inhibits chip
RW | Read/Write: a high selects Read mode
WP | Write Protect: a low enables the write current source
WUS o* Write Unsafe: a high indicates an unsafe writing condition
IMF o* Current Monitor Function: allows multichip enable fault detection
WDI | Write Data In: changes the direction of the current in the recording head
HOX - H5X 110 X, Y Head Connections: Current in the X-direction flows into the X-port
HOY - H5Y
RDX, RDY o* X, Y Read Data: differential read data output
wC * Wirite Current: used to set the magnitude of the write current
VCC1 - +5V Logic Circuit Supply
VCC2 - +5V Write Current Supply
VDD - +12V
GND - Ground

*When more than one device is used, these signals can be wire OR’ed.
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device

ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VvDD -0.3to +14 VvDC
vCcC -0.3to0 +7 vDC
Write Current W 100 mA
Digital Input Voltage Vin -0.3to VCC +0.3 vDC
Head Port Voltage VH -0.3to VDD +0.3 vDC
Qutput Current: RDX, RDY lo -10 mA
WUS lwus +12 mA
Storage Temperature Tstg -65to +150 °C
RECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD 12+5% vDC
VCC1 5+5% VvDC
VCC2 5+5% vDC
Operating Temperature Tj ' +25 to +135 °C
DC CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply.
PARAMETER CONDITIONS MIN MAX UNITS
VDD Supply Current Read Mode 34 mA
Write Mode 38 mA
Idle Mode 9 mA
VCC Supply Current Idle Mode 49 mA
Read Mode 62 mA
Write Mode 49 + IW mA
Power Dissipation (Tj = +135°C) Idle Mode 400 mw
Read Mode 800 mwW
Write Mode, IW = 70 mA 990 mwW
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device
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DC CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN MAX UNITS
Digital Inputs
Input Low Voltage (VIL) -0.3 0.8 VvDC
Input High Voltage (VIH) 2.0 VCC+0.3 vDC
Input Low Current VIL = 0.8V -0.4 mA
Input High Current VIH = 2.0V 100 pHA
RDX, RDY Common 3 5 vDC
Mode Output Voltage
WUS Output lol =8 mA 0.5 VvDC
IMF Output CS=0 0.73 1.23 mA
CS=1 0.02 mA
WRITE CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, and IW = 40 mA, Lh =200 nH,
Rh = 16Q, f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF, RL(RDX,RDY) =1 KQ.

PARAMETER CONDITIONS MIN NOM MAX UNITS
Write Current Voltage Vwc 1.65+5% \
Differential Head Voltage Swing 3.4 V(pk)
Unselected Head Current 2 mA(pk)
Differential Output Capacitance 30 pF
Differential Output Resistance 32R521R 160 200 240 Q
32R521 2K Q
WDI Transition Frequency WUS=low 1.7 MHz
Write Current Range 20 70 mA
READ CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply.
PARAMETER CONDITIONS MIN MAX UNITS
Differential Voltage Gain Vin =1 mVpp @ 300 KHz 75 125 VIV
RL(RDX), RL(RDY) = 1 KQ
Voltage BW -1dB | |Zs]| <5Q,Vin=1 mVpp 25 MHz
@ 300 KHz
-3dB 45 MHz
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device

READ CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN | NOM | MAX UNITS
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.9 nVAHz
Differential Input Capacitance f=5MHz 65 pF
Differential input Resistance 521R, f =5 MHz 200 Q
521, f=5MHz 600 Q
Input Bias Current 170 mA
Dynamic Range DC input voltage where gain -3 3 mvV

falls to 90% of its 0 VDC value
Vin=VDC+0.5mVpp, f=5MHz

Common Mode Rejection Ratio Vin=0VDC+100mVpp@5MHz 54 dB

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD 54 90 dB
100 mVpp @ 5 MHz on VCC 49

Channel Separation Unselected channels driven 45 dB
with 100 mVpp @ 5 MHz

: Vin = 0 mVpp

Qutput Offset Voltage -360 360 mV

Single Ended Output Resistance | f=5 MHz 30 Q

Output Current AC Coupled Load, RDX to RDY | 3.2 mA

SWITCHING CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, and IW = 40 mA, Lh = 200 nH,
Rh = 16Q, f(Data) =5 MHz.

PARAMETER CONDITIONS MIN MAX UNITS
RW R/W to Write To 90% of write current 0.6 us
R/W to Read To 90% of 100 mV, 10 MHz Read 0.6 us
signal envelope
CcS CS to Select To 90% of write current 1 us
CS to Unselect To 90% of 100 mV, 10 MHz Read 1 us
signal envelope
HSO, 1, 2 to any Head To 90% of 100 mV, 10 MHz Read 0.4 us
signal envelope
WUS Safe to Unsafe TD1 0.6 3.6 us
Unsafe to Safe TD2 1 us
IMF Transition Time Delay from 50% point of CS 0.6 us
to 90%of IMF current
Head Current Lh=0,Rh=0
WDI to (Ix-ly) TD3 From 50% points 32 ns
Asymmetry WDI has 50% duty cycle 1.0 ns
and 1ns rise/fall time
Rise/Fall Time 10% - 90% points 13 ns
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device

A TAVAVAVAYE

<— TD2 —>| <«— TD1 —
Wus \

—»| |«—TD3
HEAD
CURRENT
(Ix-1ly)

FIGURE 1: Write Mode Timing Diagram

APPLICATIONS INFORMATION

Read mode input port parameter limits, as given in the specifications, are over extremes of temperature, voitage
and process. The tabulation below shows parameter correlation as a function of base sheet resistance, a
processing parameter. Use of these limits, for worst case analysis, will be more representative of actual

performance.
EXAMPLE 1: Base Sheet Resistance = Maximum
PARAMETER Tj=25°C Tj = 135°C UNITS
Input Noise Voltage (Maximum) 0.69 0.9 nV/YHz
Differential Input Resistance (Minimum) 521R 146 150 Q
' 521 1025 1240 Q
Differential Input Capacitance (Maximum) 43 47 pF
EXAMPLE 2: Base Sheet Resistance = Minimum
PARAMETER Tj =25°C Tj =135°C UNITS
Input Noise Voltage (Maximum) 0.58 0.75 nV/Hz
Differential Input Resistance (Minimum) 521R 133 140 Q
521 600 760 Q
Differential Input Capacitance (Maximum) 51 56 pF
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SSI 32R521/521R
Thin Film-6-Channel
Read/Write Device

PACKAGE PIN DESIGNATIONS §28¢ %%z
(Top View) e e s s
we ] 1 28 [] Hoy we [{s 25 [] Hix
vob [] 2 27 [] Hox RW e 24 [] H2Y
GND [] 3 26 [] HIY 7 23 [] Hex
woi [} 4 25 [] HiX Hso [ 8 22 [] Hay
we ] s 28 [] Hey Hs1 o 21 [] Hax
RW [] s 23 [] H2x Hs2 [] 10 20 [] Hay
EE 7 2 D HaY 1" 12 13 14 15 16 17 18194P e
[ N J N NNy NN SN g Sy S
Hso [] 8 21 [] Hax $ 225333
Hs1 [] o 20 [] Hay = =353
Hs2 [| 10 19 [] Hax 28-Lead PLCC
e g o p e THERMAL CHARACTERISTICS: @ja
IMF [} 12 17 [] HsX
Rox [| 13 16 [] vecz 28-Lead SOL 75°C/W
ROY [| 14 15 [] veet PLCC 65°C/W
28-Lead SOL, Flatpack 100°C/W
Flatpack
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32R521 - Read/Write IC
6 - Channel SOL SSI 32R521-6L 32R521-6L
6 - Channel PLCC SSI 32R521-6CH 32R521-6CH
6 - Channel Flatpack SSI 32R521-6F 32R521-6F
SSI 32R521R - with Internal Damping Resistors
6 - Channel SOL SSI 32R521R-6L 32R521R-6L
6 - Channel PLCC SSI 32R521R-6CH 32R521R-6CH
6 - Channel Flatpack SSI 32R521R-6F 32R521R-6F

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

Silicon Systems, inc 14351 Myford Road, Tustin
©1988 Silicon Systems, Inc.
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SSI 32R522/522R

15 . 4, 6-Channel Thin Film
J J J Read/Write Device

INNOVATORS IN JINTEGRATION

August, 1988
DESCRIPTION FEATURES

The SSI32R522/522R Read/Write devices arebipolar o High performance:

monolithic integrated circuits designed for use with two - Read mode gain = 100 V/V

terminal thin film recording heads. They provide a low - Input noise = 1.0 nVAHz max.

noise read amplifier, write current control and data - Input capacitance = 32 pF max.
protection circuitry for as many as six channels. They - Write current range = 6 mA to 35 mA

require +5V and +12V power supplies and are avail-
able in a variety of package and channel configura- * Compatible with two & three terminal thin film heads

tions. The 32R522R option provides internal 1000Q  * Programmable write current source

damping resistors. * Write unsafe detection
* TTL compatible control signals
* 45, +12V power supplies
BLOCK DIAGRAM ) PIN DIAGRAM
VDD VCCi VCC2 GND Wus
2 : : we [] 1 28 [] Hoy
WRITE vop []| 2 27 [] Hox
UNSAFE
DETECTOR HoX GND [ 3 26 D H1Y
e o wol [] 4 25 [] HIX
e Hx wp ] s 24 [] W2y
RDX - - H1Y
DY : 3 . MULTIPLEXER | RW [] s 23 [] H2x
Hex e[ 7 22 [] Havy
Hay
wor o o Hso [ 8 21 [] H3X
way Hs1 [] o 20 [] Hay
: Hax Hs2 [| 10 19 [] Hax
wP
Hso Hay wus [|] 1 18 [] HsY
Hst Hex IMF [] 12 17 [] HsX
Hsz O} RDX [ 13 16 [] vecez
wo Tk ROY [ 14 15 [] veer

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R522/522R
4, 6-Channel Thin Film
Read/Write Device

CIRCUIT OPERATION

The SSI 32R522 addresses up to six two-terminal thin
film heads providing write current drive or read ampli-
fication. Head selection and mode control is accom-
plished with pins HSn, CS and R/W, as shown in
Tables 1 & 2. Internal resistor pullups, provided on
pins CS, R/W and WP will force the device into a non-
writing condition if either control line is opened acciden-
tally.

WRITE MODE

The write mode configures the SSI 32R522 as a
current switch and activates the Write Unsafe (WUS)
detection circuitry. Write current is toggled between
the Xand Y direction of the selected head on each high
to low transition on pin WDI, Write Data Input.

The magnitude of the write current (0-pk) given by:

w= _Vw¢
RWC

where Vwe (WC pin voltage) = 1.7V + 5%, is pro-
grammed by an external, resistor RWC, connected
frompin WC to ground. In multiple device applications,
a single RWC resistor may be made common to all
devices. The actual head current Ix, y is given by:

IX,y=__lw
1 + Rh/Rd

where:
Rh = Head resistance + external wire resistance, and
Rd = Damping resistance.

The write unsafe detection circuitry will flag any of the
conditions listed below as a high level on the open
collector output pin, WUS. Two negative transitions on
pin WDI, after the fault is corrected, are required to
clear the WUS flag.

» WDI frequency too low
« Device in read mode

« Device not selected

» No write current

A multiple device enable condition can be detected by
monitoring the voltage across a resistor connected
from VCC to the wire OR’ed IMF (Current Monitor
Function) pins. Pin IMF sinks one unit of current when
the device is enabled.

To initialize the Write Data Flip Flop (WDFF) to pass
current through the Y-direction of the head, pin WDI
must be low when the previous read mode was com-
manded.

READ MODE

The read mode configures the SSI 32R522 as a low
noise differential amplifier and deactivates the write
current generator and write unsafe circuitry. The RDX
and RDY outputs are emitter followers and are inphase
with the "X" and "Y" head ports. These outputs should
be AC coupled to the load.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire OR’ed and the write current
programming resistor to be common to all devices.

TABLE 1: MODE SELECT

C8 RW MODE
0 0 Write
0 1 Read
1 0 Idle
1 1 Idle
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SSI 32R522/522R
4, 6-Channel Thin Film
Read/Write Device

TABLE 2: HEAD SELECT

HS2 HS1 HSO HEAD

alo|lw|lo|alo
H(W N |(=|O

-0 OO (O
- 1 O|O|=|=|O|O

X none

0 = Low level, 1 = High level, X = Don't care

PIN DESCRIPTIONS

NAME 110 DESCRIPTION

HSO - HS2 | Head Select: selects one of six heads

CS | Chip Select: a low level enables the device

RW | Read/Write: a high level selects read mode

WP | Write Protect: a low level enables the write current source

WUS o* Write Unsafe: a high level indicates an unsafe writing condition

IMF o* Current Monitor Function: allows multichip enable fault detection

WDI | Wirite Data In: a negative transition toggles the direction of the
head current

HOX - H5X /0 X, Y Head Connections: Current in the X-direction flows into the

HOY - H5Y X-port

RDX, RDY o* X, Y Read Data: differential read data output

wC * Write Current: used to set the magnitude of the write current

VCC1 - +5V Logic Circuit Supply

VvCC2 - +5V Write Current Supply

VDD - +12V

GND - Ground

*When more than one device is used, these signals can be wire OR’ed.
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SSI 32R522/522R

4, 6-Channel Thin Film

Read/Write Device

ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD -0.3to +14 VDC
VCC1,2 -0.3t0.+7 VvDC
Write Current Iw 100 mA
Digital Input Voltage Vin -0.3to VCC +0.3 vDC
Head Port Voltage VH -0.3to VDD +0.3 VvDC
Output Current RDX, RDY lo -10 mA
WuUS lwus +12 mA
Storage Temperature Tstg -65 to +150 °C
RECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD 12+ 5% vDC
VCC1 5+5% vDC
VCC2 5+5% vDC
Operating Temperature Tj +25to +135 °C
DC CHARACTERISTICS
Unless otherwise specified: recommended operating conditions apply.
PARAMETER CONDITIONS MIN MAX | UNITS
VDD Supply Current Read Mode - 34 mA
Write Mode - 38 mA
Idle Mode - 9 mA
VCC Supply Current Read Mode - 62 mA
Write Mode - 49+IW mA
Idle Mode - 49 mA
Power Dissipation (Tj=+135°C) Read Mode - 800 mwW
Write Mode, Iw = 35 mA - 950 mw
Idle Mode - 400 mw
Input Low Voltage (VIL) - 0.8 vDC
Input High Voltage (VIH) 2.0 - VvDC
Input Low Current (liL) VIL = 0.8V -0.4 - mA
Input High Current (lIH) VIH = 2.0V - 100 HA
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SSI 32R522/522R
4, 6-Channel Thin Film
Read/Write Device

DC CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN MAX | UNITS

RDX, RDY Common Mode Read Mode 3 5 vDC

Output Voltage

WUS Output Low Voltage (VOL) lol =8 mA - 0.5 VDC

IMF Output Current CS=0 0.73 1.23 mA
CS=1 - 0.02 mA

WRITE CHARACTERISTICS

Unless otherwise specified: recommended operating conditions apply, Iw = 10 mA, Lh=1.5uH,
Rh =30Q and f(Data) = 5 MHz.

PARAMETER CONDITIONS MIN TYP MAX UNITS
WC Pin Voltage (Vwc) 1.61 1.7 1.79 \'/
Differential Head Voltage Swing 3.4 - - V(pk)
Unselected Head Current Iw =50 mA - - 1 mA(pk)
Differential Output Capacitance - - 30 pF
Differential Output Resistance 32R522R 800 1000 1350 Q

32R522 2400 - - Q
WDI Transition Frequency WUS=low 1.7 - - MHz
Write Current Range 6 - 35 mA
READ CHARACTERISTICS

Unless otherwise specified: recommended operating conditions apply, CL(RDX, RDY) < 20 pF and
RL(RDX, RDY) = 1 KQ.

PARAMETER CONDITIONS MIN MAX | UNITS
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 75 125 '
Bandwidth -1dB | |Zs|<5Q, Vin=1 mVpp @ 300 KHz| 25 - MHz
-3dB | |Zs|<5Q, Vin =1 mVpp @ 300 KHz| 45 - MHz
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 - 1.0 nVAHz
Differential Input Capacitance Vin=1mVpp, f=5MHz - 32 pF
Differential Input 32R522R | Vin=1mVpp, f=5MHz 460 - Q
Resistance 32R522 | Vin=1mVpp, f=5MHz 770 - Q
Dynamic Range DC input voltage where gain -3 3 mV
falls to 90% of its 0 VDC value,
Vin = VDC + 0.5 mVpp, f =5 MHz
Common Mode Rejection Ratio Vin=0VDC + 100 mVpp @ 5 MHz} 54 - dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD 54 - dB
100 mVpp @ 5 MHz on VCC




SSI 32R522/522R
4, 6-Channel Thin Film
Read/Write Device

READ CHARACTERISTICS (continued)

PARAMETER TEST CONDITIONS MIN. MAX. | UNITS
Channel Separation Unselected channels driven 45 - dB
with 100 mVpp @ 5 MHz,
Vin = 0 mVpp
Output Offset Voltage -300 +300 mV
Single Ended Output Resistance f=5MHz - 30 Q
Output Current AC Coupled Load, RDX to RDY 3.2 - mA
SWITCHING CHARACTERISTICS
Unless otherwise specified: recommended operating conditions apply, IW =10 mA, Lh = 1 .5 pH,
Rh = 30Q and f(Data) = 5 MHz. Reference Figure 1.
PARAMETER CONDITIONS MIN MAX | UNITS
RW
R/W to Write Mode Delay to 90% of write current - 0.6 us
R/W to Read Mode Delay to 90% of 100 mV, 10 MHz - 0.6 us
Read signal envelope or to 90%
decay of write current
CcS
CS to Select Delay to 90% of write current or to - 1 us
90% of 100 mV, 10 MHz Read
signal envelope
CS to Unselect Delay to 90% of write current - 1 us
HSn
HS0, 1, 2to any Head Delay to 90% of 100 mV, 10 MHz - 0.4 us
Read signal envelope
Wus
Safe to Unsafe-TD1 0.6 3.6 us
Unsafe to Safe-TD2 - 1 us
IMF
Propagation Delay Delay from 50% point of CS to - 0.6 us
90% of IMF current
Head Current
Prop. Delay-TD3 From 50% points, Lh=0ph, Rh=0Q - 32 ns
Asymmetry WDI has 50% duty cycle and - 0.5 ns
1ns rise/fall time, Lh=0uh, Rh=0Q
Rise/Fall Time 10% - 90% points, Lh=0ph, Rh=0Q - 10 ns
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SSI 32R522/522R
4, 6-Channel Thin Film
Read/Write Device

0888
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FIGURE 1: WRITE MODE TIMING DIAGRAM

APPLICATIONS INFORMATION

The specifications, provided in the data section, account for the worst case values of each parameter taken
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 &
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the
higher read back signal resulting from the higher input impedance can compensate for the higher input noise.
Accounting for this correlation in your analysis will be more representative of actual performance.

TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS

PARAMETER Tj=25°C Tj =135°C UNITS
Input Noise Voltage (Max.) 0.76 1.0 nVAHz
Differential Input Resistance (Min.) 32R522R 602 645 Q
32R522 1245 1455 Q
Differential Input Capacitance (Max.) 25 28 pF

TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS

PARAMETER Tj=25°C Tj=135°C UNITS
Input Noise Voltage (Max.) 0.63 0.82 nvAHz
Differential Input Resistance (Min.) 32R522R 460 526 Q
32R522 770 960 Q
Differential Input Capacitance (Max.) 30 32 pF
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SSI 32R522/522R
4 or 6-Channel Thin Film
Read/Write Device

PACKAGE PIN DESIGNATIONS
(TOP VIEW)

we ] 1 28 [] Hoy wol ——] [ e e
vop [] 2 27 [] Hox wo—s 2 1 24 28— oy we s 25 [] HiX
v ] s 2 ] Hry RW 4 211 Hox mge 2 ey
wol [] 4 25 [] Hix | e 7 2 [] Hx
w s i b o i m— 20— Hiy wso [ & 2 [ vov
aw [ s » g hax HSo C—6 19 HIX Hs1 [ o 21 [] Hax
Lk 2 [] oy Hs1 C—7 18— Hay Hs2 [ 10 2ogmv
HSo q 8 21 ] Hax Ne L8 17— X WUSEKH 1213 14 15 16 17 13"1 e
Hs1 [ o 20 [] Hay wus 9 167 Hay E’EE’??E‘;
Hs2 U 10 19 [] Hax IMF C—10 41 12 13 14 15[—1 H3X z
wus ] n s ] sy RDX vecz 28 - LEAD PLCC
wF 1 12 17 H5X RDY — voor
rROX [] 13 16 g veez
ROV [| 14 15 [] veet 24 - LEAD FLATPACK THERMAL CHARACTERISTICS: 6ja
24 - Lead FLAT PACK 105°C/W
28 - LEAD
8 soL 28 -Lead SOL 70°C/W
28 -Lead PLCC 65°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32R522 - Read/Write IC
4 - Channel Flat Pack SSI32R522 - 4F 32R522 - 4F
6 - Channel SOL SSI 32R522 - 6L 32R522 - 6L
6 - Channel PLCC SSI 32R522 - 6CH 32R522 - 6CH
SSI 32R522R- w/Internal Damping Resistors
4 - Channel Flat Pack SSI 32R522R - 4F 32R522R - 4F
6 - Channel SOL SSI 32R522R - 6L 32R522R - 6L
6 - Channel PLCC SSI 32R522R - 6CH 32R522R - 6CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

Silicon Systems Inc., 14351 Myford Road, Tustin

©1988 Silicon Systems, Inc.
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INNOVATORS IN JINTEGRATION

SSI 32R524R
Iy ™ 8-Channel Thin Film
J ﬂ(s‘ Read/Write Device

August, 1988

DESCRIPTION FEATURES

The SSI 32R524R Read/Write device is a bipolar < High performance:

monolithic integrated circuit designed for use with Read mode gain = 100V/V

two terminal thinfilmrecording heads. Itprovides alow Input noise = 0.75 nV/YHz max.

noise read amplifier, write current control and data
protection circuitry for eight channels. Power supply
fault protection is provided by disabling the write cur-
rent generator during power sequencing. Systemwrite Write current rise time = 9 nsec
to read recovery time is significantly improved by | Enh d syst te t d "
controlling the read channel common mode output nhanced system write to read recovery time
voltage shift in the write mode. It requires +5V and ® Power supply fault protection

+12V power supplies and is available in a variety of Plug compatible to the SSI 32R501, SSI 32R511 &
package configurations. A mirror image pinout option ’

Input capacitance = 60 pF max.
Write current range = 20 to 60 mA
Head voltage swing = 7 Vpp

is available to simplify flex circuit layout in multiple R/W SS132R512 .
device applications. The SSI 32R524R providesinter-  ® Compatible with two & three terminal thin film heads
nal 740Q damping resistors. e Write unsafe detection

* 45V, +12V power supplies
* Mirror image pinout option

BLOCK DIAGRAM PIN DIAGRAM
VvDD1 vCC GND wus VvDD2

Hox [] 1 32 [JGND GNDq 1 32 [] Hox
Hoy [] 2 31 [INC Ne ] 2 31 [] Hoy
HIX[] 3 wga’ e[ 3 ao;]mx
HIY[] 4 29 [|RW RWI[] 4 29 [JH1Y

R H2X [] 5 28 gwc wCc(ls 28 gnzx

s Hay [} 6 27 [ ROY ROY [] 6 27 []Hay

RDX H3X é 7 26 [] RDX ROX [] 7 26 [] H3X

ROY H3Y q 8 25 []Hso HSO[] 8 25 [] H3Y
Hax ] 9 24 [1Hs1 Hs1[] 9 24 [] HaxX
Hay [] 10 23 [1Hs2 Hs2 [] 10 23 [] HaY

wol Hsx [ 11 22 jvcc  vec ] 11 22 [1Hsx
HsY [] 12 21 Jwol woi [] 12 21 [} Hsy
Hex [| 13 20 bwus wus | 13 20 [] HeX
Hey [] 14 19 [Jvbo1  voD1 [ 14 19 [] HeY

we H7X [ 15 18 [Jvbp2 vDD2 [] 15 18 [] H7X

HSO H7Y [ 16 17 [INC NC [ 16 17 [J H7Y

HS1

ez 32-LEAD SOW 32-LEAD SOW

MIRROR

CAUTION: Use handling procedures necessary
0888 for a static sensitive component.
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SSI 32R524R
8-Channel Thin Film
Read/Write Device

CIRCUIT OPERATION

The SSI 32R524R addresses eight two-terminal thin
film heads providing write drive or read amplification.
Head selection and mode control is accomplished with
pins HSn, CS and R/W, as shown in Tables 1 & 2.
Internal resistor pullups, provided on pins CS and R/W
willforce the device into a non-writing condition if either
control line is opened accidentally.

WRITE MODE

The write mode configures the SSI 32R524R as a
differential current switch and activates the Write Un-
safe (WUS) detection circuitry. Write currentis toggled
betweenthe X and Y directions of the selected headon
each high to low transition on pin WDI, Write Data
Input.

A preceding read operation initializes the Write Data
Flip Flop (WDFF) to pass write current in the X-
direction of the head, which is defined as entering from
the Y-side and flowing to the X-side.

The magnitude of the write current (0-pk) given by:

where K (Write Current Constant) = 70 + 5%, is pro-
grammed by an external resistor RWC, connected
from pin WC to ground. The actual head current Ix, y
is given by:

w

Iw,y=———
1+RRd

where:
Rh = head resistance + external wire resistance, and
Rd = damping resistance.

Power supply fault protection improves data security
by disabling the write current generator during a volt-
age faultor power supply sequencing. Additionally, the
write unsafe detection circuitry will flag any of the
conditions listed below as a high level on the open
collector output pin, WUS. Two negative transitions on
pin WDI, after the fault is corrected, are required to
clear the WUS flag.

« Device in read mode
« No write current

« Open head
« WDI frequency too low
« Device not selected

Power dissipation in Write Mode may be reduced by
placing aresistor, Rw, between VDD1 and VDD2. The
resistor value should be chosen suchthat iw Rw<3.0V
for an accompanying power dissipation reduction of
(Iw)2Rw. If aresistor is not used, VDD2 should be con-
nectedto VDD1. Note that Rw will also provide current
limiting in the event of a head short.

READ MODE

The read mode configures the SSI 32R524R as a low
noise differential amplifier and deactivates the write
current generator and write unsafe detection circuitry.
The RDX and RDY outputs are emitter followers and
are in phase with the "X" and "Y" head ports. These
outputs should be AC coupled to the load. The RDX,
RDY common mode voltage is maintained in the write
mode, minimizing the transient between write mode
and read mode, substantially reducing the write to read
recovery time in the subsequent Pulse Detection cir-
cuitry.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector, and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire OR’ed.

TABLE 1: MODE SELECT

[ RW MODE
0 0 Write
o 1 Read
1 (] Idle
1 1 Idie

TABLE 2: HEAD SELECT

3
3
g
:

—mlalalalolololO

wlalolo|lw|alolo
- |O|=|O|=]|Ol=]O
NjOjg|sWIN —=-]O

0 = Low level, 1 = High level
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SSI 32R524R
8-Channel Thin Film
Read/Write Device

PIN DESCRIPTIONS

NAME TYPE DESCRIPTION

HSO - HS2 1 Head Select: selects one of eight heads

CS | Chip Select: a low level enables the device

RW | Read/Write: a high level selects Read Mode

WUS o Write Unsafe: Open collector output, a high level indicates an unsafe
writing condition

WDI | Write Data In: a negative transition toggles the direction of the
head current

HOX - H7X 110 X, Y Head Connections: Current in the X-direction flows into the

HOY - H7Y X-port

RDX, RDY o* X, Y Read Data: differential read data output

WC - Write Current: used to set the magnitude of the write current

VCC - +5V Logic Circuit Supply

VDD1 - +12V

VDD2 - Positive Power Supply for Write current drivers

GND - Ground

* When more than one R/W device is used, these signals can be wire OR'ed.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD1, 2 -0.3to +14 VvDC
VCC -0.3t0 +7 VDC
Write Current Iw 100 mA
Digital Input Voltage Vin -0.3to VCC +0.3 VDC
Head Port Voltage VH -0.3to VDD2 +0.3 VDC
WUS Pin Voltage Range Vwus -0.3t0 +14 VDC
Output Current RDX, RDY lo -10 mA
WUS Iwus +12 mA
Storage Temperature Tstg -65to +150 °C
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SSI 32R524R
8-Channel Thin Film
Read/Write Device

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage VDD1 12+ 10% VvDC
VvDD2 >VDD1 - 3.0V VvDC
VCC 5+10% VvDC
Junction Temperature Tj +25 to +135 °C
DC CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply.
PARAMETER CONDITIONS MIN NOM MAX | UNITS
VDD1 Supply Current Read Mode - - 50 mA
Write Mode - - 45 mA
Idle Mode - - 25 mA
VDD2 Supply Current Read Mode - - 200 HA
Write Mode - - lw+0.4 mA
Idle Mode - - 200 pA
VCC Supply Current Read Mode - - 60 mA
Write Mode - - 50 mA
Idle Mode - - 45 mA
Power Dissipation (Tj = +135°C) Read Mode - - 900 mw
Write Mode Iw = 40mA, - - 1300 mw
VDD2 = VDD1
Write Mode Iw = 60mA, - - 1425 mw
VDD1 - VDD2 = 3.0V
Idle Mode - - 500 mw
Input Low Voltage (VIL) - - 0.8 VvDC
Input High Voltage (VIH) 2.0 - - vDC
Input Low Current (lIL) VIL = 0.8v -0.8 - - mA
Input High Current (IHL) VIH = 2.0v - - 100 HA
WUS Output Low Voltage (VOL) lol = 8mA - - 0.5 VvDC
VDD Fault Voltage 8.5 - 10.0 vDC
VCC Fault Voltage 3.5 - 4.2 VvDC
Head Current (HnX, HnY) Write Mode, 0<VCC <3.5V | -200 - +200 pHA
0<vDD1 <8.5V
Read/ldle Mode -200 - +200 HA
0<VCC <5.5V
0<VDD1 <13.2V
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SSI 32R524R

8-Channel Thin Film
Read/Write Device

0888

WRITE CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, Iw = 40mA, Lh =500nH, Rh = 30Q

and f(WDI) = 5SMHz.

PARAMETER CONDITIONS MIN. | NOM MAX | UNITS
Write Current Constant "K" 66.5 - 73.5 Vv
Differential Head Voltage Swing 7 - - Vpp
Unselected Head Current - - 1 mA(pk)
Differential Output Capacitance - - 35 pF
Differential Output Resistance 400 740 1000 Q
WDI Transition Frequency WUS = low 1.0 - - MHz
Write Current Range 20 - 60 mA

READ CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, CL (RDX, RDY) < 20pF and

RL (RDX,RDY) = 1KQ.

PARAMETER CONDITIONS MIN | NOM | MAX | UNITS
Differential Voltage Gain Vin=1 mVpp @ 300 kHz 80 | 100 | 120 | VNV
Bandwidth -1dB | |Zs]<5%Q, Vin=1 mVpp @ 300 kHz | 25 - - MHz
-3dB | [Zs|<5Q, Vin=1 mVpp @ 300 kHz. | 45 - - MHz
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 - 0.55 | 0.75 |nvAHz
Differential Input Capacitance Vin=1mVpp, f =5 MHz - - 60 pF
Differential Input Resistance Vin=1mVpp, f =5 MHz 220 - - Q
Dynamic Range DC input voltage where gain -3 - 3 mV
falls to 90% of its 0 VDC value,
Vin = VDC +0.5 mVpp, f =5 MHz
Common Mode Rejection Ratio Vin=0VDC+100 mVpp @ 5 MHz| 54 - - dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD1 54 - - dB
100 mVpp @ 5 MHz on VCC
Channel Separation Unselected channels driven 45 - - dB
with 100 mVpp @ 5 MHz,
Vin = 0 mVpp
Output Offset Voltage -360| - |+360| mV
RDX, RDY Common Mode Read Mode 221 29 | 36 | VDC
Output Voltage Write Mode - 2.9 - VvDC
Single Ended Output Resistance f=5MHz - - 30 Q
Output Current AC Coupled Load, RDX to RDY 3.2 - - mA
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SSI 32R524R
8-Channel Thin Film
Read/Write Device

SWITCHING CHARACTERISTICS (See Figure 1)

Unless otherwise specified, recommended operating conditions apply, lw = 40mA, Lh =500nH, Rh = 30Q

and f(WDI) = 5MHz.

PARAMETER CONDITIONS MIN MAX | UNITS
R/W
R/W to Write Mode Delay to 90% of write current - 0.6 us
R/W to Read Mode Delay to 90% of 100mV 10MHz - 0.6 us
Read signal envelope or to 90%
decay of write current
CS
CS to Select Delay to 90% of write current or to - 0.6 us
90% of 100mV 10MHz Read
signal envelope
CS to Unselect Delay to 10% of write current - 0.6 us
HSn
HSO, 1, 2to any Head Delay to 90% of 100mV 10MHz - 0.4 us
Read signal envelope
WuUS
Safe to Unsafe - TD1 0.6 5.0 us
Unsafe to Safe - TD2 - 1 us
Head Current
Prop. Delay - TD3 From 50% points, Lh=0uh, Rh=0Q - 32 ns
Asymmetry WDI has 50% duty cycle and - 1 ns
‘1ns rise/fall time, Lh=0ph, Rh=0Q
Rise/Fall Time 10%-90% points, Lh=0ph, Rh=0Q - 9 ns
Rise/Fall Time 10%-90% points, - 10 ns
R(HnX, HnY)=10Q
HEAD | [\ / \ / \_
CURRENT
(Ix-ly) |

FIGURE 1: WRITE MODE TIMING DIAGRAM
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SSI 32R524R
8-Channel Thin Film
Read/Write Device

APPLICATIONS INFORMATION

The specifications, provided in the data section, account for the worst case values of each parameter taken
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 &
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the
higher read back signal resulting from the higher input impedance can compensate for the higher input noise.
Accounting for this correlation in your analysis will be more representative of actual performance.

TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS

PARAMETER Tj=25°C Tj=135°C UNITS
Input Noise Voltage (Max.) 0.5 0.75 nv/AHz
Differential Input Resistance (Min.) 292 318 Q
Differential Input Capacitance (Max.) 43 48 pF

TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS

PARAMETER Tj=25°C Tj = 135°C UNITS
Input Noise Voltage (Max.) 0.45 0.6 nVAHz
Differential Input Resistance (Min.) 220 260 Q
Differential Input Capacitance (Max.) 55 60 pF
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SSI 32R524R
8-Channel Thin Film
Read/Write Device

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
Hoxq 1 32 [1GND GND [] 1 32 [] Hox HoX [] 1 34 []GND GND [] 1 34 [] Hox
HoY [] 2 31 [INC Ne [ 2 31 [] Hoy Hoy [] 2 33 [INC NC [] 2 33 []Hoy
HiIX [} 3 30 TS [ 30 [] H1X HiIX [] 3 32 INC NC [ 8 32 [JHIX
HiY [] 4 29 [1RW RW ] 4 29 [IH1y HiY [ 4 31 TS TS5 4 31 [JHIY
H2x [] 5 28 [we we s 28 []Hax HX [] 6 30 [JRW RWI[ s 30 [] H2x
H2Y [] 6 27 []RDY RDY [] 6 27 1 H2y Hey [] & 29 [Jwc wc ] s 29 [1H2y
H3x [] 7 26 NIRbx  RDX [] 7 26 I H3X Hax [ 7 28 f[ROY RDY [] 7 28 [JHax
Hav [] 8 25 [1Hso Hso [] 8 25 [] Hay Hay [| 8 27 JRDX  RDX [| 8 27 [JHay
Hax [] 9 24 [1Hs1 Hs1 [} o 24 [] Hax Hax [] © 26 [lHso  Hso [] 9 26 [ Hax
HaY [] 10 23 [1Hs2 Hs2 ] 10 23 (] Hay Hay [ 10 25 [] HS1 Hs1 [ 10 25 [] Hay
Hsx [ 11 22 flvee  voo [f 1 22 I HsX HsX ] 11 2 NTHs2  Hs2 ] 11 24 []HsX
HsY [ 12 21 [JwblI WwDI [] 12 21 [] HsY Hsy [ 12 23 [Jvec vee [ 12 23 [] HsY
Hex [] 13 20 fwus  wus ] 18 20 [] HeX wex [ 13 22 [jwol woi | 13 22 [ Hex
Hey [] 14 19 [Jvopt  vDD1 [] 14 19 [1 HeY wev ] 14 2t fwus  wus ] 14 21 [ ey
H7X [] 15 18 [Jvop2 vDD2 [] 15 18 [] H7X wrx [ 15 2 [Ine ne 15 2 [JHx
WY [ 16 17 ine ne ) e 17 Pury H7Y [] 16 19 [JvbD1 VvDD1 [| 16 19 [JH7Y
32-LEAD SOW 32-LEAD SOW NC [ 17 18 [JvbD2 VDD2 [] 17 18 [JNC
MIRROR
THERMAL CHARACTERISTICS: 6ja 34-LEAD SOL 34-LEAD SOL
MIRROR
32-Lead SOW 55°C/W
34-Lead SOL 50°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI32R524R 8-Channel SOW SSI 32R524R-8W 32R524R-8W
8-Channel SOL SSI 32R524R-8L 32R524R-8L
SSI 32R524RM 8-Channel SOW SSI 32R524RM-8W 32R524RM-8W
8-Channel SOL SSI 32R524RM-8L 32R524RM-8L

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

slioon g dhans

Silicon Systems, Inc., 14351 Myford Road, Tustin

©1988 Silicon Systems, Inc.
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SSI 32R525R
™ 4-Channel Thin Film
Read/Write Device

INNOVATORS IN INTEGRATION

August, 1988

DESCRIPTION FEATURES

The SSI 32R525 is an integrated read/write circuit ¢ High performance
designed for use with non-center tapped thin film

heads in disk drive systems. Each chip controls four Read Mode Gain = 150 V/V

heac}s and hag thrge moqes of operation: read, write, Input Noise = 0.8 nVv/VHz max

andidle. The circuit contains four channels of read am-

plifiers and write drivers and also has an internal write Input Capacitance = 35 pF

current source. Write Current Range = 25 mA to 40 mA
A current monitor (IMF) output is provided that allows Write Current Rise Time =10 nsec

a multichip enable fault to be detected. An enabled

chip’s output will produce one unit of current. Anopen Head Voltage Swing = 3.8 Vpp min

collector output, write select verify (WSV), will go low if
the write current source transistor is forward biased. * Write unsafe detection
The circuit operates on +5 volt, and -5 volt power and

is available in 24-pin flatpack and SOL packages. * -5V, +5V power supplies
BLOCK DIAGRAM PIN DIAGRAM
IMF us

GND [ ] VEE

WCI:::' r I':l?fE

HEAD wsvC—_Ja 2 1 24 Bp——1pW
TRANSITION

DETECTOR [ — 211 Hox

Hs2 15 201 Hoy

WD e 19— Hex

wp C—7 181 Hay

usC——s 17— H1X

DIFFERENTIAL IMF 9 161 H1Y

AMPA.:;;ERS veC 10 11 12 13 14 15— HaX

l‘f RAEE«T I:JI L:
CUR RD H3Y
SWITCHES
RO [ ] GND

(4-CHANNELS)

VEE GND VCC

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R525R
4-Channel Thin Film
Read/Write Device

FUNCTIONAL DESCRIPTION

WRITE MODE

Inwrite mode (R/W and CE low) the circuit functions as
a differential current switch. The Head Select Inputs
(HS1 and HS2) determine the selected head. The
Write Data Inputs (WD, WD) determine the polarity of
the head current. The write current magnitude is ad-
justable by an external 1% resistor, RX from WC to

VCC, where:
lw=280 Adc
Rx

READ MODE

In the Read Mode, (R/W high and CE low), the circuit
functions as a differential amplifier. The amplifierinput
terminals are determined by the Head Select inputs.

ELECTRICAL CHARACTERISTICS

IDLE MODE

Taking CS high selects the idle mode which switches
the RD and RD outputs into a high impedance state
and deactivates the internal write current source. This
facilitates multi-device installations by allowing the
read outputs to be wire OR'ed and the write current pro-
gramming resistor to be common to all devices.

HEAD SELECT TABLE
HEAD SELECTED HS2 HS1
0 0 0
1 0 1
2 1 0
3 1 1

Unless otherwise specified, 4.75 < VCC < 5.25, -5.35 < VEE < -4.75V, 0° < T (junction) < 100°C.

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Positive Supply Voltage, Vcc 6 \
Negative Supply Voltage, VEE -6 \
Operating Junction Temperature 125 °C
Storage Temperature -65 to 150 °C
Lead Temperature (Soldering, 10 sec) 260 °C
Input Voltages
Head Select (HS) -0.4toVec +0.3 \'
Chip Enable (CE) -0.4to Vce+ 0.3 v
Read Select (R/W) -0.4Vor -2 mA to Vcc + 0.3 \'
Write Data (WD, WD) VEE t0 0.3 v
Head Inputs (Read Mode) -0.6t0 0.4 \'
Outputs
Read Data (RD, RD) 0.5t0 Vcc +0.3 \Y
Write Unsafe (WUS) -0.4V to Vce + 0.3 and 20 mA \'
Write Select Verify (WSV) -0.4Vto Vce + 0.3 and 20 mA \"
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SSI 32R525R
4-Channel Thin Film
Read/Write Device

ABSOLUTE MAXIMUM RATINGS (Continued)

PARAMETER RATING UNIT
Outputs (Continued)
Current Monitor (IMF) -0.4to Vec + 0.3 \
Current Reference (WC) VEE to Vcc + 0.3 and 8 mA \
Head Outputs (Write Mode) lw max = 150 mA

POWER SUPPLY

PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Dissipation Write mode, Iw = 40 mA 500 mw

Positive Supply Current Idle Mode 10 mA
(ICC)

Positive Supply Current Read Mode 25 mA
(ICC)

Positive Supply Current Write Mode 12 mA
(ICC)

Negative Supply Current Idle Mode 8 mA
(IEE)

Negative Supply Current Read Mode 45 mA
(IEE)

Negative Supply Current Write Mode 40 + lw mA
(IEE)

LOGIC SIGNALS

PARAMETER CONDITIONS MIN NOM MAX UNIT

Chip Enable Low Voltage Read or Write Mode 0.8 \
(VLCE)

Chip Enable High Voltage Idle Mode 2.0 \'
(VHCE)

Chip Enable Low Current VLCE = 0V -0.40 mA
(ILCE)

Chip Enable High Current VHCE = 2.0V 20 HA
(IHCE)

Read Select High Voltage Read or Idle Mode 2.0 \
(VHR/W)

Read Select Low Voltage Write or Idle Mode 0.8 Vv
(VLR/W)
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SSI 32R525R
4-Channel Thin Film
Read/Write Device

LOGIC SIGNALS (Continued)
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Read Select high Current VHR/W = 2.0V -0.40 mA
(IHR/W)
Read Select Low Current VLR/W =0V 20 LA
(ILR/W)
Head Select High Voltage 20 \Y
(VHHS)
Head Select Low Voltage 0.8 Vv
(VLHS)
Head Select High Current VHHS = VCC 0.25 mA
(IHHS)
Head Select Low Curren VLHS = 0V -0.1 0.25 mA
(ILHS)
WUS, WSV Low Level Voltage ILUS =8 mA 0.5 v
(denotes safe condition)
WUS, WSV High Level Current VHUS = 5.0V 100 pA
(denotes unsafe condition)
IMF on Current 2.40 3.50 mA
IMF off Current 0.02 mA
IMF Voltage Range 0 VCC +0.3 \'
READ MODE _
Tests performed with 100Q load resistors from RD and RD through series isolation diodes to VCC.
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Differential Voltage Gain Vin = 1m Vpp, f = 300 KHz 100 150 VIV
Voltage Bandwidth (-3dB) Zs <5z, Vin=1m Vpp 55 100 MHz
f midband = 300 KHz
Input Noise Voltage Zs =0Q, Vin =0V, 0.8 nVVHz
Power Bandwidth = 15 MHz
Differential Input Capacitance Vin=0V,f=5MHz 35 pF
Differential Input Resistance Vin=0V,f=5MHz 500 1800 Q
Input Bias Current (per side) Vin = 0V 0.17 mA
Dynamic Range DC input voltage where AC -3.0 3.0 mV
gain falls to 90% of the gain
with .5m Vpp input signal
CMRR Vin = 100m Vpp, 0V DC
1 MHz<f<a 10 MHz 54 dB
10 MHz < <20 MHz 48 dB
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4-Channel Thin Film
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0888

READ MODE (Continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Supply Rejection Ratio VCC or VEE = 100m Vpp

1 MHz <f<10 MHz 54 dB

10 MHz <f< 20 MHz 36 dB
Channel Separation The three unselected

channels are driven with

Vin = 100m Vpp

1 MHz<f<10 MHz 43 dB

10 MHz <f <20 MHz 37 dB
Output Offset Voltage -360 360 mV
Output Leakage Current Idle Mode 0.01 mA
Output Common Mode Voltage vce - 1.1 vcec-0.3 \Y
Single Ended Output Resistance 10 KQ
Single Ended Output Capacitance 10 pF
WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Current Range (iw) 25 40 mA
Current Tolerance Current set to nominal value -8 +8 %

by Rx = 2K to 3.2K,

Tj=50°C
(lw) (Rh) Product 0.24 1.30 \"
Differential Head voltage Swing Iw =40 mA 3.8 Vpp
Unselected Head Iw=40mA, Lh=0.5pH, 2 mAp
Transient Current Rh = 20Q, Non adjacent

heads tested to minimize

external coupling effects
Head Differential Load 1700 2600 Q
Resistance, Rd
Head Differential Load 10 pF
Capacitance
Differential Data Voltage, 0.20 \'
(WD — WD)
Data Input Voltage Range -1.87 +0.1 Vv
Data Input Current (per side) Chip Enabled 150 pA
Data Input Capacitance per side to GND 10 pF
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SSI 32R525R

4-Channel Thin Film

Read/Write Device

SWITCHING CHARACTERISTICS

of final IMF current

PARAMETER CONDITIONS MIN NOM MAX UNIT
Idle to Read/Write Transition Time 0.6 us
Read/Write to Idle Transition Time 0.3 us
Read to Write Transition Time VLCE = 0.8V, 0.6 us
Delay to 90% of iw
Write to Read Transition Time VLCE = 0.8V, Delay to 90% of 0.3 us
20 MHz Read Signal
envelope, lw decay to 10%
Head Select Switching Delay Read or Write Mode 0.3 us
Head Current Transition Time Iw =40 mA, Lh=0.15pH, 10 ns
10% to 90% Rh = 20Q
Head Current Overshoot Iw=40mA, Lh=0.15 uH, 25 %
Rh = 20Q, relative to total
current charge
Head Current Switching Time Iw =40 mA, Lh = 0.15 uH, 1.5 ns
Symmetry Rh = 20Q, WD & WD
transitions 2nS, switching time
symmetry 0.2 nS
WSV Transition Time Delay from 50% of write 0.3 us
select swing to 90% of final
WSV voltage,
Load = 2KQ // 20 pF
Unsafe to Safe Delay After f(data) = 5 MHz 0.3 us
Write Data Begins (WUS)
Safe to Unsafe Delay, (WUS) Head open or shorted to GND, 0.3 us
no write current, head select
input open
Safe to Unsafe Delay, (WUS) Non-switching write data 05 2.0 us
IMF Switching Time Delay from 50% of CE to 90% 0.3 us
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SSI 32R525R
4-Channel Thin Film
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PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: @ ja
(TOP VIEW) 24-Pin Flatpack | 100°C/W
24-Pin SOL 80°C/W
GND [ 1 VEE
GND [] 1 24;]VEE wc[:l ':JCE
we [l 2 23 []TE wsvC—s 2 1 24 2y ] RAW
wsv [ 3 22 [] RW HSt 4 21 ] HoX
Hs1[] 4 21 [] Hox hs2 C——15 2 1 Hoy
Hs2 [] 5 20 [] Hoy .
WD s 19 ] H2X
WO[]e 19 [] Hax
wp 37 18 ] H2Y
wo[]7 18 [] H2y
us[]e 17 [] Hix us 8 17 1 HiX
e [] o 16 [ HIY IMF L9 16 1 H1Y
vee [] 10 15 [] Hax veec 10 49 42 13 14 18— H3X
RD [] 11 - 14 [] Hay RD —] [— oy
RD [] 12 13 [] GND BD I 1 GND
24-Pin SOL 24-Pin Flatpack
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
SSI 32R525R
24-Pin Flatpack SSI 32R525R-4F SSI 32R525R-4F
24-Pin SOL SSI 32R525R-4L SSI 32R525R-4L

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

silicon Systems

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, TWX 910-595-2809

©1988 Silicon Systems, Inc.
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INNOVATORS IN JINTEGRATION

SSI 32P540-Series

Read Data Processor

silicm Lyl

DESCRIPTION

The SSI 32P540 is a bipolar integrated circuit that
provides all data processing necessary for detection
and qualification of MFM read signals from rigid media.
ST506 compatible interfacing is provided for write data
signals, head select lines and recovered read data as
applicable.

In read mode the SSI 32P540 provides amplification,
differentiation and time domain qualification of head
preamplifier outputs. The recovered data is available
at the output of a differential line driver that conforms to
the ST506 interface specification. In write mode the
SSI 32P540 provides a differential line receiver con-
forming with ST506 requirements. Schmitt Trigger
inputs on head select lines and an open colliector
output for voltage fault indication are provided for
interface compatibility. (Continued)

August, 1988
FEATURES

¢ Differential Read and Write Ports

* Schmitt Trigger Head Select Inputs for Higher
Noise Immunity

®*  Programmable Gain

* Time Domain Pulse Qualification Supports MFM
Encoded Data Retrieval

¢ Supply Voltage Fault Detection

®* 412 Volt and +5 Volt Power Supplies
® |/O Meets ST506 Requirements

¢ Dual-in-Line and Surface Mount Packages Avail-
able

® Adjustable Time Domain Filter and Output Pulse
Width Settings

0888
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SSI 32P540-Series
Read Data Processor

DESCRIPTION (Continued)

The SSI 32P5402 is a dual-ground version for use in
noisier environments. In order to provide this feature
the number of head select lines is reduced to two. The
SSI132P5403 has dual grounds and an open-collector
RD output instead of a differential line-driver output.

When used with a read/write preamplifier (i.e.
SSI132R117 or SSI 32R501), the SSI 32P540 or
SSI132P5402 and required external passive compo-
nents perform all read/write signal processing neces-
sary between the heads and the interface connector of
an ST506 compatible Winchester disk drive. A line
driver is required with the SSI 32P5403 .

CIRCUIT OPERATION

In both read and write modes, Schmitt Trigger inputs
are used to buffer the three head select lines providing
the increased noise immunity required of a ST506
interface. A power supply monitoring function, VFLTB,
is provided to flag a low voltage fault condition if either
supply is low. A low voltage fault condition results ina
low level output on the VFLTB pin.

READ MODE

In the read mode (MODE input high) the read signal is
detected, time domain qualified and made available at
RD+ and RD- as differential MFM encoded data, or at
the RD+ open collector output. This is accomplished
by the on-board Amplifier, Differentiator, Zero Cross-
ing Detector, Time Domain Filter, Output One Shot and
Line Driver circuits.

The amplified and filtered read back signal, which
contains pulses corresponding to magnetic transitions
in the media is AC coupled into the input amplifier. A
resistor, Rg, connected between pins G+ and G- is
used to adjust the 1st stage amplifier gain according to
the following expression.

Avi=

628 _ Where Rx = 24X (R0 +42)
17 +Rx 230+Rg

First Stage gain can be monitored atthe DIF+and DIF-
pins.

The amplifier is followed by an active differentiator
whose external network serves to transform peaks in
the input signal into zero-crossings while maintaining
the time relationship of the original input peaks. Differ-
entiator response is set by an external capacitor or
more complex series LRC network between the DIF+
and DIF- pins. The transfer function with such a
network is:

v2=—'1m5__—
LexCex s2 +(Rex+46) Cexs +1

where Cex = external capacitor (50 pF to 250 pF)
Rex = external resistor
Lex = external inductor
s = js = j2nf

Total gain from IN+ and IN- to OUT+ and OUT- is:
Av = Av1 x Av2

To reduce pulse pairing (bit shift), it is essential that the
input to the zero-crossing detector be maximized to
reduce the effect of any comparator offset. This means
that the above gains should be chosen such that the
differential voltage at OUT+ and OUT- approaches
5 Vpp at max input and frequency.

The Differentiator output is AC coupled into a zero-
crossing detector that provides an output level change
at each positive or negative zero transition on its input.
The zero-crossing detector output is coupled to a Time
Domain Filter that eliminates false triggering of the
output one-shot by spurious zero-crossings. The valid-
ity decision is based on a minimum duration between
zero crossings that can be set externally by an RC
network on the TD pin.

The output of the Time Domain Filter triggers a one-
shot that defines the output pulsewidth based on an
external RC network on the PW pin. These output
pulses are fed into a line driver that provides a high-
current differential output at RD+ and RD-, or are made
available as an open-collector output at RD+.

WRITE MODE

Inthe write mode (MODE input low) the differential line
receiver is enabled. This receiver accepts the differen-
tial data from the ST506 interface and outputs a TTL
signal for the write data input of an external R/'W
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SSI 32P540-Series
Read Data Processor

amplifier. A low onthe MODE input also puts the read
outputs in a high impedance state, allowing several
SSI 32P540’s to be multiplexed on a bus.

LAYOUT CONSIDERATIONS

The SSI 32P540 is a high gain wide bandwidth device
that requires care in layout. The designer should keep

analog signal lines as short as possible and balanced.
Analog test points should be provided with a probe
ground in the immediate vicinity. Do not run digital
signals under the chip or next to analog inputs. Use of
a ground plane is recommended along with supply
bypassing and separation of the SSI 32P540 ground
from other circuits on the disk drive PCB.

0888

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, 4.5V < Vcc < 5.5V, 10.8V < Vdd < 13.2V, 25 °C < T(junction) < 135 °C.

ABSOLUTE MAXIMUM RATINGS

Operation above absolute maximum rating may permanently damage the device.

PARAMETER RATING UNIT

5V Supply Voltage, Vcc 6 \'J

12V Supply Voltage, Vdd 14 \

Storage Temperature -65 to +150 °C

Operating Temperature, Tj +25to +135 °C

Lead Temperature (soldering 10 sec) 260 °C

Pin Voltages: IN+, IN-, G+, G-, DIF +, DIF-, 0.3toVdd + 0.3 \'%

OUT +, OUT-, DIN + DIN -

RD +, RD -, WRTOUT, HSO, HS1, HS2, VFLTB | -0.3 to Vcc + 0.3 or 100 mA \'/

TD, PW, MODE, WRT +, WRT-, HS0B, -0.3to Vec + 0.3 \

HS1B, HS2B

POWER SUPPLY

PARAMETER CONDITIONS MIN NOM MAX UNIT

Icc - Vee Supply Current Read mode, no TTL or 35.0 46 mA
RD + loads
Write/Disable mode, 36.5 43 mA
no TTL loads

Idd - Vdd Supply Current Read mode 335 48 mA
Wirite/Disable mode 345 50 mA

Pd - Power Dissipation Tj = 135 °C Read/Write modes 820 mw
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SSI 32P540-Series
Read Data Processor

LOGIC SIGNALS - MODE

PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Low Voltage (VIL) -0.3 +0.8 Vv
Input Low Current (liL) ViL = 0.4V -0.8 mA
Input High Voltage (VIH) 2.0 Vee +0.3 v
Input High Current (liH) VIH = 2.4V 100 pA
LOGIC SIGNALS - HSnB
PARAMETER CONDITIONS MIN NOM MAX UNIT
Threshold Voltage, Vee = 5.0V 1.4 2.0 \'
VT + Positive-Going '
Threshold Voltage, Vce = 5.0V 0.6 1.15 \
VT - Negative-Going
Input Low Current (liL) ViL =04V -04 mA
Input High Current (liH) VIH = 2.4V 100 HA
LOGIC SIGNALS - WRTOUT, HSn
PARAMETER CONDITIONS MIN NOM MAX UNIT
Output Low Voltage (VoL) loL=1.6 ma 0.4 Y
Output High Voltage (VOH) IOH = -500 pA 24 \
LOGIC SIGNALS - VFLTB & RD Open Collector Output
PARAMETER CONDITIONS MIN NOM MAX UNIT
Output Low Voltage (VoL) loL=1.6mA45<Vcc <55 04 \"
loL=0.5mA,1.0 < Vcc < 4.5V
(VFLTB Only)
Output High Current (IoH) 25 HA
MODE CONTROL
PARAMETER CONDITIONS MIN NOM MAX UNIT
Read to Write Transition Time 1.0 us
Write to Read Transition Time 1.0 us
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SUPPLY VOLTAGE FAULT DETECT

PARAMETER CONDITIONS MIN NOM MAX UNIT
Vdd Fault Threshold VFLTB transition from 9.5 10.8 Vv
: high to low
Vcc Fault Threshold VFLTB transition from 4.3 4.6 \
high to low
WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential Input Voltage +0.4 \'
Input Hysteresis +40 mV
Single Ended Input Resistance 4.0 KQ
Input Common Mode Voltage 0.0 5.0 \
Range
Input Pulse Width 20 ns
Propagation Delay V (WRT+-WRT-)=0to 40 ns
(WRT + & WRT - TO WRTOUT) | WRTOUT = 1.3V
See Note & Fig. 1 TPD
OQutput Rise and Fall times WRTOUT transition from 0.7 15 ns
to 1.9V, See Note & Fig. 1
Note: WRTOUT load is 30 pF to GND and 2.5 KQ to Vcc

READ MODE

Unless otherwise specified RD+ and RD- are loaded with 100Q differentially and 30 pF per side to GND, IN+
and IN - are AC coupled, G+ and G- are open. An 800Q resistor is tied between the DIF+ and DIF - pins with
each pin loaded to GND with < 3 pF. The OUT+ and OUT- pins are loaded with < 3 pF in parallel with > 5 KQ
AC coupled (i.e. no DC current).

AMPLIFIER & ACTIVE DIFFERENTIATOR

PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential RG = o, Rex = 800Q 7.2 12.6 VN
Voltage Gain (IN+ to OUT%) RG = 0Q, Rex = 200Q 72 155 ‘A"
Bandwidth -3 dB point 30 MHz
Common Mode Input 35 KQ
Impedance (INt)

Differential Input V(IN+ - IN-) = 100 mVpp, 6.0 KQ
Resistance (INt) 2.5 MHz, AC coupled

Differential Input V(IN+ - IN-) = 100 mVpp, 8 pF
Capacitance (INt) 2.5 MHz, AC coupled
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SSI 32P540-Series

Read Data Processor

AMPLIFIER & ACTIVE DIFFERENTIATOR (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Input Noise (IN) Inputs shorted together 10 nVAHz
RG = 0Q, Rex = 200Q
V(DIF+ DIF-) Output Swing Set by RG 3.2 Vpp
V(OUT+ -) Output Swing Set by Rex, Lex, 5 Vpp
Cex Impedance
Dynamic Range Common mode DC input -240 +240 mvV
where gain falls to 90% of
0.0V DC common mode input.
10 mVpp AC input, RG = o,
Rex = 1200Q
DIF+ to DIF- pin Current +1.9 mA
OUT+ to OUT- pin Current +3.8 mA
CMRR (input referred) V(IN+) = V(IN-) = 100 mVpp, 40 dB
5 MHz, RG = 0Q, Rex = 200Q
PSRR (input referred) Vdd or Vcc = 100 mVpp, 40 dB
5 Mhz, RG = 0Q, Rex = 200Q
ZERO CROSSING DETECTOR
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Input Offset Voltage 5.0 mV
Input Signal Range 5.0 Vpp
Differential Input 4.4 KQ
Impedance (DIN+)
LINE DRIVE (SSI 32P540 & SSI 32P5402 only)
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Output Sink Current VoL = 0.5V, V(MODE) = 2.0V 20 mA
Output Source Current VOH = 2.5V, V(MODE) = 2.0V -2 mA
Output Current Vo=0V to Vcc, V(MODE) =0V | -50 50 HA
Output Rise Time Vo = 0.7V to 1.9V 100Q 2 30 ns
between RD+ and RD-,
30 pF to GND
Output Fall Time Vo =1.9Vto 0.7V 100Q 2 30 ns
between RD+ and RD-,
30 pF to GND
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TIME DOMAIN FILTER

PARAMETER CONDITIONS MIN NOM MAX UNIT
Delay Range TTD1 =0.184 X RTD X CTD, 13.8 114 ns
RTD = 1.5 KQ to 3.1 KQ,
CTD =50 pF to 200 pF,

V(DIN+ - DIN-) = 100 mVpp,
5 MHz, AC coupled square
wave. See Figure 2

Delay Range Accuracy Vee =5.0V, Tj =60 °C +15 ns
Variation with supply and 12 ns
temperature

Propagation Delay Delay = Tp2 - TD1 See Fig. 2 80 ns

DATA PULSE

PARAMETER CONDITIONS MIN NOM | MAX UNIT

Pulse Width TPwW = 0.184 x RPW x 30 80 ns

CPW, RPW = 2 KQ,
CPw = 150 pF. See Figure 2

Skew V(DIN = - DIN -) = 100 mVpp, 5 ns
5 MHz, AC coupled square
wave w/2 nsec rise & fall times

V (WRT + - WRT) /
0

TPD ——I TPD 4{
1.9V f
WRTOUT 1.3V | x
[

—-l TRISE \-7 TFALL

FIGURE 1: Write Mode Timing
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ov

-———Trm——‘

V(RD+-RD-) ov

FIGURE 2: Read Mode Timing

APPLICATIONS INFORMATION

DESIGN EXAMPLE

As a design example a system using a 4-Channel
SSI 32R117 Read/Write preamplifier will be used.

Assumptions - coding scheme is MFM
- data rate is 5 Mbits/second

- Ferrite head output is 1 mVpp
min. and 2 mVpp max.

The output from the SSI 32R117 is 80 mVpp to
240 mVpp. Assuming a 6 dB loss through the external
low pass filter the input to the SSI 32P540 at IN+, IN-
is:

40 mVpp to 120 mVpp differential voitage.

Forthis analysis the + 37% tolerance on gain from IN+,
IN-to OUT+, OUT- will be equally divided between the
gain stage and the differentiator, so each will contribute
a +17% variance from nominal values. The objective
istoget a5 Vppsignalat OUT+, OUT- at max input and
maximum frequency. For MFM the 2f frequency in a
5 Mbits/s data rate is 2.5 MHz, 1f is 1.25 MHz.

GAIN SETTING
Maximum gain from the amplifier occurs when RG = 0.
So calculating for nominal gain:

Rx=34x42 _1717
230

Avqi=—25628 _ 19.9 nominal or
17+17147  16.52min.to 23.28 max.

The voltage swing at the DIF+, DIF- pins is:
120 mVpp x 22.25 = 2.79 Vpp maximum.
40 mVpp x 17.55 = 0.661 Vpp minimum.

This is within the 3.2 Vpp maximum guaranteed by this
specification, so maximum gain will be used.

2-8
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SSI 32P540-Series
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DIFFERENTIATOR DESIGN

The differentiator can be as simple as a capacitor or as
complex as a series RLC network. In order not to
violate the 5 Vpp maximum specification at OUT+,
OUT- the maximum differential voltage gain is:

—5__ 1.79 maximum gain
279

which is nominally a gain of 1.53
For Cex only:

153
2nfV(1420)2- (153x46)2

Cex =68pF

check for current saturation:
Ic = Cex x Vp x 2nf must be less than 1.9 mA
For Cex, Rex network:
The following two formulas are used:

153 j1420 Cex 2nf
j(Rex +46)Cex2nf+1

Rex +46 = 1
Cex A 2 fmaximum

where A is chosen for position of corner frequency
toreduce highfrequency noise gainfromthe single
capacitor network. Graphically the method is as
follows:

Noise gain
reduction

IC (1)

Cex :
only H
i : Cex, Rex series
f ' [ network
o2t Al 2x1Vin (1)

Check for current saturation using the following for-
mula:
j Vp2=rfCex
1+j2nfCex (R +46)

For Rex, Cex, and Lex networks, the following formu-
lae are used:

-j 1420 Cex 2if
1-Lex Cex (2mf)? +j( Rex +46) Cex 2 xif
= 1420 Cex 2rf

V[1-Lex Cex (27)2]? +[( Rex +46) Cex 2f] 2

GainG

.E.ggn |(Bex+46) (Cex 2xf)]

2 1-LexCex (2nf)2 |
Center Frequency fp=——1
" 2milexCex

. Rex +46) Cex
Damping Factor =(Rex+46) Cex
¢ 2 VLexCex

da 2:;[ (”sz

- n

GmeDelaydf 2“’!‘1|—1+(4C2-2)(1L)2(1i)4
n/ n

This technique adds another pole to the differentiator
response to attenuate high frequency noise. The
center frequency damping ratio and group delay are
chosen to meet system requirements. Values for the
center frequency are usually from 2 to 10 fmax and the
damping factor may be from 0.3 to 1. Graphically the
method is as follows:

L(1) /

1t 2f fn 2xfVin(t)
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As with the previous Rex, Cex example, care must be
taken to insure a 90° phase shift at the frequencies of
interest (1f and 2f or 1.25 MHz and 2.5 MHz). This
requirement is modified by any need to compensate for
phase distortion caused by preceding signal process-
ing.

EFFECT OF GAIN TOLERANCE

At minimum gain the 1 mVpp input at 1.25 MHz fre-
quency has the following effects:

Using the capacitor only results with Cex = 68 pF
1420 Cex 2 nf

Vi +(46 Cex 2nf)2

Using + 17% tolerance, min gain = 0.629

Differential Gain = =0.758 nom.

So with a 661 mVpp input the minimum voltage
@OUT+, OUT- is 416 mVpp.

Thus, with all tolerances considered, a 1 mVpp to
2 mVpp input to the SSI 32R117 will result ina 5 Vpp
to 416 mVpp input to the zero-crossing detector.

ONE-SHOT CONSIDERATIONS

The timing for both one shots conform to the same
equation:

t=0.184xCxR

Setting of the time domain one-shot reflects the ex-
pected base line shouldering effect at the 1f frequency
andis set accordingly. Inthis example the output pulse
width has been set at approximately 30 nsec and the
time domain filter at approximately 80 nsec.

EXTERNAL FILTER

Thefilter on the output of the read/write amplifier, limits
the bandwidth of the input to the SSI 32P540. This
reduces the noise input to the differentiator which can
produce spurious zero-crossings. The design of this
filter is not discussed here, but general aspects of its
transfer function will be discussed.

Onthe outer tracks of an ST506 compatible drive using
a MFM coding technique, the output pulses return to
baseline or exhibit shouldering as shown in Figure 3.

This waveform has a high third harmonic content. In
order to preserve this waveform the filter must not add

2-11

any distortion to this harmonic. For this reason, the
most common filter type used is a Bessel Filter which

has a constant group delay ‘c%’ or linear phase shift.
Thus for a 5 Mbit/s MFM waveform a Bessel Filter with
constant group delay and a -3 dB point of 3.75 MHz is

required. This is the type of filter is used in the design
example.

FIGURE 3: Outer Track Waveform

(OUT+ -OUT) ==

FIGURE 4:
Effect of Comparator Offset on Output Waveform

BIT SHIFT OR PULSE PAIRING

Theoretical consideration of this aspect of pulse repli-
cation relative solely to the SSI 32P540 indicates that
comparator offset is the major contributing parameter.
For sinusoidal inputs the offset produces a non-sym-
metric waveform as shown in Figure 4.

The RD+, RD-output pulses have been offset fromtrue
position (zero-crossing) by an amount At, that is de-
pendent on Voffset and OUT+, OUT- amplitude.

This relationship is:

At=%,-sin'1 (-%’ (radians )
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So, referring to previous results:

Using this technique and a sinusoidal input to DIN+ of

varying amplitude at 1.25 MHz and 2.5 MHz, the

when OUT+, OUT- = 5 Vpp @2.5 MHz following results were obtained.
At = 0.13 nsec
when OUT+, OUT- = 416 mVpp @1.25 MHz DIN: Input | RD: Pulse Jitter (4At) nsec
As can be seen in Figure 4, the center pulse has been 5 0.6 1.0
shifted fromits true position by 2 At. Soforthis example 3 0.6 0.8
the Bit Shift contributed by the SSI 32P540 is: 1 06 0.0
0.26 nsec at maximum input and frequency 7 14 00
6.2 nsec at minimum input and frequency - 3 1. 6 05
In some literature this effect is called Pulse Pairing. If : 1 3' 8 1'2
the RD+, RD- waveform is displayed on an oscillo- . : :
scope with the trigger holdoff adjusted to fire on suc- .07 5.6 2.4
ceeding pulses the following waveform is observed: 06 6.2 392
| .05 7.0 35
12
.04 9.6 45
— |
! 11.8 6.0

il

l_—L .03

where t2

-t

Pulse Pairing
=4 At or 2 x (Bit Shift)

1’

PACKAGE PIN DESIGNATIONS

CAUTION: Use handling procedures necessary
for a static sensitive component.

(TOP VIEW)
oiF+ [ 1 28 [] oIF-
Hsos [] 2 27 [] mooE
viz[]s 26 [Jouts+
G+ []4 25 [ our-
c-[]s 24 [] Hso
n-[le 23 [] DINe
in-[] 7 22 [] oin-
ano [ 8 21 [] Hs1B
veLte [ o 20 [ Hs1
vs [] 10 19 [] ost
RD- [ 11 18 [ waTout
Ro+ [ 12 17 [Jos2
Hsas [ 13 16 [] WRT+
Hs2 [ 14 15 ] wAT-
32P540
28-Pin PDIP

oiFs+ []1 28 [] oI
Hsos [] 2 27 [] mope
viz2[]3 26 [] ouT+
G []a 25 [] out-
e[]s 24 [] Hso
n+[]e 23 [] DIN+
N7 22 [] DIN-
AanD [ 8 21[] Hs1B
oano [ 9 20 [] Hs1
vrets [ 10 19 [] os1
vs [] 11 18 [] wRTOUT
Ro- [ 12 17 [] os2
RD+ [ 13 16 |] WRT+
N [] 14 15 [] wRT-
32P5402
28-Pin PDIP

2-12

oiFs [ 1 28 [J oF-
Hsos [] 2 27 [] mobe
viz[] 3 26 [] out+
G []a 25 [] out-
a[s 24 [] Hso
e 23 [] oiNe
N-[17 22 [] oin-
AcND [ 8 21 [] Hs1B
panD [ 9 20 [] Hs1
vrLTe [ 10 19 [] os1
vs [ 11 18 [] wrTouT
R+ [ 12 17 [] os2
Hs2s [} 13 16 [] WRT+
Hs2 [ 14 15 [] war-
32P5403
28-Pin PDIP
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PACKAGE PIN DESIGNATIONS (Continued)

THERMAL CHARACTERISTICS: @ ja

(TOP VIEW) 28-Pin PDIP 55°C/W
28-Pin PLCC 65°C/W
s 2B 5808 s235x88 s 28583
/4 s 2 1 2 27 2 4 3 2 1 28 27 28 3 2 1 28 27 26
[ 2] our- e [s (] our- [ ] our-
N+ [J6 24[] Hso N+ [Jo 24[] nso IN+ ] Hso
w7 23] omns w [7 23] oins IN- (1 oiNs
anp [J8 22(] oiN- AchD [J8 22[] oin- AGND ] oinv-
veLTe [Je 21{] usi8 panp [Jo 21[] us18 DGND ] HstB
vs [J1o 20(] Hst vrure [0 20(] Hs1 VELTB [ Hst
RD- []11 19[] ost vs [ 19 (] os1 Vs [] ost
12 13 14 15 16 17 18 12 13 14 15 16 17 18
i -l S5 T s £
8§ 8§83 88 %83
§ §
32P540 32P5402 32P5403
28-Pin PLCC 28-Pin PLCC 28-Pin PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK

SSI 32P540 Read Data Processor

28-Pin PDIP SSI 32P540-CP SSI 32P540-CP
Dual GND PDIP SSI 32P5402-CP SSI 32P5402-CP
28-Pin PLCC SSI 32P540-CH SSI 32P540-CH

Dual GND PLCC

SSI 32P540-CH

SSI 32P540-CH

Dual GND/Open Collector PDIP

SSI 32P5403-CP

SS1 32P5403-CP

Dual GND/Open Collector PLCC

SSI 32P5403-CH

SSI1 32P5403-CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.
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SSI 32P541

INNOVATORS IN JINTEGRATION

August, 1988

Jn P ﬂ Jﬂ ), Read Data Processor

DESCRIPTION FEATURES

The SSI 32P541 is a bipolar integrated circuit that ® Level qualification supports high resolution MFM
provides all data processing necessary for detection and RLL encoded data retrieval

and qualification of MFM or RLL encoded read signals.

The circuit will handle data rates up to 15 Mbits/sec. ~ ®  Wide bandwidth AGC input amplifier

In read mode the SSI 32P541 provides amplification  *  Supports data rates up to 15 Mbits/sec
and qualification of head preamplifier outputs. Pulse "
qualification is accomplished using level qualification *  Standard 12V + 10% and 5V & 10% supplies
of differentiated input zero crossings. An AGC ampli-
fier is used to compensate for variations in head
preampoutput levels, presenting aconstantinputlevel  «  write to read transient suppression

to the pulse qualification circuitry. The AGC loop can

be disabled so that a constant gain can be used for ® Fastand slow AGC attack regions for fasttransient
embedded servo decoding or other processing needs. recovery

Supports embedded servo pattern decoding

Inwrite mode the circuitry is disabled and the AGC gain
stage input impedance is switched to a lower level to
allow fast setting of the input coupling capacitors during
a write to read transition. The SSI 32P541 requires
+5V and +12V power supplies and is available in a
24-pin DIP and 28-pin PLCC.

0888

BLOCK DIAGRAM

OUT+ OUT-  DIN- DN+ CN- CN+. DIF- DIF+ vee VDD

FULL WAVE RECTIFIER
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CIRCUIT OPERATION

READ MODE

In the read mode (R/WB input high or open) the input
read signal is amplified and qualified using an AGC
amplifier and pulse level qualification of the detected
signal peaks.

The amplified head signals are AC coupled to the IN +
and IN - pins of the AGC ampilifier that is gain controlled
by full wave rectifying and amplifying the (DIN+ - DIN-)
voltage leveland comparingitto areference level atthe
AGC pin. Afastattack mode, which suppliesa 1.7 mA
charging current for the capacitor at the BYP pin, is
entered whenever the instantaneous DIN = level is
morethan 125% of setlevel. Between 100% and 125%
the slow attack mode is invoked, providing 0.18 mA of
charging current. The two attack modes allow rapid
AGC recovery from a write to read transition while re-
ducing zero crossing distortion once the ampilifier is in
range.

The level at the AGC pin should be set such that the
differential voltage level at the DIN+, DIN- pins is 1.00
Vpp atthe OUT+, OUT-pinswhich allows forupto 6 dB
loss in any external filter connected between the
OUT+, OUT- outputs and the DIN+, DIN- inputs.

Gain of the AGC section is nominally

A_V2_=exp-_V2'V1
Avi 58+\t

Where: Av1 and Av2 are initial and final amplifier
gains. V1, V2 are initial and final voltages
on the BYP pin.

Vt = (Kx T)/q = 26 mV at room temperature.

One filter for both data (DIN+, DIN- input) and clock
(CIN+, CIN- input) paths, or a separate filter for each
path may be used. If two filters are used, care must be
exercised to control time delays so that each path is
timed properly. A multi-pole Bessell filter is typically
used for its linear phase or constant group delay
characteristics.

The filtered data path signal is fed into a hysteresis
comparator that is set at a fraction of the input signal
level by using an external filter/network between the
LEVEL and HYS pins. Using this approach allows

setting the AGC slow attack and decay times slow
enough to minimize distortion of the clock path signal.
This “feed-forward” technique, utilizing a fraction of the
rectified data path input available at the LEVEL pin as
the hysteresis threshold, is especially usefulinthe slow
decay mode of the AGC loop. By using a short time
constant for the hysteresis level, the qualification
method can continue as the AGC amplifier gain is
slowly ramped up. This level will also shorten the write
to read transient recovery time without affecting data
timing as the circuit will be properly decoding before the
AGC gain has settled to its final value. The comparator
output is the “D” input of a D type flip-flop. The DOUT
pin provides a buffered test point for monitoring this
function.

The filtered clock path signal is differentiated to trans-
form signal peaks to zero-crossings which clock an
edge-trigger circuit to provide output pulses at each
zero-crossing. The pulses are usedto clock the D type
flip-flop. The COUT pin is a buffered test point for
monitoring this function.

The differentiator function is set by an external network
between the DIF+, DIF- pins. The transfer function is:

-2000Cs
LCs? +(R+92)Cs +1

AV=

Where: C = external capacitor (20 pF to 150 pF)
L = external inductor
R = external resistor
s = jw = j2nf

During normal operation the differentiator circuit clocks
the D flip-flop on every positive and negative peak of
the signal input to CIN+, CIN-. The D input to the
flip—flop only changes state when the signal applied to
the DIN+, DIN- inputs exceeds the hysteresis com-
parator threshold opposite in polarity to the previous
peak that exceeded the threshold.

The clocking path, then, determines signal timing and
the data path determines validity by blocking signal
peaks that do not exceed the hysteresis comparator
threshold.

The delays from CIN+, CIN- inputs to the flip-flop clock
input and from the DIN+, DIN- inputs to the flip-flop D
input are well matched.

2-16
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WRITE (DISABLED) MODE

In the write or disabled mode (R/WB input low) the
digital circuitry is disabled and the AGC amplifier input
impedance is reduced. In addition the AGC amplifier,
gain is set to maximum so that the loop is in-its fast
attack mode when changing back to Read Mode. The
lowered inputimpedance facilitates more rapid settling
of the write to read transient by reducing the time
constant of the network between the SSI 32P541 and
read/write preamplifier, such as the SSI 32R510.

Internal SSI 32P541 timing is such that this settling is
accomplished before the AGC loop is activated when
going to read mode. Coupling capacitors should be
chosen with as low a value as possible, consistent with
bandwidth requirements, to allow more rapid settling.

LAYOUT CONSIDERATIONS
The SSI32P541 is a high gain wide bandwidth device

that requires care in layout. The designer should keep
analog signal lines as short as possible and well
balanced. Use of a ground plane is recommended
along with supply bypassing and separation of the
SSI132P541 and associated circuitry grounds from
other circuits on the disk drive PCB.

RW/B | HOLDB
1 1

MODE

READ - Read amp on, AGC ac-
tive, Digital section active

HOLD - Read amp on, AGC
gain held constant Digital sec-
tion active

WRITE - AGC gain switched to
maximum, Digital section inac-
tive, common mode input resis-
tance reduced

0888

PIN DESCRIPTION

NAME TYPE DESCRIPTION

vCcC 5 volt power supply

VDD 12 volt power supply

AGND, DGND Analog and Digital ground pins

R/WB 1 TTL compatible read/write control pin

IN+, IN- | Analog signal input pins

OUT+, OUT- (0] AGC Amplifier output pins

BYP The AGC timing capacitor is tied between this pin and AGND
HOLDB | TTL compatible pin that holds the AGC gain when pulled low
AGC | Reference input voltage level for the AGC circuit

DIN+, DIN- I Analog input to the hysteresis comparator

HYS | Hysteresis level setting input to the hysteresis comparator
LEVEL (0] Provides rectified signal level for input to the hysteresis comparator
DOUT (0] Buffered test point for monitoring the flip-flop D input

CIN+, CIN- | Analog input to the differentiator

DIF+, DIF- Pins for external differentiating network

COouT (0] Buffered test point for monitoring the clock input to the flip-flop
(O] Connection for read output pulse width setting capacitor

RD (0] TTL compatible read output

2-17
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified 4.5 < VCC <5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C.

ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.
PARAMETER RATING UNIT
5V Supply Voltage, VCC 6 \"
12V Supply Voltage, VDD 14 \'s
Storage Temperature -65 to 150 °C
Lead Temperature 260 °C
R/WB, IN+, IN-, HOLD -0.3to VCC + 0.3 v
RD -0.3Vto VCC + 0.3V or +12 mA
All others -0.3to VDD + 0.3 Vv
POWER SUPPLY
PARAMETER CONDITIONS MIN NOM MAX UNIT
ICC - VCC Supply Current Outputs unloaded 14 mA
IDD - VDD Supply Current Outputs unloaded 70 mA
Pd - Power Dissipation Outputs unloaded, Tj = 135°C 730 mwW
LOGIC SIGNALS
PARAMETER CONDITIONS MIN NOM MAX UNIT
VIL - Input Low Voltage -0.3 0.8 Vv
VIH - Input High Voltage 2.0 Vv
IIL - Input Low Current VIL = 0.4V 0.0 -0.4 mA
IIH - Input High Current VIH = 2.4V 100 LA
VOL - Output Low Voltage IOL =4.0 mA 0.4 \'
VOH - Output High Voltage IOH = -400 pA 24 v
MODE CONTROL
PARAMETER CONDITIONS MIN NOM MAX UNIT
Read to Write Transition Time 1.0 us
Write to Read Transition Time AGC settling not included, 1.2 3.0 us
transition to high input
resistance
Read to Hold Transition Time 1.0 us

2-18
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WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Common Mode Input Impedance | R/WB pin = low 250 Q

(both sides)

READ MODE

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q
and each side is loaded with < 10 pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC.

AGC AMPLIFIER
PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential Input Resistance V(IN+ - IN-) = 100 mVpp 5K Q
@ 2.5 MHz
Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 10 pF
@ 2.5MHz
Common Mode Input Impedance | R/WB pin high 1.8 KQ
(both sides) R/WB pin low 0.25 KQ
Minimum Gain Range 1.0 Vpp < V(OUT+ - OUT-) 4.0 83 )
<25Vpp
Input Noise Voltage Gain set to maximum 30 nVAHz
Bandwidth Gain set to maximum 30 MHz
-3 dB point
Maximum Output Voltage Swing | Set by AGC pin voltage 3.0 Vpp
OUT+ to OUT- Pin Current No DC path to GND +3.2 mA
Output Resistance 13 32 Q
Output Capacitance 15 pF
(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 0.37 0.56 Vpp/V
Swing VS AGC Input Level <550 mVpp 0.5 Vpp
< V(DIN+ - DIN-) < 1.5 Vpp
(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 8 %
Swing Variation < 550 mVpp AGC Fixed,
over supply & temperature
Gain Decay Time (Td) Vin = 300 mVpp—> 150 mVpp 50 us
at 2.5 MHz, Vout to 90% of
final value Figure 1a
Gain Attack time (Ta) From Write to Read transition 4 us
to Vout at 110% of final value
Vin = 400 mVpp @ 2.5 MHz.
Figure 1b
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AGC AMPLIFIER (Continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 1.3 2.0 mA
Current V(AGC) = 2.2V
Slow AGC Capacitor Charge V(DIN+ — DIN-) = 1.6V Vary 0.14 0.22 mA
Current V(AGC) until slow discharge
Fast to Slow Attack Switchover V(DIN+-DIN-) 1.25
Point V(DIN+-DIN-) Final
AGC Capacitor Discharge Current| V(DIN+ - DIN-) = 0.0V
Read Mode 45 LA
Hold Mode -0.2 +0.2 HA
CMRR (Input Referred) V(IN+) = V(IN-) =100 mVpp 40 dB
@ 5 MHz,gain at max.
PSRR (Input Referred) AVCC or AVDD = 100 mVpp 30 dB
@ 5 MHz, gain at max.
HYSTERESIS COMPARATOR
PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Signal Range 15 Vpp
Differential Input Resistance V(DIN+ - DIN-) = 100 mVpp 5 11 KQ
@ 2.5 MHz
Differential Input Capacitance V(DIN+— DIN-) = 100 mVpp 6.0 pF
@ 2.5 MHz
Common Mode Input Impedance | (both sides) 2.0 KQ
Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 10 mV
across DIN+, DIN-
Peak Hysteresis Voltage vs HYS | At DIN+, DIN- pins 0.16 0.25 VIV
pin voltage (input referred) 1V <V (HYS) < 3V
HYS Pin Input Current 1V <V (HYS) < 3V 0.0 -20 pA
Level Pin Output 0.6 <| V(DIN+—DIN-) | 1.5 25 VNpp
Voitage vs V(DIN+ — DIN-) <1.3 Vpp, 10 KQ from LEVEL
pin to GND
LEVEL Pin Max Output Current 3.0 mA
LEVEL Pin Output Resistance I(LEVEL) = 0.5 mA 180 Q
DOUT Pin Output Low Voltage 0.0<I0OL<0.5mA VDD -4.0 VDD -28 Vv
DOUT Pin Output High Voltage 0.0<IOH<05mA VDD -2.5 VDD -1.8 \

2-20
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ACTIVE DIFFERENTIATOR

PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Signal Range 15 Vpp
Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 5.8 11.0 KQ
@ 2.5MHz
Differential Input Capacitance V(CIN+ - CIN-) = 100 mVpp 6.0 pF
@ 2.5MHz
Common mode Input Impedance | (both sides) 2.0 KQ
Voltage Gain From CIN+ to DIF: | R(DIF+to DIF-) = 2 KQ 1.7 2.2 VN
DIF+ to DIF- Pin Current Differentiator Impedance +13 mA
must be set so as not to clip
signal at this current level
Comparator Offset Voltage DIF+, DIF- are AC Coupled 10.0 mV
COUT Pin Output Low Voltage 0.0<I0H<0.5mA VDD -3.0 Vv
COUT Pin Output Pulse voltage 0.0<IOH<05mA +0.4 Vv
V(high) - V(low)
COUT Pin Output Pulse Width 0.0<IOH<05mA 30 ns

OUTPUT DATA CHARACTERISTICS (See Figure 2)
Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ - DIN-) = 1.0 Vpp AC coupled since wave at 2.5 MHz
differentiating network between DIF+ and DIF-is 100Qin series with 65 pF, V (Hys) = 1.8 DC, a 60 pF capacitor
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC and a 10 pF capacitorto GND.

PARAMETER CONDITIONS MIN NOM MAX UNIT
D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 0 ns
exceeding threshold to
V(DIF+ - DIF-) reaching
a peak
Propagation Delay (Td3) 110 ns
Output Data Pulse Width Td5 = 670 Cos, +15 %
Variation 50 pF < Cos < 200 pF
Logic Skew Td3 - Td4 3 ns
Qutput Rise Time VOH = 2.4V 14 ns
Output Fall Time VOL = 0.4V 18 ns
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V (IN+ - /\/\
IN-)
V(|N+- WN /\/

V (OUT+-OUT-) l‘_i_
V (OUT+-OUT-)
(b) I

FIGURE 1(a), (b): AGC Timing Diagrams

V (DIN+ - DIN-)

+HYSTERESIS LEVE LA A\
" v?im.ﬁ?:mt (i \ /\ / l
\ /Y -

-HYSTERESIS LEVEL \/

—»{Td1

V (DIN+ = DIN-)

Y"l{lc:’?FLEgP CLOCK _r\_m—j\—l\—[\_
\

Vv (DOUT)
FLIP-FLOP D INPUT 17
T

8
v
-+
v
x

RD OUTPUT —"—‘ [—14,——|
READ DATA _’l I_-

FIGURE 2: Timing Diagram
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TO SERVO CIRCUIT

BUFFER

K TK|
Q

READ/WRITE
AMPLIFIER

22VDC l % 6.49K

READWRITE
SERVO HOLD

READWRITE

CONTROL & WRITE
\TA

NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as le with both capaci to the Analog Ground Pin.

NOTE: Component values, where given, are for a 5SMbits/s system.

FIGURE 3: Typical Read/Write Electronics Set Up
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PACKAGE PIN DESIGNATIONS
(TOP VIEW)

e ¢ uw 2 2 2
oF-[]1 24 []oiNe I 6 6 03 ©
M MMM M N
oiF+ [] 2 23 [Jom. 3 2 1 28 27 2
Hys [ 3 22[]cn- LEVEL 25[] NC
LeveL [ 4 21 [JoiN- AGC 24[] DIN-
ace [] 5 20[]our- IN+ 23[] our-
N+ [] 6 19 [] outs+ N- 22[] outs
N )
w07 18 {] aano HOLDB 21[] AGND
HoLoB [ 8 17 []8YP
VDD 20 ] BYP
voo [ o 16 [] DGND
cout 19 ] DGND
cout E 10 15 :I pout 13 14 15 16 17 18
RWB 11 14 _-_| RD- | N S g S gy SNy gy e |
Q Q Qo =
os[]12 13 [Jvee 8 ¢ ¢ g ¢ 3
24-Lead PDIP, SOL 28-Lead PLCC

THERMAL CHARACTERISTICS: @ ja

24-Lead PDIP 115°C/W
24-Lead SOL 80°C/W
28-Lead PLCC 65°C/W

CAUTION: Use handling procedures necessary
for a static sensitive component.

ORDERING INFORMATION

PART DESCRIPTION ORDERING NUMBER PACKAGE MARK

SSI 32P541 Read Data Processor

24-Lead PDIP SSI 32P541-P SSI1 32P541-P
28-Lead PLCC SSI132P541-CH SSI 32P541-CH
24-Lead SOL SSI32P541-CL SSI32P541-CL

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.
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INNOVATORS IN lNTEGRATlON

SSI 32P544

Read Data Processor
and Servo Demodulator

DESCRIPTION

The SSI 32P544 Read Data Processor and Servo
Demodulator has a fully integrated bipolar circuit that
detects and validates amplitude peaks in the output
from a disk drive read amplifier, as well as detecting
embedded servo information to provide position error
signals used for read head positioning.

Time and amplitude qualification are used to provide a
TTL compatible output that accurately duplicates the
time position of input signal peaks. An AGC control
loop, using a dual rate charge pump, provides a con-
stant imput amplitude for the level qualifier. Level
qualification can be implemented as a fixed threshold
or a constant percentage that tracks signal amplitude
that enhances qualification during AGC loop tran-

sients.
(Continued)

August, 1988
FEATURES

* Wide bandwidth AGC input amplifier
* Level qualification supports MFM and RLL
encoded data retrieval

* Fast and slow AGC attack and decay regions
for fast transient recovery

* Embedded servochannelprovides servoburst
capture and difference circuits

* Local servo AGC provided based on servo
burst output amplitude sum

e Standard +10%, 12V and 5V supplies
* Write to Read transient suppression
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SSI 32P544
Read Data Processor
and Servo Demodulator

DESCRIPTION (Continued)

The Servo Demodulator consists of two peak detector
channels that capture rectified servo data peaks.
Buffered individual channel outputs are provided along
with a difference output. Servo channel gain can be
controlled by an AGC signal based on maintaining the
amplitude of the sum of both channels.

The circuit also provides a voltage fault flag that indi-
cates a low voltage condition on either supply.

The SSI 32P544 requires standard +10% tolerance
-+5V and +12V supplies and is available in a 44-pin
PLCC package.

CIRCUIT OPERATION
READ MODE

InRead Mode the SSI32P544 is used to process either
data or servo signals. Inthe Data Read Mode the input
signalis amplified and qualified usingan AGC amplifier
and pulse level qualification of the detected signal
peaks. In the Servo Read Mode the input signal is
amplified and an error signal based on amplitude
comparison is made available.

DATA READ MODE

An amplified head output signal is AC coupled to the
IN+ and IN- pins of the AGC amplifier. Gain control is
accomplished by full wave rectifying and amplifyingthe
[(DIN+) - (DIN-)] voltage level and comparing it to a
reference voltage level at the AGC1 pin.

Two attack modes are entered depending on the
instantaneous level at DIN+/-. For DIN+/- levels above
125% of desired level afast attack mode is invoked that
supplies 1.7 mA charging current to the network on the
BYP1 pin. .Between 125% and 100% of the desired
level the circuit enters a slow attack mode and supplies
0.18 mA of charging current. This allows the AGC to
rapidly recover during a write to read transition but
reduces distortion once the AGC amplifier is in range.

Two decay modes are available that apply a discharge
current to the BYP1 pin network when DIN+/- falls
below the desired level. Aninternal decay current sink
will supply 4.5 pA of discharge current. Also, if

[(DIN+)—(DIN-) | is above 200 mVo-p a decay current,
controlled by a resistor from BYP1 to DECAY, is
switched in to decrease decay time. The amount of
charge pulled from the AGC timing capacitor on each
data pulse is:

Qoecay = Ki(Ton + Ts)/RDecAY
Where:
K1 = Constant defined in spec (4.0V, typ)

Ton = Time in seconds that the data pulse at
DIN+/- is greater than 200 mVo-p

Ts = Switching time in seconds (4 ns, typ)

The AGC1 pin is internally biased so that the target
differential voltage input at DIN+/- is 1.0 Vp-p at nomi-
nal conditions. The AGC1 voltage can be modified by
tying a resistor between AGC1 and ground or VCC. A
resistor to ground decreases the voltage level while a
resistor to VCC increases it. The resultant AGC1
voltage level is:

Rx

Vacet =

VRx
RINT = Rx

Where:
V = Voltage at AGC1 with pin open (2.2V, nom.)
Rint = AGC1 pin input impedance (6.7 KQ, typ.)
Rx = External resistor.

The new DIN+/- input target level is nominally 0.48
Vp—p/Vaccei

The AGC ampilifier can swing 3.0 Vp-p at OUT+/-which
allows for up to 6 dB loss in any external filter between
OUT+/- and DIN+/-.
Gain of the AGC amplifier is nominally:
Avi/Av2 = glbav2-Vi)

Where:

Av1, Av2 are initial and final amplifier gains.

V1, V2 are initial and final voltages on the BYP1 pin.
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The minimum output current from the AGC ampilifier is
+3.2 mA. In cases where more current is required to
drive a low impedance load the current can be in-
creasedby connecting load resistors Rifrom OUT+/-to
GND, as shown below.

Out+ D
Out- D »

Ri

FILTER

lout min =13.2 mA + (6.5/Ri)
Where: Ri>2KQ

One filter for both amplitude (DIN+/- input) and time
(CIN+/- input) channels, or a separate filter for each
may be used. If two filters are used, attention must be
paid to time delays so that each channel is timed
properly. A multi-pole Besselfilter is typically used for
its linear phase or constant group delay characteris-
tics.

In the amplitude channel the signal is sent to a hyster-
esis comparator. The hysteresis threshold level is set
so that it will be tripped only by valid signal pulses and
not by baseband noise. Itcan be fixed level or afraction
of the DIN+/- voltage level.

The latter approach is accomplished by using an exter-
nal filter/network between the LEVEL and HYS pins.
This allows setting the AGC slow attack and decay
times slow enough to minimize time channel distortion
and setting a shorter time constant for the hysteresis
level. The LEVEL pin outputis a rectified and amplified
versionof DIN+/-, 1.0 Vp-p at DIN+/- results in 2.0 Vo—p
nominally, at the LEVEL pin. A voltage divider is used
from LEVEL to ground to set the Hysteresis threshold
at a percentage of the peak DIN+/- voltage. For
example, if DIN+/- is 1.0 Vp-p, then using an equal
valued resistor divider will result in 1.0 Vo-p atthe HYS
pin. This will result in a nominal +0.210V threshold or
a 42% threshold of a £0.500V DIN+/- input. The
capacitor is chosento set an appropriate time constant.
This “feed forward” technique speeds up transient
recovery by allowing qualification of the input pulses
while the AGC is still settling. This helps in the two
critical areas of write to read and head change recov-
ery. Some care in the selection of the hysteresis level

time constant must be exercised so as to not miss
pattern (resolution) induced lower amplitude signals.
The output of the hysteresis comparator is the “D” input
of a D type flip-flop. The DOUT pin provides a buffered
TTL compatible comparator output signal for testing
purposes or for use in the servo circuit if required.

In the time channel the signal is differentiated to trans-
formsignal peaks to zero crossings which are detected
and used to trigger a bi-directional one-shot. The one-
shot output pulses are used as the clock input of the D
flip-flop. The COUT pin provides the one-shot output
for test purposes.

The differentiator functionis accomplished by an exter-

nal network between the DIF+ and DIF- pins. The

transfer function from CIN+/- to the comparator input

(not DIF+/-) is:
Av= -1000(Abuf)(Cs)

2LCs?+C(R+92)s +1

C, L, R are external passive components

20 pF < C < 150 pF

Abuf = Gain From CIN+/- to DIF+/-

s =Jw = J2nf

Where:

During normal operation, the time channel clocks the D
flip-flop on every positive and negative peak of the
CIN+/- input. The D input to the flip-flop only changes
state when the DIN+/- input exceeds the hysteresis
comparator threshold opposite in polarity to the previ-
ous threshold exceeding peak.

The time channel, then, determines signal peak timing
andthe amplitude channeldetermines validity by block-
ing signal peaks that do not exceed the hysteresis
comparator threshold. The delays in each of these
channels to the D flip-flop inputs are well matched.

The D flip-flop output triggers a one-shot that sets the
RD output pulse width. Width is controlled by an
external capacitor from the OS pin to VCC.

SERVO READ MODE

A position error signal (PES) is generated based onthe
relative amplitude of two servo signals, A and B.
Several methods are made available for maintaining
channel gain during servo signal processing.
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SERVO READ MODE (Continued)

Rectified servo signal peaks are captured on hold
capacitors atthe HOLDA/B pins. This is accomplished
by pulling LATCHA or LATCHB low for a sample
period. Addiitonally, a hold capacitor discharge current
of up to 3.5 mA can be turned on by pulling RSTA or
RSTB low. The discharge current is determined by a
resistor tied between CS and ground. Its magnitude is:

Ics = 2.6/(Rcs + 750) A, typ.
Where: Rcs = resistor from CS to ground

Outputs BURSTA/B & PES are referenced to an exter-
nal reference applied to the VREF pin.

As noted, several methods are used to determine
channel gain in Servo Read Mode. These methods
make use of the data read mode AGC loop, the servo
AGC loop and external or fixed AGC loop gain. Two
methods are used that control the channel gain based
on maintaining the sum of A & B channel amplitudes.

In one case (see Figure 1) the BYP2 pin is connected
to the GAIN pin and the servo channel gain is deter-
mined by the read channel gain as controlled by the
sum of the A and B amplitudes. In this case a current
is sourced/sinked to/from the capacitor on the GAIN/
BYP2 pinwhenever the HOLD2 pinis pulled high. The
current magnitude and direction is determined by:

Ic = K4[(Ks » Vacc2) - Va(DIN)p-p - Vb(DIN)p-p]
Where:

Vaac2 = AGC2 pin voltage

Ka =270 pANp-p

Ks =0.41 VIV

Va/b(DIN)p-p = peak to peak A or B servo pattern

Signal voltages at DIN+/-

The other case (see Figure 2) controls the channel by
fixing the Read Data channel gain by taking HOLD1
low and closing the loop about the Servo Channel AGC
(LOCOFF is held low for this mode).

HOLD?2 is used to update the control voltage on the
AGC capacitor at the BYP2 pin. This loop has a time
constant defined by:

Time Constant = K6 * Csyp2
Where: Ks=1.8t0 7.5 KQ
Ceyr2 = BYP2 pin capacitor value in farads

Another method (see Figure 5) uses either a fixed volt-
age atthe GAIN pin to determine channel gain oragain
based on preamble data amplitude. In this case no
AGC methods are used that are based on servo signal
amplitudes. Gain, as determined by an external volt-
age has been covered above. Inthe preamble method
HOLD1 is taken low during a preamble and the channel
gain, determined by that necessary to maintain DIN+/
- as programmed by the AGC1 voltage, is held during
servo data processing.

WRITE MODE

In Write Mode the SSI 32P544 is disabled and preset
for the following Read Mode. The digital circuitry is
disabled, the input AGC amplifier gain is set to maxi-
mum and the AGC amplifier input impedance is re-
duced.

Resetting the AGC amplifier gain and input impedance
shortens system Write to Read recovery times. With
the AGC gain at maximum when returning to Read
mode the AGC loop is in fast attack mode.

The lowered input impedance improves settling time
by reducing the time constant of the network between
the SSI 32P544 and a read preamplifier such as the
SSI 32R510A. Write to read timing is controlled to
maintain the reduced impedance for 1.2 to 3.0 us
before the AGC circuitry is activated. Coupling capaci-
tors should be chosen with as low a value as possible
consistent with adequate bandwidth to allow more
rapid settling.

POWER DOWN MODE

A power down mode is provided to reduce power
usage during the idle periods. Taking ENABLE pin low
selects this mode. Recovery from this state can be
slow due to the necessity of charging external capaci-
tors.

LOW VOLTAGE FAULT DETECTION
Alow Vokage detection circuit monitors both supplies

and pulls an open collector TTL output low whenever
either supply drops below their trip point.
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MODE CONTROL

The SSI 32P544 circuit mode is controlled by the
ENABLE, R/W, AGCMODE, HOLD1, HOLD2, and
LOCOFF pins as shown in Table 1.

Data Read Mode

AGC active and controlled by data, Digital section
active

Data Read Mode, Hold

AGC gain held constant, Digital section active. Gain
will drift higher at rate determined by Csyp1 and Hold
mode discharge current.

Servo Read Mode | (See Figures 1 & 3)

The BYP2 and GAIN pins are tied together. Read
amplifier AGC control voltage developed from sum of
Servo signal levels. HOLD2 is toggled to update the
control voltage after each Servo frame.

TABLE 1: SSI 32P544 Circuit Mode Control

Servo Read Mode 1l (See Figures 2 & 4)

Read amplifier AGC gain held fixed (HOLD1 low).
Servo AGC loop activated with HOLD2 toggled to
update or hold gain based on a constant servo signal
sum.

Servo Mode lll (See Figure 5)
Read channel gain determined by voltage on GAIN pin.
Write

Read ampilifier input impedance reduced. BYP1 pin
voltage pulled low to select maximum amplifier gain.
Digital section deactivated.

Power Down
Circuit switched to a low current disabled mode.

Note: When AGCMODE is switched to a low state the
voltage at the BYP1 pin will be held subject to Hold
mode discharge currentinduced drift. So, whenreturn-
ing to Data Read Mode, the channel gain will be the
same as it was prior to AGCMODE switching or slightly
higher.

ENABLE RW I\I‘I\gDCE HOLD1 HOLD2 | LOCOFF | READ PATH MODES
1 1 1 1 - - Data Read Mode
1 1 1 0 - - Data Read Mode Hold
1 1 0 - 1 1 Servo Read Mode |
1 1 0 - 0 1
1 1 1 0 0 0 Servo Read Mode I
1 1 1 0 1
1 1 0 - - - Servo Mode IlI
1 0 - - - - Write
0 - - - - - Power Down
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PIN DESCRIPTIONS

POWER SUPPLY AND CONTROL

NAME DESCRIPTION

vCC 5 volt power supply.

VvDD 12 volt power supply.

AGND, DGND Analog and digital ground pins.

R/W* TTL compatible read/write control pin

ENABLE* TTL compatible power up control pin. A low input selects a low power state.

VFLT Open collector output that goes low when a low power supply fault is detected.

AGC GAIN STAGE

IN+, IN- Analog signal input pins.

OUT+, OUT-. Read path AGC amplifier output pins.

AGC1 Reference input voltage level for the read path AGC loop.

AGCMODE* TTL compatible pin that selects the AGC loop control input. A high selects BYP1, a low
GAIN.

BYP1 An AGC timing capacitor or network is tied between this pin and AGND.

GAIN A voltage at this pin may be used to control AGC gain.

DECAY Aresistor to control the AGC loop decay time constant may be tied between this pin and
BYP1.

HOLD1* TTL compatible control pin that holds the read path AGC loop gain constant when low.
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PIN DESCRIPTIONS (Continued)

DIGITAL PROCESSING STAGE

NAME DESCRIPTION

DIN+, DIN- Analog input to the hysteresis comparator.

CIN+, CIN Analog input to the differentiator.

DIF+, DIF- Pins for external differentiating network.

LEVEL Output from full wave rectifier that may be used for input to the hysteresis-comparator.
HYS Threshold setting input to the hysteresis-comparator.

DOUT Buffered TTL output for monitoring the flip-flop D input. Provided fortesting or servo use.
COouT Test point for monitoring the flip-flop clock input.

(0] Connection for output pulse width setting capacitor.

RD TTL compatible read odtput.

SERVO BURST CAPTURE STAGE

LATCHA, TTL compatible inputs that switch channels A or B into peak acquisition mode when

LATCHB low.

HOLDA, Peak holding capacitors are tied from each of these pins to AGND.

HOLDB

RSTA, TTL compatible inputs that enable discharge of Channel A or B hold capacitors when

RSTB low.

CS Hold capacitor discharge current magnitude is controlled by a resistor from this pin to
ground.

VREF Reference voltage input for servo outputs.

AGC2 Reference input voltage level for the servo AGC loop.

BYP2 An AGC timing capacitor or network is tied between this pin and AGND.

HOLD2 TTL compatible control pin that holds the servo AGC loop gain constant when low.

BURSTA, Buffered hold capacitor voltage outputs.

BURSTB

PES Position error signal A minus B output.

LOCOFF* TTL compatible input to select path for PES signal.

* These inputs have internal pull-ups, so an open connection is the same as a high input.
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ELECTRICAL SPECIFICATION

ABSOLUTE MAXIMUM RATINGS

Operation outside these rating limits may cause permanent damage to this device.

PARAMETER RATING UNIT
5V Supply Voltage, VCC 6.0 \"
12V Supply Voltage, VDD 14.0 \"
Pin Voltage -0.3to VDD + 0.3 \"

GAIN, BYP1/2, AGC1/2 LEVEL, HYS, HOLDA/B, VREF
BURSTA/B, PES, COUT, DIF+/-, OUT+/-

Pin Voltage _ -0.3to VCC + 0.3 \
IN +/-, AGCMODE, HOLD1/2, ENABLE, R/W, LATCHA/B,
RSTA/B, CS, LOCOFF, OS, CIN+/-, DIN+/-

Pin Voltage -0.3to VCC + 0.3 \"
RD, DOUT, DECAY, VFLTB or+12mA

Storage Temperature 65 to 150 °C
Lead Temperature (Soldering 10 sec.) 260 °C

RECOMMENDED OPERATING CONDITIONS

Currents flowing into the chip are positive.

PARAMETER CONDITIONS MIN NOM | MAX UNIT
VCC Supply Voltage 4.5 5.0 5.5 Vv
VDD Supply Voltage 10.8 12.0 13.2 Vv
Tj Junction Temperature 25 145 °C

ELECTRICAL CHARACTERISTICS
POWER SUPPLY

Recommended conditions apply unless otherwise specified

PARAMETER CONDITIONS MIN NOM | MAX UNITS

ICC  VCC Supply Current Outputs unloaded, 16 mA
ENABLE = high or open

IDD VDD Supply Current Outputs unloaded, 90 mA
ENABLE = high or open
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POWER SUPPLY (Continued)
PARAMETER CONDITIONS MIN NOM | MAX UNITS
Pd Power description Tj = 145°C, ENABLE = high, 1.0 w
Outputs unloaded
ENABLE = low, 0.3 w
Outputs unloaded
LOGIC SIGNALS
VIL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage. 2.0 VCC+0.3 Vv
1L Input Low Current VIL = 0.4V 0.0 -0.4 mA
IH Input Low Current VIH = 2.4V 100 HA
VOL  Output Low Voltage IOL =4.0 mA 0.4 \'
VOH  Output High Voltage IOH =400 pA 24 \
Output rise time VOH =2.4V* 9.0 ns
Output full time VOL =0.4V* 9.0 ns

*QOutput load is a 4K resistor to 5V and a 10 pF capacitor to DGND

MODE CONTROL
Enable to/from Disable Setting time of external ' 50 us
Transition Time capacitors not included

ENABLE pin high to/from low
Read to Write Transition Time R/W pin high to low 1.0 us
Write to Read R/W pin low to high 1.2 3.0 us
Transition Time AGC setting not included
AGC On toffrom AGC Off AGCMODE pin high 2.0 us
Transition Time to/from low
HOLD1 On to/from HOLD1 pin high to/from 1.0 us
HOLD2 Off Transition Time low
HOLD2 On to HOLD2 Off HOLD2 pin high to/from 1.0 us
Transition Time low
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WRITE MODE

PARAMETER CONDITION MIN NOM | MAX UNIT
Common Mode Input R/W pin = low 250 Q
Impedance

READ MODE

READ PATH AGC AMPLIFIER

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to
IN+/-. OUT+/- are loaded differentially with >600€2, and each side is loaded with < 10 pF to AGND, and AC
coupled to DIN+/-. A 2000 pF capacitor is connected between BYP1 and AGND. AGC1 pinis open. R/W
is high.

PARAMETER CONDITION MIN NOM | MAX UNIT
Gain Range 1.0 Vp-p < (OUT+) - (OUT-) 4 83 VIV
<3.0 Vp-p
Output Offset Voltage Over entire gain range -400 +400 mV
Maximum Output Set by BYP1 pin 3.0 Vp-p
Voltage Swing
Differential Input Resistance (IN+) - (IN-) = 100 mVp-p 5.0 KQ
@ 2.5 MHz
Differential Input Capacitance (IN+) - (IN-) = 100 mVp-p 10 pF
@ 2.5 MHz
Common Mode Input R/W = high 1.8 KQ
Impedance —
R/W = Low 250 Q
Input Noise Voltage Gain set to maximum 15 nVAHz
Bandwidth -3 dB bandwidth at 30 MHz
maximum gain
OUT+ to OUT- Pin Current No DC path to AGND +3.2 mA
Output Resistance 26 64 Q
Output Capacitance TBD pF
CMRR (Input Referred) (IN+) = (IN-)= 100 mVp-p 40 dB

@ 5MHz, gain set to max
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READ PATH AGC AMPLIFIER (Continued)

PARAMETER CONDITION MIN NOM | MAX UNIT
PSRR (Input Referred) VDD or VCC = 100 mVp-p 30 dB
@ 5 MHz, gain set to max
Externally controlled K2, AGCMODE = Low 1.33 1.87
Gain Constants
AV = K2 « K3 VGAN) \/7y K3, AGCMODE = Low 1.98 21
Gain pin parasitic AGCMODE & HOLD1 = low 0.2 +0.2 HA
Input current
(DIN+) - (DIN-) Input 30 mVp-p < (IN+) - (IN-) 0.37 0.56 Vp-p/V
Swing vs. AGC1 Input < 550mVp-p
0.5 Vp-p < (DIN+) - (DIN-)
<1.5 Vp-p, AGCMODE &
HOLD1 = high
(DIN+) - (DIN-) Input Voltage 30 mVp-p < (IN+) - (IN-) 8.0 %
Swing Variation < 550mVp-p
AGC1 Voltage AGC1 open TBD \
AGC1 Pin Input Impedance 5.0 8.3 KQ
Fast Decay Threshold AGCMODE = high +0.2 \"
(DIN+) - (DIN-)
Slow AGC Capacitor Discharge (DIN+) - (DIN-) = OV 4.5 HA
Current
AGC Capacitor Leakage AGCMODE = high, -0.2 +0.2 mA
Current HOLD1 = low
Slow AGC Capacitor Charge (DIN+) - (DIN-) = 0.8 VDC, -0.14 -0.22 mA
Current vary AGC1 until slow charge
begins
Fast AGC Capacitor Charge (DIN+) - (DIN-) = 0.8 VDC, -1.3 -2.0 mA
Current Vagei = 3.0V
Fast to Slow Attack [(DIN+)-(DIN-)] - 0.25 Vv
Switchover Point [(DIN+)-(DIN-)]FiNAL
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READ PATH AGC AMPLIFIER (Continued)

PARAMETER CONDITION MIN NOM | MAX UNIT
Gain Decay Time (Td) (IN+) - (IN-) = 300 mVp-p to 50 us
(See Figure 6a) 150mVp-p @ 2.5 MHz

DECAY pin open,

(OUT+) - (OUT-) to 90% final

value.
Gain Attack Time (Ta) R/W = low to high 4 us
(See Figure 6b) (IN+) - (IN-) = 400 mVp-p

@ 2.5 MHz, (OUT+) - (OUT-)

to 110% final value

HYSTERESIS COMPARATOR

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled,
1.0 Vp-p, 2.5 MHz sine wave. 1.8 VDC is applied to the HYS pin. ENABLE and R/W pins are high.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Signal Range 1.5 Vp-p
Differential Input Resistance (DIN+) - (DIN-) = 100 mVp-p 10 16.5 KQ
@ 2.5MHz
Differential Input Capacitance (DIN+) - (DIN-) = 100 mVp-p 4.0 pF
@ 2.5MHz
Common Mode Input 3.0 5.0 KQ
Impedance (Both Sides)
Level Pin Output Voltage 0.6 Vp-p < (DIN+) - (DIN-) 15 25 VNp-p
vs. (DIN+) - (DIN-) < 1.5 Vp-p, 10K between
LEVEL and AGND
Level Pin Output Impedance ILEVEL = 0.5 mA 180
Level pin Maximum 3.0 mA
Output Current
Hysteresis Voltage at DIN+/- 1V <HYS <3V 0.16 0.25 ViV
vs. HYS Pin Voltage
HYS Pin Current 1V<HYS<3V 0.0 -20 HA
Comparator Offset Voltage HYS pin at AGND 10.0 mv
< 1.5KQ across DIN +/-
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ACTIVE DIFFERENTIATOR
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-
coupled, 1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-.

110%

PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Signal Range 15 Vp-p
Differential Input Reéistance (CIN+) - (CIN-) = 100 mVp-p 10 16.5 KQ

@ 2.5 MHz
Differential Input Capacitance (CIN+) - (CIN-) = 100. mVp-p 4.0 pF

@ 2.5 MHz
Common Mode Input Impedance | Both sides 3.0 5.0 KQ
Voltage Gain From (DIF+to DIF-) = 2 KQ 1.7 2.2 VNV
CIN+/- to DIF+/-
DIF+ to DIF- Pin Current Differentiator impedance +1.3 mA

must be set so as to not clip

the signal for this current

level
Comparator Offset Voltage DIF+, DIF- are AC-coupled 10.0 mV
COUT Pin Output Low Voltage 0<IOL<0.5mA VDD-3.0 \"
COUT pin Output Pulse 0<IOL<0.5mA 0.4 \
Voltage, VHiGH - VLow
COUT pin Output Pulse Width 0<IOH<05mA 30 ns

V(IN+) - (IN)
V(IN+) = (IN-) ,\/
‘—b‘ Ta
V(ouT+) - (OUT-) AVA' ——l—
V(ouTs) - (OUT-)
(a)
® |
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OUTPUT DATA CHARACTERISITICS (See Figure 7)

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) -
(DIN-) are in-place as a coupled, 1.0Vp-p, 2.5MHz sine wave. 100Q in series with 65 pF are tied from DIF+
to DIF-. 1.8V is applied to the HYS pin. A 60 pF capacitor is tied between OS and VCC. RD is loaded with
a 4 KQ resistor to VCC and a 10 pF capacitor to DGND. ENABLE and R/W pins are high.

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Td1 D Flip-Flop Set Up Minimum allowable time 0 ns
Time delay from (DIN+) - (DIN-)

exceeding hysterisis
point to (DIF+) - (DIF-)
hitting a peak value.

Td3 Propagation Delay 110 ns

Td5 Output Pulse Width Td5 = 900(Cos) @ VrD = 1.4V +15 %
Variation 50 pF < Cos < 200 pF

fTd3-Td4| Logic Skew 15 ns

+HYSTERESIS LEVEL /\ /\
V(CIN+) - (CIN- \ / \
(- o) /\
V(DIN+) - (DIN-) \ / \/ N\
—HYSTERESIS LEVEL "4
Vpout l I

—>{ Td1
V (DIN+ - DIN-) l \ / </
COMPARATOR GUTPUT [ L L
R LA I N O B 1
Td3 —p| I<-—> I“ Td4
RD OUTPUT
] e

Figure 7: Read Mode Digital Section Timing Diagram
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SERVO SECTION (Uniess otherwise specified, recommended operating conditions apply.)

Current Turn On time

PARAMETER CONDITIONS MIN NOM | MAX UNIT
VREF Voltage Range 3.9 6.0 Vv
AGC2 Pin Voltage AGC2 Pin Open 34 \
AGC2 Pin Input Impedance 5.0 8.3 KQ
BURSTA/B pin Output LATCHA/B = Low 1.7 VNp-p
Voltage vs (DIN+) - (DIN-) 7B - VREE
(DIN+) - (DIN-)
BURSTA/B Output LATCHA/B = Low, -50 +50 mv
Offset Voltage (DIN+) = (DIN-), *
VBuURsT - VREF RCS = 38.3 KQ
BURSTA - BURSTB Output LATCHA/B = low -10 +10 mv
Offset Match (DIN+) = (DIN-)
Maximum PES Pin Output Controlled by AGC2 5.0 Vp-p
Voltage
PES Pin Output Offset Voltage Vpes - VREF, (DIN+) = (DIN-) -10 +10 mV
LATCHA/B = Low
Output Resistance, BURSTA/B & 20 Q
PES pins
HOLDA/B Discharge RSTA/B = low, TBD %
Current Tolerance ICS = 2.6V/(RSC + 750Q)
RSTA/B = high, -0.5 +0.5 pA
LATCHA/B = high
Load Resistance Resistors to VREF 10.0 KQ
BURSTA/B, PES pins
Load Capacitance 20 pF
BURSTA/B, PES pins
LATCHA/B pin set up time (Tds1 in Figures 3 & 4) 150 ns
LATCHA/B pin Hold Time (Tds2 in Figures 3 & 4) 150 ns
Channel A/B Discharge (Tds3 in Figures 3 & 4) 150 ns
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SERVO SECTION (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Channel A/B discharge (Tds4 in Figures 3 & 4) 150 us
Current Turn Off time
BYP2 Pin Parasitic Input Current | HOLD2 = Low -9.0 +9.0 UA
Ks loop parameter Loop Time Constant = 1.8 7.5 KQ
Ke « CBYP2
LOCOFF = Low
(Local AGC Mode)
BYP2 Pin Charge/Discharge K4, HOLD2 = High 229 270 310 HA/Np-p
Current
Ic = Ka[(Ks * Vacc2) — Ks, HOLD2 = High 0.39 0.41 0.43 VN
VA(DIN)p-p - VB(DIN)p-p]
*PES Pin Output Voltage LOCOFF=Low 0.6 6.0 VNp-p
vs. VA(DIN)p-p - VB(DIN)p-p LOCOFF=High 1.62 1.7 1.79 VNp-p
VPES p-p vs. Vacc2 VPEs p-p/VAcc2 1.31 1.38 1.45 Vp-p/V
VPES p-p/VAGC2 4.46 47 4.94 Vp-p
AGC2=0Open
BURSTA/B Pin Output vs. Vagcz | (VA + VB - 2VREF)/Vacc2 0.66 \"A%
VA + VB - 2VREF, 23 \"
AGC2=0Open
*Av = (VPES - VREF)/(VA(DIN)p-p - VB(DIN)p-p)
SUPPLY VOLTAGE FAULT DETECTION
PARAMETER CONDITIONS MIN TYP MAX UNIT
VDD Fault Threshold 9.1 10.3 \
VCC Fault Threshold 41 4.4 Vv
VOL Output Low 45<VCC <55V, 0.4 \'
Voltage I0L=1.6 mA
1.0<VCC <45, 0.4 \
I0L=0.5 mA
IOH Output High Current 25 LA
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PACKAGE PIN DESIGNATIONS ‘ CAUTION: Use handiing procedures necessaryj
(Top View) for a static sensitive component.
N T T N N .- S o
csiitihb sy
AGND []
BYP1 []
GAIN []
IN+ ]
IN- [
VFLT []
voD []
AoLD? []
ENABLE []
LOCOFF []
FOLDT []
18 19 20 21 22 23 24 25 26 27 28
| N R SR Ry SN R NN [ U R NN SN G S R NN N R
L N < o (] w o Q = (2]
o 2 &
g
44-pin PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI132P544 - 44-pin PLCC SSI 32P544-CH 32P544-CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties

resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

silicon Sustems

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Systems, Inc.
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SSI 32P546
o b - Read Data Processor
J ﬂ‘( with Pulse Slimming

DESCRIPTION FEATURES

The SSI 32P546 is a bipolar integrated circuit that *  Level qualification supports high resolution MFM
provides all data processing necessary for detection and RLL encoded data retrieval

lification of MFM or RLL ded read signals.
and qualification of MFM or RLL encoded read sig * Wide bandwidth AGC input amplifier

In read mode the SSI 32P546 provides amplification
and qualification of head preamplifier outputs. Pulse
qualification is accomplished using level qualification e  gtandard 12V +10% and 5V +10% supplies

of differentiated input zero crossings. An AGC ampli-

fier is used to compensate for variations in head e Write to read transient suppression

preamp output levels, presenting a constantinput level

to the pulse qualification circuitry. Signal processing ® Fastand slowAGC attack regions for fast transient
can be further enhanced with pulse slimming tech- recovery

niques supported by on-chip emitter followers and
buffer amplifier. The AGC loop can be disabled so that
a constant gain can be used for embedded servo de-
coding or other processing needs.

Supports data rates up to 15 Mbits/sec

* Buffers and Amplifier to implement Pulse Slim-
ming

Inwrite mode the circuitry is disabled and the AGC gain
stage input impedance is switched to a lower level to
allow fast setting of the input coupling capacitors during
a write to read transition. The SSI 32P546 requires
+5V and +12V power supplies and is available in a
32-pin DIP.

BLOCK DIAGRAM

- EFt BIN- BIN+ BOUT+ DIN- DIN+  CIN- CIN+

EF2 EF3 EF4
(1

eYp [}

AGND

m[]_.__»ﬂ

H READ DATA
RW PROCESSOR | =
MODE CONTROL|

o]
——

0888 ol

m
8L

LEVEL HYS DOUT
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CIRCUIT OPERATION

READ MODE

In the read mode (R/W input high or open) the input
read signal is amplified and qualified using an AGC
amplifier and pulse level qualification of the detected
signal peaks.

The amplified head signals are AC coupled to the IN+
and IN- pins of the AGC amplifier that is gain controlled
by full wave rectifying and amplifying the (DIN+ - DIN-)
voltage level and comparingitto areference level atthe
AGC pin. Afast attack mode, which supplies a 1.7 mA
charging current for the capacitor at the BYP pin, is
entered whenever the instantaneous DIN = level is
more than 125% of setlevel. Between 100% and 125%
the slow attack mode is invoked, providing 0.18 mA of
charging current. The two attack modes allow rapid
AGC recovery from a write to read transition while re-
ducing zero crossing distortion once the amplifier is in
range.

The level at the AGC pin should be set such that the
differential voltage level at the DIN+, DIN- pins is
1.00 Vpp at nominal conditions. The circuit can swing
2.5 Vpp at the BOUT+, BOUT- pins which allows forup
to 6dBlossin any externalfilter connected betweenthe
BOUT+, BOUT- outputs and the DIN+, DIN- inputs.

Gain of the AGC section is nominally

AV2 _ o _(vz-v1)
Av1 58+ VWt

Where: Av1 and Av2 are initial and final amplifier
gains. V1, V2 are initial and final voltages
on the BYP pin.

Vt = (K x T)/q = 26 mV at room temperature.

Manipulation of pulse characteristics can be accom-
plished using the emitter followers and buffer amplifier
(gain = 4) that follow the AGC amplifier. As illustrated
in the application section, pulse slimming requires an
external delay line and attenuator.

One filter for both data (DIN+, DIN- input) and clock
(CIN+, CIN- input) paths, or a separate filter for each
path may be used. If two filters are used, care must be
exercised to control time delays so that each path is

timed properly. A multi-pole Bessell filter is typically
used for its linear phase or constant group delay
characteristics.

The filtered data path signal is fed into a hysteresis
comparator that is set at a fraction of the input signal
level by using an external filter/network between the
LEVEL and HYS pins. Using this approach allows
setting the AGC slow attack and decay times slow
enough to minimize distortion of the clock path signal.
This “feed-forward” technique, utilizing a fraction of the
rectified data path input available at the LEVEL pin as
the hysteresis threshold, is especially usefulinthe slow
decay mode of the AGC loop. By using a short time
constant for the hysteresis level, the qualification
method can continue as the AGC amplifier gain is
slowly ramped up. This level will also shorten the write
to read transient recovery time without affecting data
timing as the circuit will be properly decoding before the
AGC gain has settledto its final value. The comparator
output is the “D” input of a D type flip-flop. The DOUT
pin provides a buffered test point for monitoring this
function.

The filtered clock path signal is differentiated to trans-
form signal peaks to zero-crossings which clock an

edge-trigger circuit to provide output pulses at each’

zero-crossing. The pulses are usedto clock the D type
flip-flop. The COUT pin is a buffered test point for
monitoring this function.

The differentiator functionis set by an external network
between the DIF+, DIF- pins. The transfer function is:

- 2000Cs
LCs2 +(R +92)Cs +1

AV=

Where: C = external capacitor (20 pF to 150 pF)
L = external inductor
R = external resistor
s = jw = jorf

During normal operation the differentiator circuit clocks
the D flip-flop on every positive and negative peak of
the signal input to CIN+, CIN-. The D input to the
flip—flop only changes state when the signal applied to
the DIN+, DIN- inputs exceeds the hysteresis com-
parator threshold opposite in polarity to the previous
peak that exceeded the threshold.
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The clocking path, then, determines signal timing and
the data path determines validity by blocking signal
peaks that do not exceed the hysteresis comparator
threshold.

The delays from CIN+, CIN-inputs to the flip-flop clock
input and from the DIN+, DIN- inputs to the flip-flop D
input are well matched.

WRITE (DISABLED) MODE

Inthe write or disabled mode (R/Winput low) the digital
circuitry is disabled and the AGC ampilifierinputimped-
ance is reduced. In addition the AGC ampilifier, gainis
set to maximum so that the loop is in its fast attack
mode when changing back to Read Mode. The low-
ered input impedance facilitates more rapid settling of
the write to read transient by reducing the time constant
of the network between the SS| 32P546 and read/write
preamplifier, such as the SSI 32R510A.

Internal SSI 32P546 timing is such that this settling is
accomplished before the AGC loop is activated when
going to read mode. Coupling capacitors should be
chosen with as low a value as possible, consistent with
bandwidth requirements, to allow more rapid settling.

LAYOUT CONSIDERATIONS

The SSI132P546 is a high gain wide bandwidth device
that requires care in layout. The designer should keep
analog signal lines as short as possible and well
balanced. Use of a ground plane is recommended
along with supply bypassing and separation of the
SSI132P546 and associated circuitry grounds from
other circuits on the disk drive PCB.

RW | HOLD
1 1

MODE

READ - Read amp on, AGC ac-
tive, Digital section active

HOLD - Read amp on, AGC
gain held constant Digital sec-
tion active

WRITE - AGC gain switched to
maximum, Digital section inac-
tive, common mode input resis-
tance reduced

0888

PIN DESCRIPTION

NAME TYPE DESCRIPTION

VCC 5 volt power supply

VDD 12 volt power supply

AGND, DGND Analog and Digital ground pins

RW ! TTL compatible read/write control pin

IN+, IN- I Analog signal input pins

OUT+, OUT- (0] AGC Amplifier output pins

BYP The AGC timing capacitor is tied between this pin and AGND
HOLD I TTL compatible pin that holds the AGC gain when pulled low
AGC | Reference input voitage level for the AGC circuit

DIN+, DIN- | Analog input to the hysteresis comparator

HYS I Hysteresis level setting input to the hysteresis comparator
LEVEL (o] Provides rectified signal level for input to the hysteresis comparator
DOUT O Buffered test point for monitoring the flip-flop D input
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PIN DESCRIPTION (continued)

NAME TYPE DESCRIPTION

CIN+, CIN- | Analog input to the differentiator

DIF+, DIF- Pins for external differentiating network

COouT (0] Buffered test point for monitoring the clock input to the flip-flop
(o] Connection for read output pulse width setting capacitor

RD (o] TTL compatible read output

EF1 | Emitter follower input

EF2, 3,4 (o) Emitter follower outputs

BIN+, BIN- | Analog input to buffer amplifier

BOUT+, BOUT- (0] Buffer amplifier output pins

ELECTRICAL CHARACTERISTICS
Unless otherwise specified 4.5 < VCC <5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj< 135 °C.

ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.

PARAMETER RATING UNIT

5V Supply Voltage, VCC 6 Vv

12V Supply Voltage, VDD 14 Vv

Storage Temperature -65to 150 °C

Lead Temperature 260 °C

R/W, IN+, IN-, HOLD -0.3to VCC + 0.3 \')

RD -0.3to VCC + 0.3 or +12 mA \'

All others -0.3to VDD + 0.3 v
POWER SUPPLY

PARAMETER CONDITIONS MIN NOM MAX UNIT
ICC - VCC Supply Current Outputs unloaded 14 mA
IDD - VDD Supply Current Outputs unloaded 90 mA
Pd - Power Dissipation Outputs unloaded, Tj = 135°C 1000 mwW
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LOGIC SIGNALS
PARAMETER CONDITIONS MIN NOM MAX UNIT
VIL - Input Low Voltage -0.3 0.8 \
VIH - Input High Voltage 2.0 \"
lIL - Input Low Current VIL = 0.4V 0.0 -0.4 mA
IIH - Input High Current VIH =2.4V 100 HA
VOL - Output Low Voltage IOL =4.0mA 0.4 \"
VOH - Output High Voltage IOH = -400 pA 24 \"
MODE CONTROL
PARAMETER CONDITIONS MIN NOM MAX UNIT
Read to Write Transition Time 1.0 us
Write to Read Transition Time AGC settling not included, 12 3.0 us
transition to high input
resistance
Read to Hold Transition Time 1.0 us
WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
Common Mode Input Impedance | R/W pin = low 250 Q
(both sides)

READ MODE

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded with 150Q to VDD, a
2000 pF capacitor is connected between BYP and GND, BOUT+is AC coupled to DIN+, BOUT-is AC coupled
to DIN-, AGC pin voltage is 2.2 VDC.

AGC AMPLIFIER

PARAMETER CONDITIONS MIN NOM | MAX UNIT

Differential Input Resistance V(IN+ = IN-) = 100 mVpp 5 KQ
@ 2.5 MHz

Differential Input Capacitance V(IN+ - IN-) = 100 mVpp 10 pF
@ 2.5 MHz

Common Mode Input Impedance | R/W pin high 1.8 KQ

(both sides) R/W pin low 0.25 KQ

Gain Range VOUT+=0.75 Vpp | 1.0 31 A"

Input Noise Voltage Gain set to maximum 30 nV/AHz

Bandwidth Gain set to maximum 30 MHz
-3 dB point
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AGC AMPLIFIER (Continued)
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Maximum Output Voltage Swing | Set by BYP pin voltage 0.75 Vpp
Z (load) = 150Q to VDD
(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 0.37 0.56 Vpp/V
Swing VS AGC Input Level <550 mVpp, 0.5 Vpp
< V(DIN+ - DIN-) 1.5 Vpp
(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ - IN-) 8 %
Swing Variation <550 mVpp AGC Fixed,
. over supply & temperature
Gain Decay Time (Td) Vin = 300 mVpp—> 150 mVpp 50 us
at 2.5 MHz, Vout to 90% of
final value Figure 1a
Gain Attack time (Ta) From Write to Read transition 4 pus
to Vout at 110% of final value
Vin = 400 mVpp @ 2.5 MHz.
Figure 1b
Fast AGC Capacitor Charge V(DIN+ - DIN-) 1.3 2.0 mA
Current = 1.6V V(AGC) = 2.2V
Slow AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V Vary 0.14 0.22 mA
Current V(AGC) until slow discharge
Fast to Slow Attack Switchover V(DN +-DIN-) 1.25
Point V(DIN +—DIN-) Final
AGC Capacitor Discharge Current| V(DIN+ - DIN-) = 0.0V
Read Mode 45 HA
Hold Mode -0.2 +0.2 HA
CMRR (Input Referred) V(IN+) = V(IN-) =100 mVpp 40 dB
@ 5 MHz,gain at max.
PSRR (Input Referred) VCC or VDD = 100 mVpp 30 dB
@ 5 MHz, gain at max.
UNITY GAIN BUFFERS: (EMITTER FOLLOWERS)
PARAMETER CONDITIONS MIN NOM MAX UNIT
Gain 1 VN
Maximum Output Voltage Swing | Z(load diff.) = 1 KQ 1.0 Vpp
AC Coupled
Input Bias Current EF1 50 pA
Output Resistance 30 Q
Output Current 750 pA
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DIFFERENTIAL BUFFER AMPLIFIER

PARAMETER CONDITIONS MIN NOM MAX UNIT

Gain Differential Gain 4 \'A%

(BOUT+- BOUT-)

(BIN+- BIN-)

Input Noise Input (BIN+, BIN-) Referred 100 | nvAHz

Bandwidth -3 dB bandwidth 30 MHz

Maximum Output Voltage Swing | Z (load diff.) = 1 KQ 3.0 Vpp

Differential Input Resistance V (IN+ - IN-) = 100 mVpp, 20.0 KQ
2.5 MHz

Differential Input Capacitance V (IN+ - IN-) = 100 mVpp, 10.0 pF
2.5 MHz

Common Mode Input Impedance 5.0 KQ

(Both Sides)

BOUT+ to BOUT- Pin Current No DC path from +2.4 mA
OUT+/- to GND

Output Resistance 17 43 Q

Common mode Rejection Ratio V (BIN+) = V (BIN-) 40 dB

(Input Referred) =100 mVpp, 5 MHz

Power Supply Rejection Ratio V (12) or V(5) 30 dB

Input Referred =100 mVpp, 5MHz

HYSTERESIS COMPARATOR

PARAMETER CONDITIONS MIN NOM MAX UNIT

Input Signal Range 1.5 Vpp

Differential Input Resistance V (DIN+ — DIN-) = 100 mVpp 5 11 KQ
@ 2.5 MHz

Differential Input Capacitance V (DIN+ — DIN-) = 100 mVpp 6.0 pF
@ 2.5 MHz

Common Mode Input Impedance | (both sides) 2.0 KQ

Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 10 mV
across DIN+, DIN-

Peak Hysteresis Voltage vs HYS | At DIN+, DIN- pins 0.16 0.25 VIV

pin voltage (input referred) 1V <V (HYS) < 3V

HYS Pin Input Current 1V <V (HYS) < 3V 0.0 -20 pA

Level Pin Output 0.6 < | V (DIN+ — DIN-) | 1.5 25 V/Vpp

Voltage vs V(DIN+ — DIN-) <1.3 Vpp 10 KQ from LEVEL
pin to GND
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HYSTERESIS COMPARATOR (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
LEVEL Pin Max Output Current 3.0 mA
LEVEL Pin Output Resistance I(LEVEL) = 0.5 mA 180 Q
DOUT Pin Output Low Voltage 0.0<10L<0.5mA VDD -4.0 VDD -2.8 v
DOUT Pin Output High Voltage 0.0<I0OH<05mA VDD -2.5 VDD -1.8 \
ACTIVE DIFFERENTIATOR
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Input Signal Range 15 Vpp
Differential input Resistance V(CIN+ -~ CIN-) = 100 mVpp 5.8 11.0 KQ
@ 2.5 MHz
Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 6.0 pF
@ 2.5 MHz
Common mode Input Impedance | (both sides) 2.0 KQ
Voltage Gain From CIN+ to DIF: | R(DIF+ to DIF-) = 2 KQ 1.7 2.2 VN
DIF+ to DIF- Pin Current Differentiator Impedance +1.3 mA
must be set so as not to clip
signal at this current level
Comparator Offset Voltage DIF+, DIF = AC Coupled 10.0 mV
COUT Pin Output Low Voltage 0.0<IOH<0.5mA VDD -3.0 \"
COUT Pin Output Pulse voltage 0.0<IOH<0.5mA +0.4 \'
V(high) - V(low)
COUT Pin Output Pulse Width 0.0<IOH<0.5mA 30 ns

OUTPUT DATA CHARACTERISTICS (See Figure 2)
Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled since wave at 2.5 MHz
differentiating network between DIF+ and DIF-is 100Qin series with 65 pF, V (Hys) = 1.8 DC, a 60 pF capacitor
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC and a 10 pF capacitor to GND.

PARAMETER CONDITIONS MIN | NOM | MAX UNIT
D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 0 ns
exceeding threshold to
V(DIF+ — DIF-) reaching
a peak
Propagation Delay (Td3) 110 ns
Output Data Pulse Width Td5 = 670 Cos, +15 %
Variation 50 pF < Cos < 200 pF
Logic Skew Td3 - Td4 3 ns
Output Rise Time VOH = 2.4V 14 ns
Output Fall Time VOL = 0.4V 18 ns
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FIGURE 1(a), (b): AGC Timing Diagrams
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FIGURE 2: Timing Diagram
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PULSE SLIMMING

The "Cosine Equalization” technique used in the SSI 32P546 relies on an external delay line to affect pulse
slimming. This method is illustrated below:

to
PW50
1
=
|
1
|
out !
+ |
—> T

1
]

- /\

B[OUT«r(to)]
,,,,, B[OUT+(!0+21:)]

BINN. —< TS

BOUT =4 (BIN+ —BIN-)

BOUT

PW50

The PWS5O0 reduction is dependent on the amplitude of t and the attenuation (B) between EF3 and BIN-.
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PACKAGE PIN DESIGNATIONS

THERMAL CHARACTERISTICS: @ ja

(TOP VIEW) [ 32-Lead SOW l 55°C/W 1
souT- [ 1 32 [JEF1
BouTs [ 2 31 [Jer2
Bin-[]3 30 [JeFa
BN+ [ 4 29 [1EFs
orF- [ 5 28 [J O+
oF+[]6 27 [] DN+
Hys [ 7 26 [] CIN-
LeveL [] 8 25[] ON-
aac [ o 24 [Jout-
N+ [] 10 23 [Jout+
iN-[] 14 22 [] AGND
HOID [] 12 21[]8YpP
voo [ 13 20 [] baND
cout [] 14 19 [] pout
rRW [} 15 18 [JRD
os[]1e 17 [Jvee
32-Lead SOW
CAUTION: Use handling procedures necessary
for a static sensitive component.
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK

SSI 32P546 Read Data Processor

32-Lead SOW

SSI 32P546-CW

SSI 32P546-CW

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

silicon ustams

Silicon Systems, Inc., 14351 Myford Road, Tustin,

©1988 Silicon Systems, Inc.

2-56

CA 92680 (714) 731-7110, TWX 910-595-2809

0888









SSI 32D531

INNOVATORS IN JINTEGRATION

Iy ™ Data Separator and Write
J ﬂd‘ Precompensation Device

August, 1988
DESCRIPTION FEATURES

The SSI 32D531 Data Separator performs data syn- « MFM & RLL Data Synchronization.
chronization and write precompensation of encoded

data. The interface of the SSI 32D531 isoptimumfor * Optimized for use with the WD1010/WD2010
use with Western Digital's WD1010/WD2010 control- controller family

ler family. ¢ Fast acquisition Phase Locked Loop

The SSI 32D531 contains a high performance Phase  « {F detection

Locked Loop for read data synchronization, a crystal

controlled reference oscillator for write datasynchroni- ¢  Write precompensation

zation, and write precompensation circuitry. The SSI N
320531 emp|oys an advanced blpolar technok)gy . Write data resynchl'onlzed for reduced ]Ittel’
which affords precise bit cell control without the need
for external active components. The SSI 32D531

* No external delay line or varactor diode re-

0888

requires a single +5V power supply and is available in quired
24-pin DIP and 28-pin PLCC packages. * Single +5V power supply
BLOCK DIAGRAM

ENCODED Bl PHASE VOLTAGE CONTROLLED READ
READ DATA ¥ :] DETECTOR OSCILLATOR CLOCK
LATCH

SYNCHRONIZER gYExg%ATA

READ GATE
XTAL1

MFMWRITE
DATA COMP
WRITE DATA

EARLY
[ATE
PRECOMP
ENABLE

PRECOMP SET



SSI 32D531
Data Separator and Write
Precompensation Device

FUNCTIONAL DESCRIPTION

DATA SYNCHRONIZATION

Read Data synchronization is accomplished with a
high performance, fast acquisition Phase Locked Loop
(PLL). Theinput fromthe diskdrive, ENCODED READ
DATA, is phase locked with the VCO clock. The
synchronized Read Data and the VCO clock divided by
two are made available for external data extraction at
the SYNCH READ DATA and READ CLOCK pins,
respectively.

The synchronized Read Datais synchronizedin ajitter-
free manner such that leading edge transitions occur at
the center of READ CLOCK half cycles. This is
accomplished by internally decoding and re-encoding
using the READ CLOCK as a reference.

When READ GATE changes state, the VCOis stopped
and restarted in phase with the PLL input which canbe
either the internal Crystal Oscillator or ENCODED
READ DATA. In this manner the lock time is reduced
due to small angles of phase error. Limiting the phase
error by restarting the VCO in phase with the input
prevents the PLL from locking to harmonics and short
lock times are assured. The correct phase of READ
CLOCK is also ensured by resetting the n/2 Divider at
the same time as the VCO restart.

When READ GATE is high, the 1/4 CELL DELAY
allows the Phase Detector to be enabled priorto when
an edge of the encoded input is to occur. This updates
the PLL on a sampled basis and corrects for any phase
error with each subsequent input pulse. When READ
GATE is low the Phase Detector is continuously en-
abled and the PLL is both phase and frequency locked
to the reference oscillator. By locking the VCO to the
reference oscillator it is virtually at the correct fre-
quency when the PLL is switched to track ENCODED
READ DATA.

The waveforms in Figure 1 are graphic representation
of the PLL alternately locking to ENCODED READ
DATA and the Crystal Oscillator.

‘With an ENCODED READ DATA input of 5 MHz, the
final DC level of the VCO waveform is constant as
shown with transients occurring at each edge of the
READ GATE. The amplitude and duration of the VCO
locking transient is dependent on the initial phase error

on switching (max is 0.5 rad.) as well as the damping
factor and natural frequency of the loop. The lowertwo
waveforms in Figure 1 are an expansion of the EN-
CODED READ DATA and VCO IN signals showing the
effect of disabling the VCO during reference switching
andthe subsequent stairstep characteristic of the VCO
waveform as the PLL locks to the new input.

The synchronizer circuit separates the data and clock
pulses using windows derived from the VCO output.
The window edges are aligned with the opposite edge
from that used to phase lock the VCO. Using a VCO
running at twice the expected input frequency allows
accurate centering of these windows about the ex-
pected bit positions.

1F DATA DETECTION

The SSI 32D531 provides a flag, 1F DETECT, that
indicates a continuous stream of “1’s” or “0’s.”

The period of the 1F Detect Retriggerable One-Shotis
set so that the sum of the 1/4 Cell Delay and the One-
Shot is nominally 1-1/4 time the 2F frequency data
period. This resultsin the 1F DETECT output remain-
ing high during a continuous high frequency input
representing afield of “1’s” and “0’s.” External compo-
nents R1F and C1F at the 1F DETECT SET pin are
used to set the One-Shot delay. A Latch operates in
conjunction with the One-Shot to guarantee a mini-
mum 1F DETECT output pulse width of one data
period.

WRITE PRECOMPENSATION

Write precompensation reduces the effect of intersym-
bolinterference caused by magnetic transition proxim-
ity in the disk medial. Compensation consists of
shifting written data pulses in time to counteract the
read back bit shifting caused by such interaction. The
severity of the intersymbol interference is a function of
radialvelocity of the media, the magnitude of the write
pulse and the data pattern. Typically, write precom-
pensation is enabled at the same time as the write
current level is reduced.

The COMP WRITE DATA output is a re-synchronized
version of the MFM WRITE DATA input that has been
time shifted, if needed, to reduce intersymbol interfer-
ence. Re-synchronization, to the internal crystal oscil-
lator, is performed to minimize bit jitter in the output
waveform. The magnitude of the time shift, TC, is

3-2
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determined by the RC network at the PRECOMP SET
pin and is applied as noted in Table 1 according to the
states of EARLY, LATE and PRECOMP ENABLE.
Figure 2is a furtherillustration of these timing relation-
ships.

TABLE 1: Write Precompensation Truth Table

PRECOMP

ENABLE EARLY | LATE DELAY
0 X X Constant
1 0 0 lllegal State
1 0 1 TN-TC
1 1 0 TN+ TC
1 1 1 TN

TN = Nominal Pulse Delay
TC = Magnitude of Time Shift

REFERENCE OSCILLATOR

The crystal controlled oscillator serves as the system
master clock for the write functions. Its frequency
divided by two provides a WRITE CLOCK for an
external MFM encoder. It is also used to re-synchro-
nize the MFM WRITE DATA for precise timing control
when writing data to the disk. A series resonant crystal
should be used.

Additionally, the oscillator output is used as a standby
reference for the PLL when READ GATE is low. This
enables the PLL to lock rapidly to incoming data when
required.

When an external system clock, is available it may be
connected to XTAL1, and XTAL2 should be left open.

vco \

Veoin Disabled

— Expanded Scale

FIGURE 1 : Encoded Read Data Waveforms
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SSI 32D531
Data Separator and Write
Precompensation Device

PIN DESCRIPTION

NAME TYPE DESCRIPTION

MFM WRITE DATA | Write data to be resynchronized and precompensated. Syn-
chronous with WRITE CLOCK.

PRECOMP ENABLE 1 Enables precompensation to be controlied by -EARLY or
—-LATE.

EARLY | When low causes the MFM WRITE DATA pulses to be written
late.

ENCODED READ DATA | MFM encoded read data pulses from the read amplifier circuits.

READ GATE | Selects the reference input to the PLL. Selects ENCODED
READ DATA when high, crystal oscillator when low.

VCC 1 +5V

GND | Power and signal ground connection.

WRITE CLOCK O Crystal-controlled reference oscillator frequency divided by
two. Used by the controller to generate MFM WRITE DATA.

COMP WRITE DATA O Re-synchronized and precompensated write data.

READ CLOCK (0] Voltage-controlled oscillator output divided by two. SYNC
READ DATA is synchronized to this signal.

SYNC READ DATA (o} Synchronized read data output. Leading-edge transitions
occur at center of READ CLOCK half cycles.

1F DETECT (0] Flag used to locate strings of MFM-encoded 1’s or 0’s in the
ENCODED READ DATA input.

XTAL1, XTAL2 110 Connections for oscillator crystal. If oscillator is not required,
XTAL1 may be driven by TTL logic signal at twice the data rate
and XTAL2 left open.

PRECOMP SET /10 Pin for R-C network to control write precompensation eariy and
late times

1F DETECT SET 110 Pinfor R-C network to control the 1F detect period. Component
values are dependent onthe minimum dataperiodthatwillkeep
1F DETECT high.

1/4 CELL DELAY SET Vo] Pinfor R-C networkto controlthe 1/4 CELL DELAY. This allows
the Phase Detector to be enabled 1/4 of the data period prior to
receiving an MFM data input.

CF1,CF2 110 Pins for the capacitor used in conjunction with RF and RS to set
the VCO center frequency.

RF, RS /10 Pin for resistors used in conjunction with capacitor to set the
VCO center frequency.

PD OUT 1/0 Output of phase detector, input to loop filter.

VCOIN /10 Controlinput of the VCO, for connection of the loop filter output.

0888



SSI 32D531
Data Separator and Write
Precompensation Device

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.

PARAMETER RATING UNIT
Storage Temperature -65 to +150 °C
Ambient Operating Temperature, TA 0to +70 °C
Junction Operating Temperature 0to +130 °C
Supply Voltage, VCC -0.5t0 +7.0 Vdc
Voltage Applied to Logic Inputs -0.5 Vdc to VCC +0.5 Vde
Maximum Power Dissipation 800 mw
DC CHARACTERISTICS

Unless otherwise specified 4.75 < VCC < 5.25V, Ta= 010 50 °C, RPC = 3.3K, CPC = 24 pF, R1F = 16K, C1F
=120 pF, RQC = 8.2K, CQC = 56 pF, RF = 499, RS = 499, CF = 56 pF, and X1 = 8 MHz to 10.5 MHz crystal
conforming to military type HC19A/U.

PARAMETER CONDITIONS MIN | NOM | MAX UNIT
High Level Input Voltage, VIH 2.0 \'
Low Level Input Voltage, VIL 0.8 \'
High Level Input Current, IIH VIH=2.7V 20 HA
Low Level Input Current IIL VIL = 0.4V -0.36 mA
High Level Output Voltage, VOH

Comp Write Data IOH = -400 pA 2.7 \"
All Others IOH = -50 pA 4.6 \"
Low Level Output Voltage, VOL

Comp Write Data IOL =4 mA 0.4 \Y
All Others IOL=1mA 0.4

Power Supply Current, lcc All Outputs Open 100 mA

DATA DETECTION CHARACTERISTICS (SEE FIGURE 1)

PARAMETER CONDITIONS MIN NOM MAX UNIT
ENCODED READ DATA 10 TRCE | 10 ns
Pulse Width, TERD 2

ENCODED READ DATA 0.8Vto 2.0V, CL=15pF 20 ns
Positive Transition Time, TERDPT

READ CLOCK 0.85 1.15 ns
Repetition Period Range, TRCF TWCF TWCF
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SSI1 32D531

Data Separator and Write
Precompensation Device

DATA DETECTION CHARACTERISTICS (SEE FIGURE 1)

that VCO may be disabled during
reference switching

PARAMETER CONDITIONS MIN NOM | MAX UNIT
READ CLOCK Pulse Width, TRC TRCE 4 TRCF , 7 ns
2 2
READ CLOCK 0.9Vto 4.2V,CL =15 pF 15 ns
Positive Transition Time, TRCPT
READ CLOCK 4.2Vt0 0.9V,CL=15pF 10 ns
Negative Transition Time, TRCNT
SYNC READ DATA  TSRDD1 0 TRCF -20 ns
Delay TSRDD2 0 TRCF-TRC| ns
-20
SYNC READ DATA 19 TRCF ns
Pulse width, TSRD1,2 2
SYNC READ DATA 0.9Vto 4.2V,CL =15 pF 15 ns
Positive Transition Time, TSRDPT
1F DETECT Delay TD = 0.086 (RIF) (CIF + 7pF) | 0.9TD 117D sec
T1FD Accuracy +TQC,C1F = 100 pF to 180 pF
1/4 CELL DELAY, TDQ = 0.095 (RQC)(CQC 0.85 1.15 sec
TQC Accuracy +7pF) CQC =43 pFto 82 pF| TDQ TDQ
PHASE LOCKED LOOP CHARACTERISTICS
VCO Period Accuracy, TVCO Oscillator period, TO = 1.7(RF | 0.9TO 1.1TO sec
+ RS) CF, CF = 20 pF to
82 pF, RF = RS = 499Q
VCO Frequency Range VCO IN = 0.85V to Vcc +20 +30 %
-0.85V, Vcc =5.0V
Phase Detector Gain, KD w/respect to 5 Mbit/sec 30 45 pA/rad
data rate, Vcc = 5.0V
VCO Control Gain, KVCO Wo = Vco radian center 0.12Wo 018Wo rad/
frequency v v (sec.V)
V=VCO IN voltage change
VCO IN = 0.85V to Vcc
-0.85v
VCO Phase Preset Error +0.5 rad
Data Detection Window +0.02 ns
Centering Accuracy TRCF +4
Number of Read Clock Period 2
Delay From ENC RD DATA Input
to SYNC RD DATA Qutput
Number of READ CLOCK periods 3

0888



SS132D531
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WRITE PRECOMPENSATION SWITCHING CHARACTERISTICS (SEE FIGURE 2)

PARAMETER CONDITIONS MIN NOM MAX UNIT
WRITE CLOCK Repetition Controlled by X1 Freq. 190 250 ns
Period, TWCF

WRITE CLOCK TWCE 15 TWCE , 10 ns
Pulse, Width, TWC 2 2

WRITE CLOCK Positive 0.9Vto 4.2V,CL =15 pF 15 ns

Transition Time, TWCPT

WRITE CLOCK Negative 4.2Vto 0.9V, CL = 15 pF 10 ns

Transition Time, TWCNT

MFM WRITE DATA Set Up 15 ns

Time, TWDS1,2

MFM WRITE DATA Hold 10 ns
Time, TWDH1,2

MFM WRITE DATA Release 15 ns

Time, TWDR1, 2

EARLY or LATE Set Up 125 ns

Time TELS1,2

EARLY or LATE Hold Time 10 ns

TELH1,2

COMPENSATED WRITE CL=15pF 40 TWCF ns
DATA, Pulse Width, TCWD 2
COMPENSATED WRITE DATA TWCF ns
“Nom” Pulse Width Delay, TN 2
COMPENSATION WRITE DATA | TC =0.15 (RCP) (CPC) 0.8TC 1.2TC sec
Compensation Accuracy, TE, TL | CPC = 15 pF to 36 pF

COMPENSATED WRITE DATA 0.8Vto2.0V,CL =15 pF 10 ns
Positive Transition Time,

TCWDPT
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TERD -] '——- TERDPT
20V

encopep 3V 0.8V
READ DATA 1 |
TRCF
G TRCNT—-' ‘-— —>| l——TRCF’T
a2v
READ 0.9V
cLOCK
TsanA‘ TSRDD2
'rsnm }-/ —l I»TSRDPT 1-—TSR02
42v
1.5V
SYNCH D 0.9V
READ DATA PULSE PULSE
TIFD i
IF DETECT

1.5V 3k /

FIGURE 2: Data Detection and Synchronizing Waveforms

CLOCK 15V

oscn.unoallllll rcl'l'llllll
(REF)
’i—TWOF——-D I

L—TWCPT

42V
0 9V

TWDH1 —» TWDH2
TWDR1 TWDR2
TWDS1 —-Pl Twosz—»l

PULS E

TELH1 |‘~TEL52 *'
e

IQ—TELH2

MFM ad PULSE
WRITE DATA

ld—TELSI >
-EARLY OR
LATE 1.5v

TN—>

comP
WRITE DATA

” . F

TCWDPT

2 OV

FIGURE 3: Write Precompensation Waveforms
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LOW PASS FLTER ";

DRUN

I ———
cLOCK
WD1010-06
LER
SYNCH RD
sTs08 READ DATA
INTERFACE READ o
GATE
WRITE WelK
CLoCK
MFM WRITE WD
CoMP DATA

WRITE DATA

FIGURE 4: Typical System Connections

Application Information

In a typical application the SSI 32D531 is used with a Western Digital WD1010-05 Winchester Disk Controller as shown in Figure 4.
Interface to the disk drive consists of the Read data input signal from the drive and the Write data output signal from the SSI 32D531. All
the other connections are with the WD1010 and external components.
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SSI 32D531
Data Separator and Write
Precompensation Device

LOOP FILTER

The low pass filter serves several purposes, it attenu-
ates high frequency components of the phase error
signal from the phase detector and modifies the dy-
namics of the PLL. In lock mode, the PLL can be
approximated by the linear model shown in Figure 5.

Standard linear system analysis methods can then be
used for analysis. The transfer functions of each of the
blocks are as follows:

KD = conversion factor for phase detector in pA/radian
KVCO = VCO gain factor in radians/second volt

F(s) = Low pass filter transfer function

Thus the closed loop transfer function is

H(s) ~KDKVCO F(s) where N = ratio between 5M

N bit/sec and fin (i.e. for pre-
amble N = 1,for crystal refer-
S+&K'\YC—Q F(s) ence N = 0.5)

The transient performance and frequency response is
highly dependent on the filter transfer function F(s).

To obtain a zero phase error, a type 2 or higher system
must be used. This necessitates the use of a filter

transfer function with at least one pole at the origin to
obtain two poles at the loop gain origin. A detailed
analysis supporting this choice can be foundin Phase-
lock Techniques by Gardner'. The filter shown in
Figure 6 can be used which will give independent
control of the damping factor and natural frequency of
the closed loop function. Proper choice of capacitors
C1 and C2 will effect loop settling time and stability.
More complex filters can be used that give finer control
over loop parameters and enhance performance even
further.

1. Gardner F.M. Phaselock Techniques, Wiley N.Y.,
Second Ed., 1967

Vco FREE RUNNING FREQUENCY

The external components RF, RS and CF, are chosen
to set the VCO frequency at twice the ENCODED
READ DATADbitrate. Fora symmetrical window, equal
values of RF and RS are used. Increasing the ratio RF/
RS causes the detection windowto occur earlierin time
with respect to ENCODED READ DATA. Decreasing
the ratio has the opposite effect, the value of the time
shift is:

T =TVCO (RF - RS)/(RF + RS)

Voltage Controlled

Phase Detector Low Pass Filter Oscillator
6i(s) pA Kveo  rad
fi KD rad Fls) s  sechoit
id = KD (6i - 80) Ve =F (s) id %0
fo | 6o(s) & ~Kveove)

FIGURE 5 : Phase Locked Loop

R
—=C2

ES

ci

F(s)=

145C,R
sc,(1+ 22450,
C,

FIGURE 6 : Loop Filter Example
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PACKAGE PIN DESIGNATIONS

CAUTION: Use handling procedures necessary

(TOP V|EW) for a static sensitive component.
IF DETECT SET[] 1 2a[Jvce g E § ;
ENCODED READ DATA [] 2 23[]1/4 CELL DELAY SET 222 ¢¢ 8%
READ CLOCK [] 3 22[1RF /,-“_.,:..-,.-..—..—. |
READ GATE [] 4 21 [JcF2 roaels o T Tale
SYNC READ DATA [] 5 20 []CF1
IF DETECT [] 6 19f]Rs SYNC READDATA [6 24 [] cF2
PRECOMP ENABLE [] 7 18 [JVCOIN " oeTecT [J7 =[] cF1
WRITE CLOCK [| 8 17 [JPD OUT PRECOMP ENABLE [[8 2] rs
EARLY[] o 16 [JXTAL2 WRITE cLock []e 21 [] vcoIN
TATE[] 10 15 [] XTAL1 BRLY [J1o 20 [] PDOUT
MFM WRITE DATA [ 11 14 []PRECOMP SET N—_— 1o fxae
GND [] 12 13 [] COMP WRITE DATA 12 13 14 15 16 17 18
24-Lead PDIP S8 88EE 32
@ 28 &
H
28-Lead PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
SS132D531
24-Pin PDIP 32D531-CP 32D531-CP
28-Pin PLCC 32D531-CH 32D531-CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice. '
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INNOVATORS IN JINTEGRATION

SSI 32D5321

Data Synchronizer/
2,7 RLL ENDEC

silicm ﬂm

DESCRIPTION

The SSI 32D5321 Data Synchronizer / 2, 7 RLL
ENDEC provides data recovery and data encoding for
storage systems which employ a 2, 7 RLL encoding
format. Data synchronization is performed with a fully
integrated high performance PLL. A zero phase
restart technique is used to minimize PLL acquisition
time. The SSI132D5321 has been optimized for opera-
tion as a companion device to the SSI 32C452A and
the AIC 010 controllers. The VCO frequency setting
elements are incorporated within the SSI 32D5321 for
enhanced performance and reduced board space.
Datarate is established with a single external program-
ming resistor. The SSI 32D5321 utilizes an advanced
bipolar process technology which affords precise
decode window control without the requirement of an
accurate 1/4 cell delay or external devices. To en-
hance disk drive testability, decode window symmetry
control is available through a digital uP port and/or two
analogpins. Thisfeature canfacilitate defect mapping,
automatic calibration, systematic error cancellation,
window margin testing and error recovery. The SSI
32D5321 requires a single +5V power supply and is
available in 28 pin DIP and PLCC packages.

January 1988

FEATURES

Data Synchronizer and 2, 7 RLL ENDEC
7.5 to 15 Mbits/sec Operation
Programmed with a Single External Resistor

Optimized for Operation with the SSI 32C452A
and AIC 010 Controllers

Programmable Decode Window Symmetry via a
1P Port and/or Analog Pins

Fast Acquisition Phase Locked Loop
- Zero Phase Restart Technique

Fully Integrated Data Separator
- No External Delay Lines or Active Devices
Required

Crystal Controlled Reference Oscillator
Hard/Soft Sector Operation

+5V Operation

28 Pin DIP and PLCC Packages

0188

BLOCK DIAGRAM

PIN DIAGRAM

wa ] 1 28 [] SOFT/HARD
VPA [] 2 27[] WD
spo ] 8 26[] VPD
RO 4 25[] XTAL2
RG [] s 24[] XTAL1
sDs [] & 23[] DGND
EPD [} 7 22[] RRC
NC [] 8 21[] WCLK
VCOIN [ o 20[] NRZ
PDOUT [ 10 191 AMD
AGND [ 11 18 [] wsL
RS [] 12 17[] wsD
RF [] 13 ‘SE Wwst
IREF [] 14 15 [] WSO

CAUTION:  Use handling procedures necessary
for a static sensitive component.




SSI 32D5321
Data Synchronizer/
2, 7 RLL ENDEC

PIN DESCRIPTIONS

INPUT PINS

NAME TYPE

DESCRIPTION

RD I

READ DATA: Encoded Read Data from the disk drive read channel, active
low.

RG |

READ GATE: Selects the PLL reference input and initiates the PLL
synchronizationsequence. A high level selects the RD input and enables
the Read Mode/Address Mark Detection sequences. A low level selects the
crystal reference oscillator. Pin RG has an internal resistor pull-up.

WG 1

WRITE GATE: Enables the write mode. Pin WG has aninternal resistor pull-
up.

WSL |

WINDOW SYMMETRY LATCH: Used to latch the input window symmetry
control bits WSD, WS0 and WS1 into the internal DAC. An active high level
latches the input bits. Pin WSL has an internal resistor pull-up.

WSD |

WINDOW SYMMETRY DIRECTION: Controls the direction of the optional
window symmetry shift. Pin WSD has an internal resistor pull-up.

WS0 I

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window
shift of 1.5 % TORC (Read Reference Clock Period) in the direction
established by WSD. Pin WSO has an internal resistor pull-up.

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window
shift of 6% TORC (Read Reference Clock Period) in the direction estab-
lished by WSD. A low level at both WSO and WS1 will produce the sum of
the two window shifts. Pin WS1 has an internal resistor pull-up.

SOFT/HARD |

SOFT/HARD SECTOR: Selects the address mark and the Preamble field
patterns. A high level (Soft Sector) selects a 3T Preamble Field pattern and
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects
a 4T Preamble Field pattern and disables the address mark circuitry. Pin
SOFT/HARD has an internal resistor pull-up.

WCLK |

WRITE CLOCK: Write Clock input. Must be synchronous with the Write
Data input on the NRZ Data Port. For small cable delays, WCLK may be
connected directly to pin RRC (Read/Reference Clock).

EPD |

ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the
phase detector and allows the VCO to coast. Pin EPD has an internal
resistor pull up.

BIDIRECTIONAL PINS

NRz 1’10

NRZ DATA PORT: Read Data output when RG is high and Write Data input
when WG is high. In the idle mode NRZ is in a high impedance state.

3-14
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SSI 32D5321
Data Synchronizer/
2, 7 RLL ENDEC

PIN DESCRIPTIONS (cont,)

OUTPUT PINS

NAME TYPE DESCRIPTION

WD 0 WRITE DATA: Encoded write data output, active low.

RRC o READ/REFERENCE CLOCK: A multiplexed clock source used by the con-
troller. Inthe read mode, this clock is the VCO frequency divided by two (1/
TORC) and inthe write mode it is the crystal reference frequency divided by
two (1/TORO). No short clock pulses are generated during a mode change.

AMD o ADDRESS MARK DETECT: Inthe soft sector Read Mode, a latched low
leveloutput indicates that an address mark has been detected. In non-Read
modes AMD is configured as a high impedance output.

SDO (o) SYNC DETECT OUTPUT: An active low output that indicates successful
detection of the 3T Preamble sync field. THE SDO pin is not a TTL level
signal.

ANALOG PINS

IREF | TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay
are a function of the current source into pin IREF. The current is set by an
external resistor, RR, connected from IREF to VPA.

XTAL1, | CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not
XTAL2 desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The
frequency must be at twice the data rate.

PD OUT (0] PHASE DETECTOR OUTPUT: Drives the Loop Filter input.

VCOIN | VCO CONTROL INPUT: Driven by the Loop Filter output.

SDS 1 SYNC DETECT SET: Used to program the sync detect retriggerable one-
shot timing with an external R-C network. Connect the capacitor, Cd, to VPA
and the resistor, Rd, to AGND.

RF, RS | WINDOW SYMMETRY ADJUST PINS: Provides analog control over the
decode window symmetry; typically used to null out any window symmetry
offset. A resistor connected from either RF or RS to AGND will provide
magnitude and direction control. They can be used in conjunction with the
digital control port WSD, WS0, WS1.

POWER

DGND, AGND I DIGITAL AND ANALOG GROUND

VPA 1 ANALOG +5V

VPD 1 DIGITAL +5V
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OPERATION

The SS132D5321 is designed to performdata recovery
and data encoding in rotating memory systems which
utilize a 2, 7 RLL encoding format. In the Read Mode
the SSI 32D5321 performs Data Synchronization,
Sync Field Search and Detect, Address Mark Detect
and Data Decoding. In the Write Mode, the SSI
32D5321 converts NRZ data into the 2,7 RLL format
described in Table 1, it generates the Preamble Field,
and inserts Address Marks as requested. The inter-
face electronics and architecture of the SSI 32D5321
have been optimized for use as a companion device to
the SSI 32C452A or AIC 010 controllers.

The SSI 32D5321 can operate with data rates ranging
from 7.5 to 15 Mbits/sec. This data rate is established
by a single 1% external resistor, RR, connected from
pin IREF to VPA. This resistor establishes a reference
current which sets the VCO center frequency, the
phase detector gain, and the 1/4 cell delay. The value
of this resistor is given by:

RR = 40.67 -0.5 (KQ)
DR

where: DR = Data Rate in Mbits/sec.

An internal crystal reference oscillator, operating at
twice the data rate, generates the standby reference
forthe PLL. A series resonant crystal between XTAL1
and XTAL2 should be selected at twice the Data Rate.
Ifacrystal oscillatoris notdesired, thenanexternal TTL
compatible reference may be applied to XTAL1, leav-
ing XTAL2 open.

The SS132D5321 employs a Dual Mode Phase Detec-
tor; Harmonic in the Read Mode and Non-Harmonic in
Write and Idle Modes. Inthe Read Mode the Harmonic
Phase Detector updates the PLL with each occurrence
ofaDLYD DATA pulse. Inthe Write and Idle Modesthe
Non-Harmonic Phase Detector is continuously en-
abled, thus maintaining both phase and frequency
lock. By acquiring both phase andfrequency lock to the
crystal reference oscillator and utilizing a zero phase
restart technique, false lock to DLYD DATA is elimi-
nated.

The phase detector incorporates a charge pump in
order to drive the loop filter directly. The polarity and
width of the output current pulses correspond to the
direction and magnitude of the phase error. Figure 1
depicts the average output current as a function of the
input phase error (relative to the VCO period).

The READ GATE (RG), and WRITE GATE (WG),
inputs control the device mode as describedin Table 2.
RG is an asynchronous input and may be initiated or
terminated at any position on the disk. WG is also an
asynchronous input, but should not be terminated prior
to the last output Write Data pulse.

'READ OPERATION

The Data Synchronizer utilizes a fully integrated fast
acquisition PLL to accurately develop the decode win-
dow. Read Gate, RG, initiates the PLL locking seq-
uence and selects the PLL reference input; a high level
(Read Mode) selects the RD input and a low level
selects the crystal reference oscillator.

In the Read Mode the rising edge of DLYD DATA
enables the Phase Detector while the falling edge is
phase compared to the rising edge of the VCO. As
depicted in Figure 2, DLYD DATA is a 1/4 cell wide
(TVCO/2) pulse whose leading edge is defined by the
leading edge of RD. An accurate and symmetrical de-
code window is developed from the VCO clock. The
decode window is generated from the falling edges of
the VCO clock. By utilizing a fully integrated symmet-
rical VCO running at twice the data rate, the decode
window is insured to be accurate and centered sym-
metrically about the falling edges of DLYD DATA. The
accuracy of the 1/4 cell delay only affects the retrace
angle of the phase detector and does not influence the
accuracy of the decode window.

Shifting the symmetry of the VCO clock effectively
shifts the relative position of the DLYD DATA pulse
within the decode window. This powerful capability
easily facilitates defect mapping, automatic calibra-
tion, window margin testing, error recovery, and sys-
tematic error cancellation. For enhanced disk drive
testability and error recovery, decode window controlis

3-16
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provided via a uP port (WSL, WSD, WS0, WS1) as
described in Table 3. In applications not utilizing this
feature, WSL should be connected to ground, while
WSD, WS0, and WS1 can be left open.

Window shifts inthe range of +1.5%to +7.5% of TORC
are easily programmed by latching the appropriate
control word into the Window Shift Register with the
WSL pin. Shifts in the positive or negative directions
result in early or late decode windows respectively, as
depicted in Figure 3. Additionally, for small systematic
error cancellation, a resistor, R, connected from either
RS (Early) or RF (Late) to ground will provide analog
control overthe decode window. The magnitude of this
shift, TSA is determined by:

TSA=0.125 TORC|1- 880+R_
1180 +R

where: R is in ohms

Pins RF and RS are intended to be used as a trim and
should be restricted to +1.5% window shifts. They can
be used in conjunction with the digital control port.

In Non-Read Modes, the PLL is locked to the crystal
reference oscillator. This forces the VCO to run at a
frequency which is very close to that required for
tracking actual data and thus minimizes the associat-
ed frequency step during acquisition. When the refer-
ence input to the PLL is switched, the VCO is stopped
momentarily, then restarted in an accurate phase
alignment with the next PLL reference input pulse, and
the VCOclockdivideris reset. By minimizingthe phase
alignment in this manner (phase error < 0.5 rads), the
acquisition time is substantially reduced.

The SSI 32D5321 provides two sync modes for con-
trolling the PLL locking sequence; Soft Sector and
Hard Sector.

SOFT SECTOR MODE

The Soft Sector Mode activates the Preamble Search
and Address Mark detection circuitry. As depicted in
Figure 4, when RGtransitions high, the counter is reset
and the SSI 32D5321 requires 10 high to low transi-
tions (Preamble ‘1’ bits) before switching the reference
input to the PLL, 48 high to low transitions before

3-17

switching the Read Reference Clock to the VCO clock
divided by two and activating the Address Mark Detect
circuitry; then it must detect the Address Mark prior to
80 high to low transitions in order to enter the Read
Mode. This sequence repeats after 95 input ‘1’ bits until
the read mode is successfully entered or until RG is
cancelled.

When RG transitions high, the following PLL locking
sequence begins:

a) PREAMBLE SEARCH:

The 3T detect circuitry initiates the PLL locking
sequence once it has detected 10 consecutive
‘100’ bit groups from the 3T preamble field.
The 3T detect timing is set by the sum of the
1/4 cell delay and the retriggerable one-shot
delay. The 1/4 cell timing capacitor is included
on-chip and its timing is externally set by
resistor RR. The retriggerable one-shottiming
is externally set by resistor Rd and capacitor
Cd. The sumoftheirdelays is setto 3.5 bit cell
times. Therefore, a continuous stream of input
pulses with a 3T bit cell time pulse rate keeps
the one-shot reset, and a 4T or longer bit cell
time input period allows the one-shot to time
out producing a 4T detect pulse. The 4T detect
pulse resets the Input Counter and the search
is started over.

b) PLL ACQUISITION:

Once 10 consecutive ‘100’ bit groups are de-
tected, the reference input to the PLL is
switched from the crystal reference oscillator
to the DLYD DATA, the VCO is phase reset to
the next DLYD DATA pulse, and PLL acquis-
tion begins. When an additional 38 ‘100’ bit
groups are detected, the Read Reference
Clock output (RRC) is switched to the VCO
clock divided by 2, the 4T Detect circuitry is
inhibited, and the Address Mark Detection
circuitry is enabled. If a 4T detect pulse occurs
before 48 Preamble ‘1’ bits are detected, then
the PLL is locked back to the crystal reference
oscillator, the RRC output is switched to the
crystal reference oscillator divided by 2, the
Input Counter reset, and the sequence is re-
started. No short duration glitches will occur at
the RRC output during this switching. =~
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c) ADDRESS MARK DETECTION:

The circuit searches for the occurrence of the
5EAxis Address Mark. If an Address Mark is
detected prior to the Input Counter reaching
count 80, the correct phase of the RRC is
ensured by resetting the n/2 divider, the AMD
output is latched low, the PLL training se-
quence is terminated, and the Read Mode is
entered allowing the data field to be read. if the
Input Counter reaches count 80 before the
Address Mark is detected, the PLL is locked
back to the crystal reference oscillator, the
RRC output is switched to the crystal refer-
ence oscillator divided by 2, and the PLL
training sequence is restarted when the Input
Counter reaches count 96. Figure 5 depicts
the Address Mark detection sequence.

HARD SECTOR MODE

In the Hard Sector mode (SOFT/HARD = 0) the SSI
32D5321 utilizes a 4T (1000) Preamble Field and
disables the Preamble Search and Address Mark de-
tection circuitry. It allows the PLL to be controlled
directly by RG for Hard Sector format operation. With
the absence of an Address Mark, the 4T Preamble
Field is utilized to properly set the bit cell alignment
boundaries for proper decoding.

When RG transitions high, as depicted in Figure 6,
reference input to the PLL is switched from the crystal
reference oscillator to DLYD DATA, the VCO is phase
reset to the next DLYD DATA pulse, and the PLL
acquisition begins. When 32 ‘1’ Preamble bits are
detected, the RRC output is switched to the VCO clock
divided by 2, and the Read Mode is entered allowing
the data field to be read.

In the Hard Sector mode, the NRZ output is inverted
and willremain low until the data field is read, as shown
in Figure 7. Since the Preamble Search circuitry is not
utilized, the external one-shot timing components (Cd,
Rd) are not required and the SDS pin can be left open.

WRITE OPERATION

Inthe Write Mode the SS132D5321 converts NRZ data
from the controller into 2, 7 RLL formatted data for
storage onto the disk. The SSI 32D5321 can operate
with a soft or hard sectored disk drive. In the Soft
Sector Mode, (SOFT/HARD = 1) the device generates
a 3T Preamble Field and can insert a N7V Address
Mark. The N7V Address Markis avalid2, 7 RLL pattern
which is not contained in the code set. In the Hard
Sector Mode, (SOFT/HARD = 0) the device generates
a4T Preamble Field and no Address Mark. Serial NRZ
data is clocked into the SSI 32D5321 and latched on
defined cell boundaries. The NRZ input data must be
synchronous with the rising edges of the WCLK input.
In a SCSI or ST506 operation, WCLK is connected
directly to the RRC output.

SOFT SECTOR MODE

In the Soft Sector Mode, when WRITE GATE (WG),
transitions high and the NRZ input is held low, the SSI
32D5321 automatically generates the 3T (100) Pre-
amble Field at the WRITE DATA (WD), output. The 3T
Preamble Field will continue to be generated until the
first low to high transition on the NRZ line. As shown in
Figure 8, the first low to high transition occurs with the
second bit ‘1’ of the 516 (0101) in the 5EAxie Address
Mark generation pattern. To generate the Address
Mark, the SSI 32D5321 automatically changes the ‘1’
in the eleventh position (see note 3) of the 2, 7 RLL
encoded sequence, to a ‘0’. This generates a pattern of
seven zero's followed by two zero's. This unique pat-
tern satisfies the 2, 7 RLL constraints, but will never
occur during a normal encoding sequence. The x1e of
the 5EAxis Address Mark generation pattern can be
selected, a ‘C+6’ (1100) was utilized in this example.

HARD SECTOR MODE

Inthe Hard Sector Mode, when WG goes high and the
NRZ input is held low, the SSI 32D5321 automatically
generates the 4T (1000) Preamble Field at the WRITE
DATA, WD, output. Note that inthe Hard Sector mode,
the NRZ input is inverted, therefore a constant low is
equivalent to an ‘11 . . .’ input which generates the 4T
‘1000. ..’ Preamble Field. The 4T Preamble Field will
be generated between the time WG goes high and the
first low to high transition on the NRZ line. The
32D5321 requires a minimum of 32 4T (1000) bit
groups prior to the data field.
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NRz 2,7RLL
10 0100

11 1000

000 000100
010 100100
011 001000
0010 00100100
0011 00001000

TABLE 1: 2,7 RLL CODE SET

WG RG MODE

0 0 IDLE

0 1 READ

1 0 WRITE

1 1 ILLEGAL

TABLE 2: MODE CONTROL

-‘o-o-no—nog|
o

Ts, NOMINAL WINDOW SHIFT

+TS3

+1S2

+TS1

0

-TS3

-TS2

-TS1

0

3
o

_&_Loo—l—loom

TABLE 3 : DECODE WINDOW SYMMETRY CONTROL
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AVERAGE
4 AVERAGE 4 OUTPUT CURRENT

OUTPUT CURRENT lo 4- ——_———

n|&
}
K

> } T >
/_2"t - T I/ZI" @ ERROR 2! I x  2n @ ERROR
Clo L )
2 '
]
. slo -
a) HARMONIC MODE b) NON-HARMONIC MODE

Note 1) lo is the magnitude of the charge pump current.
2) Phase error is relative to the VCO period

FIGURE 1: PHASE DETECTOR TRANSFER FUNCTION

s7ruoaa |0l ol ol ol ol v lololololols]olololol]

RO
4 cELL

DLYD
DATA

RRC _I
(DECODE WINDOW)

PHASE DET
ENABLE [1 3

FIGURE 2: DATA SYNCHRONIZATION WAVEFORM DIAGRAM
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:
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(a) EARLY (b) NORMAL (c) LATE

FIGURE 3: DECODE WINDOW

| - aT (100) PREAMBLE FIELD | ADDRESS FIELD
L
3T DETECT X
PLLREF2 XTAL i |
DLYD DATA L
ADDRESS _ MARK » .
DETECT  ENABLE 1 [
VCO RESTART 2 [—| i_-! |_|
2 Veco T
RRCSOURCE? 1 ]
. J— | | oo
e IRXXK KKK KRR -0
INPUT COUNTER 2 } } } }
0 10 48 80
Notes: 1) Dashed lines represent conditions where AMD did not occur
2) Representations of internal signals
3) Dotted lines represent a high impedance output state

0188

FIGURE 4: SOFT SECTOR MODE TIMING DIAGRAM
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vco out3” ||IH||H||H l IIIHHH][IIIIHH HIIIHI
rececececececcapipipipipipinipin

G I T T T A T O L (N R T B BT R RO LI B

A 1 1 1 1 1 1 1 0 1 0 1 1 0 0
2

SYNC FIELD l Atg | Cig |

NRZ l | -
AMD |

Notes: *1) These four bits can be any combination, Cis (1100) was selected in this example
*2) The 5E1s of the SEAx1s Address Mark is not read back
*3) Representations of internal signals

FIGURE 5: ADDRESS MARK DETECTION AND NRZ OUTPUT WAVEFORM

4T (1000) PREAMBLE FIELD DATA FIELD l

RG

]
2 XTAL
PLLREF DLYD DATA ———] ,_—
-

VCO RESTART2

vco

XTAL I
S OO e ee T—

INPUT COUNTER } '
0 32

RRC SOURCE?

Notes: 1) Dashed lines represent a high impedance output state
2) Representations of internal signals

FIGURE 6: HARD SECTOR MODE TIMING DIAGRAM
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3I1 32

INPUT COUNTER

T
ENCODED 2, 7 DATA |1|0|0|0 1|0|0‘0 1|0l0|1|0l0|Ol1l0l0|1|0l0l0|0|0|0l1|Ol0|
B 0 1 I

|
pLYD DATA!” ﬂ —I h‘ ‘ l ﬂ ﬂ
woour ML MUY

AR z@}m

DECODED NRZ DATA 1|1|1|1|1 1‘1o|1|o|\|o|1|1|

NRZ OUTPUTZ | [ 1 [

Notes: *1) Representations of internal signals
*2) In hard sector mode the NRZ output is inverted

FIGURE 7: HARD SECTOR MODE DECODE TIMING

5 E16 Mo xd" PATA ——

=i L B L I I B B B I B B B B N B N R AN
NRZ

vcooutr?

RRC (WCLK)

WD

)
ENCODED2.7 |o|||o|o|1lo|o ||o|o|1|o|o ||o|o|o|a-|o|o|o‘||o|o|:|o|o|o|1|o|o|1!o|o|o|o|o|o|||

Fi'

Notes: *1) X1 can be any comrbination, C1s (1100) was selected in this example
*2) Representations of internal signals
*3) Deleted ouput pulse to encode Address Mark

FIGURE 8: WRITE ADDRESS MARK GENERATION
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATINGS UNIT
Storage Temperature -65 to +150 °C
Ambient Operating Temperature, TA 0to +70 °C
Junction Operating Temperature 0to +130 °C
Supply Voltage, VCC -05t07 Vdc
Voltage Applied to Logic inputs -0.5t0 VCC +0.5 Vdc
Maximum Power Dissipation 950 mwW

DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC
<5.25V, TA = 0°C to 70°C, 7.5MHz < 1/TORC < 15MHz , 15MHz < 1/TVCO < 30MHz

PARAMETER CONDITIONS MIN NOM MAX UNIT
VIH, High Level Input Voltage 2.0 \
VIL, Low Level Input Voltage 0.8 \
IIH, High Level Input Current VIH = 2.7V 20 pA
liL, Low Level Input Current VIL = 0.4V -0.36 mA
VOH, High Level Output Voltage | IOH = -400uA 2.7 Vv
VOL, Low Level Output Voltage I0OL = 4mA 0.5 \"
ICC, Power Supply Current All outputs open 165 mA

DYNAMIC CHARACTERISTICS AND TIMING

READ MODE (See figure 9)

TRD, Read Data Pulse Width 20 TORC-40| nS
TFRD, Read Data Fall Time 2.0Vto 0.8V,CL<15pF 15 nS
TRRC, Read Clock Rise Time 0.8Vto 2.0V, CL < 15pF 8 nS
TFRC, Read Clock Fall Time 2.0Vto 0.8V, CL < 15pF 5 nS
TPNRZ, NRZ (out)

Propagation Delay -15 15 nS
TPAMD, AMD

Propagation Delay -15 15 nS
1/4 Cell + Retriggerable

One-Shot Detect Stability . -4 +4 %
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READ MODE (Cont.)

PARAMETER CONDITIONS MIN MAX UNIT
1/4 Cell + Retriggerable TD=6.14(RR +0.5)
One-Shot Delay* +0.172Rd (Cd +11.5)
RR = KQ
Rd = KQ
Cd = 68pF to 100pF 0.89TD 1.11TD nS
Note: * = Excludes External Capacitor and Resistor Tolerances
WRITE MODE (See figure 10)
TWD, Write Data Pulse Width CL <15pF (TORO/2) -12|(TORO/2) +12 nS
TFWD, Write Data Fall Time 2.0Vto 0.8V, CL< 15pF 8 nS
TOWC Write Data Clock
Repetition Period TORO -12 TORO +12 nS
TRWC Write Data
Clock Rise Time 0.8V to 2.0V 10 nS
TFWC  Write Data
Clock Fall Time 2.0Vio 0.8V 8 nS
TSNRZ, NRZ (in) Set Up Time 20 nS
THNRZ, NRZ (in) Hold Time 7 nS
DATA SYNCHRONIZATION
PARAMETER CONDITIONS MIN NOM MAX UNIT
TVCO VCO Center Frequency VCOIN =27V
Period TO = 1.23E - 11 (RR +500)
VCC =5.0V 0.8TO 1.2TO sec
VCO Frequency 1.0V<VCOIN<VCC -0.6V
Dynamic Range VCC =5.0v 127 +40 %
KVCO VCO Control Gain wo=2rn/TO 0.14w0 0.20mo0 rad
1.0V<VCOIN<VCC -0.6V sec-V
KD Phase Detector Gain KD = 0.309 / (RR + 500)
VCC =5.0V 0.83KD 1.17KD | A/rad
KVCO x KD Product
Accuracy -28 +28 %
VCO Phase Restart Error -0.5 +0.5 rad
Decode Window +(0.01 nS
Centering Accuracy TORC + 2)
Decode Window (TORC/2) -2 nS

0188
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DATA SYNCHRONIZATION (Cont.)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
TS1 Decode Window Time

Shift Magnitude TS1=0.015 TORC 0.85 TSt 1.15 TS1| sec
TS2  Decode Window Time

Shift Magnitude TS2 = 0.06 TORC 0.90 TS2 1.1TS2 sec
TS3  Decode Window Time

Shift Magnitude TS3 = 0.075 TORC 0.90 TS3 1.1TS3 sec
TSA  Decode Window Time _ ‘ _680+R |[0.65 TSA 1.35TSA| sec

Shift Magnitude TSA=0.125 TORC(1 1180 + R)

with: R in ohms

CONTROL CHARACTERISTICS (See figure 11)

TSWS, WS0, WS1, WSD 50 nS
Set Up Time

THWS, WS0, WS1, WSD 0 nS
Hold Time

RG, WG, SOFT/HARD 100 nS
Time Delay

<+—TRD J TFRD

RRC

TFRC ac
<« TORC »! -— <«— TR

NRZ (OUT)

TPNRZ TPNRZ

AMD
TPAMD

FIGURE 9: READ TIMING
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REFERENCE
OSCILLATOR

| TORO >

WCLK /_——\—/
TRWC < TOWC > «— TFWC
NRZ (IN) «THNRZ
TSNRZ»
b \Hf M
TWD TFWD

FIGURE 10: WRITE TIMING

WSD

<+——TSWS—»
—> <+—THWS

WSL Z

FIGURE 11: CONTROL TIMING
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APPLICATIONS INFORMATION
REFERENCE OSCILLATOR

An internal reference oscillator, operating at twice the data rate, generates the standby reference for the PLL. A
series resonant crystal between XTAL1 and XTAL2, should be selected at twice the Data Rate. If a crystal
oscillatoris notdesired, then an external TTL compatible reference may be appliedto XTAL1, leaving XTAL2 open.

An R-C network is employed on the demonstration board for operation with the crystal oscillator. The purpose
of this network is to minimize the coupling of noise into the clock. The 3KQ resistor from XTAL2 to ground helps
to speedup the oscillatortransitions, while the R-C network from XTAL 1 to ground lowers the impedance to reduce
capacitive coupling effects. In applications utilizing a TTL compatible reference signal, this network should be
removed.

If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is
suggested:

XTAL 1 XTAL 2
24 25
L 0= 25
o o e
0.01uF
Q, = oy C Rin
c L om0

The typical input impedance looking into XTAL1 is approximately Rin = 250Q. It is recommended to design the
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 20MHz would result in L= 0.16uH
and C = 380pF.
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LOOP FILTER

The performance of the SSI 32D5321 is directly related to the selection of the loop filter. The loop filter
characteristics should be optimized for:

(A) Fast Acquisition

The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched

between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop
bandwidth so that it can quickly respond to changes at the input.

(B) Data Margin

The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause
the subsequent bit to be poorly centered within its window and possibly cause an error. This requirement
implies a small loop bandwidth reducing the sensitivity to high frequency jitter.

(C) Data Tracking

The ability to respond to instantaneous changes in phase and frequency of the data. This canbe a result
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this
depends upon the application.

Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the
architecture of the SSI 32D5321 significantly simplifies the design by minimizing the “step in phase” and “step in
frequency” encountered when switching the Phase Detector input reference signal. A zero phase restart
technique is employed to minimize the initial phase error while the standby reference oscillator keeps the VCO
at the center frequency during non-read modes.

One approach in determining the initial loop filter selection is to consider the requirements imposed during
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the
preambile field prior to decoding data. The format of the sector will dictate which of these two criteria imposes the
tightest restriction on acquisition.

The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the
requirements during acquisition to the preambile field. The length (in time) of the preambile field is set by the SSI
32D5321 locking sequence. Knowing this length in time, and that our initial phase error is less than 0.5 radians,
we can determine an acceptable loop bandwidth (wn) and damping factor ().
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One possible loop filter configuration is as follows:

lin

O —Lc1 L @) "
2

O

Vout

Therole of C1 is as anintegrating element. The largerthis capacitance, the longer the acquisition time; the smaller
the capacitance, the greater the ability to track high frequency jitter. The resistor R reduces the phase shiftinduced
by C1. The capacitor C2 will suppress high frequency transients and will have minimal effect on the loop response

if it is small relative to C1 (typically C2 = C1/10)

The loop filter transfer function is:

Vout _ 1+sRC;

F(s)="t=
®) =T sC4(1+sC, R+C,/Cy)

If C2 << C1, then:

F(s =Vﬂ=1 +SRC;
lin SC1

The overall block diagram for the phaselock loop can be described as:

-+
oints) —>@—d[ K0 |—p[Fio b2

LN I
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Where,

KD = Phase Detector gain [A/rad]

F(s) = Loop filterimpedance [V/A]

KVCO/s = VCO control gain [rad/sec-V]

N = The ratio of the reference input frequency to the VCO output frequency

The closed loop transfer function is;

T(s =eout(s) - G(s)
gin(s) 1+G(s)H(s)

KD «KVCOJ (1 +SRC}/C|

8" +5[N-KD-KVCO- R]4 N-KD-KVCO
1

by putting the characteristic equation (denominator) in the form of;

2 2
s +2s{@n+@n
we can solve for own and { to get;

2
on =N°KD°KVCO C=N'KD°KVCO~R
C1 2mn

Now we can solve for R, C1 and C2:

C1=N-KD-|:VCO
wn

2Cwn
" N+KD+KVCO

C,
Co=—
27790

where: n =loop bandwidth

{=loop damping factor
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Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data
pulse. This technique allows the VCO to run at a center frequency with period, TVCO, equal to one encoded data
bit cell time.

Figure 12 represents the relationship between the VCO output when locked to various Phase Detector input
signals.

—=| TVCO |—
VCO OUTPUT

REFERENCE OSCILLATOR
INPUT

3T INPUT I—l m
‘4T INPUT l——l ,—|
‘8T INPUT I-—I

-
-

FIGURE 12: RELATIONSHIP OF VCO OUTPUT TO PHASE DETECTOR INPUT

The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. Whenthe PLL
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum.
When the PLL is tracking data and the input is an "8T" pattern, then the Phase Detector gain is at its minimum.
The following indicates the value of "N" for various input conditions:

N=1.0 , for 8in = reference oscillator
N=0.33 ,for6in=3T (100) preamble field (maximum data frequency)
N=0.25 ,for6in = 4T (1000) preamble field
N =0.125 |, for 6in = 8T (minimum data frequency)
Throughout this analysis the PLL has been considered as a continuous time system. In actuality the characteristics

of the Phase Detector resultin a sampled data system. By utilizing an integrating loop filter to average and smooth
the Phase Detector _change pump output pulses, this analogy should be reasonable.
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LOOP FILTER - Example for a 10Mbit/sec Soft Sector Application

Inthe Soft Sector mode the PLL locking sequence allows the VCO to be within a determined amount of error after
38 x ‘3T’ (100) bit groups. At 10Mbit/sec each data bit cell time, TVCO, is equal to 50nS. This results in:

tmax = (38) (3) (50nS) = 5.7uS

Therefore, the PLL has 5.7uS to settle to within an acceptable amount of error before tracking and decoding data.
Because the SSI 32D5321 employs a zero phase restart technique, the initial phase error is less than 8% TORC
(0.5rad) or:

ABe < (0.08)(100nS)
ABe < 8nS

Determining an acceptable amount of phase error after locking to the preamble field depends upon the system
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that
amount which when added to all other timing error contributors, results in the data being within its timing window
by the required margin.
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In general, it is desirable to have the loop damping factor “” between 0.5 and 1.0 during acquisition. For a high
gain, second-order loop this results in minimal noise bandwidth. For this example we will let { = 0.7.

Figure 13 represents the phase errors response in time to a transient step in phase as a function of the loop
bandwidth and damping factor. Figure 14 indicates the response of the VCO control voltage to compensate for
this step in phase.

1.0

0.9 \

0.8

0.7 \
i 0.6 \
9 \
£ o5
W 0.4
il .
7]
é 0.3 \ \
8 o2 lt-20}
N 1 ™~
2 o / =
s N L 14 ™
5 ° TR L=es a
b4 01 . T_ /7’ H

- - 1

1 N PN ><7<\

-0.2 £=5.0 I S > {=1.0

03 N LA T ¢-07

’ N TN ¢=05

-0.4 N =03

05 [TTTT]

0 1 2 3 4 5 6 7 8
nt

FIGURE 13: TRANSIENT PHASE ERROR 0e(t) DUE TO A STEP IN PHASE A@
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FIGURE 14: TRANSIENT PHASE ERROR 0e(t) DUE TO A STEP IN FREQUENCY A
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As shown in Figure 13, with { = 0.7, our initial transient phase error will be at most 22% of its original value at ont
=2.3,7.5%at ont =4.0, etc. Forthis example we want the final phase error to be less than 1% of its original level.
This results in a wnt between 5 and 6. To simplify the results, let wnt =5.7.

Now,
ont= 5.7
and tmax = 5.7uS
~on= 1.0+ 10°rad/sec
with {= 0.7

Since we are evaluating the loop response during acquisition to the ‘3T preamble, N = 0.33.

Now we have all the information required to calculate the loop filter component values.

RR = 3567Q
on= 1.0+ 10°rad/sec
{= 07
KD(typ) = 0.309/(RR+500) = 7.6 « 105 A/rad
KVCO(typ) = 0.17wo = 0.17(2x)/TO = 2.14 « 107 rad/sec-volt
N= 0.33
which results in:
2
__ 2ton =2608Q
N+<KD «KVCO
C,= N-KD-l:VCO=537pF
n
Cy
C,=—=54pF
2=30 54p
or,
PD OUT & _L —O VCOIN
537 pF J»
%26089 I 54 pF

0188
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This loop filter configuration and its component values should be considered a starting point. The final value of
on depends upon the system requirements and can certainly be optimized for a specific application. Inthe table
below, we have listed some suggested external component values for several common data rates.

DATARATE | DAMPING | LOCK TIME BANDWIDTH EXTERNAL COMPONENT VALUES
(MbIYSEC) | FACTOR, tmax (1S) cnt m(g) RR(KQ) | Cd(pF) Rd (KQ) R(KQ) C4 (pF) Co (pF)
7.5 0.7 7.5 5.0 6.67 x 105 4.92 100 11.0 3.0 687 69
10.0 0.7 5.7 5.7 1.0x108 357 82 10.0 27 510 51
15.0 0.7 3.8 5.7 1.5x 106 221 100 6.22 18 510 51
LAYOUT CONSIDERATIONS

As with other high frequency analog devices the SS132D5321 requires care in layout. The designer should keep
analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along with
supply bypassing to separate the SSI 32D5321, and associated circuitry, from other circuits on the PCB.
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PACKAGE PIN DESIGNATIONS
(TOP VIEW)

WG [J1 28 [] SOFT/HARD E
vPA ] 2 27{] WD < ind a
300 [ 3 26[] VPD E g s g 3 E >
RD [ 4 25] XTAL2 4 3 2 1 28 27 26
RG [] 5 24 ] XTALt Rals % [ XTAL2
sps [l 6 23[] DGND sps (] e 24 [] XTAL1
EPD [ 7 221 RRC EPD O 7 23 [1 DGND
NC [ 8 21 ] WCLK NC 8 22 [] RRC
VCOIN [] o 201 NRZ veond e 21 h wek
pDOUT [] 10 19 ] AMD
PDOUT [} 10 20 [J] NRZ
AGND [] 11 18[] wsL
s [] 12 17[] wsp AGND ] 11 19 [} AMD
RE I: 13 1 ] WS L 12 13 14 15 16 17 18
IREF [] 14 15[] W30 g & E E 2 § ‘_ﬁl
28-Pin DIP 28-Pin PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI132D5321 28 Pin PLCC SSI32D5321 - C28H 32D5321 - CH
SSI1 32D5321 28 Pin Plastic DIP SSI 32D5321 - C28P 32D5321 - CP
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DESCRIPTION

The SSI 32D534 Data Synchronizer/MFM ENDEC is
intendedto provide data recovery and data encodingin
storage systems which employ an MFM encoding
format. Data synchronization is performed with a fully
integrated high performance PLL and encoding is
performed in soft’/hard sector formats with optional
write precompensation through the internal delay line.
The SSI 32D534 has been optimized for operation as
a companion device to the SSI 32C452 and the AIC
010 family of controllers. The frequency setting ele-
ments are incorporated within the SSI 32D534 for
enhanced performance and reduced board space.
Data rate, adjustable from 5 to 10Mbits/sec, is estab-
lished with a single external programming resistor for
Direct Sync operation or with two external resistors for
Auto Sync operation.

The SSI 32D534 utilizes an advanced bipolar process
technology that affords precise decode window control
without the requirement of an accurate 1/4 cell delay or

(Continued)

July, 1988
FEATURES

* Data Synchronizer and MFM ENDEC
* 5to 10 Mbits/sec operation programmed with a
single external resistor

e Optimized for operation with the SSI 32C452
and AIC 010 family of controllers

* Programmable decode window symmetryviaa
uP port and/or analog pins

* Programmable write precompensation

* Fastacquisition phase locked loop - zerophase
restart technique

¢ Fully integrated data separator - no external
delay lines or active devices required

* 45V operation
* 28 pin DIP and PLCC packages

1788

BLOCK DIAGRAM

IREF VPD  VPA DGND AGND

2] ADI
:{__GENERATOR
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PIN DIAGRAM

PDOUT VCON RF RS WsD WST WSO

WINDOW SHIFT
REGISTER & D/A

wa []1 28 []recs
vea[]2 27 []WO
ewc |3 26 [] xTAL2
RO []4 25 []veD
ra[]s 24 [ xTAL1
1s[]e 23 [] banD
AGND [ 7 22 [] RRc
veoin [ 8 21 [ NRZ
poout [ 9 20 gnc
ne [] 10 19 [] WAMAMD
Rs [ 11 18 {]ReF
ne [] 12 17 [Jwst
RF[] 13 16 [Jwsp
WSO 114 15 [JWsT

CAUTION: Use handling procedures necessary
for a static sensitive component.
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DESCRIPTION (Continued)

external devices. To enhance disk drive testability,
decode window symmetry control is available through
a digital microprocessor port and/or two analog pins.
This feature can facilitate automatic calibration, sys-

tematic error cancellation, and window margin testing.
Azerophase restarttechnique is used to minimize PLL
acquisition time. The SSI 32D534 requires a single
+5V power supply and is available in 28-pin DIP and

PLCC packages.

PIN DESCRIPTION

INPUT PINS

NAME DESCRIPTION

RD READ DATA. MFM encoded Read Data from the disk drive read channel, active low.

RG READ GATE. Selects the PLL reference input and initiates the PLL synchronization
sequence. A high level selects the RD input and enables the Read Mode/Address Mark
Detection sequences. A low level selects the crystal reference oscillator.

WG WRITE GATE. Enables the write mode.

WSL WINDOW SYMMETRY LATCH. Used to latch the input window symmetry control bits
WSD, WS0 and WS1 into an internal DAC. An active high level latches the input bits.

WSD WINDOW SYMMETRY DIRECTION. Controls the direction of the optional window
symmetry shift.

WS0 WINDOW SYMMETRY CONTROL BIT. A low level introduces a window shift of 1.5%
of TORC (Read Reference Clock Period) in the direction established by WSD.

WSH1 WINDOW SYMMETRY CONTROL BIT. A low levelintroduces a window shift of 6% of
TORC (Read Reference Clock Period) in the direction established by WSD. A low level
at both WSO and WS1 will produce the sum of the two window shifts.

EWC/ASM ENABLE WRITE PRECOMP/AUTO SYNC MODE. Selects the synchronization se-
quence required in order to enter Read Mode, a low level selects the Auto Sync Mode.
In the Write Mode, a high level enables write precompensation.

OUTPUT PINS

NAME DESCRIPTION

WD WRITE DATA. MFM encoded write data output, active low. Precompensation is enabled
with the EWC/ASM input pin.

RRC READ/REFERENCE CLOCK. A multiplexed clock source used by the controller. Inthe
read mode, this clock is the VCO frequency divided by two (1/TORC) and in the write
mode it is the crystal reference frequency divided by two (1/TORO).
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PIN DESCRIPTION (Continued)

BIDIRECTIONAL PINS
NAME DESCRIPTION
NRZ NRZ DATA PORT. Read data output when RG is high and write data input when WG

is high.

WAM/AMD WRITE ADDRESS MARK/ADDRESS MARK DETECT. In the Write Mode, used to
delete clock/data pulsesinthe MFM encoded output stream, WD, active low. Inthe Read
Mode, a latched low level output indicates that an address mark has been detected.

ANALOG PINS

NAME DESCRIPTION

IREF TIMING PROGRAM PIN. The VCO center frequency, 1/4 cell delay and the 1F Detect
Retriggerable One Shot timing is a function of the current sourced into pin IREF. The
current is set by an external resistor, RR, connected from IREF to VCC.

XTAL1, XTAL2 CRYSTAL OSCILLATOR CONNECTIONS. If a crystal oscillator is not desired, XTAL1
may be driven by a TTL signal with XTAL2 open. The frequency must be at twice the data
rate.

PD OUT PHASE DETECTOR OUTPUT. Drives the Loop Filter input.

VCOIN VCO CONTROL INPUT. Driven by the Loop Filter output.

1FS 1F DETECT SET. Used to program the 1F detect timing with an external resistor, RT,
connected from pin 1FS to ground. The 1F Detect period is the sumof the 1/4 cell delay,
TQC, plus the Retriggerable One-Shot delay, TOS, and is normally set to 1 1/4 bit cell
times.

RF, RS WINDOW SYMMETRY ADJUST PINS. Provides analog control over the decode
window symmetry; typically used to null out any window symmetry offset. A resistor
connected from either RF or RS to ground will provide magnitude and direction control.
They can be used in conjunction with the digital control port WSD, WSO, and WSH.

PCS PRECOMP SET. Pinfor R-C network to program write precompensation early and late
times. Connect the capacitor, CPC, to VPA and the resistor, RPC, to either ground.

VPD, VPA DIGITAL AND ANALOG +5V.

DGND, AGND DIGITAL AND ANALOG GROUND.
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FUNCTIONAL DESCRIPTION

The SSI 32D534, a high performance data synchro-
nizer and MFM ENDEC, performs data separation,
data encoding with optional write precompensation,
Preamble detection, and Write Address Mark/Address
Mark detection. The interface electronics and the
architecture of the SSI 32D534 has been optimized for
use as a companion device to the SSI 32C452 or AIC
010 type Storage Controllers. ltincludes a zero phase
restart PLL for fast acquisition, a crystal reference
oscillator, the write precompensation delay line, a
multiplexed Read/Reference clock output, and a bidi-
rectional NRZ data interface.

Data rate is programmed with a single 1% external
resistor, RR, connected from pin IREF to VCC, given
by:

RR=39-67 o 5kQ)
DR

Where: DR = Data Rate in Mbits/sec.
RR = KQ

Resistor RR establishes a reference current which
controls the VCO center frequency, the phase detector
gain, the 1/4 cell delay and, indirectly, the decode
window shift (RF, RS).

The internal crystal reference oscillator, operating at
twice the data rate, generates the standby reference
input to the PLL. This minimizes the frequency step
and the associated acquisitiontime encountered when
locking the PLL onto Encoded Read Data. Addition-
ally, in non-Read modes the RRC (Read Reference
Clock) outputis generated fromthe reference oscillator
divided by two. A series resonant crystal at twice the
data rate should be used. If a crystal oscillator is not
desired, an external TTL compatible reference may be
applied to XTAL1 with XTAL2 open.

READ OPERATION

The Data Synchronizer utilizes a fully integrated fast
acquisition PLL to accurately develop the decode
window. Read Gate, RG, initiates the PLL locking
sequence and selects the PLL reference input, a high
level (Read Mode) selects the RD input and a low level
selects the crystal reference oscillator.

The SSI 32D534 provides two sync modes for control-
ling the PLL locking sequence, Auto Sync and Direct
Sync. The Auto Sync mode provides preamble search
and address mark detection while the Direct Sync
mode provides direct control over the input to the PLL.
These modes extend the applicability ofthe SSI32D534
to a variety of controller and interface requirements.
The appropriate mode should be selected for the given
application, see Table 1.

TABLE 1: Mode Control

MODE WG RG | EWC/
ASM
idle 0 0 X
Read (Auto Sync) 0 1 0
Read (Direct Sync) 0 1 1
Write (Disable Precomp) 1 0 0
Write (Enable Precomp) 1 0 1
lllegal 1 1 X

(X = Don’t Care)

AUTO SYNC MODE

The Auto Sync mode, typically used for Soft Sector
formats, activates the preamble search and address
mark detection circuitry. As depicted in Figure 1, the
SSI 32D534 requires16 continuous preamble bits be-
fore switching the reference input to the PLL, 64 pre-
amble bits before switchingthe Read Reference Clock
to the VCO clock divided by two, and a detected add-
ress mark prior to an additional 64 input bits in order to
enterthe Read Mode. This sequence repeats after 160
input bits until Read mode is successfully entered or
until RG is cancelled.

When RG transitions high, the following PLL locking
sequence begins:

a) PREAMBLE SEARCH: The SS132D534 searches
for 16 continous preamble bits. The Preamble
fields consist of a stream of MFM encoded 0’s. The
sum of the delays from the Re-triggerable One
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MEM GAP PREAMBLE FIELD
READ DATA 16 X'4E' | 13 X'00" ADDRESS FIELD
e _ | L
4
pLL Rer, XTAL !
DLYD DATA '
ADDRESS MARK ,
SEARCH ENABLE !
___________
VCO RESTART 2 _l : : H
RRC SOURCE V€O ]
XTAL Ve
AMD L_ _____________ I___
.............. .
PLL LOCKING l '
SEQUENCE ENABLE 2

INPUT COUNTER | |

0 16

NOTE 2: Representations of internal signals

6
NOTE 1: Dashed lines represent conditions under which AMD does not occur.

b)

FIGURE 1: Auto Sync Mode Waveform Diagram

Shot, TOS, and the 1/4 Cell Delay, TQC, is set to
1 1/4 bit cell times with the external programming
resistor, RT. The Preamble stream has a pulse
rate of 1 bit cell time (2F frequency) which continu-
ously resets the one-shot while a 2 bit cell period
(1F frequency) allows the one-shot to time out
producing a 1F detect pulse. The 1F detect pulse
resets the Input counter and the search is started
over.

PLL ACQUISITION: When 16 continuous pre-
amble ‘0’ bits are detected, the reference input to
the PLL is switched from the crystal reference
oscillator to the DLYD DATA, the VCO is phase
reset to the next DLYD DATA pulse, PLL acquisi-
tion begins, and the VCO clock divider is reset.
When 64 ‘0’ preamble bits are detected, the Read
Reference Clock output (RRC) is switched to the

¢
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VCO clock divided by 2, and the Address Mark
Detection circuitry is enabled. If a 1F detect pulse
occurs before 64 preamble bits are detected, the
PLL is locked back to the crystal reference oscill-
ator, the RRC output is switched to the crystal
reference oscillator divided by 2, the Input Counter
is reset, and the sequence is restarted. No short
duration glitches will occur during this switching.

ADDRESS MARK DETECTION: The circuit
searches for the occurrence of the Address Mark.
The 1F detect circuitry remains active so that,
during the search, once a 1F is detected, the
Address Mark must be found within the next five
counts of the Read Data input pulses. If an
Address Markis detected, priortothe Input Counter
reaching count 128, the WAM/AMD outputis latched
low, the PLL training sequence is terminated, and
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NOTE: NRZ output data cells are clocked out on the falling edges of RRC.
They are delayed 1 data cell relative to the input data.

FIGURE 2: Address Mark Detection and NRZ Waveform Diagram

AUTO SYNC MODE (Continued)

the Read Mode is entered allowing the data field to
be read. If the input counter reaches count 128
before the Address Mark is detected, the PLL is
locked back to the crystal reference oscillator, the
RRC output is switched to the crystal reference
oscillator divided by 2, and the PLL training se-
quenceisrestarted whenthe Input Counterreaches
count 160. Figure 2 depicts the Address Mark
detection sequence.

DIRECT SYNC MODE

Direct Sync Mode disables the preamble search and
address mark detection circuitry. ltallowsthe PLLtobe
controlled directly by RG, for Hard Sector formatopera-
tion.

When RG transitions high, the reference input to the

PLL is switched from the crystal reference oscillator to
DLYD DATA, the VCO s phase reset to the next DLYD

DATA pulse, PLL acquisition begins, the VCO clock
divider is reset, and the RRC output is switched to the
VCO clock divided by 2.

Read Gate, RG, is an asynchronous input and may be
initiated or terminated at any position on the disk.
Terminating RG locks the PLL to the crystal reference
oscillator and switches the RRC output to the crystal
reference oscillator divided by 2.

In non-Read modes the PLL is locked to the crystal
reference oscillator. This forces the VCO to run at a
frequency thatis very close to that required for tracking
actual data and thus minimizes the associated fre-
quency step during acquisition. When the reference
input to the PLL is switched, the VCO is stopped
momentarily and then restarted in an accurate phase
alignment with the next PLL reference input pulse and
the VCO clockdivideris reset. By minimizingthe phase
misalignment inthis manner (phase error<+ 0.5 rads),
the acquisition time is substantially reduced.
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FIGURE 3: Data Synchronization Waveform Diagram

DIRECT SYNC MODE (Continued)

The SS132D534 employs a dual mode phase detector;
harmonic in Read mode and non-harmonic in Idle/
Write modes. The harmonic phase detector only
updates the PLL with each occurrence of a DLYD
DATA pulse. This allows the PLL to remain phase
locked to actual Read Data. The rising edge of DLYD
DATA enables the phase detector and the falling edge
is phase compared to the rising edge of the VCO. As
depicted in Figure 3, DLYD DATA is a 1/4 cell wide
(TVCO/2) pulse whose leading edge is defined by the
leading edge of RD. In Idle/Write modes, both phase

and frequency lock (non-harmonic) to the crystal refer-
ence oscillator is accomplished by continuously ena-
bling the phase detector. With both phase and fre-
quency lock to the crystal reference oscillator and the
zero phase restart acquisition technique, false lock to
DLYD DATA is eliminated.

The phase detector incorporates a charge pump in
order to drive the loop filter directly. The polarity and
width of the output current pulses correspond to the
direction and magnitude of the phase error. Figure 4
depicts the average output current as a function of the
input phase error (relative to the VCO period).

1} AVERAGE
OUTPUT CURRENT

a) HARMONIC MODE

NOTE 1: lo is the magnitude of the charge pump current.
NOTE 2: Phase error is relative to the VCO period.

AVERAGE
A OUTPUT CURRENT
lo 4— -
0
'
'
1
, '
21 ! Y
. Jt © 2n @ ERROR
'
'
'
- lo ——
b) NON-HARMONIC MODE

FIGURE 4: Phase Detector Transfer Function
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FIGURE 5: Decode Window a) Early, b) Normal, c) Late

DIRECT SYNC MODE (Continued)

An accurate and symmetrical decode window is devel-
oped fromthe VCO clock. The rising edges ofthe VCO
clock are phase locked to the falling edges of DLYD
DATA as shown in Figure 3. The decode window is
thengenerated fromthe falling edges of the VCO clock.
By utilizing a fully integrated symmetrical VCO running
at twice the data rate, the decode window is ensured to
be accurate and centered symmetrically about the
falling edges of DLYD DATA. The accuracy of the 1/4
cell delay only affects the retrace angle of the phase
detector and does not influence the accuracy of the
decode window.

Shifting the symmetry of the VCO clock effectively shi-
fts the relative position of the DLYD DATA pulse with-
in the decode window. This powerful capability easily
facilitates automatic calibration, window margin test-
ing, error recovery, and systematic error cancellation.
For enhanced disk drive testability and error recovery,
decode window control is provided via a uP port (WSL,

TABLE 2: Decode Window Symetry Control

WSD, WS0, WSH1) as described in Table 2.

Window shifts inthe range of +1.5%to +7.5% of TORC
are easily programmed by latching the appropriate
control word into the Window Shift Register with the
WSL pin. Shifts in the positive or negative directions
result in early or late decode windows respectively, as
depicted in Figure 5. For applications not utilizing this
feature, WSL should be tied to ground, while WSD,
WSO & WST should be left floating. Additionally, for
small systematic error cancellation a resistor, R, con-
nected from either RS (Early ) or RF (Late) to ground
will provide analog control over the decode window.
The magnitude of this shift, Tsa, is determined by :

Tsa=(0 .25)TORC
R+0.7

Where: Risin KQ.

Pins RF and RS are intended to be used as a trim and
should be restricted to + 1.5% window shifts. They can
be used in conjunction with the digital control port.

Ts, NOMINAL WINDOW SHIFT WSD WST WSSO0

0 0 1 1
+TS1 0 1 0
+TS2 0 0 1
+TS3 0 0 0

0 1 1 1
-TS1 1 1 0
-TS2 1 0 1
-TS3 1 0 0
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NOTE 1: NRZ and WAM inputs are clocked in on the rising edges of RRC (input data cell boundaries).
NOTE 2: WD output data cells are defined in terms of the falling edges of RRC. They are delayed 1 1/2 data cells relative to the

Lty m

\ DELETED
CLOCK PULSE

FIGURE 6: Write Address Mark /Address Write Data Waveform Diagram

WRITE OPERATION

Inthe Write Mode, the SSI 32D534 converts NRZ data
(from the Controller) into MFM data, for storage onto
the disk. It performs write precompensation, if en-
abled, andinserts Address Marks as requested. Serial
NRZ data is clocked into the SSI 32D534 and latched
on defined data cell boundaries. NRZ data must be
synchronous with the rising edges of the RRC clock
output. Duringa Write Data Operation, the SS132D534
processes data and ECC fields and in a Write Format
Operation, Address Marks, Preamble, ECC, Gaps,
and ID fields are processed. Write Gate is an asyn-
chronous input and may be initiated or terminated at
any position on the disk. MFM encoded output write
data, WD, is delayed from input NRZ data by 1.5 Data
Cells. For the successful completion of a write opera-
tion, Write Gate, WG, should not be terminated priorto
the last output Write Data pulse.

Address Marks can be inserted into the MFM encoded
data stream, WD, with the pin WAM (Write Address
Mark). When WAM is asserted, the data/ clock pulse in
the corresponding bit cell of the MFM encoded data

stream is deleted. This allows specially encoded se-
quences (illegal MFM patterns) to be encoded using
the SSI 32D534. WAM is synchronous with the RRC
clock and is internally delayed by 0.5 data cells. To
generate the missing clock A1 Address Mark pattern,
WAM is asserted during the sixth data cell of the NRZ
A1 data pattern. Figure 6 depicts the Address Mark
generation sequence.

Write Precompensation reduces the effect of intersym-
bol interference caused by the proximity of magnetic
transitions on the disk media. The interference is
caused by specific data patterns where flux reversals
are positioned closely together. Compensation con-
sists of shifting write data pulses in time to counteract
for the shifting normally exhibited in the corresponding
Read Back signal. When Precompensation is en-
abled, see Table1, the SSI 32D534 recognizes these
data patterns and appropriately shifts the write data
pulses. Table 3 describes the Precompensation Algo-
rithm relative to the current data bit, n, to be written.
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WRITE OPERATION (Continued)

TABLE 3: Write Precompensation Algorithm

The SSI 32D534 utilizes an internal analog delay line

to time shift the encoded write data pulses. The mag- BIT | BIT | BIT | BIT COMPENSATION
nitude of the time shift, TPC, is determined by the ex- n-2 | n-1 n n+1 Bitn
ternal RC network (RPC, CPC) at pin PCS (Precomp
Set) and is given by: X 0 1 1 LATE
TPC = 0.21 x RPC x (CPC + 2pF), X || 1r]0 EARLY
with RPC in KQ & CPC in pF 1 0 0 LATE
An Early/Late compensated bit resultsina pulse shifted 0 0 0 1 EARLY
TPC seconds before/after the nominal unshifted pulse
position.
ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.
PARAMETER RATING UNIT
Storage Temperature -65 to +150 °C
Junction Operating Temperature 0to +130 °C
Supply Voltage, VCC -05t07 Vdc
Voltage Applied to Logic inputs -0.5to VCC +0.5 Vdc

ELECTRICAL CHARACTERISTICS

Unless otherwise specified 4.75 < VCC <5.25V, 0°C < TA<70°C, 5MHz < 1/TORC < 10 MHz;

10 MHz < 1/TVCO < 20 MHz.

PARAMETER CONDITIONS MIN MAX UNIT
VIH High Level Input Voltage 2.0 Vv
VIL Low Level Input Voltage 0.8 \
1H High Level Input Current VIH =2.7V 20 HA
I Low Level Input Current VIL = 0.4V -0.36 mA
VOH  High level Output Voltage IOH = -400pA 2.7 \
VOL Low Level Output Voltage IOL = 4mA 05 \'
ICC  Power Supply Current All outputs open 180 mA
Power Dissipation Tj=130°C 850 mwW
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CONTROL CHARACTERISTICS (Refer to Figure 7)

PARAMETER CONDITIONS MIN MAX UNIT
TSWS WS0, WS1, WSD Set Up Time 15 ns
THWS WS0, WS1, WSD Hold Time 5 ns
TSERG Set up time EWC to RG 10 ns
THERG Hold time EWC from RG 0 ns
TSEWG  Set up time EWC to WG 0 ns
THEWG  Hold time EWC from WG 0 ns

THWS
W50
W31 - TSWS i
WSD

RRC
(READ CLOCK) 7

-TORC

NRZ (OUT)

AMD
-
TPAMD

FIGURE 8: Read Timing
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ENDEC CHARACTERISTICS
READ MODE (Refer to Figure 8)
PARAMETERS CONDITIONS MIN MAX UNIT
TRD Read Data Pulse Width 20 TORC - 40 ns
TFRD Read Data Fall Time 2.0t0 0.8V 20 ns
TRRC  Read ClockRise Time 0.8to0 2.0V; CL < 15pF 10 ns
TFRC  Read Clock Fall Time 2.0Vto 0.8V; CL< 15pF 8 ns
TPNRZ NRZ (out) Propagation Delay -20 +10 ns
TPAMD AMD Propagation Delay TVCO |TVCO, 15 ns
2 2
TQC 1/4 Cell Delay Accuracy TQC =0.25 TORO 0.8TQC | 1.2TQC sec
TOS Retriggerable One-shot TOS = RT (8.96E-12) 0.84TOS | 1.16TOS sec
Delay Accuracy 12K < RT £ 36K
TORC  Read Clock Period 0.8TORO | 1.2TORO ns
WRITE MODE (Refer to Figure 9)
PARAMETERS CONDITIONS MIN MAX UNIT
TWD Write Data Pulse Width CL< 15pF TORO . 2TPC-10 TORO +10 ns
2 2
TPC PrecompensationTime 2K < RPC < 6K 0.8TPC 1.2TPC sec
Shift Magnitude Accuracy | 15pF < CPC < 36 pF
See Note
TFWD Write Data Fall Time 2.0V to 0.8V; CL<15pF ns
TRRO Reference Clock RiseTime| 0.8 to 2.0V; CL.<15pF ns
TFRO Reference Clock Fall Time | 2.0V to 0.8V; CL.<15pF ns
TSNRZ  NRZ(in) Set Up Time 25 ns
THNRZ  NRZ(in) Hold Time 7 ns
TSWAM  WAM Set-up Time 25 ns
THWAM  WAM Hold Time 7 ns

Note: TPC=0.21(RPC)(CPC+2pF)

3-52

0788



SSI 32D534
Data Synchronizer/
MFM ENDEC

NRZ (IN)

<—THNRZ —|
_THWAM —=| TSNRZ |~—

WAM §|Tswm J{
(REFERENCE \ 7

TORO

1 T
“\"":: H
— -
TWD

FIGURE 9: Write Timing

CLOCK)

WD

DATA SYNCHRONIZATION CHARACTERISTICS

PARAMETERS CONDITIONS MIN MAX UNIT
TVCO VCO Center Frequency VCOIN =2.7V, 0.78TO 1.22TO sec
Period TO = 1.63E - 11(RR+500)
VCC =5.0V,
2400 < RR < 6000Q
VCO Frequency Dynamic VCC =5.0V, +27 +40 %
Range 1V<VCOIN < VCC-0.6V
KVCO VCO Control Gain 1V <VCOIN <VCC-0.6 V, 0.14a, 0.200, _rad
0, = 2n/TO sec-volts
KD Phase Detector Gain KD = 0.308/(RR+500); 0.83KD 1.17KD A
VCC=5.0V, rad
2400 < RR < 6000Q
KVCO x KD Product Accuracy | 2400 < RR < 6000%, -28 +28 %
VCC = 5.0V
VCO Phase Restart Error -0.5 +0.5 rad
Decode Window Centering See Note ns
Accuracy
Decode Window TORC 4 ns
2
TS1 Decode Window Time TS1 =0.015TORC 0.85TS1 1.15TS1 sec
Shift Magnitude
TS2  Decode Window Time TS2 = 0.06TORC 0.90TS2 | 1.10TS2 sec
Shift Magnitude
TS3  Decode Window Time TS3 = 0.075TORC 0.90TS3 | 1.10TS3 sec
Shift Magnitude
TSA De_code Wi.ndow Time TSA=(025)TORC; RinKQ) 0.65 TSA | 1.35TSA sec
Shift Magnitude R+07

Note: £(.015TORC+3)
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APPLICATION
LOOP FILTER

The element in the phase lock loop which controls the
loop dynamics is known as the loop filter. Acquisition
time, data margin, and data tracking can be optimized
by the loop filter selection. One possible loop filter
configuration is shownin Figure 10, where the function
of C, is as an integrating element. The larger the
capacitance of C, the longer will be the lock time. If the
capacitance is too small, the loop will tend to track high
frequency jitter. The role of the resistor R is to reduce
the phase shift induced by C,. This is necessary since
the loop will oscillate at the frequency where the gainis
unity. The capacitor C, will suppress high frequency
transients when switching occurs. This capacitor will
have a minimal effect of the loop response if it is small
compared to C, (typically, C, = C,/10).

The loop filter transfer function is:

F(s) =!'Qgt_ 1+SRC;4
lin sc1( 1+sCR +Q)

Cy/

ifC,<C,
then,

F(s) =y9g _1+sRCy
lin sCy

The phase lock loop can be described as:

+
oint) —HD—HIBT—METH R poous

[~}
where,
KD = phase detector gain [A/rad]
F(s) = Filter impedance [V/A]

%wscillatortransfer funcon  [rad /volt - sec]

N =ratio of reference inputfrequency vs. VCO output
frequency.

O— +

lin
—
C1 Vout

FIGURE 10: Loop Filter

|||_”__

Therefore, the closed loop transfer function is now:

T(s)= Doutfs) ___ Gis)
@in(s) 1+G(s)H(s)

KD x cho(l%?&)
\ 1 L

52+5(N x KD x KVCOx R) + Nx KI KDCx KvVCO
1

now we can put the characteristic equation (denomina-
tor) in the form:
$24+25{Wn+Wn2

- @n2=NXKDXKVCO gng ¢-NxKDxKVCOXR
C1 20n

which results in:
C,=NxKDxKVCO
®n2

2cmn

R=__ ¢ Cy
Nx KD x KVCO

2 = —

10

Fora { = 0.8, the relationship between »_ and lock time
is:
on=—45
lock time

Therefore, the loop filtter components C,, C,,and Rcan
be evaluated for a required lock time and coding
scheme (N) frequency relationship to the VCO fre-
quency.

With MFM coding:

N = 1, for @in = reference oscillator
N = 0.5, for @in = maximum data frequency
N = 0.25 for @in = minimum data frequency

3-54 0788



SSI 32D534

Data Synchronizer/
MFM ENDEC

$SI132R510A
RW

SS132P541
PULSE L Lic)

DETECTOR

; WRITE
pcs
cpc
RPC
VPA

Typical External Component Values for a 5 Mbit/Sec. MFM Application:

FIGURE 11: Typical Application

COMPONENT CONDITIONS VALUE UNITS
X1 Series resonant crystal 10 MHz
RR 5.62 KQ
RT 24.8 KQ
RPC 2 KQ
CPC 15 pF
Loop Filter

R 5.1 KQ

C, 270 pF

C, 33 pF

0788
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PACKAGE PIN DESIGNATIONS wa []1 28 [Tros
(TOP VIEW) o
o o veA[] 2 27 []WD
ez £g8BE ewe [| 3 26 [ xtaL2
| I e O s S s N e Y e N e | =) VPD
4 3 2 1 28 27 2 4 25(]
ra [|s 25 (] vpp ra[]s 24 [] xTAL1
s [J6 24 [] XTAL1 s []e 23 [] bGND
AND [7 23 [] aND AGND [ 7 22 [1RRe
veon [[s 22[] RRc vcon [] 8 21 [] NRz
poour []e 21 [] NRz poouT [] 9 20 [JNe
ne [ 10 20 [Inc Ne [] 10 19 [] WAM/AMD
rs []11 19 | | WAMAMD RS |: 1 18 ]'REF
L 12 13 14 15 16 17 18 NC E 12 17 ]WSL
| NN [ N S R NN R N [ S G S
g & E g § 2 b RF[] 13 16 [] wsD
WSO [] 14 15 [JWsT
28-pin PLCC
28-pin DIP
THERMAL CHARACTERISTICS: Qja
28-pin PLCC 65°C/W
28-pin PDIP 55°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32D534 28-pin PLCC SSI132D534-CH 32D534-CH
SSI 32D534 28-pin PDIP SSI 32D534-CP 32D534-CP

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.
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14351 Myford Road, Tustin, CA 92680

©1988 Silicon Systems, Inc.
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INNOVATORS IN lNTEGRATION

SSI 32D535

Data Synchronizer/
2, 7 RLL ENDEC with
Write Precompensation

DESCRIPTION

The SSI 32D535 Data Separator provides data recov-
ery, data encoding, and write precompensation for
storage systems which employ a 2, 7 RLL encoding
format. Data synchronization is performed with a fully
integrated high performance PLL. A zero phase
restart technique is used to minimize PLL acquisition
time. The SSI32D535 has been optimized for opera-
tion as a companion device to the SSI 32C452A and
the AIC 010 controllers. The VCO frequency setting
elements are incorporated within the SSI 32D535 for
enhanced performance and reduced board space.
Datarate s established with a single external program-
ming resistor. The SS132D535 utilizes an advanced bi-
polar process technology which affords precise de-
code window control without the requirement of an
accurate 1/4 cell delay or external devices. To en-
hance disk drive testability, decode window symmetry
controlis available through a digital uP port and/or two
analogpins. Thisfeature canfacilitate defect mapping,
automatic calibration, systematic error cancellation,
window margin testing, and error recovery. The SSI
32D535 requires a single +5V power supply and is
available in 32-pin DIP and SOW packages.

January, 1988

FEATURES

Data Synchronizer and 2, 7 RLL ENDEC

Write Precompensation

7.5 to 15 Mbits/sec Operation

Programmed with a Single External Resistor
Optimized for Operation with the SSI 32C452A
and AIC 010 Controllers

ESDI compatible

Programmable Decode Window Symmetry via a
uP Port and/or Analog Pins

Fast Acquisition Phase Locked Loop
- Zero Phase Restart Technique

Fully Integrated Data Separator

- No External Delay Lines or Active Devices
Required

Crystal Controlled Reference Oscillator

Hard/Soft Sector Operation
+5V Operation
32-Pin DIP and SOW Packages

0188

BLOCK DIAGRAM
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DETECT
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for a static sensitive component.

PIN DIAGRAM
EWP [} 1 szp SOFT/HARD
wa [] 2 31[] Pcs
VPA ] 3 aoh WD
SDO [} 4 29"_] VPD
RO (s 28[] NC
RG [] 6 27h XTAL2
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EPD [| 8 25 [1 DGND
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AGND [ 11 221 NRZ
Rs [] 12 21 D AMD
RF [] 13 20[] wsL
IREF [] 14 19E wsD
Wso [ 15 18] WsT
DRD [} 16 17 ] vcoclK
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I CAUTION: Use handling procedures necessary




SSI 32D535

Data Synchronizer/ 2, 7 RLL ENDEC
with Write Precompensation

PIN DESCRIPTIONS

INPUT PINS

NAME

TYPE

DESCRIPTION

RD

READ DATA: Encoded Read Data from the disk drive read channel, active
low. ’

RG

READ GATE: Selects the PLL reference input and initiates the PLL
synchronizationsequence. A high level selects the RD input and enables
the Read Mode/Address Mark Detection sequences. A low level selects the
crystal reference oscillator. Pin RG has an internal resistor pull-up.

WG

WRITE GATE: Enables the write mode. Pin WG has aninternal resistor pull-
up.

WSL

WINDOW SYMMETRY LATCH: Used to latch the input window symmetry
control bits WSD, WS0 and WS1 into the internal DAC. An active high level
latches the input bits. Pin WSL has an internal resistor pull-up.

WSD

WINDOW SYMMETRY DIRECTION: Controls the direction of the optional
window symmetry shift. Pin WSD has an internal resistor pull-up.

WS0

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window
shift of 1.5 % TORC (Read Reference Clock Period) in the direction
established by WSD. Pin WS0 has an internal resistor pull-up.

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window
shift of 6% TORC (Read Reference Clock Period) in the direction estab-

‘lished by WSD. A low level at both WS0 and WS1 will produce the sum of

the two window shifts. Pin WS1 has an internal resistor pull-up.

SOFT/HARD

SOFT/HARD SECTOR: Selects the address mark and the Preamble field
patterns. A high level (Soft Sector) selects a 3T Preamble Field pattern and
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects
a 4T Preamble Field pattern and disables the address mark circuitry. Pin
SOFT/HARD has an internal resistor pull-up.

WCLK

WRITE CLOCK: Write Clock input. Must be synchronous with the Write
Data input on the NRZ Data Port. For small cable delays, WCLK may be
connected directly to pin RRC (Read/Reference Clock).

EPD

ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the
phase detector and allows the VCO to coast. Pin EPD has an internal
resistor pull up.

ENABLE WRITE PRECOMPENSATION: A low level enables Write Pre-
compensation. Pin EWP has an internal resistor pull-up.
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PIN DESCRIPTIONS (cont)

OUTPUT PINS

NAME TYPE DESCRIPTION

WD 0 WRITE DATA: Encoded write data output, active low.

RRC (0] READ/REFERENCE CLOCK: A multiplexed clock source used by the con-

troller. Inthe read mode, this clock is the VCO frequency divided by two (1/
TORC) and in the write mode it is the crystal reference frequency divided by
two (1/TORO). No short clock pulses are generated during a mode change.

AMD (0] ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low
level output indicates that an address mark has been detected. In non-Read
modes AMD is configured as a high impedance output.

SDO (0] SYNC DETECT OUTPUT: An active low output that indicates successful
detection of the 3T Preamble sync field. THE SDO pin is not a TTL level
signal.

VCO CLK (0] VCO CLK: An open emitter VCO clock test point. Two external resistors

are required to utilize this output, they can be removed during normal
operaton for reduced power dissipation.

DELAYED READ DATA: Testpoint. The positive edges of this open emitter
ouput signal indicate the data bit position. The positive edges of the DRD
and the VCO CLK signals can be used to estimate window centering. The
time jitter of DRD's positive edge is an indication of media bit shift. Two
external resistors are required to perform this test, they can be removed
during normal operation for reduced power dissipation.

|

O
ey
O
(]

BIDIRECTIONAL PINS

NRZ 110 NRZ DATA PORT: Read Data output when RGis high and Write Data input
when WG is high. In the idle mode NRZ is in a high impedance state.

ANALOG PINS

IREF | TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay
are a function of the current source into pin IREF. The current is set by an
external resistor, RR, connected from IREF to VPA.

PCS | PRECOMP SET: Used to setthe magnitude of the Write Precompensation
time shift via an external capacitor, Cp to VPA and an external resistor, Rp
to AGND.

XTALA1, 1 CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not
XTAL2 desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The
frequency must be at twice the data rate.

PD OUT (0] PHASE DETECTOR OUTPUT: Drives the Loop Filter input.

VCO IN | VCO CONTROL INPUT: Driven by the Loop Filter output.
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PIN DESCRIPTIONS (cont)

OUTPUT PINS (Cont)

NAME TYPE DESCRIPTION

SDS | SYNC DETECT SET: Used to program the sync detect retriggerable one-
shot timing with an external R-C network. Connect the capacitor, Cd, to VPA
and the resistor, Rd, to AGND.

RF, RS 1 WINDOW SYMMETRY ADJUST PINS: Provides analog control over the
decode window symmetry; typically used to null out any window symmetry
offset. Aresistor connected from either RF or RS to AGND will provide mag-
nitude and direction control. They canbe used in conjunction with the digital
control port WSD, WS0, WS1.

POWER

DGND, AGND | DIGITAL AND ANALOG GROUND
VPA I ANALOG +5V

VPD | DIGITAL +5V
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OPERATION

The SSI 32D535 is designed to perform data recovery
and data encoding in rotating memory systems which
utilize a 2, 7 RLL encoding format. Inthe Read Mode
the SSI 32D535 performs Data Synchronization, Sync
Field Search and Detect, Address Mark Detect and
Data Decoding. In the Write Mode, the SSI 32D535
converts NRZ datainto the 2,7 RLL format describedin
Table 1, performs write precompensation, generates
the Preamble Field, and inserts Address Marks as
requested. The interface electronics and architecture
of the SSI 32D535 have been optimized for use as a
companion device to the SSI 32C452A or AIC 010
controllers.

The SSI 32D535 can operate with data rates ranging
from 7.5 to 15 Mbits/sec. This data rate is established
by a single 1% external resistor, RR, connected from
pin IREF to VPA. This resistor establishes a reference
current which sets the VCO center frequency, the
phase detector gain, and the 1/4 cell delay. The value
of this resistor is given by:

RR = 40.67 -0.5 (KQ)
DR

where: DR = Data Rate in Mbits/sec.

An internal crystal reference oscillator, operating at
twice the data rate, generates the standby reference
forthe PLL. A series resonant crystal between XTAL1
and XTAL2 should be selected at twice the Data Rate.
If acrystaloscillatoris notdesired, thenan external TTL
compatible reference may be applied to XTAL1, leav-
ing XTAL2 open.

The SSI 32D535 employs a Dual Mode Phase Detec-
tor; Harmonic in the Read Mode and Non-Harmonic in
Write and Idle Modes. Inthe Read Mode the Harmonic
Phase Detector updates the PLL with each occurrence
ofaDLYD DATA pulse. Inthe Write and Idle Modes the
Non-Harmonic Phase Detector is continuously en-
abled, thus maintaining both phase and frequency
lock. By acquiringboth phase and frequency lock to the
crystal reference oscillator and utilizing a zero phase
restart technique, false lock to DLYD DATA is elimi-
nated.

The phase detector incorporates a charge pump in
order to drive the loop filter directly. The polarity and
width of the output current pulses correspond to the
direction and magnitude of the phase error. Figure 1
depicts the average output current as a function of the
input phase error (relative to the VCO period).

The READ GATE (RG), and WRITE GATE (WG),
inputs control the device mode as describedin Table 2.
RG is an asynchronous input and may be initiated or
terminated at any position on the disk. WG is also an
asynchronous input, but should not be terminated prior
to the last output Write Data pulse.

READ OPERATION

The Data Synchronizer utilizes a fully integrated fast
acquisition PLL to accurately develop the decode win-
dow. Read Gate, RG, initiates the PLL locking seq-
uence and selects the PLL reference input; a high level
(Read Mode) selects the RD input and a low level
selects the crystal reference oscillator.

In the Read Mode the rising edge of DLYD DATA
enables the Phase Detector while the falling edge is
phase compared to the rising edge of the VCO. As
depicted in Figure 2, DLYD DATA is a 1/4 cell wide
(TVCO/2) puise whose leading edge is defined by the
leading edge of RD. An accurate and symmetrical de-
code window is developed from the VCO clock. The
decode window is generated from the falling edges of
the VCO clock. By utilizing a fully integrated symmet-
rical VCO running at twice the data rate, the decode
window is insured to be accurate and centered sym-
metrically about the falling edges of DLYD DATA. The
accuracy of the 1/4 cell delay only affects the retrace
angle of the phase detector and does not influence the
accuracy of the decode window.

Shifting the symmetry of the VCO clock effectively
shifts the relative position of the DLYD DATA pulse
within the decode window. This powerful capability
easily facilitates defect mappings, automatic calibra-
tion, window margin testing, error recovery, and sys-
tematic error cancellation. For enhanced disk drive
testability and error recovery, decode window controlis
provided via a pP port (WSL, WSD, WSO, WSH1) as
described in Table 3. In applications not utilizing this
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feature, WSL should be connected to ground, while
WSD, WS0, and WS1 can be left open.

Window shifts inthe range of +1.5%t0 +7.5% of TORC
are easily programmed by latching the appropriate
control word into the Window Shift Register with the
WSL pin. Shifts in the positive or negative directions
result in early or late decode windows respectively, as
depicted in Figure 3. Additionally, for small systematic
error cancellation, a resistor, R, connected from either
RS (Early) or RF (Late) to ground will provide analog
control overthe decode window. The magnitude of this
shift, TSA is determined by:

TSA=0.125 TORC(1 . 680+R )

1180 +R

where: R is in ohms

Pins RF and RS are intended to be used as a trim and
should be restricted to +1.5% window shifts. They can
be used in conjunction with the digital control port.

The VCO CLK and DRD ouputs can be used to esti-
mate window centering and data bit shift. The rising
edges of VCO CLK indicate the data detection window
edges. The rising edge of DRD indicates the data bit
position relative to the decode window. Two external
resistors are required during such testing. A pull-up
resistor of 130Q should be connected to VPD, while a
pull-down resistor of 200Q should be connected to
DGND. The resistors can be removed during normal
operation to reduce power dissipation.

In Non-Read Modes, the PLL is locked to the crystal
reference oscillator. This forces the VCO to run at a
frequency which is very close to that required for
tracking actual data and thus minimizes the associat-
ed frequency step during acquisition. When the refer-
ence input to the PLL is switched, the VCO is stopped
momentarily, then restarted in an accurate phase
alignment with the next PLL reference input pulse, and
the VCOclockdivideris reset. By minimizingthe phase
alignment in this manner (phase error < 0.5 rads), the
acquisition time is substantially reduced.

The SSI 32D535 provides two sync modes for control-
ling the PLL locking sequence; Soft Sector and Hard
Sector.

SOFT SECTOR MODE

The Soft Sector Mode activates the Preamble Search
and Address Mark detection circuitry. As depicted in
Figure 4, when RG transitions high, the counter is reset
and the SS1 32D535 requires 10 high to low transitions
(Preamble ‘1’ bits) before switching the reference input
to the PLL, 48 high to low transitions before switching
the Read Reference Clock to the VCO clock divided by
two and activating the Address Mark Detect circuitry;
thenit must detect the Address Mark prior to 80 high to
low transitions in order to enter the Read Mode. This
sequence repeats after 95 input ‘1’ bits until the read
mode is successfully entered or until RG is cancelled.

When RG transitions high, the following PLL locking
sequence begins:

a) PREAMBLE SEARCH:

The 3T detect circuitry initiates the PLL locking
sequence once it has detected 10 consecutive
‘100’ bit groups from the 3T preamble field.
The 3T detect timing is set by the sum of the
1/4 cell delay and the retriggerable one-shot
delay. The 1/4 cell timing capacitorisincluded
on-chip and its timing is externally set by
resistor RR. The retriggerable one-shot timing
is externally set by resistor Rd and capacitor
Cd. The sumof their delays is setto 3.5 bit cell
times. Therefore, a continuous stream of input
pulses with a 3T bit cell time pulse rate keeps
the one-shot reset, and a 4T or longer bit cell
time input period allows the one-shot to time
out producing a 4T detect pulse. The 4T detect
pulse resets the Input Counter and the search
is started over.

b) PLL ACQUISITION:

Once 10 consecutive ‘100’ bit groups are de-
tected, the reference input to the PLL is
switched from the crystal reference oscillator
to the DLYD DATA, the VCO is phase reset to
the next DLYD DATA pulse, and PLL acquis-
tion begins. When an additional 38 ‘100’ bit
groups are detected, the Read Reference
Clock output (RRC) is switched to the VCO
clock divided by 2, the 4T Detect circuitry is
inhibited, and the Address Mark Detection
circuitry is enabled. If a 4T detect pulse occurs
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before 48 Preamble ‘1’ bits are detected, then
the PLL is locked back to the crystal reference
oscillator, the RRC output is switched to the
crystal reference oscillator divided by 2, the
Input Counter reset, and the sequence is re-
started. No short duration glitches will occur at
the RRC output during this switching.

c) ADDRESS MARK DETECTION:

The circuit searches for the occurrence of the
S5EAXx1e Address Mark. If an Address Mark is
detected prior to the Input Counter reaching
count 80, the correct phase of the RRC is
ensured by resetting the n/2 divider, the AMD
output is latched low, the PLL training se-
quence is terminated, and the Read Mode is
entered allowing the data field to be read. Ifthe
Input Counter reaches count 80 before the
Address Mark is detected, the PLL is locked
back to the crystal reference oscillator, the
RRC output is switched to the crystal
reference oscillator divided by 2, and the PLL
training sequence is restarted when the Input
Counter reaches count 96. Figure 5 depicts
the Address Mark detection sequence.

HARD SECTOR MODE

In the Hard Sector mode (SOFT/HARD = 0) the SSI
32D535 utilizes a 4T (1000) Preamble Field and dis-
ables the Preamble Search and Address Mark detec-
tion circuitry. It allows the PLL to be controlled directly
by RG for Hard Sector format operation. With the ab-
sence of an Address Mark, the 4T Preamble Field is
utilized to properly set the bit cell alignment bounda-
ries for proper decoding.

When RG transitions high, as depicted in Figure 6,
reference input to the PLL is switched from the crystal
reference oscillatorto DLYD DATA, the VCO is phase
reset to the next DLYD DATA pulse, and the PLL
acquisition begins. When 32 ‘1’ Preamble bits are
detected, the RRC output is switched to the VCO
clock divided by 2, and the Read Mode is entered
allowing the data field to be read.

In the Hard Sector mode, the NRZ output is inverted
and will remain low until the data field is read, as shown
in Figure 7. Since the Preamble Search circuitry is not
utilized, the external one-shot timing components
(Cd, Rd) are not required and the SDS pin can be left
open.

WRITE OPERATION

In the Write Mode the SSI 32D535 converts NRZ data
from the controller into 2, 7 RLL formatted data for
storage onto the disk. The SSI 32D535 can operate
with a soft or hard sectored disk drive. In the Soft
Sector Mode, (SOFT/HARD = 1) the device generates
a 3T Preamble Field and can insert a N7V Address
Mark. The N7V Address Markisavalid 2,7 RLL pattern
which is not contained in the code set. In the Hard
Sector Mode, (SOFT/HARD = 0) the device gener-
ates a 4T Preamble Field and no Address Mark. Serial
NRZ data is clocked into the SSI 32D535 and latched
on defined cell boundaries. The NRZ input data must
be synchronous with the rising edges of the WCLK
input. The WCLK input is a feature provided for opera-
tion in an ESDI application to compensate for large
cable delays. Ina SCSI or ST506 operation, WCLK is
connected directly to the RRC output.

Write precompensation circuitry is provided to com-
pensate for media bit shift caused by intersymbol inter-
ference. The SSI 32D535 recognizes specific write
datapatterns and canadd or subtract delaysinthe time
position of write data bits to counteract the read back
bit shift. The magnitude of the time shift, TC, is deter-
mined by an external R-C network on the PSC pin
given by:

TC=0.15 (RP)(CP)
When the ENABLE WRITE PRECOMP, EWP, input is

low the SSI 32D535 performs write precompensation
according to the algorithm outlined in Table 4.
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SOFT SECTOR MODE

In the Soft Sector Mode, when WRITE GATE (WG),
transitions high and the NRZ input is held low, the SSI
32D535 automatically generates the 3T (100) Pre-
amble Field atthe WRITE DATA (WD), output. The 3T
Preamble Field will continue to be generated until the
first low to high transition on the NRZ line. As shownin
Figure 8, the first low to high transition occurs with the
second bit ‘1’ of the 516 (0101) in the 5EAxie Address
Mark generation pattern. To generate the Address
Mark, the SSI 32D535 automatically changes the “1’in
the eleventh position (see note 3) of the 2, 7 RLL
encoded sequence, to a ‘0’. This generates a pattern
of seven zero's followed by two zero's. This unique
pattern satisfies the 2, 7 RLL constraints, but will never
occur during a normal encoding sequence. The xie of
the 5EAxis Address Mark generation pattern can be
selected, a ‘C1¢’ (1100) was utilized in this example.

HARD SECTOR MODE

In the Hard Sector Mode, when WG goes high and the
NRZ input is held low, the SSI 32D535 automatically
generates the 4T (1000) Preamble Field atthe WRITE
DATA, WD, output. Note that in the Hard Sector
mode, the NRZ input is inverted, therefore a constant
low is equivalent to an ‘11 . . .” input which generates
the 4T ‘1000 . . .’ Preamble Field. The 4T Preamble
Field will be generated between the time WG goes
high and the first low to high transition onthe NRZ line.
The 32D535 requires a minimum of 32 4T (1000) bit
groups prior to the data field.

NRZ

2,7RLL

10

0100

11

1000

000

000100

010

100100

011

001000

0010

00100100

0011

00001000

TABLE 1: 2,7 RLL Code Set

WG RG MODE

0 0 IDLE

0 1 READ

1 0 WRITE

1 1 ILLEGAL
TABLE 2: Mode Control
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Ts, NOMINAL WINDOW SHIFT | WSD WS1| Wso
+TS3 0 0 0
+1S2 0 0 1
+TS1 0 1 0
0 0 1 1
-TS3 1 0 0
-TS2 1 0 1
-TS1 1 1 0
0 1 1 1

TABLE 3 : Decode Window Symmetry Control

ENCODED 2, 7 RLL DATA PATTERN
BIT BIT BIT BIT BIT BIT BIT COMPENSATION
n-3 n-2 n-1 n n+1 n+2 n+3 BITn
0 0 0 1 0 0 0 none
1 0 0 1 0 0 1 none
1 0 0 1 0 0 0 early
0 0 0 1 0 0 1 late

TABLE 4 : Write Precompensatiom Algorithm
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}
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\
\

- -lo -
a) HARMONIC MODE b) NON-HARMONIC MODE
Note 1) lo is the magnitude of the charge pump current.
2) Phase error is relative to the VCO period
FIGURE 1: Phase Detector Transfer Funtion
2,7HLLDATA|°|°|°l°|°|1|°|0|0|0|0|1|o|o|o|o|
RO
1/4 CELL

DLYD
DATA
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RRC
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FIGURE 2: Data Synchronization Waveform Diagram
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FIGURE 3: Decode Window
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3) Dotted lines represent a high impedance output state
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FIGURE 4: Soft Sector Mode Timing Diagram
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vco out? ||||| ] ll ]HII ||[|||H|||
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DATA|1|1|1|1I1|11 ) 1 o | 1 ] ]

1" >
1

SYNC FIELD | Atg | C1e

NRZ L L L
l

Notes: *1) These four bits can be any combination, C1s (1100) was selected in this example
*2) The 5Es of the 5EAx1s Address Mark is not read back
*3) Representations of internal signals

|
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o

FIGURE 5: Address Mark Detection and NRZ Output Waveform
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Notes: 1) Dashed lines represent a high impedance output state
2) Representations of internal signals

FIGURE 6: Hard Sector Mode Timing Diagram
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INPUT COUNTER + t

ENCODED 2, 7 DATA |1|0|0l0 1|0|0|o 1[olo|1|o|o|o|1|o|o|1|o|o|o|o[o|o|1|o|o|

m I (.
DLYD DATA!" _ﬂ 1 Il I

I I
Tl M

veoout!” I ,

rrc XXXX@}W

DECODED NRZ DATA 1| 1 | 1 | 1 | 1 1 | 1

NRZ OUTPUTZ

Notes: *1) Representations of internal signals
*2) In hard sector mode the NRZ output is inverted

FIGURE 7: Hard Sector Mode Decode Timing
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NRZ
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RRAC (WCLK)
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Notes: *1) X1s can be any combination, C1s (1100) was selected in this example
*2) Representations of internal signals
*3) Deleted ouput pulse to encode Address Mark

Xy DATA ——

FIGURE 8: Write Address Mark Generation
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATINGS UNIT
Storage Temperature -65 to +150 °C
Ambient Operating Temperature, Ta 0to +70 °C
Junction Operating Temperature, Tj 0to +130 °C
Supply Voltage, VCC -05t07 Vdc
Voltage Applied to Logic inputs -0.5t0o VCC +0.5 Vdc
Maximum Power Dissipation 950 mwW

DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC
<5.25V, Ta = 0°C to 70°C, 7.5 MHz < 1/TORC < 15 MHz, 15 MHz < 1/TVCO < 30 MHz

PARAMETER CONDITIONS MIN NOM | MAX UNIT
TTL Inputs:
VIH, High Level Input Voltage 2.0 Vv
VIL, Low Level Input Voltage 0.8 \"
IIH, High Level Input Current VIH = 2.7V 20 HA
IIL, Low Level Input Current VIL = 0.4V -0.36 mA
TTL Outputs:
VOH, High Level Output Voltage | IOH = -400 pA 2.7 \'
VOL, Low Level Output Voltage IOL =4 mA 0.5 Y
Test Point Outputs: DRD, VCO CLK (See Figure 12)
VOH, High Level Ouput Voltage RL= 130Qto VPD,

200Q to DGND VPD-0.720 Vv
VOL, Low Level Output Voltage RL= 130Qto VPD,

200Q to DGND VPD - 1.625 \"
ICC, Power Supply Current All outputs open 180 mA
DYNAMIC CHARACTERISTICS AND TIMING
READ MODE (See figure 9)
TRD, Read Data Pulse Width 20 TORC-40| ns
TFRD, Read Data Fall Time 2.0Vto 0.8V, CL<15pF 15 ns
TRRC, Read Clock Rise Time 0.8V to 2.0V, CL < 15pF 8 ns
TFRC, Read Clock Fall Time 2.0Vto 0.8V, CL< 15pF 5 ns
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READ MODE (Cont.)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
TPNRZ, NRZ (out)
Propagation Delay -15 15 ns
TPAMD, AMD
Propagation Delay -15 15 ns
1/4 Cell + Retriggerable
One-Shot Detect Stability 45V <VCC <55V -4 +4 %
1/4 Cell + Retriggerable TD = 6.14(RR +0.5)
One-Shot Delay* +0.172Rd(Cd +11.5)
RR = KQ
Rd = KQ
Cd = 68 pF to 100 pF 0.89TD 1.11TD ns
Note: * = Excludes External Capacitor and Resistor Tolerances
WRITE MODE (See Figure 10)
PARAMETER CONDITIONS MIN MAX UNIT
TWD, Write Data Pulse Width CL <15 pF (TORO/2)-12 [(TORO/2) +12] ns
TFWD, Write Data Fall Time 2.0Vto 0.8V,CL<15pF 8 ns
TOWC Write Data Clock
Repetition Period TORO-12 TORO +12 ns
TRWC Write Data
Clock Rise Time 0.8Vto 2.0V 10 ns
TFWC  Write Data
Clock Fall Time 2.0Vto 0.8V 8 ns
TSNRZ, NRZ (in) Set Up Time 20 ns
THNRZ, NRZ (in) Hold Time 7 ns
TWDC Compensated Write
Data Pulse Width CL<15pF (TORO/2)-2TC-12 ns
TE, TL Write Data TC = 0.15(Rp)(Cp)
Compensation Accuracy | Cp = 15 pF to 36 pF 0.8TC 1.2TC ns
DATA SYNCHRONIZATION
PARAMETER CONDITIONS MIN NOM | MAX UNIT
TVCO VCO Center Frequency VCOIN =27V
Period TO = 1.23E - 11(RR +500)
VCC =5.0V 0.8TO 1.2TO sec
VCO Frequency 1.0V<VCOIN < VCC -0.6V
Dynamic Range VCC =5.0V +27 +40 %
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DATA SYNCHRONIZATION (Cont.)

Time Delay

PARAMETER CONDITIONS MIN NOM MAX UNIT
KVCO VCO Control Gain wo=2x/TO 0.14m0 0.20wo0
1.0V<VCOIN<VCC -0.6V sec-V
KD Phase Detector Gain KD = 0.309/ (RR + 500)
VCC =5.0V 0.83KD 1.17KD | A/rad
KVCO x KD Product
Accuracy -28 +28 %
VCO Phase Restart Error -0.5 +0.5 rad
Decode Window +(0.01 ns
Centering Accuracy TORC +2)
Decode Window (TORC/2) -2 ns
TS1 Decode Window Time
Shift Magnitude TS1=0.015TORC 0.85 TS1 1.15TS1 | sec
TS2  Decode Window Time
Shift Magnitude TS2 = 0.06 TORC 0.90 TS2 1.1TS2 sec
TS3  Decode Window Time
Shift Magnitude TS3 =0.075 TORC 0.90 TS3 1.1TS3 sec
TSA  Decode Window Time - _680+R | [0.65TSA 1.35TSA | sec
Shift Magnitude TSA=0.125TORC (1 1180 + R)
with: R in ohms
CONTROL CHARACTERISTICS (See figure 11)
TSWS, WS0, WS1, WSD 50 ns
Set Up Time
THWS, WS0, WS1, WSD 0 ns
Hold Time
RG, WG, SOFT/HARD 100 ns
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FIGURE 9: Read Timing
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FIGURE 10: Write Timing
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FIGURE 11: Control Timing
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FIGURE 12: Test Point Timing
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APPLICATIONS INFORMATION
REFERENCE OSCILLATOR

Aninternal reference oscillator, operating at twice the data rate, generates the standby reference for the PLL. A
series resonant crystal between XTAL1 and XTAL2, should be selected at twice the Data Rate. If a crystal
oscillatoris notdesired, then an external TTL compatible reference may be appliedto XTAL1, leaving XTAL2 open.

An R-C network is employed on the demonstration board for operation with the crystal oscillator. The purpose
of this network is to minimize the coupling of noise into the clock. The 3 KQ resistor from XTAL2 to ground helps
to speed up the oscillator transitions, while the R-C network from XTAL1 to ground lowers theimpedance to reduce
capacitive coupling effects. In applications utilizing a TTL compatible reference signal, this network should be
removed. .

If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is
suggested:

XTAL 1 XTAL 2
24 25
. W =2nFy = —L
o o Tc
0.01pF
Qg = 0, C Rin
c L 0 =®o

The typical input impedance looking into XTAL1 is approximately Rin = 250Q. It is recommended to design the
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 20 MHz would resultin L=0.16
puH and C = 380 pF.
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LOOP FILTER

The performance of the SSI 32D535 is directly related to the selection of the loop filter. The loop filter
characteristics should be optimized for:

(A) Fast Acquisition

The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched

between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop
bandwidth so that it can quickly respond to changes at the input.

(B) Data Margin

The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause
the subsequent bit to be poorly centered within its window and possibly cause an error. This requirement
implies a small loop bandwidth reducing the sensitivity to high frequency jitter.

(C) Data Tracking

The ability to respond to instantaneous changes in phase and frequency of the data. This canbe a result
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this
depends upon the application.

Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the
architecture of the SSI 32D535 significantly simplifies the design by minimizing the “step in phase” and “step in
frequency” encountered when switching the Phase Detector input reference signal. A zero phase restart
technique is employed to minimize the initial phase error while the standby reference oscillator keeps the VCO
at the center frequency during non-read modes.

One approach in determining the initial loop filter selection is to consider the requirements imposed during
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the
preamble field prior to decoding data. The format of the sector will dictate which of these two criteriaimposes the
tightest restriction on acquisition.

The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the SSI
32D535 locking sequence. Knowing this length in time, and that our initial phase erroris less than 0.5 radians,
we can determine an acceptable loop bandwidth (wn) and damping factor ().
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One possible loop filter configuration is as follows:

Therole of C1is as anintegrating element. The largerthis capacitance, the longer the acquisitiontime; the smaller
the capacitance, the greaterthe ability to track high frequency jitter. The resistor R reduces the phase shiftinduced

by C1. The capacitor C2 will suppress high frequency transients and will have minimal effect on the loop response
if it is small relative to C1 (typically C2 = C1/10)

Iin

o—2

C
1 Vout

THE—
O o)
|+

The loop filter transfer function is:

Vout 1+SRC1
F(s)=—rn=
lin  sCy(1+sC, R+C,/C4)

If C2 << C1, then:

F(s) _ Vout _1 +sRC,
lin SC1

The overall block diagram for the phaselock loop can be described as:

+
oin(s) —»D—p[ K0 |—[F ) || 2 |-r> oouee

S

LN I
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Where,

KD =Phase Detector gain|Afrad]|
F(s) = Loop filter impedance [V/A
@ =VCO control gain[rad/sec-V’

N = The ratio of the reference input frequency to the VCO output frequency

The closed loop transfer function is;

Oout(s) G(s)
T(s)= -
B = Gne  TTGEHE)

KD -KVCO (1 +SRC}/C|

5" +s[N -KD - KvcO- ] N KO- KVCO
1

by putting the characteristic equation (denominator) in the form of;
2 2

s +2s{@n+mn
we can solve for on and { to get;

2_N-KD+KVCO ¢~ N-KD-KVCO-R

Now we can solve for R, C1 and C2:

c1 = N-KD-KVGO
wn

2Cmn
" N-KD-KVCO
oF

2= m
where: @n =loop bandwidth

{=loop damping factor
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Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data
pulse. This technique allows the VCO to run at a center frequency with period, TVCO, equal to one encoded data
bit cell time.

Figure 13 represents the relationship between the VCO output when locked to various Phase Detector input
signals.

— Tvco —
VCO OUTPUT

REFERENCE OSCILLATOR
INPUT

‘3T' INPUT I |_|
‘4T INPUT I__l ‘_l
‘8T' INPUT l_l

.
[

FIGURE 13: Relationship of VCO Output to Phase Detector Input

The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. Whenthe PLL
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum.
When the PLL is tracking data and the input is an "8 T" pattern, then the Phase Detector gain is at its minimum.
The following indicates the value of "N" for various input conditions:

N=1.0 , for in = reference oscillator

N=0.33 ,for®6in=3T (100) preamble field (maximum data frequency)

N=0.25 ,for6in=4T (1000) preamble field

N =0.125 |, for 6in = 8T (minimum data frequency)
Throughout this analysis the PLL has been considered as a continuous time system. In actuality the characteristics

of the Phase Detector resultin a sampled data system. By utilizing an integrating loop filter to average and smooth
the Phase Detector change pump output pulses, this analogy should be reasonable.

LOOP FILTER - Example for a 10 Mbits/s Soft Sector Application

Inthe soft Sector mode the PLL locking sequence allows the VCO to be within a determined amount of error after
38 x ‘3T’ (100) bit groups. At 10 Mbits/s each data bit cell time, TVCO, is equal to 50 ns. This results in:

tmax = (38)(3)(50ns) = 5.7 ps
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LOOP FILTER (Continued)

Therefore, the PLL has 5.7 us to settle to within an acceptable amount of error before tracking and decoding data.
Because the SSI 32D535 employs a zero phase restart technique, the initial phase error is less than 8% TORC
(0.5rad) or:

ABe < (0.08)(100ns)
ABe < 8ns

Determining an acceptable amount of phase error after locking to the preamble field depends upon the system
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that
amount which when added to all other timing error contributors, results in the data being within its timing window
by the required margin.

In general, it is desirable to have the loop damping factor “C” between 0.5 and 1.0 during acquisition. For a high
gain, second-order loop this results in minimal noise bandwidth. For this example we will let { = 0.7.

Figure 14 represents the phase errors response in time to a transient step in phase as a function of the loop
bandwidth and damping factor. Figure 15 indicates the response of the VCO control voltage to compensate for
this step in phase.
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LOOP FILTER (Continued)

As shown in Figure 14, with £ = 0.7, our initial transient phase error will be at most 22% of its original value at wnt
=2.3,7.5% at ont = 4.0, etc. Forthis example we want the final phase error to be less than 1% of its original level.
This results in a ont between 5 and 6. To simplify the results, let wnt = 5.7.

Now,
ont= 5.7
and tmax= 5.7uS
~on= 1.0¢ 108 rad/sec
with {= 0.7

Since we are evaluating the loop response during acquisition to the ‘3T' preamble, N = 0.33.

Now we have all the information required to calculate the loop filter component values.

RR = 3567Q
on= 1.0°10° rad/sec
(= 07
KD(typ) = 0.309/(RR+500) = 7.6 « 105 A/rad
KVCO(typ) = 0.17wo = 0.17(2x)/TO = 2.14 « 107 rad/sec-volt
N= 0.33
which results in:
2Cwn
=—.__..__=26089
Ne+KD«KVCO
C1 = N'KD'I:VCO=537PF
n
Cy
Cr=—=54pF
2730~
or,
PD OUT & O VCOIN

L sorr l
% 2608Q I 54 pF
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LOOP FILTER (Continued)

This loop filter configuration and its component values should be considered a starting point. The final value of
won depends upon the system requirements and can certainly be optimized for a specific application. Inthe table
below, we have listed some suggested external component values for several common data rates.

BANDWIDTH EXTERNAL COMPONENT VALUES

DATA RATE | DAMPING | LOCK TIME rad

N ont
(Mbit/s) | FACTOR | tmax (us) on (Q) RR(KQ) | Cd(pF) |RA(KQ) | R(KRQ) | C1(pF) | C2(pF)
7.5 0.7 75 |50| 667x10% | 492 | 100 | 11.0 | 30 | 687 | 69
10.0 0.7 57 |57 10x108 | 357 | 8 | 100 | 27 | 510 | 51
15.0 0.7 38 |57 15x108 | 221 | 100 | 622 | 18 | 510 | 5t
LAYOUT CONSIDERATIONS

As with other high frequency analog devices the SSI 32D535 requires care in layout. The designer should keep
analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along with
supply bypassing to separate the SSI 32D535, and associated circuitry, from other circuits on the PCB.
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g 0.3 fammns \\ N
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N T T
ju} 0.1
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FIGURE 15: TRANSIENT PHASE ERROR 0e(t) DUE TO A STEP IN FREQUENCY Aw
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PACKAGE PIN DESIGNATIONS

(TOP VIEW)

EWP ] 1 32[] SOFT/HARD
we ] 2 31[] PCS

vwPA [] 3 301 WD

SO [} 4 29[] vPD
RO (5 28[] NC
RG [] 6 271 XTAL2

sps ] 7 26 [] XTAL1

EPD [ 8 25[] DGND

VCOIN [} 9 241 RRC
PDOUT [] 10 23 (] WCLK

AGND [] 11 221 NRZ
Rs [] 12 21[] AMD
RF [ 13 20 [] wsL

IREF [] 14 191 wsD

WS0 [] 15 18[] WS

DRD [] 16 17[] VCOCLK
32 LEAD SOW, DIP

ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 32D535 32 Pin Small Outline - Wide SS132D535 - CW 32D535 - CW
SSI 32D535 32 Pin Plastic DIP S$S132D535 - CP 32D535 - CP

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resumng from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the rlght to make changes
in specifications at any time without notice.

™

Silicon Systems Inc., 14351 Myford Road, Tustin CA 92680, (714) 731-7110, TWX 910-595-2809

- -
©1988 Silicon Systems, Inc. 0188
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o B4 ™ Data Synchronization/
J ﬂ‘f 1,7 RLL ENDEC

August, 1988
DESCRIPTION FEATURES

The SSI 32D536 Data Synchronizer/1,7 RLL ENDEC * Data Synchronizer and 1,7 RLL ENDEC
provides data recovery and data encoding for storage
systems which employ a 1,7 RLL encoding format. ) N .
Data synchronization is performed with a fully inte- reD;;?oljate programmed with a single external
grated high performance PLL. A zero phase restart o . .

technique is used to minimize PLL acquisition time. *  Optimized for operation with the SSI 32C452 and

7.5 to 15 Mbits/sec operation

The SSI 32D536 has been optimized for operation as AIC 010 controllers.

a companion device to the SSI1 32C452 and AIC 010  *  Fast acquisition phase lock loop

controllers. The VCO frequency setting elements are - Zero phase restart technique

incorporated within the SSI 32D536 for enhanced * Fully integrated data separator

performance and reduced board space. Data rate is - No external delay lines or active devices required

established with a single external programming resis- e  programmable write precompensation
tor. The SSI 32D536 utilizes an advanced bipolar . i

process technology which affords precise decode Hard and soft sector operation
window control without the requirement of an accurate  ®  Crystal controlled reference oscillator
1/3 cell delay or external devices. The SSI 32D536 +5V operation
requires a single +5V supply.

* 28-pin PLCC & 28-pin DIP packages

BLOCK DIAGRAM

REF DRD VCO REF EPD  FOOUT VCON VCOCLK VPA1 VPA2

wes WO WKO WeL ENB
0888
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OPERATION

The SSI 32D536 is designed to perform data recovery
and data encoding in rotating memory systems which
utilize a 1,7 RLL encoding format. In the Read Mode
the SSI32D536 performs Data Synchronization, Sync
Field Search and Detect, Address Mark Detect, and
Data Decoding. In the Write Mode, the SSI 32D536
converts NRZ data into the 1,7 RLL format described in
Table 1, performs Write Precompensation, generates
the Preamble Field, and inserts Address Marks as
requested. The interface electronics and architecture
of the SSI 32D536 have been optimized for use as a
companion device to the SSI 32C452 or AIC 010
controllers.

The SSI 32D536 can operate with data rates ranging
from 7.5 to 15 Mbits/sec. This data rate is established
by a single 1% external resistor, RR, connected from
pin IREF to VPA. This resistor establishes a reference
current which sets the VCO center frequency, the
phase detector gain, and the 1/3 cell delay. The value
of this resistor is given by:

RR=926_23(KQ)
DR

where: DR = Data Rate in Mbits/sec.

An internal crystal reference oscillator, operating at
three times the data rate, generates the standby refer-
ence for the PLL. A series resonant crystal between
XTAL1 and XTAL2 should be selected at three times
the Data Rate. If a crystal oscillator is not desired, then
an external TTL compatible reference may be applied
to XTAL1, leaving XTAL2 open.

The SSI 32D536 employs a Dual Mode Phase Detec-
tor; Harmonic in the Read Mode and Non Harmonic in
Write and Idle Modes. Inthe Read Mode the Harmonic
Phase Detector updates the PLL with each occurrence
of aDYLD DATApuise. Inthe Write and Idle modes the
Non-Harmonic Phase Detector is continuously en-
abled, thus maintaining both phase and frequency
lock. By acquiring both phase andfrequency locktothe
crystal reference oscillator and utilizing a zero phase
restart technique, false lock to DLYD DATA is elimi-
nated.

The phase detector incorporates a charge pump in
order to drive the loop filter directly. The polarity and
width of the output current pulses correspond to the
direction and magnitude of the phase error.

The READ GATE (RG), and WRITE GATE (WG)
inputs control the device mode.

RG is an asynchronous input and may be initiated or
terminated at any position on the disk. WG is also an
asynchronous input, but should not be terminated prior
to the last output Write Data pulse.

READ OPERATION

The Data Synchronizer utilizes a fully integrated fast
acquisition PLL to accurately develop the decode
window. Read Gate, RG, initiates the PLL locking
sequence and selects the PLL reference input; a high
level (Read Mode) selects the RD input and a low level
selects the crystal reference oscillator.

Inthe Read Mode the falling edge of DRD enables the
Phase Detector while the rising edge is phase com-
pared to the rising edge of the VCO/2. As depicted in
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose
leading edge is defined by the leading edge of RD. An
accurate and symmetrical decode window is devel-
oped from the VCO/2 clock. By utilizing a fully inte-
grated symmetrical VCO running at three times the
data rate, the decode window is insured to be accurate
and centered symmetrically about the rising edges of
DRD. The accuracy of the 1/3 cell delay only affectsthe
retrace angle of the phase detector and does not
influence the accuracy of the decode window.

In Non-Read Modes, the PLL is locked to the crystal
reference oscillator. This forces the VCO to run at a
frequency which is very close to that required for
tracking actual data and thus minimizes the associated
frequency step during acquisition. Whenthe reference
input to the PLL is switched, the VCO is stopped
momentarily, then restarted in an accurate phase
alignment with the next PLL reference input pulse, and
the VCOclock divider is reset. By minimizingthe phase
alignment in this manner (phase error < 1 rads), the
acquisition time is substantially reduced.

3-86

0888



SSI 32D536

Data Synchronization/1, 7 RLL ENDEC

with Write Precompensation

0888

SOFT SECTOR OPERATION

Disk Operation Lock Sequence in Read Mode Soft
Sector Operation

70110 1931

o [mmee n] sz | Mk | e | g
_]_nnaum.z
ADDRESS MARK DETECT

In Soft Sector Read Operation the SSI 32D536 must
firstdetectanaddress markto be able toinitiate the rest
of the read lock sequence. An address mark for the
SSI 32D536 consists of two (2) 7 “0” patterns followed
by two 11 “0” patterns. To begin the read lock se-
quence the Address Mark Enable (AMENB) is as-
serted by the controller. The SSI 32D536 Address
Mark Detect (AMD) circuitry then initiates a search of
the read data (RD) for an address mark. Firstthe AMD
looks for a set of 6 “0’s” withinthe 7 “0” patterns. Having
detected a 6 “0”the AMD then looks fora 9 “0” set within
the 11 “0’s”. If AMD does not detect 9 “0’s” within 5 RD
bits after detecting 6 “0’s” it will restart the Address
Mark Detect sequence and look for 6 “0’s.” When the
AMD has acquired a 6 “0,” 9 “0” sequence the AMD
transitions low disabling AMENB after one “zero” time
period delay; one encoded clock time period later the
AMD transitions back high and the SSI 32D536 is
ready for a preamble search when the Read Gate is
asserted.

PREAMBLE SEARCH

After the Address Mark (AM) has been detected a
Read Gate (RG) can be asserted initiating the remain-
der of the read lock sequence. When RG is asserted
an internal counter counts negative transitions of the
incoming Read Data (RD) looking for (3) consecutive
3T preamble. Once the counter reaches count 3 (finds
(3) consecutive 3T preamble) the internal read gate
enables switching the phase detector from the refer-
ence oscillator to the delayed Read Data input (DRD);
at the same time a zero phase (internal) restart signal
restarts the VCO in phase with the read reference
clock. This prepares the VCO to be synchronized to
data when the bit sync circuitry is enabled after VCO
lock is established.

VCO LOCK & BIT SYNC ENABLE

When the internal counter counts 16 more “3T” or a
total of 19 negative transitions from RG enable, an
internal VCO lock signal enables. The VCO lock signal
activates the decoder bit synchronization circuitry to
define the proper decode boundaries. Also, at count
19, the RRC source switches from the reference oscil-
latorto VCO clock signalwhichis phase locked to DRD.
The VCO is assumed locked at this point. A maximum
of 2 RRC time periods may occur for the RRC transi-
tion, however, no short duration glitches will occur.
After the bit sync circuitry sets the proper decode
window (VCO in sync with RRC and RRC in sync with
data) NRZ is enabled and data is toggled in to be
decoded for the duration of the read gate.

HARD SECTOR OPERATION

Disk Operation Lock Sequence in Read Mode Hard
Sector Operation

19°3T°
ax BT .
=ar| ook I SYNC ‘ \bece l DATA - --
RG ENABLE

In hard sector operation the SSI 32D536’s Address
Mark Detection circuitry is not enabled by a AMENB
signal and AMD remains inactive. A hard sector read
operationdoes not require an address mark search but
starts with a preamble search as with soft sector and
sequencesidentically. In all respects, with exceptionto
the address mark search sequence, hard sector read
operation is the same as soft sector read.

WRITE MODE

In the write mode the SSI 32D536 converts NRZ data
from the controller into 1,7 RLL formatted data for
storage on the disk. The SSI32D536 can operate with
a soft or hard sector hard drive.

In soft sector operation the device generates a “7, 11”
Address Mark, and a preamble pattern.

In the hard sector operation the device generates a
3 x “3T" preamble pattern but no preceding Address
Mark. Serial NRZ data is clocked into the SSI 32D536
and latched on defined cell boundaries. The NRZ input
data must be synchronous with the rising edges of the
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WCLK input. The WCLK input is a feature provided for
operation in an ESDI application to compensate for
large cable delays. In SCSlor ST506 operation, WCLK
is connected directly to the RRC output.

Write precompensation circuitry is provided to com-
pensate for media bit shift caused by intersymbol inter-
ference. The SSI 32D536 recognizes specific write
datapatterns and can add or subtract delays inthe time
position of write data bits to counteract the read back bit
shift. The magnitude of the time shift, TC, is deter-
mined by an external R C network on the WCS pin
given by:
TPC = WP(0.053)(Rc)(Cc + Cs)

When the write precompensation control latch, WCL is

low, the SSI 32D536 performs write precompensation
according to the algorithm outlined in Table 3.

SOFT SECTOR

In soft sector operation, when Read Gate (RG) transi-
tions low, VCO source and RRC source switchfromRD
and VCO/3, respectively, to the reference crystal. At
the same time the VCO (internal) lock goes inactive but

the VCOis lockedto the reference crystal. Afteradelay
of 1 NRZ time period (min) from RG low, the Write Gate
(WG) can be enabled while WDNRZ is maintained
(NRZ write data) low. The Address Mark Enable
(AMENB) is made active (high) a minimum of 1 NRZ
time period later. The Address Mark (consisting of
740's,” 7 “0's,” 11 “0’s, "11 “0’s”) and the 3 x “3T"
Preamble is then written by WDO. WDNRZ goes
active at this point and after a delay of 5 NRZ time
periods begins to toggle out WDO encoded data.
Finally, at the end of the write cycle, 5 NRZ of blank
encoded time passes to insure the encoder is flushed
of data; WG then goes low.

HARD SECTOR

In hard sector operation, when read gate (RG) transi-
tions low, VCO source and RRC switch references and
VCO lock (internal) goes inactive as with soft sector but
the AMENB (address mark enable) is low.

The SSI 32D536 then sequences from RG disable to
WG enable and WDNRZ active as in soft sector opera-
tion.

1,7 RLL DATA o

RO

DRD

—»l acel |j¢—

- [T F 11

DECODE WINDOW * “———’F‘—_—_—’F_—’{
PHASE DET
ENABLE *

»

NRZ BIT CELL L

N

NOTE: * Denotes internal signal

»le
T i

FIGURE 1: Data Synchronization Waveform
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.
.
. .
; PRESENT '
N |
" 1
>< s X >< Y2 >< Y3 >< i 1,7 CODE
] 1
: !
PREVIOUS | ' NEXT
CODE WORD ! ICODE WORD
LASTBIT | | * FIRSTBIT
; 1 WORD BIT E
' '

FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme)

TABLE 1: 1,7 RLL Code Set

PREVIOUS
CODE WORD DATA BITS
LAST BIT. PRESENT NEXT CODE BITS

0 1 0 0 X i 0 1
0 1 0 1 X 0 1 0
0 1 1 0 0 0o 1 0
0 1 1 o 1 0 0
0 0 0 0 X 0 0 1
0 0 0 1 X 0 0 o0
0 0o 1 0 X 0o 0 1
0 0 1 1 X 0 0 ©
1 0 0 0 X 0 0 1
1 0 0 1 X 0 1 0
1 0o 1 0 0 0o 1 0
1 0o 1 ot 0 0 o

Y3 D1 D2 D3 D4 Y1 Y2 Y3
X = Don't care

* = Not all zeros
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TABLE 2: Clock Frequency

WG | RG | VCO REF RRC DECCLK | ENCCLK | MODE
0 0 XTAL/2 XTAL/3 XTAL/2 XTAL/2 IDLE
0 1 RD VCO/3 VCO/2 XTAL/2 READ
1 0 XTAL/2 XTAL/3 XTAL2 XTAL/2 WRITE
1 1 XTAL/2 XTAL/3 XTAL/2 XTAL/2 IDLE

Note 1: Until the VCO locks to the new source, the VCO/2 entries will

be XTAL/2.
2: Until the VCO locks to the new source, the VCO/3 entries will
be XTAL/3.

TABLE 3: Write Precompensation Algorithm

BIT | BIT | BIT | BIT | BIT | COMPENSATION
n2 | n-1 n n+1 | n+2 BITn

1 0 1 0 1 NONE

0 0 1 0 0 NONE

1 0 1 0 0 EARLY

0 0 1 0 1 LATE

LATE: Bit nis time shifted (delayed) from its nominal
time position towards the bit n+1 time position.

EARLY: Bit n is time shifted (advanced) from its nominal
time position towards the bit n-1 time position.

TABLE 4: Write Precompensation Magnitude

WwcCi WCO MAGNITUDE.WP

0 0 3

0 1 2

1 0 1

1 1 0
The nominal magnitude,
(TPC = WP x 0.053 (Rc) (Cc+Cs), is externally
set with an R-C network on pin WCS.
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PIN DESCRIPTION

INPUT PINS

NAME TYPE DESCRIPTION

RD | READ DATA: Encoded Read Data from the disk drive read channel, active
low.

RG | READ GATE: Selectsthe PLL reference input (REF), see Table 1. Achange
in state on RG initiates the PLL synchronization sequence.

WG | WRITE GATE: Enables the write mode, see Table 2.

WCLK | WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ
Write Data input. For small cable delays, WCLK may be connected directly
to pin RRC.

EPD | ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the
phase detector. This opens the PLL and the VCO will run at the frequency
commanded by the voltage on pin VCO IN. Pin EPD has an internal resistor
pull up.

AMENB I ADDRESS MARK ENABLE: Used to enable the address mark detection
and address mark generation circuitry, active high.

WCO0, WC1 [ WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO
control the magnitude of the write precompensation, see Table 4. Internal
resistor pull ups are provided.

WCL I WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write
precompensation control bits WC1 and WCO into the internal DAC. An
active low level latches the input bits. Pin WCL has an internal resistor pull
up.

WDNRZ | NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin
to form a bidirectional data port.

OUTPUT PINS

NAME TYPE DESCRIPTION

WD o) WRITE DATA: Encoded write data output, active low. The data is
automatically resynchronized (independent of the delay between RRC and
WCLK) to one edge of the XTAL 1 input clock.

RRC (0] READ/REFERENCE CLOCK: A multiplexed clock source used by the con-
troller, see Table 2. During a mode change, no glitches are generated and
no more than two lost clock pulses will occur. When RG goes high, RRC is
synchronized to the NRZ Read Data after 19 read data pulses.

AMD (o} ADDRESS MARK DETECT: Tristate output pin that is inits high impedance

state when WG is highor AMENB is low. Alatched low level outputindicates
that an address mark has been detected. A low level on pin AMENB resets
pin AMD.
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OUTPUT PINS (Continued)

NAME

TYPE

DESCRIPTION

VCO REF

o

VCO REFERENCE: An open emitter ECL output test point. The VCO
reference input to the phase detector, the negative edges are phase locked
to DLYD DATA. The positive edges of this open emitter output signal
indicate the edges of the decode window. Two external resistors are
required to perform this test, they should be removed during normal
operation for reduced power dissipation.

VCO CLK

VCO CLOCK: Anopenemitter ECL outputtest point. Two external resistors
are required to perform this test. They should be removed during normal
operation for reduced power dissipation.

O
D
O

DELAYED READ DATA: An open emitter ECL output test point. The
positive edges of this open emitter output signal indicates the data bit
position. The positive edges of the DRD and the VCO REF signals can be
used to estimate window centering. The time jitter of DRD’s positive edge
is an indication of media bit shift. Two external resistors are required to
perform this test. They should be removed during normal operation for
reduced power dissipation.

NRZ

NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read
gate is high. This pin can be connected to the WDNRZ pin to form a
bidirectional data port.

ANALOG PINS

NAME

TYPE

DESCRIPTION

IREF

TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay
are a function of the current sourced into pin IREF.

XTAL1, 2

CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three
times the data rate. If the crystal oscillator is used, an AC coupled parallel
LC circuit must be connected from XTAL1 to ground. Ifthe crystal oscillator
is not desired, XTAL1 may be driven by a TTL source with XTAL2 open. The
source duty cycle should be close to 50% as possible since its duty cycle will
affect the RRC clock duty cycle when XTAL is its source. The additional
RRC duty cycle error will be one third the source duty cycle error.

PD OUT

PHASE DETECTOR OUTPUT: Drives the loop filter input.

VCO IN

VCO CONTROL INPUT: Driven by the loop filter output.

WCS

WRITE PRECOMPENSATION SET: Pin for RC network to program write
precompensation magnitude value.

DGND, AGND

Digital and Analog Ground

VPA1, VPA2

Analog +5V Supplies

VPD

Digital +5V Supply
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may damage the device.

PARAMETER RATING UNIT
Storage Temperature -65to + 150 °C
Junction Operating Temperature, Tj +150 °C
Supply Voltage, VPA1, VPA2, VPD -0.5t07 \)
Voltage Applied to Logic Inputs -0.5t0 VPD + 0.5 \'
Maximum Power Dissipation 1.1 w

RECOMMENDED OPERATING CONDITIONS

PARAMETER RATING UNIT
Supply Voltage, VPA1 = VPA2 = VPD = VCC 475 <VCC <5.25 \
Junction Temperature, Tj 0<Tj<135 °C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, 4.75V< VCC <5.25V, 10 MHz< 1/TORC <15 MHz, 30 MHz< 1/TVCO <45 MHz,
0°C< Tj<135°C.

PARAMETER CONDITIONS MIN NOM MAX UNIT
VIH High Level Input 2.0 \%
Voltage
VIL Low Level Input 0.8 \
Voltage
IH High Level Input VIH = 2.7V 2.0 HA
Current
IIL Low Level Input VIL = 0.4V -1.5 mA
Current
VOH High Level Output IOH = 400 pA 2.7 \
Voltage
VOL Low Level Output IOL=4mA 0.5 \"
Voltage
ICC Power Supply Current | All outputs open, 240 mA
Tj=135°C
PWR Power Dissipation Tj = 135 °C, test point 1.1 w
pins open
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ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN | NOM MAX UNIT
VOHT  Test Point 262Q to VPD -1.02 \"
Output High Level 402Qto GND
DRD, VCO CLK, VPD=5.0V
VCO REF VOHT - VPD
VOLT  Test Point 262 Q to VPD -1.625 \"
Output Low Level 402Q to GND
DRD, VCO CLK, VPD = 5.0V
VCO REF VOLT - VPD
DYNAMIC CHARACTERISTICS AND TIMING
READ MODE (See Figure 3)
PARAMETER CONDITIONS MIN | NOM MAX UNIT
TRD Read Data Pulse Width 15 TORC-20 ns
TFRD  Read Data Fall Time 2.0Vt0 0.8V,C1<15pF 15 ns
TRRC Read Clock Rise Time | 0.8Vto2.0V,C1<15pF 8 ns
TFRC  Read Clock Fall Time 2.0Vt0 0.8V, C1<15pF 5 ns
TPNRZ NRZ (out) Set Up/Hold 31 ns
Time TORC
TPAMD AMD Propogation 10 ns
Delay
1/3 Cell Delay TD = 5.05E -12 (RR+530) 0.8TD 1.2TD ns
WRITE MODE (See Figure 4)
PARAMETER CONDITIONS MIN NOM MAX UNIT
TWD Write Data Pulse Width | C1 <15 pF 2TOWC/3 2TOWC/3 ns
-2TPC -5 -2TPC +15
TFWD  Write Data Fall Time 2.0Vto 0.8V, C1<15pF 8 ns
TRWC  Wirite Data Clock 0.8Vto 2.0V 10 ns
Rise Time
TFWC  Write Data Clock 2.0Vto 0.8V 8 ns
Fall Time
TSNRZ WDNRZ Set up Time 5 ns
THNRZ WDNRZ Hold Time 5 ns
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WRITE MODE (Continued)

PARAMETER CONDITIONS MIN MAX UNIT
TPC Precompensation TPCO=.053 (Cc+Cs) (Rc)
Time Shift Rc=1K to 2K
Magnitude Cs=stray capacity
Accuracy WC0 =1 WC1 =1 0 0 ns
WC0 =0 WC1 =1 0.8TPCO-0.2 | 1.2TPCO+0.2 ns
WC0 =1 WC1=0 0.8(2)TPCO | 1.2(2)TPCO ns
WC0 =0WC1=0 0.8(3)TPCO | 1.2(3)TPCO ns
DATA SYNCHRONIZATION
PARAMETER CONDITIONS MIN MAX UNIT
TVCO  VCO Center VCOIN =27V 0.8TO 1.2TO ns
Frequency Period TO = 3.6E-12 (RR+2300)
VCC =5.0V
RR =3.5K105.7K
VCO Frequency 1V <VCO IN £ VCC-0.6V +25 +45 %
Dynamic Range VCC=5.0
KVCO VCO Control Gain 0o = 2n/TO 0.1400 0.26wo rad/
1V<VCOIN<VCC 0.6V secV
KD Phase Detector KD = 0.19/(RR+530) . 0.83KD 1.17KD Asrad
Gain VCC =5.0V, PLL REF = RD
3T ("100") pattern
KVCO * KD Product -28 -28 %
Accuracy
VCO Phase Referred to RRC -1 1 rad
Restart Error
Decode Window +2 ns
Centering Accuracy
Decode Window (2TORC/3) - 2 ns
CONTROL CHARACTERISTICS (See Figure 5)
PARAMETER CONDITIONS MIN NOM MAX UNIT
TSWS WC0 WC1 50 ns
SET UP TIME
THWS WCO0, WC1 0 ns
HOLD TIME
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SSI 32D536
Data Synchronization/1, 7 RLL ENDEC
with Write Precompensation
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FIGURE 3: Read Timing
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FIGURE 4: Write Timing
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FIGURE 5: Control Timing
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SSI 32D536
Data Synchronization/1, 7 RLL ENDEC
with Write Precompensation
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SSI 32D536
Data Synchronization/1, 7 RLL ENDEC
with Write Precompensation

PACKAGE PIN DES'GNAT'ONS CAUTION: Use handling procedures necessary
(TOP VlEW) for a static sensitive component.
RO ] 1 28 [] AGND
vraz [ 2 27 []EPD
Amens [ 3 26 [] IReF 2 g e -
wa[]a 25[] veon g3ep 3E &
ra [ s 24[] Poout 4 3 2 1 3 2 s
we ] 6 23 [] vent Rc s 25 lvco N
woNRz [] 7 22 []ORD wok e 2 frPoour
wcr[a 21 ]VWCLK WONRZ [} 7 23 1 VPA1
WS [] o 20 [] vco Rer weLgs 2 | RD
WZo ] 10 19 [ veo weT (s 21 [ veocik
wes [] 11 18 [] xTAL2 WTT ] 10 20 [ VCOREF
WO [] 12 17 [] xTaL 1 wes [ 11 19 [1 vPD
NRz [] 13 16 [] banD Pt
AWO 114 15 [] RRC E g E § g g g
28-Pin DIP 28-Pin PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
SSI 32D536
28-Pin DIP SSI1 32D536-CP SSI 32D536-CP
28-Pin PLCC SSI 32D536-CH SSI132D536-CH

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

Silicon Syslems Inc., 14351 Myford Road, CA 92680 (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Systems, Inc.
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INNOVATORS INJINTEGRATION

SSI 32H101A

Differential Amplifier

Ji ﬂ‘ffcm&“

DESCRIPTION

The SSI 32H101A is a two stage differential amplifier
applicable for use as a preamplifier for the magnetic
servo head circuit of Winchester technology disk
drives.

August, 1988

FEATURES

Very narrow gain range

30 MHz bandwidth

Electrically characterized at two power supply
voltages: IBM Model 3340 compatible (8.3V)
and standard OEM industry compatible (10V)
Mechanically compatible with Model 3348 type
head arm assembly

SSI 32H1012A available to operate with a 12V
power supply

Packages include 8-pin DIP or SON

0888

CONNECTION DIAGRAM

Vee
RL R
7 Req
NS I—AW—_
HEAD > cc Rea =

2 ¢© —it =+
4

VEE

v

4-1

RECOMMENDED LOAD CONDITIONS

1.
2.
3.

Input must be AC coupled
Cc’s are AC coupling capacitors

RL’s are DC bias and termination resistors (recom-
mended 130Q)

Rea represents equivalent load resistance
For gain calculations gp- BL*REQ

RL+REa
Differential gain = 0.72 Rp (+ 18%) (Rp in Q)

Ceramic capacitors (0.1 uF) are recommended for
good power supply noise filtering

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32H101A
Differential Amplifier

ELECTRICAL CHARACTERISTICS
TA = 25 °C, (Vce-VEE) = 8.3 10 10V £10% (12V +10% for 101A-2)

ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.
PARAMETER RATING UNIT
Power Supply Voltage (Vcc - VEE) 12 \Y
SSI32H1012A 14 Vv
Differential Input Voltage +1 \
Storage Temperature Range -65 to 150 °C
Operating Temperature Range 0to 70 °C

DC ELECTRICAL CHARACTERISTICS

PARAMETER CONDITIONS MIN [ NOM | MAX UNITS
Gain (differential) Rp = 130Q 77 93 110
Bandwidth (3dB) Vi =2 mVpp 10 20 MHz
Input Resistance 750 1200 Q
Input Capacitance 3 pF
Input Dynamic Range (Differential) R = 130Q 3 mVpp
Power Supply Current (Vee - VEE) =9.15V 26 35 mA
(Vec - VEE) = 11V 30 40 mA
(Ve - VEE) = 13.2V (32H101A-2) 35 45 mA
Output Offset ( Differential ) Rs = 0, RL = 130Q 600 mV
Equivalent Input Noise Rs = 0, RL = 130Q, BW = 4 MHz 8 14 nv
PSRR, Input Referred Rs=0,f<5MHz 50 65 dB
Gain Sensitivity (Supply) A (Vee - VEE) = +10%, RL = 130Q +1.3 %
Gain Sensitivity (Temp.) TA =25°C to 70 °C, RL = 130Q -0.2 %/°C
CMRR, Input Referred f<5MHz 55 70 dB
RECOMMENDED OPERATING CONDITIONS
PARAMETER CONDITIONS MIN NOM MAX UNITS
Supply Voltage (Vcc - VEE) 7.45 8.3 9.15 \
9.0 10.0 11.0 \Y
32H1012A only 10.8 12.0 13.2 \'
Input Signal Vi 2 mVpp
Ambient Temp. TA 0 70 C

4-2
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SSI132H101A
Differential Amplifier

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
INPUT 1 (+) | 1 8 | SEENOTE
INPUT2() | 2 7 | vee
NC |3 6 | OUTPUT2 ()
VEE | 4 5 | OUTPUT 1 (+)
8-Pin PDIP, SON

Note : Pin must be left open and not connected to any circuit etch.

ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
SSI 32H101A Differential Amplifier
8-Pin PDIP SSI32H101A-8P 32H101A-CP
8-Pin SON SSI132H101A-8N 32H101A-8N
SSI 32H1012A Differential Amplifier
8-Pin PDIP SSI 32H1012A-8P 32H1012A-8P
8-Pin SON SSI 32H1012A-8N 32H1012A-8N

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

Silicon Systems Inc., 14351 Myford Ro: CA 92680 (714) 731-7110, TWX 910-595-2809

ﬂ
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INNOVATORS IN JINTEGRATION

stons

SSI 32H116

Differential Amplifier

2,

DESCRIPTION

The SSI 32H116 is a high performance differential
amplifier applicable for use as a preamplifier for the
magnetic servo thin film head in Winchester disk

drives.

August, 1988

FEATURES

Narrow gain range
50 MHz bandwidth
1BM 3370/3380-compatible performance

Operates on either IBM-compatible voltages
(8.3V) or OEM-compatible (10V)

Packages include 8-pin CERDIP, Plastic DIP or
SON and custom 10-pin flatpack

SSI 32H1162 available to operate with a 12V
power supply

CONNECTION DIAGRAM

g HEAD

0888

RECOMMENDED LOAD CONDITIONS

Input must be AC coupled
Cc’s are AC coupling capacitors

RL’s are DC bias and termination resistors, 100Q
recommended

REQ. represents equivalent load resistance

Ceramic capacitors (0.1 uF) are recommended for
good power supply noise filtering

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32H116
Differential Amplifier

ELECTRICAL CHARACTERISTICS

Tj = 15 °C to 125 °C, (Vce-VEE) = 7.9V to 10.5V (to 13.2V for 32H1162)

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Power Supply Voltage (VCC-VEE) 12 \Y
SS132H1162 14 \
Operating Power Supply Range 7910105 \'
SSI32H1162 7.9t013.2 \'
Differential Input Voltage +1 \
Storage Temperature Range -65 to 150 °C
Operating Ambient Temperature (TA) 15t0 60 °C
Operating Junction Temperature (TJ) 1510125 °C
Qutput Voltage VCC -2.0to VCC +0.4 \'
DC ELECTRICAL CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM MAX UNIT
Gain (Differential) Vin = 1mVpp, 200 250 310 mvV/mV
TaA=25°C,F=1MHz
Bandwidth (3dB) Vin = 1mVpp, CL = 15 pF 20 50 MHz
Gain Sensitivity (Supply) 1.0 %IV
Gain Sensitivity (Temp.) 15°C<Ta<55°C -0.16 %IC
Input Noise Voltage Input Referred, Rs = 0 0.7 0.94 | nvWHz
Input Capacitance (Differential) Vin =0,f =5 MHz 40 60 pF
Input Resistance (Differential) 200 Q
Common Mode Vin =100 mVpp, f=1 MHz 60 70 dB
Rejection Ratio Input Referred
Input Signal Level Common Mode 300 mVpp
Power Supply Vee + 100 mVpp, f - 1 MHz 46 52 dB
Rejection Ratio Input Referred
Input Dynamic DC input voltage where AC +0.75 mV
Range (Differential) gain is 90% of gain with
0.2 mVpp input signal
Output Offset Vin=0 -600 600 mV
Voltage (Differential)
Output Voltage (Common Mode) | Inputs shorted together and ~ |Vec-0.45| Vcc-0.6 | Vec-1.0 \'
Outputs shorted together
Single Ended Output Resistance 10 Q

4-6
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SSI 32H116
Differential Amplifier

DC ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Single Ended Output Capacitance 10 pF
Power Supply Current Vce-VEe = 9.15V 28 40 mA
Vce-VEe = 11V 29 42
Vee-VEE = 13.2V, 32H1162 only 39 50
Input DC Voltage Common Mode VEE +2.6 \'
Input Resistance Common Mode 80 Q

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNIT
Supply Voltage (Vcc-VEE) 7.45 8.3 9.15 \i
9.0 10.0 11.0 \"
SSI 32H1162 only 10.8 12.0 13.2 \'

Input Signal Vin 1 mVpp
Ambient Temp Ta 15 65 °C

0888 4-7



SSI 32H116
Differential Amplifier

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
N/C [ 1 10 [ Nie
INPUT 1 (+) [] 2 9 [7] SEE NOTE
INPUT 2 (1) [] 3 g [ vee
SEENOTE1 [ 4 7 [ OUTPUT 2 ()
VEE[] 5 6 [] OUTPUT 1 (+)

10-Pin Flatpack

INPUT2(-) | 2

8-Pin PDIP, SON

NOTE : Pin must be left open and not connected to any circuit etch.

ORDERING INFORMATION
PART DESCRIPTION ORDERING NUMBER PACKAGE MARK

SSI 32H116 Differential Amplifier

10-Pin Flatpack SSI32H116-CF 32H116-CF

8-Pin SON SSI132H116-CN 32H116-CN

8-Pin PDIP SSI132H116-CP 32H116-CP
SSI32H1162

10-Pin Flatpack SSI 32H1162-CF 32H1162-CF

8-Pin SON SSI32H1162-CN 32H1162-CN

8-Pin PDIP SS132H1162-CP 32H1162-CP

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes

in specifications at any time without notice.

silicon sustms

Silicon Systems, Inc., 14351 Myford Road, Tustin,

©1988 Silicon Systems, Inc.

CA 92680 (714) 731-7110, TWX 910-595-2809
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INNOVATORS IN JINTEGRATION

SSI 32H523R
Thin Film Single Channel
Servo Read/Write Device

silicon ﬂ(;{am '“

DESCRIPTION

The SSI 32H523R Read/Write device is a bipolar
monolithic integrated circuit designed for use with a
two terminal thin film recording head. It provides a low
noise read amplifier and write current control. In its
servo application, the device willbe used in write mode
once then switched permanently to read mode. Data
protection is provided in both write and read modes to
guarantee servo data security. Power supply fault
protection is effective in both write and read modes
while head short circuit protection is provided in write
mode. Further data security can be provided in read
mode by removing the write current source voltage. It
requires +5V and +12V power supplies and is available
in a 14-pin SON surface mount package. Internal
1000Q damping resistors are provided.

August, 1988
FEATURES

* High performance:

Read mode gain = 250 V/V

Input noise = 1.0 nV/YHz max.

Input capacitance = 45 pF max.

Write current range = 10 mA to 40 mA
Head voltage swing = 3.4 Vpp min.
Write current rise time = 13 nsec

* Highest level of data security provided
* Power supply fault protection

* Head to ground short circuit protection
+5V, +12V power supplies

RW

RDX
RDY

0888

BLOCK DIAGRAM

VDD VCC1 GND VCC2

INPUT
BUFFER

SOURCE

PIN DIAGRAM

Lo RDX [] 1 14 [] voD
HDY RDY q 2 13 [] HDX
RW[] 3 12 []HDY

GND [] 4 11 [Ine

woM [| 5 10 [Jwe
WoI[| 6 9 [Jveee
woi [ 7 8 []vecet

14-PIN SON

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32H523R
Thin Film Single Channel
Servo Read/Write Device

CIRCUIT OPERATION

The SSI 32H523R provides write drive or read
amplification. Mode control is accomplished with pins
WDM, Write Data Mode, and R/W, as shown in Table
1. An internal resistor pullup on R/W will force the
device into a non-writing condition if the line is opened
accidentally.

WRITE MODE

The write mode configures the SSI 32H523R as a
differential current switch. The WDM pin state
determines whether write current transitions are
controlled by a single-ended TTL input, WDI, or by
differential (ECL-like) inputs, WDI and WDI. With
WDM open, write current is toggled between the X and
Y direction of the head on each high to low transitionon
pin WDI, Write Data Input. A preceding read operation
initializes the Write Data Flip-Flop (WDFF) to pass
write current in the X-direction of the head.

With WDM grounded the head current direction is
controlled by differential inputs WDI, WDI. For (WDI -
WDI) > 200mV the current is in the X-direction.

The magnitude of the write current (0-pk) given by:

_Vwc
Rwe

where Vwc (WC pin voltage) = 1.65V * 5%, is
programmed by an external resistor Rwc, connected
from pin WC to ground. The actual head current Ix, y
is given by:

w

X,y=—"T"
1+ Rh/Rd

where:
Rh = head resistance + external wire resistance, and
Rd = damping resistance.

Power supply fault protection improves data security
by disabling the write current generator during a
voltage fault or power supply sequencing. In addition
aheadto ground short circuit protection circuit will shut
off the write driver and current to prevent excessive
current and power dissipation. Triggering of this
feature occurs when the DC voltage at either HDX or
HDY is less than 2.0V £ 15% in write mode

READ MODE

The read mode configures the SSI1 32H523R as a low
noise differential amplifier and deactivates the write
current generator. The RDX and RDY outputs are
open collectors and are in phase with the “X” and “Y”
head ports.

In read mode, the write data channel is powered down
to reduce power consumption. Note that inwrite mode,
the read amplifier is deactivated and will not pull any
current from the load resistor.

For maximum data security in read mode VCC2 is left

open or grounded. This eliminates the voltage source
for write current.

TABLE 1: MODE SELECT

WDM RW MODE
GND 0 Write
Differential input
OPEN 0 Write
Single-ended input
X 1 Read

4-10
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SSI 32H523R
Thin Film Single Channel
Servo Read/Write Device

0888

PIN DESCRIPTIONS

NAME TYPE DESCRIPTION

R/W | Read/Write: a high level selects Read mode

wDI, WDI | Write Data In: toggles the direction of the head current

HDX, HDY 110 X, Y Head Connections: current in the X-direction flows into the X-port
RDX, RDY (0] X, Y Read Data: differential read data output

wC - Wirite Current: used to set the magnitude of the write current

WDM | Write Data Mode: Ground this pin for direct differential input using both

WDI and WDI, leave opento select TTL input using WDI and the internal
Write Data Flip-Flop.

VCC1 - +5V logic circuit supply

vDD - +12V supply for read

VCC2 - +5V power supply for write current drivers (see note)
GND - Ground

Note: To ensure maximum data integrity in write-once servo applications, this pin should be left open or
shorted to ground after writing servo information.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above absolute maximum ratings may permanently damage the device.

PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage vDD -0.3to +14 vDC
VCC1,2 -0.3t0 +7 VvDC
Write Current w 60 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3 VvDC
Head Port Voltage VH -0.3to VCC2 +0.3 VvDC
RDX, RDY Output Current lo -10 mA
Storage Temperature Tstg -65 to +150 °C
Package Temperature (20 sec Reflow) 215 °C




SSI 32H523R

Thin Film Single Channel

Servo Read/Write Device

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL VALUE UNITS
DC Supply Voltage Read Mode VDD 12+ 10% vDC
VCC1 5+10% VDC
Write Mode VDD 12+ 5% VvDC
VCC1 5+5% VvDC
VCC2 5+5% VvDC
Output Pullup Resistors (to VCC1) RL 100 Q
Ambient Temperature Read Mode TAR 0-70 °C
Write Mode N TAW 20-43 °C
Operating Junction Temperature Tj 0to +135 °C

DC CHARACTERISTICS (Unless otherwise specified, recommended operating conditions apply.)

PARAMETER CONDITIONS MIN | NOM | MAX | UNITS
VDD Supply Current Read Mode - - 26 mA
Write Mode - - 10 mA
VCC1 Supply Current Read Mode - - 35 mA
Write Mode - - 36 mA
VCC2 Supply Current Read Mode, see Note 1 - - 2 mA
Write Mode - - 12+ 1w mA
Power Dissipation (Tj = +135°C) Read Mode, VCC2 =0 - - 500 mwW
Write Mode: Iw = 40mA - - 500 mw
Input Low Voltage (VIL) Includes WDI w/WDM = open - - 0.8 VvDC
Input High Voltage (VIH) Includes WDI w/WDM = open 2.0 - - vDC
Input Low Current (lIL) VIL = 0.8v -0.4 - - mA
Input High Current (IHL) VIH = 2.0v - - 100 uHA
Input Voltage (WDI, WDI) WDM = GND 3.0 - VCC1 vDC
Differential Input Voltage (WDI, WDI) | WDM = GND 200 - - mVDC
VDD Fault Voltage 8.5 - 10.0 VvDC
VCC1 Fault Voltage 35 - 4.1 VvDC
Head Current Write Mode | 0<VDD <85V -200 - +200 HA
(HDX, HDY) 0<VCC1<35V
Write Mode | VCC2 = open or ground -200 - +200 pA
Read Mode | 0<VCC1<55V -200 - +200 HA
0<VDD< 132V

Note 1: If VCC2 is at ground or open this current is zero.

4-12
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SSI 32H523R

Thin Film Single Channel
Servo Read/Write Device

0888

WRITE CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, lw = 15mA, Lh = 1.5uH, Rh = 30Q
f(DATA) = 5MHz, and +20°C < Tj < + 135°C

PARAMETER CONDITIONS MIN. | NOM MAX | UNITS
WC Pin Voltage (Vwc) - |1.65+5% - \"
Differential Head Voltage Swing 3.4 - - Vpp
Differential Output Capacitance - - 25 pF
Differential Output Resistance 800 1000 1400 Q
Write Current Range 10 - 40 mA
READ CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply, CL (RDX, RDY) < 20pF
PARAMETER CONDITIONS MIN |NOM| MAX| UNITS
Differential Voltage Gain Vin=1mVpp @1MHz, Ta = 25°C 200 | 250 { 300 VNV
Gain Sensitivity 15°C < TA <55°C - |-0.16f - %/°C
Bandwidth -1dB | |Zs|<5%, Vin = 1mVpp @ 300kHz | 10 20 - MHz
-3dB | [Zs|<5Q, Vin = 1mVpp @ 300kHz | 20 45 - MHz
Input Noise Voltage BW=15MHz, Lh=0 pH, R =0Q - 0.7 | 1.0 | nvAWHz
Differential Input Capacitance Vin = 1mVpp, f = 5SMHz - 40 45 pF
Differential Input Resistance Vin = 1mVpp, f = 5SMHz 460 | 750 | 1.4K Q
Dynamic Range AC input voltage where gain falls +2 - - mV
to 90% of its small signal gain
value, f=56MHz
Common Mode Rejection Ratio Vin = 0VDC+100mVpp @ 5MHz 54 - - dB
Power Supply Rejection Ratio 100m Vpp @ 5MHz on VDD, 54 - - dB
100m Vpp @ 5MHz on VCC1
Output Offset Voltage Vin =0V -600 | - | +600] mV
Output Voltage (Common Mode) Inputs shorted together, and b - * vDC
outputs shorted together

*VCC1-0.42
**VCC1-1.0



SSI 32H523R

Thin Film Single Channel

Servo Read/Write Device

SWITCHING CHARACTERISTICS (See Figure 1)
Unless otherwise specified, recommended operating conditions apply, iw = 16mA, Lh=0, Rh=0,
f(DATA) = 5MHz, and +20°C < TA < +43°C

PARAMETER CONDITIONS MIN MAX | UNITS
R/W
R/W to Write Mode Delay to 90% of write current - 0.6 us
R/W to Read Mode Delay to 90% of 100mV 10MHz - 0.6 us
Read signal envelope or to 90%
decay of write current
Head Current
Prop. Delay - TD1 From 50 % points, Lh=0ph, Rh=0Q - 32 ns
Asymmetry Input has 50 % duty cycle and - 1 ns
1ns riseffall time, Lh=0ph, Rh=0Q
Rise/Fall Time 10% - 90% points, Lh=0ph, Rh=0Q - 13 ns

CURRENT

WDI

HEAD

(Ix-ly)

WDI '\

(WDM = Open)

TD1

wor

(WDM = GND)

VAVAVAVAWAN

C X X

FIGURE 1: WRITE MODE TIMING DIAGRAM
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SSI 32H523R
Thin Film Single Channel
Servo Read/Write Device

JUMPER DURING
WRITE MODE
a2V sV Ve
RDX lj 1 14 []voo
TV T w3 w RoY [] 2 13 [] HDX
[ R T
E HDX RDX “—-} RW E 3 12 :l HDY
SERVOHEAD | 0T Rov |oms GND [ 4 11 [Ine
S5132H529R
wol ———— woM [ 5 10 [Jwe
WDM WO [ 6 9 [] veca
GND M Ceave orenAFTER woi [} 7 8| fveer
N WRITING SERVO
FIGURE 2: TYPICAL APPLICATION FIGURE 3: PACKAGE PIN DESIGNATIONS
(TOP VIEW)
14-PIN SON
ORDERING INFORMATION
PART DESCRIPTON ORDER NO. PKG. MARK
SSI1 32H523R Read/Write IC SSI132H523R-N 32H523R-N

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

Silicon Systems, Inc., 14351 Myford Ro: CA 92680 (714) 731-7110, TWX 910-595-2809
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INNOVATORS INJINTEGRATION

SSI 32H566R

Ferrite Single-Channel
Servo Read/Write Device

DESCRIPTION

The SSI 32H566R Read/Write device is a bipolar
monolithic integrated circuit designed for use with

ﬂ&[aﬂ‘f ‘“

August, 1988
FEATURES

e High performance:
- Read mode gain = 150 V/V

center-tappedferrite recording heads. Itprovides a low
noise read amplifier, write current control and data
protection circuitry for a single channel. The
SSI 32H566R provides internal 75022 damping resis-
tors. Power supply fault protection is provided by
disabling the write current generator during power
sequencing. System write to read recovery time is  *®
significantly improved by controlling the read channel
common mode output voltage shift in the write mode.

- Input nolise = 1.5nV~Hz max.
- Input capacitance = 20 pF max.

- Write current range = 10 mA to 40 mA
* Enhanced system write to read recovery time
Power supply fault protection
Designed for center-tapped ferrite heads

Programmable write current source
* TTL compatible control signals
* 45V, +12V power supplies
e Socket compatible with the SSI 32H523R

BLOCK DIAGRAM PIN DIAGRAM

vDD1 VCC GND vDD2 VCT

RDX [ 1 14 []voD
RW RoY [] 2 13 [] HDX
. - RW[]3 12 [] HDY
oy . GND [] 4 11 []ver

ne []s 10 [Jwe

ne[]e 9 [] vpbp2
ol woi [ 7 8 [] veet

WRITE
CURRENT
SOURCE

CAUTION: Use handling procedures necessary for
a static sensitive component.

wC
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SSI 32H566R
Ferrite Single-Channel
Servo Read/Write Device

CIRCUIT OPERATION

The SSI 32H566R provides center-tapped ferrite head
write drive or read amplification. Mode control is ac-
complished with pin R/W. Internal resistor pullups,
provided on pin R/W, will force the device into a non-
writing condition if a control line is opened accidentally.

WRITE MODE

The write mode configures the SSI 32H566R as a
current switch. Write current is toggled between the X
and Y side of the selected head on each high to low
transition of the Write Data Input (WDI).

The magnitude of the write current (0-pk) is pro-
grammed by an external resistor RWC, connected
from pin WC to ground and is given by:
w= _K
RWC

where K is the Write Current Constant.

Power supply fault protection improves data security
by disabling the write current generator during a volt-
age fault or power supply sequencing.

To reduceinternal power dissipation, anoptional exter-
nal resistor, RCT, given by RCT < 130Q x 40/Iw (Ilw in
mA), is connected between pins VDD1 and VDD2.
Otherwise connect pin VDD1 to VDD2.

To initialize the Write Data Flip Flop (WDFF) to pass
currentthrough the X-side of the head, pin WDl mustbe
low when the previous read mode was commanded.

READ MODE

The read mode configures the SSI 32H566R as a low
noise differential amplifier and deactivates the write
current generator. The RDX and RDY outputs are
emitter followers and are in phase with the “X” and “Y”
head ports. These outputs should be AC coupledtothe
load. The RDX, RDY common mode voltage is main-
tained in the write mode, minimizing the transient
between write mode and read mode, substantially
reducing the write to read recovery time in the subse-
quent pulse detection circuitry.

PIN DESCRIPTIONS

NAME TYPE DESCRIPTION

R/W | Read/Write - A high level selects Read Mode

WDI | WRITE DATA IN - Negative transition toggles direction of head current
HDX, HDY 110 X,Y head connections

RDX, RDY (o) X, Y READ DATA - Differential read signal output

wC | WRITE CURRENT - Used to set the magnitude of the write current
VCT (o) VOLTAGE CENTER TAP - Voltage source for head center tap
vCcC - +5V

VDD1 - +12V

VDD2 - Positive power supply for the center-tap voltage source

GND - GROUND

4-18
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SSI 32H566R
Ferrite Single-Channel
Servo Read/Write Device

0888

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

All voltages referenced to GND. Currents into device are positive. Maximum limits indicate when perma-
nent device damage occurs. Continuous operation at these levels is not intended and should be limited
to those conditions specified in the DC Operating Characteristics.

PARAMETER RATING UNIT
VDD1 DC Supply Voltage -0.3to +14 vDC
VDD2 DC Supply Voltage -0.3to0 +14 vDC
VCC DC Supply Voitage -0.3to +7 VvDC
VIN Digital Input Voltage Range -0.3to VCC + 0.3 VvDC
VH Head Port Voltage Range -0.3to VDD1 +0.3 VvDC
Iw Write Current (0-pk) 60 mA
RDX, RDY (lo) Output Current -10 mA
VCT Output Current -60 mA
Tstg | Storage Temperature Range -65 to 150 °C
Lead Temperature PDIP, 260 °C
Flat Pack (10 sec Soldering)
Package Temperature PLCC, 215 °C
SO (20 sec Reflow)

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNIT
VDD1 DC Supply Voltage 10.8 12.0 13.2 VDC
VCC DC Supply Voltage 4.5 5.0 5.5 VDC
Lh Head Inductance 15 uH
RCT* RCT Resistor lw =40 mA 123 130 137 Q
Iw Write Current (0-pk) 10 40 mA
Tj Junction Temperature +25 +135 °C
Range

*For lw = 40 mA. At other Iw levels refer to Applications Information that follows this specification.
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SSI 32H566R
Ferrite Single-Channel
Servo Read/Write Device

DC CHARACTERISTICS (Recommended operating conditions apply uniess otherwise specified.)

POWER SUPPLY
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC Supply Current
Read Read Mode 13 mA
Write Write Mode 25 mA
VDD Supply Current (sum of VDD1 and VDD2)
Read Read Mode 33 mA
Write Write Mode 10+iw mA
Power Dissipation (Tj = +135°C)
Read Read Mode 500 mw
Write Write Mode, Iw = 40 mA, 700 mw
RCT = 0Q
Write Mode, lw = 40 mA, 500 mw
RCT = 130Q
DIGITAL /O
PARAMETER CONDITIONS MIN NOM MAX UNIT
VIL Input Low Voltage 0.8 VDC
VIH Input High Voltage 2.0 VvDC
1L Input Low Current VIL = 0.8V -0.4 mA
IIH Input High Current VIH = 2.0V 100 pA
WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCT Center Tap Voltage Write Mode 6.7 vDC
Head Current (per side) Write Mode, -200 200 HA
0<VCC<3.7V,
0<VDD1<8.7V
Write Current Range 10 40 mA
Write Current Constant “K” 2.375 2.625
Iwc to Head Current Gain 0.99 mA/mA
RDX, RDY Output Offset Voltage | Write/ldle Mode -20 +20 mV
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SSI 32H566R

Ferrite Single-Channel
Servo Read/Write Device

0888

WRITE MODE (Continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
RDX, RDY Common Mode Write/Idle Mode 53 vDC
Output Voltage
RDX, RDY Leakage RDX, RDY = 6V -100 100 pA
Wirite/ldle Mode
READ MODE
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCT Center Tap Voltage Read Mode 4.0 VvDC
Head Current (per side) Read or idle Mode -200 200 HA
0<VCC<55V
0<VDD1<13.2V
Input Bias Current (per side) 45 HA
Output Offset Voltage Read Mode -615 +615 mV
Common Mode Output Voltage Read Mode 45 6.5 vDC

DYNAMIC CHARACTERISTICS AND TIMING
(w=35mA, Lh = 10 pH, Rd = 750Q, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF. Recommended operating

conditions apply unless othe

rwise specified.)

WRITE MODE

PARAMETER CONDITIONS MIN NOM MAX UNIT

Differential Head Voltage Swing 7.0 V(pk)

Differential Output Capacitance 15 pF

Differential Output 600 960 Q

Resistance

READ MODE

PARAMETER CONDITIONS MIN NOM MAX UNIT

Differential Voltage Gain | Vin=1 mVpp @ 300 KHz 125 175 A"
ZL(RDX), ZL(RDY) = 1 KQ

Dynamic Range AC Input Voltage, Vi, @ 300 KHz +2 mvV
Where Gain Falls by 10%.

4-21



SSI 32H566R
Ferrite Single-Channel
Servo Read/Write Device

READ MODE (Continued)

PARAMETER CONDITIONS MIN | NOM MAX UNIT

Bandwidth (-3dB) |Zs] < 5Q, Vin = 1 mVpp 30 MHz

Input Noise Voltage BW = 15 MHz, 15 | nvWHz
Lh=0,Rh=0

Differential Input Capacitance f=5MHz 20 pF

Differential Input f=5MHz 500 1000 Q

Resistance

Common Mode Rejection Ratio Vem = VCT + 100 mVpp 50 db
@ 5 MHz

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 db
VDD1, VDD2 or VCC

Single Ended Output Resistance | f=5 MHz 30 Q

Output Current AC Coupled Load, +2.1 mA
RDX to RDY

SWITCHING CHARACTERISTICS

PARAMETER CONDITIONS MIN | NOM MAX UNIT

RW

R/W To Write Mode Delay to 90% of 1.0 us
Write Current

R/W to Read Mode Delay to 90% of 1.0 us
100 mV 10 MHz Read
Signal Envelope or
to 90% decay of
Write Current

Head Current (Lh = OuH, Rh = 0Q)

Prop Delay - TD1 From 50% points 25 ns

Asymmetry WDI has 50% duty cycle and 2 ns
1 ns Rise/Fall Time

Rise/Fall Time 10% - 90% points 20 ns
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SSI 32H566R
Ferrite Single-Channel
Servo Read/Write Device

WDI

TD1
HEAD
CURRENT
(Ix-ly)

v

FIGURE 1: Write Mode Timing Diagram

APPLICATIONS INFORMATION ters. Notice that under the conditions of worst case
input noise, the higher read back signal resulting from
the higher input impedance can compensate for the
higher input noise. Accounting for this correlation in
your analysis will be more representative of actual
performance.

The specifications, provided in the data section, ac-
count for the worst case values of each parameter
taken individually. In actual operation, the effects of
worst case conditions on many parameters correlate.
Tables 3 & 4 demonstrate this for several key parame-

TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS

PARAMETER Tj=25°C Tj=125°C UNIT
Inputs Noise Voltage (max.) 1.1 15 nVAHz
Differential Input Resistance (min.) 850 1000 Q
Differential Input Capacitance (max.) 11.6 10.8 pF

TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS

PARAMETER Tj=25°C Tj=125°C UNIT
Inputs Noise Voltage (max.) 0.92 1.2 nVAHz
Differential Input Resistance (min.) 500 620 Q
Differential Input Capacitance (max.) 10.1 10.3 pF

0888
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SSI 32H566R

Ferrite Single-Channel
Servo Read/Write Device

NOTES

SEENOTE3

0.1 uF

SEENOTE3

+5V =

1prF
I <

+12v
p

SEENOTE 1

RCT

1

READ
DATA

MICROPROCESSOR VCC VDD1VDD2 VCT
LOGIC HDX
P SUPPORT AW
SS132H566R
I
FILTER HOY
SEE NOTE 2
‘ . i ] RDX
11
K AGC 1T RDY
QoD LEVEL AMPLIFIER
| auac
SSI 32P541 READ DATA PROCESSOR
—Ppt WDI
WC GND
SEE NOTE 4
RWC

1. Anexternal resistor, RCT, given by; RCT < 130 (40/iw) where lw is the zero-peak write current in mA,
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1.

2. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF.

3. The power bypassing capacitor must be located close to the device with its ground returned directly
to device ground, with as short a path as possible.

4. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where
this is not desirable a series resistor can be used to buffer a long WC line.

FIGURE 2: Typical Application
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SSI 32H566R
Ferrite Single-Channel
Servo Read/Write Device

PACKAGE PIN DESIGNATIONS
(TOP VIEW)

RDX [] 1 14 ] vop
RDY [] 2 13 [ HDX
RW []3 12 []HDY
oND [ 4 11 []ver
Ne []5 10 [Jwe
ne [] 6 9 [] vop2
woi[]7 8 [] vect
14-Pin SON
THERMAL CHARACTERISTICS: @ja = 130 °C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK

SSI 32H566R Servo Ferrite Single Channel Read/Write Device
14-Pin SON SSI 32H566R-N 32H566R-N

No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes
in specifications at any time without notice.

Silicon Systems Inc., 14351 Myford Road, CA. 92680 (714) 731-7110, TWX 910-595-2809

0888 ©1988 Silicon Sytems, Inc.
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INNOVATORS IN JINTEGRATION

SSI 32H567

Servo Demodulator

dilicon L

DESCRIPTION

The SSI 32H567 Servo Demodulator is a bipolar de-
vice intended for use in Winchester disk drives with
dedicated surface head positioning systems. It proc-
esses a di-bit quadrature pattern read from the servo
surface by a preamplifier, such as the SSI 32H101 or
SSI132H116, and generates normal and quadrature (N
and Q) position reference signals. These signals pro-
vide the servo controller with position error feedback. A
complete position control system can be realized with
the SSI 32H567 and its companion devices, the
SSI 32H568 Servo Controller and SSI 32H569 Servo
Motor Driver.

The SSI 32H567 incorporates an input amplifier with
automatic gain control and offset cancellation, a phase
locked loop and sync separator to recover timing infor-
mation, and pulse area detectors to recover the posi-
tioninformation embedded in a di-bit quadrature servo
pattern. In addition, a bandgap voltage generator pro-
vides an analog reference level for the entire servo
electronics path. External components are used to set
the operating characteristics of the SSI 32H567, such
as AGC response, VCO center frequency, PLL re-

August, 1988

sponse and sync separatorthreshold. Its high perform-
ance analog/digital circuitry is capable of supporting
servo frame rates of up to 500 KHz.

FEATURES

* Servo signal demodulation for Winchester
disk drives with dedicated surface head posi-
tioning systems

* Supports industry standard di-bit quadrature
servo pattern with frame rates up to 500 KHz

* N, Q outputs convey track crossing and posi-
tion error information

* Pulse area detection technique for superior
noise immunity

* PLL for timing recovery and synchronization

* Adjustable sync separator threshold
¢ Auto-zeroing AGC input amplifier
* Precision bandgap voltage reference output

* Advancedbipolarprocessdissipates lessthan
850 mW (5V, 12V)

* Available in 28-pin PLCC or 28-pin DIP

0888

BLOCK DIAGRAM

AGND  DGND

AGC

A
PEAK H +
DETECT
AND
HOLD

VPA vee VREF (5.4V)
al

N

—I Q
CAD

SYNC DETECT
TIMING GENERATOR

=

PHASE
DETECTOR

veo

H—t o

TW THR DATA  sYNC LF

BP1

BP2 CLD LOCK €1 c2 Rvco
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SSI 32H567
Servo Demodulator

FUNCTIONAL DESCRIPTION
(Refer to block diagram, and typical application, Fig.2)

The SS132H567 processes servo position information
which is read from a dedicated surface by a pre-ampli-
fier. The servo information must conform to the ‘di-bit
quadrature’ pattern which is illustrated in Figure 3.
Servo frames, consisting of data and sync pulses
followed by four information pulses (A, B, C, D) are
prerecorded along each track of the servo surface. All
the servo frames on an individual track are identical,
but in the radial direction four different frame types are
encountered, with every fourth track being identical.
The N signal generated by the SSI 32H567 is propor-
tional to the difference in sizes of pulses A and B, while

the Q signal is proportional to the difference between -

pulses C and D. When the read head is off track, the
read signal is effectively a linear interpolation between
the prerecorded information of two adjacent tracks,
making it possible to sense the head displacement
exactly.

The SSI132H567 has a differentialinput amplifier which
incorporates offset voltage cancellation and automatic
gain control. An external read preamplifier must pro-
vide a differential input signal of 23 to 400 mV peak to
peak from the servo read head. This signal is applied
to apulse areadetector whose output is proportional to
the area under the positive half of the input pulse. The
external capacitor Cap integrates the incoming pulses
while they are positive, and is discharged when they go
negative. This area detection technique provides im-
proved noise immunity over voltage detection.

An AGC circuit adjusts the input gain so that the maxi-
mum pulse area detector outputis 2V peak. The AGC
circuit incorporates a peak detector which stores the
maximum pulse area signal on the external capacitor
Crk. This signal is compared to an internal amplitude
reference and the input amplifier gain is adjusted until
they are equal. The capacitor Cacc determines the re-
sponse time of the gain control circuit. An offset cancel-
lation circuit , whose response is set with the external
capacitor Caz, ensures that the average level at the dif-
ferential amplifier output is zero.

All internal analog signals are referenced to a 5.4V
bandgap reference voltage. This level is available at
the VREF output, which is capable of supplying 10 mA
to the rest of the servo path electronics.

Inastandard servo frame, the data and sync pulses are
.more closely spaced thantheinformationpulses (A-D).
This allows the sync detect circuit to recoverthe SYNC
pulses. A threshold, which is defined as percentage of
the peak signal at the output of the AGC ampilifier, is set
externally with RTH. Pulses which exceed this thresh-
old are defined as valid pulses (ie. potentially SYNC or
DATA). As illustrated in Figure 5, at the end of the
positive going half of a valid pulse, a window set by Rw
and Cw is opened. If a second valid pulse occurs within
this window, it is recognized as a SYNC pulse. This
pulse becomes the input signal to a phase locked loop
whose VCO clock frequency is 32 times the SYNC
frequency (servo frame rate). The DATA output pin is
low whenever a SYNC pulse is detected. The example
illustrated in Figure 5 includes the case of a missing
DATApulse. The SYNC clock output, which marks the
start of a new servo frame, is derived from the VCO
output so that the clock continues to run when a data
pulse is missing. Absolute positioninginformation such
astrack 0 and guardband flags may be encoded on the
servo surface by the omission of data pulses.

The phase detector compares the detected sync
pulses with the SYNC output. A current pulse propor-
tional to the phase error is applied to an external loop
filter network connected to the LF pin, to generate the
VCO control voltage. If improved power supply rejec-
tion is required, bypassing may be provided at pins
BP1 and BP2. The VCO center frequency is deter-
mined by the external components Rvco and Cvco.

A lock detect circuit measures the phase difference
betweenthe detected sync pulses and the sync output.
When this difference exceeds half of a VCO clock
cycle, a pulse of discharge current is applied to CLD.
Otherwise a pulse of charging current is applied to
CLD.

A clamp circuit limits the swing of the CLD pin and also
insures that a small amount of hysteresis is present.
When the voltage on CLD falls below the upper clamp
level by more than the “lock margin,” the LOCK output
transistor is turned on. Likewise, when the voltage on
CLDrises above the lowerclamp level by more thanthe
“unlock margin,” the LOCK output transistor is turned
off.

Internal timing windows are generated from the recov-
ered SYNC pulse and VCO clock. These windows,
WA, WB, WC, and WD, in Figure 4, enable the integra-
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SSI 32H567
Servo Demodulator

FUNCTIONAL DESCRIPTION (Continued)

tion of the A, B, C, D pulses, respectively. Four peak
detectors at the output of the pulse area detector are
enabled in succession to capture the A, B, C and D
information pulses, andthe N and Q analog outputs are
formed by differencing adjacent pulses. These outputs
change during a servo frame and only become valid

afterthe D pulse has beendetected. N and Q shouldbe
sampled by the servo controlieronthe nextfalling edge
of the SYNC output clock.

An example of an entire servo path implemented with
the SSI 32H567 and its companion devices, the
SSI 32H568 and SSI 32H569, is shown in Figure 7.

0888
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SSI 32H567
Servo Demodulator

PIN DESCRIPTION

POWER

NAME TYPE DESCRIPTION

VREF (o} REFERENCE VOLTAGE - 5.4V output. All analog signals are refer-
enced to this voltage.

AGND - ANALOG GROUND

VPA - ANALOG SUPPLY - 12V power supply.

VCC - DIGITAL SUPPLY - 5V power supply.

DGND - DIGITAL GROUND

INPUT AMPLIFIER

NAME TYPE DESCRIPTION

CAZ - AUTOZERO CAPACITOR - A capacitor which sets the response of the
input ampiifier offset cancellation circuit should be connected between
this pin and analog ground. )

IN + | NON-INVERTING INPUT - AGC input amplifier connection. The non-
inverting output of the differential servo pre-amplifier should be AC
coupled to this pin.

IN - 1 INVERTING INPUT - AGC input amplifier connection. The inverting
output of the differential servo pre-amplifier should be AC coupled to this
pin.

CPK - PEAK HOLD CAPACITOR - A capacitor which is used by the peak
detector of the AGC circuitry must be connected between this pin and
analog ground.

CAGC - AGC CAPACITOR - A capacitor which sets the AGC attack and decay
times must be connected between this pin and analog ground.

TIMING RECOVERY

NAME TYPE DESCRIPTION

VvCO (o] VCO OUTPUT - TTL compatible digital clock which is 32 times the sync
frequency (servo frame rate).

C2,C1 - VCO CAPACITOR - Connection points for a capacitor which sets the
VCO center frequency in conjunction with an external resistor con-
nected to RVCO.

BP1,BP2 - PLL BYPASS - Bypass capacitors may be connected between these
pins and analog ground to provide additional power supply rejectionin
the phase locked loop.
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SSI 32H567
Servo Demodulator

TIMING RECOVERY (Continued)

NAME TYPE DESCRIPTION

LF - PHASE LOCKED LOOP FILTER - An external RC network which sets
the PLL loop characteristics must be connected between this pin and
analog ground.

RVCO - VCO RESISTOR - Connection for a resistor which sets the VCO center

frequency, in conjunction with the capacitor between pins C1 and C2.
The resistor must be connectedbetween this pin and the VREF output.

SYNC (0] SYNC OUTPUT - TTL compatible digital clock whose falling edge
indicates the presence of valid analog signals on the N and Q outputs.
There is one SYNC cycle per servo frame.

DATA (0] DATA OUTPUT - Active low TTL compatible digital output thatindicates
the presence of a data pulse in the servo frame. This signal is updated
on the falling edge of the SYNC output.

™ - TIMING WINDOW - A resistor and capacitor must be connected in
parallel between this pin and analog ground to set a timing window
which is used in detecting SYNC pulses.

THR - PULSE THRESHOLD - A resistor which sets a threshold for SYNC and
DATA pulse detection must be connected between this pin and VCC
(digital 5V supply).

CLD - LOCK DETECT CAPACITOR - The value of this capacitor determines
how quickly the LOCK output responds.

LOCK (0] LOCK OUTPUT - An open collector output that indicates the lock status
of the PLL.

POSITION INFORMATION

NAME TYPE DESCRIPTION

CAD - AREA DETECTOR CAPACITOR - A capacitor, which forms anintegra-

tor to sense the pulse area of the servo position signals, must be con-
nected between this point and analog ground.

N (0] N OUTPUT - This sampled analog signal is the normal position
reference output. N is referenced to VREF and is periodic in radial dis-
placement, with a period of 4 tracks.

Q (0] Q OUTPUT - This sampled analog signal is the quadrature position
reference output. Qs referenced to VREF and is periodic in radial dis-
placement, with a period of 4 tracks. It is 90 degrees out of phase with
N.

No connects on PLCC package: 4, 7
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SSI 32H567
Servo Demodulator

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits is
not intended and should be limited to those conditions specified in the DC operating characteristics.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
VCC voltage 0 8 \'/
VPA voltage 0 16 \'
Voltage on PLL inputs -0.5 VCC+0.5 Vv
Voltage on other inputs 0 14 \
Storage Temp. -45 160 °C
Solder Temp. 10 sec. duration 260 °C
RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid
throughout this document.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
VPA, analog supply 10.8 12 13.2 \'
Supply noise F<1 MHz 0.1 Vp-p
VCC, digital supply 4.75 5 5.25 \'
Ta, ambient temperature 0 70 °C
DC CHARACTERISTICS

PARAMETER CONDITIONS MIN TYP MAX | UNITS
IPA, VPA current 50 mA
ICC, VCC current 52 mA
VOH, digital output high |IOH|<40 pA 24 Vv
VOL, digital output low |IOL|<1.6 mA 0.4 \'
IREF, VREF

output current capacity 10 mA
VREF output voltage |IREF|<10 mA 5.1 5.4 57 v
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SSI 32H567
Servo Demodulator
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ELECTRICAL SPECIFICATIONS (Continued)

AC CHARACTERISTICS
PARAMETER CONDITIONS MIN TYP MAX UNITS
VREF output impedance IOUT = 0-10 mA

1 uF bypass to AGND

Frequency<15MHz 7 Q
N, Q outputs
Output impedance F=1MHz 100 Q
Load resistance To VREF 10 KQ
Load capacitance 50 pF
Peak output voltage Referenced to VREF 1.8 2 22 \

. 23-400 mVp-p differential

Offset voltage 10 mV
Input amplifier
Input resistance 5 KQ
Input resistance mismatch 1 %
Input capacitance 20 pF
Bandwidth 10 20 MHz
Input referred noise 10 Hz<F<40 MHz 30 nVAHz
CMRR F<1MHz 60 dB
PSRR F<0.5MHz 45 dB
AGC dynamic range Cab(pF)=720/fvco(MHz) 26 dB
AGC headroom 2 dB
AGC bandwidth Open loop unity gain 5 15 KHz

Cacc=0.04 uF

Crk=1500 pF
Autozero pole CazinpF 220/Caz Hz
SYNC detector
Timing window Rwin Q, Cw in pF 0.4(Rw = Cw) s
Valid pulse threshold RTH in KQ (% of full scale) 55/RTH %
LOCK Detector
CLD up current RVCO = 11K+ 1% 0.7 3 HA
CLD down current RVCO =11K+£ 1% 3 10 pA
'CLD lock margin 0.7 1.3 '
CLD unlock marign 0.7 1.3 \Y
CLD hysteresis 0.1 0.4 \'
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SSI 32H567

Servo Demodulator

AC CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN TYP MAX | UNITS

Phase locked loop

Capture range 20 %

VCO phase shift Missing DATA pulse 0.005 | rad/frame

VCO phase delay Relative to sync 30 ns
pulse zero crossing

VCO center frequency range 4 16 MHz

Center frequency error Cvco, Rvco 1% 15 %

VCO gain fvco inHz 10.47 fvco rad/s/V

Phase detector gain ] 15.92 [ uA/rad

TIMING CHARACTERISTICS

(Digital output load capacitance Cl<15 pF, VCO frequency fvco <16 MHz, timing measurements for digital
signals are measured at 1.3V, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
TDD, data delay o 20 ns
TW, sync pulse width 40 ns
TSKW, SYNC to VCO skew 0 40 ns
SYNC fall time 15 ns
TADS,NorQ 260 ns
output setup time

TADH, Nor Q 0 ns
output hold time

T1 accuracy, T1-32/fvco -8 8 ns
T2 accuracy, T2-6/fvco -4 4 ns
T3 accuracy, T3-12/fvco -4 4 ns
T4 accuracy, T4-18/fvco -4 4 ns
T5 accuracy, T5-24/fvco -4 4 ns
T6 accuracy, T6-1.5/fvco -5 10 ns
T7 accuracy, T7-2/fvco -5 10 ns
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APPLICATIONS INFORMATION

Atypical SSI 32H567 application is shown in Figure 2.
The selection criteria for the external components
shown are discussed below.

INPUT AMPLIFIER
The autozero circuit is effectively a high pass filter,
whose pole frequency is given by:
=ﬂ Hz

Caz(uF)
With a value of 10 uF for Caz, the autozero circuit's
corner frequency will be 22 Hz. This is sufficient for DC

offset rejection and it will not interfere with the servo
signal.

faz

The AGC response may be characterized in terms of
the open loop unity gain bandwidth of its control loop.
The nominal value for this loop is set by Caacc as
follows:

few=__390 Nz
Cacc(uF)

For a nominal bandwidth of10 kHz, Cacc should be
0.039 pF. With a 1% capacitor, the variation in actual
bandwidth will be +/- 50% due to the tolerance of
internal components. The AGC peak detector capaci-
tor should always be set to 1500 pF. This represents a
reasonable tradeoff between leakage current toler-
ance and storage aperture time.

The pulse area detector storage capacitor must be
chosen to keep the AGC circuit operating within its
linear range. Its value is related to the VCO frequency
as follows:

720 oF wherefyco is the VCOfreq.
Roo(MHZ) ™ o *d

Cap=
Larger values for Cap are required with lower VCO fre-
quencies in order to maintain constant signal levels
within the device, since the integration time is in-
creased.
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SYNC DETECTOR

Two sync detector parameters may be adjusted with
external components. The firstis the valid pulse thresh-
old. The threshold is expressed as a percentage of a
full scale pulse (since the sync detector follows the
AGC and input amplitude variations are removed). The
threshold is determined with resistor RTH as follows:

Threshold=—937 <100 (%)
Rru (KQ)

For example, a value of RTH = 1 KQ sets the valid pulse
threshold at 37% of full scale. This prevents false trig-
gering on noisy signals, but does not unduly shorten
the sync pulse.

A timing window is used to detect sync pulses, since
the sync and data pulses are more closely spaced than
any other pulses in a valid servo signal. The delay from
the zero crossing of the data pulse to the leading edge
of the sync pulse is 1.5 cycles of the VCO clock. The
next most closely spaced pulses (which must be re-
jected by the sync detect circuit) are separated by 3
VCO cycles. Thus the timing window should be set for
2.25cycles of the VCO clock, to allow reliable detection
of the sync pulse. The timing window is determined as
follows:

Window=0.4 (Ry*Cw)(s)
The resistor Rw should always be set to 5.6 KQ, which
means that for a 2.25 cycle window, Cw is given by:
Cw= 1000 pF
fvco( MHz)
For a 16 MHz clock, Cw should be chosen as 63 pF.
LOCK DETECTOR

The LOCK detector behavior is controlled by the value
of CLp. A value too small will be prone to unlock pre-
maturely and give false warnings to the system. A
typical value for CLp is 0.01 pF.
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APPLICATIONS INFORMATION (Continued)

PHASE LOCKED LOOP

The VCO center frequency is determined by Rvco and
Cvco. Rvco should always be setto 11 KQ+ 1%. Cvco
may then be chosen by:

where fvco is the
desired center fre-
quency in MHz.

Cvco=330-106pF,
fvco

Forfvco= 16 MHz, Cvco =41 pF and for fvco =4 MHz,
Cvco = 200 pF. If 1% tolerance external components
are used, the VCO absolute frequency accuracy willbe
15%. The VCO output frequency is related to the
control voltage at the loop filter pin, VLF, as follows:

P 141667 (Vir-Virens)
vCcoO

This means that the VCO gain, Ko, is given by:
Ko=2+mefvco(Hz)+1.667 radsNV

detector gain, Kd, is fixed at 15.92 pA/rad. If aloop filter
consisting of a series resistor and capacitoris used, as
shown in Figure 2, the phase locked loop becomes a
second order system with the following transfer func-
tion:

(s/on)

phase error (s)
input phase

2
1+2+z<s/on+(s/on)
where:

on (natural freq.) = V{(Ka= Ko/ (32+ Cyy)) radis
z (damping factor) =0.5«RL*Cri*@n

As an example, the values for Cvco, RL and CL are
derived for a system with the following specifications:

fvco=16MHz wn(2+n)=4600Hz z=0.68
Cvco=830-106=41pF
fvco

Cu=_KaKo__(1592-1066) (1047 +fvco) _o4,,F

R0 32(2+7+4600)2
The phase detector is a digitally controlled charge
pump, which injects a current into the loop filter whose .
: ; Ri=—2"2__-470Q
average value is proportional to the phase error. The L= Cuean.
VREF-2 VREF VREF+2 SERVO DEMODULATOR
OUTPUT (V) .
SERVO je———— POSITION INFORMATION PULSES ——»|
SIGNAL DATA SYNC I A B c D | DATA SYNC
I |
Nk - — - —— /\A N l\ I /\ /\' TIME OR ROTATION
v f\/ ] \/ 1 v v (ALONG TRACK N)
N SERVO I I 1 ]
SIGNAL I I A B c D ! |
1 I | |
N+1 - - /\ /\‘ : /\ : /\ /\‘ TIME OR ROTATION
V ‘I\/ | \/ ! \/ l\/ (ALONG TRACK N + 1)
SERV/
SIGNAL ! I A B c ] | 1
Q | | | |
ey HAA- AN~ pemee
Vv, Vi VY -
SERVO
SIGNAL | 1 A B c D I |
| I ] |
) el A A A mse
VV iV ViV o -
f——————— SERVOFRAME ———— ]
RADIAL DISPLACEMENT (TRACKS)

FIGURE 3: PRE-RECORDED SERVO SIGNAL AND SERVO
DEMODULATOR OUTPUT VS. RADIAL DISPLACEMENT
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FIGURE 5 : SYNC AND DATA PULSE DETECTION
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