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PREFACE

This data book contains the latest product information for Fujitsu's line of Telecommunications Products. This
year's editionincludes Piezoelectric Devices and IC Compandors, as well as sustaining products fromthe pre-
vious edition. Please note that the contents of this edition have been reorganized to better categorize products
for your ease of use.

Inadditionto the collection of data sheets, you willfind valuable information on ordering and expanded packag-
ing descriptions, both in the Order Information section. One appendix, Design Information, is included as a
guideline for selecting and designing Fujitsu prescalers and phase-locked loops for VHF and UHF frequency
synthesis.

If you are interested in obtaining other Fujitsu product information, see the publication listing on the following
pages for titles and brief descriptions of other Fujitsu product literature. To obtain a copy of any of the docu-
ments, contact one of our sales offices.
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FUJITSU PRODUCT PUBLICATIONS

The following is a list of the product publications available from Fujitsu Microelectronics, Inc. Call your nearest FMI Sales
Office or Sales Representative to order any document(s) you need. (See the Sales Information section for phone num-

bers.)

STANDARD PRODUCTS
Dynamic RAM Products Data Book

Static RAM Products Data Book
ECL RAM Products Data Book

Programmable Memory Products Data
Book

Memory Card Products Data Book

Power Transistor Products Data Book

Linear Products Data Book

Linear Products Selector Guide
Telecommunication Products Data Book

Telecommunication Devices Selector Guide

Interface and Logic Products Selector
Guide

CMOS 4-bit Microcontrollers Data Book,
Vol. |

CMOS 4-bit Microcontrollers Data Book,
Vol. It

CMOS 4-bit Microcontrollers Selector
Guide

Master Product Guide

Contains product data sheets for NMOS and CMOS DRAMs,
including 1M and 4M devices, and MOS application-specific
RAMs.

Contains product data sheets for high-speed CMOS and
BiCMOS SRAMs, low-power CMOS SRAMs and application-
spacific SRAMs.

Contains product data sheets for ECL and TTL bipolar ECL
RAMs, BiCMOS ECL RAMs, and application-specific RAMS
including self-timed RAMs (STRAMs).

Contains product data sheets for programmable ROMs (including
registered and wide-temperature range PROMs); CMOS mask-
programmable ROMS, OTP ROMs, erasable PROMs, and
EEPROMs; NMOS erasable PROMs and non-volatile RAMs.

Contains product data sheets and programming information for
68-pin JEIDA and PCMCIA standard memory cards and connec-
tors and for 38-pin memory cards.

Contains product data sheets for RETs, Darlington arrays, and
FETs.

Contains product data sheets for audio products, power supply
controls, motor drivers, disk drivers, and converters (A/D, D/A,
A/D-D/A, and FNV), and other linear products.

Presents an overview of linear products.

Contains product data sheets for prescalers and VCOs, PLLs,
single-chip PLLs and Prescalers, CODEGCs, telephone ICs, and
cellular telephone ICs, cordless telephone ICs, and piezoelectric
devices.

Presents an overview of telecommunication products and piezo-
electric devices.

Presents an overview of logic and interface devices.

Contains product information, including the development tool for
the MB8850 and MB88200 families of 4-bit microcontrollers.

Contains product information, including the development tool for
the MB88500 family of 4-bit microcontrollers.

Presents an overview of the MB88500 (high end), MB8850 (mid-
range), and MB88200 (low end) families of 4-bit microcontrollers.

Presents an overview of the entire range of products offered by
the Integrated Circuits Division: Standard and ASIC products.
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FUJITSU PRODUCT PUBLICATIONS (Continued)

ASIC PRODUCTS

CMOS Channeled Gate Arrays Data Book
and Design Evaluation Guide

CMOS Channelless Gate Arrays Data
Book and Design Evaluation Guide
ASIC Products Selector Guide
BiCMOS Gate Arrays Data Book and
Design Evaluation Guide

ECL Gate Arrays Data Book and Design
Evaluation Guide

ASIC SOFTWARE

The ASIC Gallery™ (catalog)

The ASIC Design Environment (catalog)

ViewCAD User's Guide

ViewCAD Installation Guide
CMOS ASIC Reference Manual for
Valid

FAME User's Guide

FAME Reference Manual

Synopsys User’s Guide

Contains product information for UHB Series High Drive CMOS
Gate Arrays and CG10 Series High Drive CMOS Gate Arrays.

Contains product information for AU Series CMOS Series Gate
Arrays and CG21 Series CMOS Gate Arrays.

Presents an overview of CMOS, BiCMOS, ECL, and GaAs gate
arrays and CMOS standard cell products.

Contains product information for BC Series BICMOS Gate
Arrays and BC-H Series BICMOS Gate Arrays.

Contains product information for ET Series ECL Gate Arrays,
H Series ECL Gate Arrays, Ultra-High Performance ECL Gate
Arrays, and VH Series ECL Gate Arrays.

Discusses the trend in ASICs: migration from using gates as
primitives to using LS| and even VLSI macros as design ele-
ments.

Provides an overview of the third-party tools that work in concert
with Fujitsu’s proprietary tools, ViewCAD™, BankCAD™, and
FAME. Also included are product profiles explaining how the
third-party tools fit within the design framework.

Provides a basic understanding of Fujitsu’s proprietary CAD/CAE
system, ViewCAD. This book provides information necessary to
design, test, simulate, and analyze circuits using Fujitsu’s unit cell
libraries for AU, UHB, CG10, CG21, and CG31 CMOS technolo-
gies.

Explains how to install Fujitsu's proprietary CAD/CAE system,
ViewCAD.

Provides a basic understanding of the Valid System on the Sun
platform as it interfaces with Fujitsu programs to build circuits
using Fujitsu’s unit cell libraries for AU and UHB CMOS technolo-
gies.

Provides a basic understanding of the Fujitsu ASIC Management
Environment (FAME) software as it interfaces with third-party
tools (Sun or PC) to build circuits using Fujitsu's unit cell libraries.

Provides installation and directory information for the Fujitsu
ASIC Management Environment (FAME) software, which uses
third-party tools (Sun or PC) to build circuits using Fujitsu’s unit
cell libraries.

Provides a basic understanding of the Synopsys® system as it
interfaces with Fujitsu programs to build circuits using Fujitsu’s
unit cell libraries.



FUJITSU PRODUCT PUBLICATIONS (Continued)
ASIC SOFTWARE (Continued)

Verilog-XL User’s Guide Provides a basic understanding of the Verilog-XL® system as it
interfaces with Fujitsu programs to build circuits using Fujitsu’s
unit cell libraries.

Future Publications

For Memory Products:

Hybrid Products (1992) Presents Fujitsu’s hybrid products and discusses thick- and thin-film
capabilities.

For ASIC Software:

ASIC Design Environment Provides detailed information about the ASIC Design Methodology

Data Book (1992) at Fujitsu. It contains an overview of the third-party tools that work

in concert with Fujitsu’s proprietary tools, ViewCAD, BankCAD, and
FAME. Also included are product profiles explaining how the third-
party tools fit within the design framework.

Synopsys® is a registered trademark of Synopsys, Inc.

Verilog-XL® is a registered trademark of Cadk Design Systems, Inc.
ViewCAD™ and BankCAD™ are trademarks of Fujitsu Limited.

ASIC Gallery™ is a trademark of Fujitsu Microel ics, Inc.
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Fujitsu’s Telecommunication Products

Introduction

Prescalers

Fujitsu manufactures a wide range of integrated circuits that
includes linear products, microprocessors,
telecommunications circuits, ASICs, high-speed ECL logic,
power components (consisting of both discrete transistors
and transistor arrays), and both static and dynamic RAMs.

The telecommunication product line offers devices for use in
a wide range of applications. These telecommunication
products are manufactured to meet the high standard of
quality and reliability that is found in all Fujitsu products.

Fuijitsu offers a wide range of prescaler devices capable of
satisfying the technical requirements of today's applications.
Features such as the 200 MHz to 2.7 GHz frequency range,
low power consumption, and a multitude of divide ratios are
some of the advantages of Fujitsu’s prescaler family.

Phase-Locked Loops (PLLs)

The Fujitsu family of PLLs offers a wide range of operating
frequencies with low supply currents and voltages to meet
design needs. The serial input capability of these devices is
an outstanding feature of Fujitsu’s PLLs.

Single-Chip PLLs/Prescalers

Fuijitsu is one of only a few semiconductor manufacturers to
offer single-chip PLL/Prescaler devices. Fujitsu is the only
manufacturer with a BICMOS version that combines high
speed and low power consumption in a single chip. With the
increasing emphasis on boa sc,Paoe reduction (to improve
cost), reliability, and overall product size, these single-chip
devices provide solutions for designers.

Single-Chip VCOs/Prescalers

Fujitsu is the only semiconductor manufacturer with a
single-chip VCO/Prescaler family of products. With the
increasing emphasis on overall product size reduction and
added on-chip functionality, this new family of device:
provides the needed design solution. :

Continued on next page
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xiv

Plezoelectric Devices

Fuijitsu’s lithium tantalate peizoelectric bandpass SAW filters
provide sharp roll-off characteristics and excellent stability
over temperature in a tiny 5 mm x 5 mm surface mount
Rackage. Standard frequencies are available for AMPS,

'TACS, NMT, and ETACS transmit and receive frequencies.
This family of devices also includes a series of voitage
controlled oscillators.

Cordless Telephone Integrated Circuits

Fujitsu’s family of cordless telephone ICs offers low power
consumption, ideal for application of this type. This family of
products consists of minimum-shift keying modems for data
transfer applications.

Telephone Integrated Circuits

Fuijitsu offers a complete family of telephone ICs as an

a?plication-speciﬁc product line. These devices are capable

of performing advanced telephone functions such as SLIC,

speech transmission/reception, DTMF, on-hook dialing, last

?unrgtl?er repeat, tone amplification, and companding
unctions.

Coder/Decoders (CODECS)

The Fuijitsu family of CODECs consists of the MB6020
series. All devices conform to CCITT and AT&T
specifications.



Section 1

Prescalers — At a Glance

Maximum Supply Divide Package
Page Device Frequency lec Vecc  Ratio Options
1-3 MB467 200 MHz 6 mA 5V 10/20 8-pin Plastic  DIP, FPT
1-11 MB501 1.0GHz 30mA 5V 64/65, 8-pin Plastic  DIP, FPT
128/129
501L 1.1 GHz 10mA 5V 64/65,
128/129
503 200 MHz 8mA 5V 16/17,
32/33
504 520 MHz 10 mA 5V 3233,
64/65,
504L 520 MHz 5mA 5V 3233,
64/65
1-23 MB501LV 1.1 GHz 12mA 3V 64/65, 8-pin Plastc  DIP,FPT
128/129
504LV 520 MHz 6 mA 3V 3283,
64/65
1-33 MB501SL 1.1 GHz S5mA 5V 64/65, 8-pin Plastic  DIP, FPT
128/129
143 MB505-16 1.6 GHz 9mA 5V 128/256 8-pin Plastc  DIP, FPT
1-47 MBS506 2.4 GHz 18 mA 5V 64/128/256  8-pin Plastic  DIP, FPT
1-51 MB507 1.6 GHz 18 mA 5V 128/129, 8-pin Plastic  DIP, FPT
256/257
1-69 MB508 2.3GHz 24 mA 5V 128/130, 8-pin Plastic  DIP, FPT
256/258,
512/514
1-67 MB509 1.1 GHz 11.6 mA 5V 64/65, 8-pin Plastc  DIP, FPT
128/129
1-78 MB510 2.7 GHz 10 mA 5V 128/144, 8-pin Plastic  FPT
256/272
1-83 MBS511 1.0GHz 23 mA 5V 1,28 8-pin Plastic  DIP, FPT
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MB467
LOW POWER PRESCALER

200MHz, LOW POWER PRESCALER

The Fujitsu MB467 is a prescaler, which is used in Phase Locked Loop (PLL) frequency
synthesizer. The MB467 will divide by 10 when SW pin is high (Vcc level) and by 20 when SW
pinis low (openor 1/2Vcc level). The outputis an open collector output to drive TTL or CMOS
logic circuit.

o Operating Frequency: 200MH; max.
¢ Low Power Comsumption: 30mW typ. PLASTIC PACKAGE
o Low Level Input Voltage: Vin2150mVpe DIP-08P-MO01
* Wide Operation Temperature: Ta=—30°C to +85°C
Power Supply Voltage: Vec=+5V+10%
o Interface
Input: Capacitor coupling due to intemal biased input
Output: Open collector output
o Plastic 8-pin Standard Dual-In-Line Package: (Suffix: —P) PLASTIC PACKAGE

e Plastic 8-pin Standard Flat Package: (Suffix: —PF) FPT-08P-MO1

PIN ASSIGNMENT

w3 O SRL
ABSOLUTE MAXIMUM RATINGS (See NOTE) vee [ ]2 7 ]ne
TOP VIEW
Rating Symbol Value Unit sw E 3 6 :I cH
Supply Voltage Vee ~0510+7.0 v our[]« s| Jano
Input Voltage Vin 0.5 to Ve v
QOutput Current lo Oto+5 mA
Note: *lt should be open.
Junction Temperature T +125 °C
Storage Temperature Tsta -55 to +150
NOTE: Permanent device dama e may occur if the above Absol Maxi
Ratings are ?: should be restricted to the ;;;az?ﬁ,ﬂf' high s ‘;Wn:,ff o oo Taida.
conditions as detailed in the opsrabonal sections of this data sheet. Exposure to However, it is advised that normal precautions be taken to
absolute maximum rating conditions for extended periods may affect device avoid application of any votage higher than maximum rated
rehabohty vohages to this high impedance circuit.
Copyright® 1989 by FUJITSU LIMITED



MB467

BLOCK DIAGRAM

Crs @

sSwW O
CH D Q@ D D
c c Q c Q Dc O OUTPUT
Output
Buffer
SW Divide Ratio
H 110
L 1/20
Open 1/20
PIN DESCRIPTION
Pin Number Symbol Function
1 IN Input
2 Vec DC Supply Voltage Input
3 sw Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 CH Check Input For Outgoing Test. it should be open.
7 NC Non Connection
8 N Complementary Input




MB467

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Vee 45 5.0 55 \
Ambient Temperature Ta -30 +85 °C
Load Capacitance CoL 7 pF
(Vee=+5V+10%, Ta=—30 to +85°C)
Value
Parameter Symbol Conditions Unit
Min Typ Max
Vee=5.0V,
Power Supply Current lec T4e25°C 6 10 mA
: With 2kQ pull-up
High—level Output Voltage Vou resistor 10 Vo 4.0 v
With 2kQ pull-up
Low-level Output Voltage Vou resistor to Veo 04 v
Vin: 150mVep
Input Frequency fin sine wave 10 200 MH.
Input Signal Amplitude for IN Vin 150 2000 mVep




MB467

TIMING CHART

(i) 1 5 15 25

IR
outsw="1) | l [

IN |

TEST CIRICUIT

!

l O Veo=+5.0V10%

Sampling scope input point
fo t f
r output waveform Voo JswhRt
/ c 2 3 Sampling scope prober point
"IN for input waveform
PG. — 4
TILLUN IR
50Q 1] c
C. 5 L
GND
Cy: 1000:F
Cz: 1000:F
C:gl 0.1uF
v/Z8 /8 Cv: 7+F (including scope and jig capacitance)
RLI 2KQ

Note: Input frequency has a influence of input signal amplitude, input signal slew rate, and input coupling capacitor value.
The MB467 can operate down to DC when large value of above parameters are selected.
The MB467 starts self-oscillation unless signal is input.
When a double drive, please connect either of input pins to GND by a 39 kohms pull down resistor. The oscillation is prevented
easily.
When a single drive, please connect a pull down resistor to unused pin.




MB467

TYPICAL CHARACTERISTICS CURVE

Minimum Input Signal Amplitude [mV]

800

400

INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

‘n\

—

———

10 20 50

Input Frequency [MHZ]

100 200 500

1000

2000

Antenna

APPLICATION EXAMPLE

| RF AMP

>  MIX

1 [FeAMP [~

FMesMPX — PoeAMP
MB4102 MB3730A

_{]

Local

l oscillator

Prescaler PLL

MB467 MB8735
Controller
MB8851

I Key board I

Speaker




MB467

PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE

(CASE No. : DIP-08P-M01)

+.016
370912

Nl

+0.40,
(9.407 5'35)

I.J'l

INDEX

1

CJ

.244+.010
(6.20+0.25)

O |

0391912 l 060t 012
0.99+3:30) (1521930
+.014
0357014
+0.35
10891533 \
.172(4.36) MAX
: .020(0.51) |.118(3.00) MIN
MIN
1100(2.54) H .018+.003
TYP o "777(0.46+0.08)

©1988 FUJTSU LIMITED DO8006S-2C

15" MAX

.010£.002

(0.25+0.05)

Dimensions in
inches (millimeters)




MB467

PACKAGE DIMENSIONS

(Suffix: —PF)
8-LEAD PLASTIC FLAT PACKAGE
(CASE No. : FPT-08P-M01)
2501010 1089(2.25) MAX
‘g°3 (SEATED HEIGHT)
6.3519:25 .002(0.05) MIN
H H H H-— (STAND OFF)
~-
307+ t?l g)
INDEX (7.80%0. +.016 +0.40
209+.012 268_ 60g(6-80_¢ 20!
(5.30+0.30)
1020+.008
H w ) (0.50+0.20)
.050(1.27) J |:018+.004 <~ 006*:002/5 15+0.05
e -—-_0' 452010/ 21#.0050.131@) 006" -90%0.1513-93)
A50(3.81) |
'_ﬁgr“ :_ Details of “A”* part 1}
A : 008{0.20)
N ' i
1 t
[ \ : St
L 7.020(0.50)!
' .007(0.18) !
=] .004{0.10) ! MAX !
! .027(0.68) !
Lo MAx )
Dimensions in
©]98“ FllllTSll lllllEIl FllllllllZS-!iE inches (millimeters)

1-9



MB467

1-10



April 1990

o2 |
Edition 6.0 FUJ lTSU t
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MB501/501L/503/504/504L
TWO MODULUS PRESCALERS

TWO MODULUS PRESCALERS

The Fujitsu MB 501/503/504 are two modulus prescalers, which are used in i
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre-
quency by the modulus of 64/65 or 128/129, 16/17 or 32/33, and 32/33 or
64/65 respectively. MB 501L/MB 504L is the low-power version of MB 501/
MB 504; it will perform exactly the same function as MB 501/MB 504 but with
much lower power dissipation.

The output is 1.6 V peak to peak on ECL level.

@ High Operating Frequency, Low Power Operation.
PLASTIC PACKAGE
1.0 GHzat 150 mW typ. (MB 501) DIP-08P-M01

1.1 GHzat 50 mW typ. (MB501L)
200 MHzat 40 mW typ. (MB 503)

520 MHz at 50 mW typ. (MB 504)

520 MHz at 25 mW typ. (MB 504L)

® Pulse Swallow Function

A\
PLASTIC PACKAGE

® Wide Operation Temperature Ta= -40°C to +85°C FPT-08P-MO1
® Stable Output Amplitude VouTt =1.6 Vpp
e Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL synthesizer

PIN ASSIGNMENT
IC

® Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Value Unit iNnCj1 O 8[]iN
\% 2 71 JNC
Supply Voltage Vee -0.5 to +7.0 Vv ce[] TOP VIEW ]
sw[]s e[ Jmc
Input Voltage V, -0.5to V \"
N ce out[]4 s[Jeno
Output Current Vo 10 mA
Ambient Temperature Ta -40 to +85 °c
Storage Temperature Tsto -55 to + 125 °c
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM ;':g:t fzg:ien s‘:"ga‘z:;‘;ec;'f:‘:g h?;hps';‘t?g‘v;‘ﬁ
RATINGS are exceeded. Functional operation should be restri<;ted to ages or electric fields. However, it is advised
the conditions as detailed in the operational sections of this data that' normal fprecauti?ns b;z‘ Lakenh to avoid
: : PRy application of any voltage higher than maxi-
shegt. Exposure to abs'olute .ma_xvlmum rating conditions for extended . ratad voltages to his nigh impedance
periods may affect device reliability. circuit.
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MB501
MB501L

MB504
MB504L

Fig. 1 — BLOCK DIAGRAMS

a) MB501/501L

Input Butter

Input Buffer

b) MB 503

Output
Buffer

c) MB 504 /MB 5041

sw MC | Divide Ratio
H | H 1/64
mBsot/ | H | L 1/65
MBSOIL I | ¢ 1128
L L 1/129

Note: SW: H= V¢, L = open
MC: H=2.0V to V¢c,
L=GNDto 0.8V

SW | MC | Divide Ratio
H H 116
H L 117
MB 503
L H 1/32
L L 1/33

Note: SW:H=Vcc, L =open
MC: H=20Vto Vcc,
L=GNDto 0.8V

SW | MC | Divide Ratio
H | H 1/32
mesoas | H | L 1/33
MBSOAL | | u 1/64
Ll 1/65

Note: SW: H = V¢c, L = open
MC: H =20V to Vcc,
L=GNDt0 0.8V
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MB501L
MB503
MB504
MB504L
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 4.5 5.0 5.5 v
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance CL 12 pF
PIN DESCRIPTION
Pin Number Symbol Function
1 IN Input
2 Vee DC Supply Voltage
3 Sw Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 mc Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 IN Complementary Input

1-13




MB501
MB501L
MB503
MB504
MB504L

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max

MB501 30 42* mA
MB501L 10 14* mA

Power Supply Current MB503 lce :)/:::ins are 8 12* mA
MB504 10 14* mA
MB504L 5 7* mA

Output Amplitude Vo 1.0 1.6 Vp.p
MB501 10 1000 MHz
MB501L With input 10 1100 MHz

Input Frequency MB503 fin z::::::gr 10 200 MHz
MB504 1000pF 10 520 MHz
MB504L 10 520 MHz
MB501 -4 5.5 dBm
MB501L -4 5.5 dBm

;2?:':\]&9"3' Amplitude MB503 Vin _12 10 dBm
MB504 -12 10 dBm
MB504L -12 10 dBm

High Level Input Voltage for MC Vium 20

Low Level Input Voltage for MC ViLm 0.8

High Level Input Voltage for SW Viug** Vec-0.1 Vee Vect0.1

Low Level Input Voltage for SW ViLs Open

High Level Input Current for MC Lium Viy =2.0V 0.4 mA

Low Level Input Current for MC liLm V)L =08V -0.2 mA
MB501 - 18 28 ns
MB501L 16 26 ns

mgat‘::LgSf’rt'“p Time MB503 tseT 38 46 ns
MB504 20 30 ns
MB504L 18 28 ns

NOTE: * V¢c =5V, Ta =25°C

** Design Guarantee




MB501
MB501L
MB503
MB504
MB504L

MB501/MBS01L TIMING CHART (2 MODULUS)
Example: Divide ratio = 64/65

32 32 | =====-- 32 33
1} rd - Phd
ouT . 4 PP “ e e
. P4 '_.' . L ".'
32132132} 32 32| 32| 33| 32| 33| 32} 32

Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33.
The typical set up time is 18 ns (MB501), 16 ns (MB501L) from the MC signal input to the timing of change of prescaler
divide ratio.




MB501
MBS501L
MB503
MB504
MB504L

MB503 TIMING CHART (2 MODULUS)
Example: Divide ratio = 16/17

O . -
’ P PR \‘ e .-
. . e N . .-
our | AP . e
' L e . . o’
818|8}|8 8181918 9]8]8

A
Mc L
)
1
1
1
1

Note: When divide ratio of 17 is selected, positive pulse is applied by one to 9.
The typical set up time is 38 ns from the MC signal input to the timing of change of prescaler divide ratio.




MB504/MB504LV TIMING CHART (2 MODULUS)
Example: Divide ratio = 32/33

32 33
A A

TR NI~

1
'
'
'
’
'
—_— f : -
16 16 Sesses- 16 17
‘ PR Y . .
LT N R P

g .
1 "
out . AT ‘. . .o
' L.t N R L
16| 1616 ] 16 16] 16| 17] 16| 17} 16| 16

" L

R A
-p--

Note: When divide ratio of 33 is selected, positive pulse is applied by one to 17.
The typical set up time is 20 ns (MB504), 18 ns (MB504L) from the MC signal input to the timing of change of prescaler
divide ratio.




MB501.
MB501L
MB503
MB504
MBS504L

Sampling scope input point
for input waveform:

Fig. 2 — TEST CIRCUIT

QO Vec=+5.0V£10%

!

{

L.
s

Vee SW Sampling scope prober point
c for output waveform
i~ out —0
C2 RL = CL
MC GND r
MC input
Cq : 1000pF
mr Cp : 1000pF
Cz: 0.1uF
Cp: 12pF (including scope and jig capacitance)
Ry : 2KQ

TYPICAL CHARACTERISTICS CURVES

Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

1000

< I
Z MB501 Vee = 5.0V
= T =25°C
S
2 800
-
a
z
< 600
<
2
&
w
£ 400
2
o
z
5 200 N
H N
: \
s
ST 20 50 100 200 500 1000 2000

1-18
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MB501 |
MB501L i
MB503 z
MB504 4
MB504L

TYPICAL CHARACTERISTICS CURVES (continued)

Fig. 4 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

MINIMUM INPUT AMPLITUDE (mV)

1000

T T
MBS01L Ve =5.0V
Ta =25°C
800
600
400
200
0 o
10 20 50 100 200 500 1000 2000

Fig. 5 — INPUT SIGNAL AMLITUDE vs. INPUT FREQUENCY

INPUT FREQUENCY (MHz}

1000 T
S MBS0 Vec = 5.0V
T Ta=25°C
w 800
o
=]
[~
& 600
b3
<
5
a 400
z
b
2
3 200
2 ~~—
s
ol \R i
10 20 50 100 200 500

Fig. 6 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

1000

INPUT FREQUENCY (MHz)

T T

—_ MB504 Vee =5.0V
2 Ta=25°C
I 800
a
pol
=
I 600
S
<
5
Z 400
E
3
b 200!
z
s \L\ L

0 10 20 50 100 200 500 1000

INPUT FREQUENCY (MHz)
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MB501
MB501L
MB503
MB504
MB504L

TYPICAL CHARACTERISTICS CURVES (continued)

. 7 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

Fig.

S 1000 T —T

E MB504L Vee = 5.0V
w Ta =25°C
S 800

[=

-

[

S

< 600

-t

<

2

o

» 400

i

=)

a

Z

s 200

=]

2

E 0 P —— R
s 10 20 50 100 200 500 1000

INPUT FREQUENCY (MHz)

Fig. 8 — TYPICAL APPLICATION EXAMPLE

c Vgx (Max. 8 V)

e e e
’Hc*z':}-x‘ T’ﬂ T I —

16 15 1413 1211 10 9 O OUTPUT
MB 87001A
0.04
;“F 1 2 345678 Vec
,,[;_I ! 100KQ 10KQ
Clock O————— 33K
Data O—
LE O—
<]
gssis 1000pF
<<% ;”'; 1000pF ;;.
8 7 6 5
PRESCALER
Vee 12 3 4
—[ X1 : 12.8 MHz X'tal
- 1000pF Veec 185V +10%
1000pF == 2.2KQ Vgx : 8V Max.
-|- C4, C2: depends on crystal oscillator
Lock

Det. o
10K

An example of application of MB501/501L/503/504/504L with PLL Synthesizer IC MB87001A
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MB501L
MB503
MB504
MB504L
8-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)
+.016
3707512
¥0.40
(9.401349) ]
L .
INDEX ’
244+.010 -300(7.62)
(6.20£0.25) TYP
039+ 012 060+ 912 010+.002
+0.30, +0.30, (0.25£0.05)
(0997030, (1.521 330
+.014
035512
0897335 A
.172(4.36) MAX
i .020(0.51) | .118(3.00) MIN
MIN
.100(2.54) _[ l 018+.003
TYP I "(0.46+£0.08)
Di ions i
© 1988 FUJITSU LIMITED D08006S-2C Mc?;:s(n;:n?elevs)
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MB501
MBS501L
MB503
MB504
MB504L

PACKAGE DIMENSIONS (Continued)

(CASE No.: FPT-08P-M01)

8-LEAD PLASTIC FLAT PACKAGE

Details of “A”" part

------- q
|
'

008(0.20)
K] Il
1

Y
'

|
020(0.50)!
.007(0.18)

'
'
'
'
'
'
'
'
'
'
'
'
'
1
|
'

© 1988 FUJITSU LIMITED F08002S-3C

MAX
.027(0.68)

|
|
'
1
1
i

250+-010 089(2.25) MAX
2507008
(SEATED HEIGHT)
6.35732%) .002(0.05) MIN
H H H H_ {STAND OFF)
307+.016 7] d
INDEX (7.80+0.40) +.016/¢ 5o+040
P 2687 -3)8(6.807 030
(5.30£0.30)
: : \ 1 .020+.008
: I (0.500.20)
050(1.27) J 0184004 (o mersrare __L 0060020 15+0.05
TYP {04520,10r2£:00501319) 0080011015~ 0.02!
150y —

Dimensions in
inches (millimeters)
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MB501LV/504LV

LOW VOLTAGE/LOW POWER TWO MODULUS PRESCALERS

LOW VOLTAGE/LOW POWER TWO MODULUS
PRESCALERS

The Fujitsu MB501LV/504LV are low power and low voltage versions of
MB501/504 two modulus prescalers used in Phase Locked Loop (PLL) fre-
quency synthesizer and will divide the input frequency by the modulus of
64/65 or 128/129, and 32/33 or 64/65 respectively.
The output level is 1.1 V peak to peak on ECL level.

® Wide Low Voitage Operation. 3.0Vtyp., +27t0o45V

® High Frequency Operation, Low Power Operation (V| = -12dBm min.)
1.1 GHz at 36 mW typ. (MB 501LV)
520 MHz at 18 mW typ. (MB 504LV)

® Pulse Swallow Function

® Wide Operation Temperature Ta = -40°C to +85°C

® Stable Output Amplitude Vout = 1.1 Vpp typ.

® Built-in a termination resistor
Stable output amplitude is obtained up to output load capacitance of 8 pF.

® Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL synthe-
sizer IC
® Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package

mlj 10 s[]iN
V,
ABSOLUTE MAXIMUM RATINGS (See NOTE) ced 2T0P V.EW7 [Jne
sw[]3 6| Jmc
Rating Symbot Value Unit
out[}4 s JGND
Supply Voltage Vee -0.5t0+7.0 A"
Input Voltage Vin -0.5to Ve v
Output Current lo 10 mA
Storage o
Temperature Tsta -55to +125 Cc

PLASTIC PACKAGE
DIP-08P-MO1

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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MB501LV
MB504LV

Fig. 1 — BLOCK DIAGRAMS

a) MB501LV

b) MB 504LV

c c c M
[ ineut Butter l- l_
7
e .
sw (>

Output
Buffer

SW | MC | Divide Ratio
H H 1/64
H L 1/65
L H 1/128
L L 1/129

Note: SW: H =V, L. = open

MC: H=V ymto Ve,
L =GND to 0.8V

Vikm = %vcc +0.3V

SW | MC | Divide Ratio
H H 1/32
H L 1/33
L H 1/64
L L 1/65
Note: SW: H =Vcc, L =open

MC: H=VymtoVee,
L =GND to 0.8V
Vinm =%Vcc +0.3V
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MB501LV |

MB504LV
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 27 3.0 45 \
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance CL 8 pF
PIN DESCRIPTION
Pin Number Symbol Function
1 IN Input
2 Vee DC Supply Voltage
3 sw Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 N Complementary Input

1-25



[ 1

MB501LV
MB504LV

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max
MB501LV 12 mA
Power Supply Current lee Vee = 3.0V
MB504LV 6 mA
Output Amplitude Vo 0.8 1.1 Ve.p
MB501LV with input 10 1100 MHz
coupling
Input Frequency fin capacitor
~ MB504LV 1000 pF 10 520 MHz
Input Signal Amplitude Vin -12 5.5 dBm
High Level Input Voltage for MC Input Vium Vium = %Vee +0.3 Vinm \Y
Low Level Input Voltage for MC Input Vim 0.8 \"
High Level Input Voltage for SW Input Vius* Vee—0.1| Vee | Vect0.1 \2
Low Level Input Voltage for SW Input ViLs OPEN \%
High Level Input Current for MC Input liHm Viy =2.0V 0.4 mA
Low Level Input Current for MC Input tiLm VL =08V -0.2 mA
MB501LV 16 2% ns
Modulus Set-up Time t,
MC to OUT SET
MB504LV 18 28 ns

Note: *Design Guarantee
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MB501LV
MB504LV

MB501LV TIMING CHART (2 MODULUS)
Example: Divide ratio = 64/65

65

out | -

|32l32|32|32| | I ' l I I | |32|32l33|32|33|32|32l |

Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33.
The typical set up time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio.
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MBS501LV
MB504LV

MB504LV TIMING CHART (2 MODULUS)
Example: Divide ratio = 32/33

33

out | .- T

I16|16]16|16| | I I | | | |16I16'17|16|17|16|16| l
Me __I-——

Note: When divide of 33 is selected, positive pulse is applied by one to 17.
The typical set up time is 18 ns from the MC signal input to the timing of change of prescaler divide ratio.
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MB501LV
MB504LV

Sampling scope input point
for input waveform

/

5082 ____”_____~

Fig. 2 — TEST CIRCUIT

!
jV{

C3

-O +2.7Vto+4.5V

Sampling scope prober point
for output waveform

O

Vee
Cq
—m uT
IN
Cy - CL
MC GND T
MC input

7 Cy
]
Co

: 1000pF

: 1000pF

: 0.1uF

: 8pF (including scope and jig capacitance)

TYPICAL CHARACTERISTICS CURVES

Fig. 3 — INPUT SIGNAL AMPLITUDE

° vs. INPUT FREQUENCY

>

£ 1000 T —

w MB501LV Vee= 3.0V
8 Ta =25°C
£ 800

pu}

o

2

< 600

<

3

2 400

=

2

2 200

s

g o e ————

H 10 20 50 100 200 500 1000 2000
s INPUT FREQUENCY (MHz)

Fig. 4 — INPUT SIGNAL AMPLITUDE

INPUT FREQUENCY (MHz)

o vs. INPUT FREQUENCY

>

£ 1000 T T
B MB504LV Vee=3.0v
2 Ta =25°C
S 800

a

z

4 600

<

Z

]

@» 400

s

=l

a

Z 200

3

2 o

z 10 20 50 100 200 500 1000
s
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MB501LV
MB504LV

,

Fig. 5 — TYPICAL APPLICATION EXAMPLE

Vee Veo

T”;ﬂ[r—““——”

2

16 15 14 13 1211 10 9
MB 87001A

3 4 56 7 8

Vee

100K
33K

Lock

82528
£3¥sK
55252 10000F

Vee

ﬂ765

MB 501LV/504LV|

1 2 3 4

1000pF ==

- 1000pF

10 ™)

10KQ

X1
Vee

Cq.Cy:

Vgx (Max. 8 V)

: 12.8 MHz X'tal
: +2.7V to +4.5V
: 8V Max.

depends on crystal oscillator

——OOUTPUT

Det.

10K
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MB501LV
MB504LV

PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

+.016
3707512
+0.40
(9.407 530) |
ﬁ ‘ I I l rr] ______ 15° MAX
INDEX ‘
h .244+.010 .300(7.62)
h : (6.20+0.25) TYP

+.012 +.012
039* ¢ L 060% §

0.9975:39

010+.002
(1.52+330)

(0.25+0.05)

+.014
03%-012
(0891035

0.3 / \

.172(4.36) MAX

.020(0.51) |.118(3.00) MIN

MIN
.100(2.54) | | .018+.003
TYP ' "77(0.46+0.08)

© 1988 FUJITSU LIMITED D08006-2C

Dimensions in
inches (millimeters)
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MB501LV
MB504LV

L1

PACKAGE DIMENSIONS (Continued)

8-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-08P-MO01)

250+:919 .089(2.25) MAX
Toas (SEATED HEIGHT)
(6.35_550) 1002(0.05) MIN
H H H H (STAND OFF)
=
307+.016
INDEX (7.80+0.40) +.016 +0.40,
209+.012 -268_60g(6-80_ ¢ 20)
(5.30+0.30)
i H 1020+.008
(0.50+0.20)
.050(1.27) .018+.004 L £.002 1 1 +0.05
— ~H=-.006"0(7(0.157
Tvp 5451010} 21£:005(0.131® 006 _ 601! 0.02)
150(3.81) S .
REF 1 Details of “A”" part !
AT H 008(0.20),
T \ |
L \ :g_ K |
! [
il L ".020(0.50)!
o ! .007(0.18) !
=] .004(0.10) ! MAX !
| .027(0.68) |
| MAX |

Dimensions in

© 1988 FUJITSU LIMITED F08002S-:
U, LIMITE 28-3C i millmeters)
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MB501SL
SUPER LOW POWER TWO MODULUS PRESCALER

SUPER LOW POWER TWO MODULUS PRESCALER

The Fujitsu MB501SL is a super low power version of MB501 two modulus prescaler used in
Phase Locked Loop (PLL) frequency synthesizer and divides the input frequency by the
modulus of 64/65 or 128/129, respectively. The MB501SL achieves extremely small stay
capacitance of internal el lized through the use of Fuijitsu Advanced Process
Technology. As the results, high speed operation is achieved with low power supply current
of 5 mA typ., about a half current value of MB501L.

PLASTIC PACKAGE
DIP-08P-M01

® High Frequency Operation fmax = 1.1 GHz max. (Vin = —14bBm)
® Pulse Swallow Function: 64/65, 128/129

® Low Power Supply Current: 5.0mA typ.

e Stable Output Amplitude: Vo = 1.6Vp-p typ.
o Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthesizer IC PLASTIC PACKAGE
FPT-08P-MO1

® Plastic 8-pin Dual-In-Line Package

Plastic 8-pin Mini Flat Package

® Built-in Termination Resistor

Stable output amplitude is obtained up to output load capacitance of 8 pF.

PLASTIC PACKAGE
FPT-08P-M02
ABSOLUTE MAXIMUM RATINGS (See NOTE) PIN ASSIGNMENT
Rating Symbol Value Unit
IN 1 8 ™
Power Supply Voltage Vee -05t0+7.0 \ E O j

Vee E 2 7 j NC
TOP VIEW
Input Voltage Vin —0.5 to Vec \" sw E 3 6 :] MC

out [« s[] e

Output Current lo 10 mA
Storage Temperature Tsre -55to +125 °C
NOTE: P it device d may occur if the above Absolute Maximum This device contains circuitry to protect the inputs a%:mt
Ratings are exceeded. Functional operation should be restricted to the damage due lo high static voltages or electric fields.
conditions as detailed in the operational sections of this data sheet. Exposure to Howaver, 1t 1s advised ‘"v:‘n"°mr?:f:£‘:"::‘:‘};‘f:‘;§
zrgiisa(gﬁitg maximum rating conditions for extended periods may affect device Voltagee 10 ths high impedance chcult.

Copyright 1990 by FUJITSU LIMITED
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MB501SL

IN

Fig. 1 - MB501SL BLOCK DIAGRAM

L

Ol

D Q DQ—J

_ Input Butfer 1_ C
=9

I

6—-] LD

Ol

| LR

Output
SW Buffer
c a ¢ a c Q c a c Q Do———o out
mMc
SW MC Divide Ratio
H H 1/64
mesotsL " L 1/es
L H 1/128 Note: SW: H =V, L =open
MC: H = 2.0V to V¢,
L L 1129 L =GND to 0.8V
Pin Number Symbol Description
1 IN Input
2 Vee Power Supply, +5V
3 sSw Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (Seé Divide Ratio Table)
7 NC Non Connection
8 N Complementary Input
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MB501SL }

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Vee 45 50 55 "
Operating Temperature Ta —40 - +85 °C
Load Capacitance CL ~ - 8 pF
(Recommended Operating Conditions unless otherwise noted)
Value
Parameter Symbol Condition Unit
Min Typ Max
Power Supply Current lec - - 50 70 mA
Built-in a termination
Output Amplitude Vo resistor. 1.0 1.6 - Vep
Load capacitance = 8pF
" With input couplin
Input Frequency fin cap ad‘gr 1000%,:9 10 - 1100 MHz
Input Signal Amplitude Vin - -14 - 0 dBm
High Level Input Voltage for MC Vikm - 2.0 - - v
Low Level Input Voltage for MC Vi - - - 08 v
High Level Input Voltage for SW Vins® - Vec —0.1 Vee Vee + 0.1 \
Low Level Input Voltage for SW Vis - OPEN v
High Level input Current for MC linm Viy = 2.0V - - 04 mA
Low Level Input Current for MC lim V=08V -0.2 - - mA
Modulus Set-up Time MC to Output tser - - 16 26 ns

Note: * Design Guarantee
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Fig. 2 ~TEST CIRCUIT

O Ve = 5.0V £10%

o—e

Sampling scope input point

C
for input waveform °

-

/ Voo sSwW Sampling scope prober point
Cy for output waveform
r - | F—] our - o
500 1l N c
Ca L
MC  GND
MC input

C, : 1000pF

ﬁ C, : 1000pF

T T Cs:0.1pF

C. : 8pF(including scope and jig capacitance)

TWO MODULUS OPERATING TIMING CHART
Example. Divide Ratio of 64/65
64 65

I 1 = [ 2 2

' L .- . L .-"
' P _." A v PR
out = —
32| s2fs2] 32 A B EBEEE

Notes: v teer o tser

When divide ratio of 129 is selected, positive pulse is added by one to 65.
The typical set up time(tser) is 16 ns from MC signal input to the timing of change of prescaler divide ratio.
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TYPICAL CHARACTERISTICS CURVES

MINIMUM INPUT SIGNAL AMPLITUDE Vy (dBm)

MINIMUM INPUT SIGNAL AMPLITUDE V) (dBm)

Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

-20

S

(=]

|
-
o

8

b

INPUT FREQUENCY fn(GHz)

Ta=25°C
Vee = 4.5V
Vee = 5.0V
B Vee = 5.5V
DATASHEET SPEC
I 1 1 1
08 1.0 1.2 1.4

Fig. 4 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

INPUT FREQUENCY f(GHz)

Voo = 5.0V
Ty =—40°C
B Ta = 25°C
Ta = 85°C
DATASHEET SPEC
| 1 1 1
08 10 12 14
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1-38

POWER SUPPLY CURRENT lcc(mA)

POWER SUPPLY CURRENT loe(mA)

MINIMUM INPUT SIGNAL AMPLITUDE V) (dBm)

Fig. 5 - POWER SUPPLY CURRENT vs. POWER SUPPLY VOLTAGE

6.0

5.0

4.0

6.0

50

4.0

-20

,/

45 5.0 55
POWER SUPPLY VOLTAGE Vcc (V)

Fig. 6 - POWER SUPPLY CURRENT vs. TEMPERATURE

//

o

-40 -20 0 20 40 60 80
TEMPERATURE Ta(°C)

Fig. 7 — INPUT SIGNAL vs. INPUT FREQUENCY

Vee = 5.0V
Ta=25°C

DATASHEET SPEC

§\ l/

10 100 1000
INPUT FREQUENCY (MHz)




MB501SL

Fig. 8 -TYPICAL APPLICATION EXAMPLE

Vax(Max.8V)
cc J,_l I Vee  Vee

-
10kQ S
-

’
B ] ——

16 15 14 13 12 11 10 9
MB87001A

0

wy

vco —O OUTPUT

0.047uF 3 4 56 78

1 2 Vee
l -
’,r_-' ] | I 100k2 g 10kQ
1.
Clock O 33kQ< l
Data O W mw

v N
LE O—
2z =2 1000pF =
2 3 1000pF J;L j Pr l
r or
47kQ 47kQ 47kQ 8 7 6 5
MB501SL
Vee 1 2 3 4
T |__| Xi : 12.8MHz x'tal
4 Veo  :BV£10%
1000pF == 1000pF Vex -8V Max.
T I C,, C, :depends on crystal osillator
Lock&

Det.
10kQ
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PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

3707918

012
19.40 7040,
M e
=== 2
NDEY 244+ 010 -300(7.62)
(6.20+0.25) Tvyp

LA LAY ==

03915 [ o060t 12 010+.002
099+339 " (1.5270:30) 0.25%0.05)
0357912
(0.8979-3%

)
0.30 \

.172(4.36) MAX

.020(0.51) |.118(3.00) MIN

MIN
.100(2.54) || 018+.003
TYP ' " {0.46+0.08)
lenenslor!s in
©1988 FUJITSU LIMITED D08006S-2C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

+.010
.2507_008

8-LEAD PLASTIC FLAT PACKAGE

(CASE No.: FPT-08P-M01)

+0.25
6.357 553

AAAR |

INDEX

of

.307+.016
(7.80+0.40)
.209+.012
(5.30+£0.30)

o |

.050(1.27) B
TYp |

use@_sn

REF

©1988 FUJITSU LIMITED F08002S-3C

=] .004(0.10)

i I

.018+.004

(52520161 21#-0050.13)@]

.089(2.25) MAX

(SEATED HEIGHT)
-002(0.05) MIN
J)_| (STAND OFF)

+.016c 50+0.40
268%-3186.807 349

.020+.008
(0.50+0.20)

=
J +ooz +0.05
= .006" 700157569

:" Details of “A” part |

' ﬁ 008(0. 20).
(L

:
I
I
| .020(0.50);
i
|
1
1
i

.007(0.18) |

MAX _ !
.027(0:68) !

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

8-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-08P-M02)
.061:+.008
4199fj82,g 11552020) (oATED HEIGHT)
+0.25, .006 +.004
(5.05+92%) e o7 (STAND OFF)
.236+.016 Il U
(6.00+0.40) K3 197£.012
154+.012 (5.00+0.30)
(390;.030)
H Rk 1 020+.008
016(0.40) (0.50+0.20)
.008 +.002
.050(1.27 0174.008 o o e
gf,., ) 1042201 o)@[}posmg ®] 0.20+0.05)
{_ Details of “A"" part jl
A : .016(0.40) |
|
[——\ ! !
L ! 1008(0.20) |
‘
: .007(0.18) {
MAX
- .004(0.10) ! 026(0.65) |
.150(3.81) i MAX !
REF b 4
Dimensions in
©1988 FUJITSU LIMITED F08004S-2C inches (millimeters)
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MB505-16

Ultra High Frequency Prescaler

ULTRA HIGH FREQUENCY PRESCALER

The Fujitsu MB50S is a high frequency prescaler used in Phase Locked Loop
(PLL) frequency synthesizer and will divide the input frequency by the
modulus of 128 or 256. The output level is 1.6V peak to peak on ECL level.

Its ultra high frequency operation provides wide application range, such as
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc.

® High Frequency Operation 1.6GHz max.
® Low Power Dissipation 45 mW typ.

® Wide Operation Temperature -40°C to +85°C

® Stable Output Amplitude VouTt =1.6 Vpp

® Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL synthe-

sizer I1C

@ Plastic 8-pin Standard Dual-In-Line Package or Flat Package

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Raging Symbol Value Unit
Supply Voltage Vee -0.5t0+7.0 \"
Input Voltage Vin ~0.5to Ve \
Output Current lo 10 mA
Storage Temperature Tste -55 to +125 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

PLASTIC PACKAGE
DIP-08P-M01

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

N[ o 8l ]iN
vee[]2 7[0nNc
TOP VIEW
sw]3 6 Inc
out[]4 5[ Jano

_

This device contains circuitry to protect the
inputs against damage due to high static voit
ages or electric fields. However, it is advisec
that normal precautions be taken to avoid
apptication of any voltage higher than max-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB 505 BLOCK DIAGRAM

e L

Input

Buffer ¢ a ca
ﬁ
' |

SW
LD a LD J LD 'J L‘D —] Output
SW Buffer

c a c a Q c c o————§::x-——oouT

sw Divide Ratio

1Rl

ol
L

[<]]

(e}
[

Ol
L
|
o

[<]]

[e]]
ol

H 1/128

L 1/256

Note: SW: H=Vcc, L =open

PIN DESCRIPTION

Pin Number Symbol Function
1 IN Input
2 Vee Power Supply Voltage
3 Sw Divide Ratio Contro! Input Selecting divide ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 NC No Connection
7 NC No Connection
8 N Complementary Input
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 45 5.0 5.5 \%
Qutput Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance C, 12 pF

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max
Supply Current lec 9 mA
Output Amplitude Vo 1.0 1.6 Vo.p
ith i .

Input Frequency fin Z:;acli:z:z ggtap:: 9 100 1600 MHz
Input Signal Amplitude Vin 0.15 1.2 Voop
High Level Input Voltage for SW Vius Vee-0.1 Vee Vee=-0.1 \Y
Low Level Input Voltage for SW ViLs Open Y]

Fig. 2 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

e
Q

MINIMUM INPUT SIGNAL AMPLITUDE (mV

1000 T
Vee = 5.0V
Ta=25°C
800
600
400
200
o
0 /

100 200

500 1000 2000

INPUT FREQUENCY (MHz)
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PACKAGE DIMENSIONS

(Suffix: -P) (Suffix: PF)

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-MO1}

| Tt

INDEX

A
= 15TMAX

.244:.07C
16.20:0.25;

O 1
HLILIH

+.016
038704 — "7°:§|z —
- 40,
085103, 940340
—_ . 10012 541 TYP
\— 1
172(4.361MAX
]
g N/ _._—-}
3 N 4
o 02000511 11B(OMIN
03722 [
c.08

06070 2152753 Dimensions in
inches imithmeters!

LFUJITSU LIMITED 1987 DOBOOES 2C

I
8-LEAD PLASTIC FLAT PACKAGE
(CASE No. : FPT-08P-M01)

+.010

2507 .
6393 002(0.05)
'~0.20° oo
{ISTAND OFF)
BRAEE = .
' = ! 2 z 100810.2)
:.307:016 or Yy
INDEX 209' ;3:10 4 _158_:20: N —
290025 040
O’ (5.300.25) ] o
: 007(0.18}
: TMAX
1 020- 008 | _10271068)
U —j tos:02 —WAX
i +.002
i 0067902
©015739%)
N\ 7
. 151M,
e o .085(2.15)MAX
“»\ 0315:.008
A (08:02)

Dimensions in
inches imillimeters)

©FUJITSU LIMITED 1987 F0B002S-2C
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FUjITSU

MB506

ULTRA HIGH FREQUENCY PRESCALER

ULTRA HIGH FREQUENCY PRESCALER

The Fujitsu MB506 is a high frequency prescaler used in Phase Locked Loop
(PLL) frequency synthesizer and will divide the input frequency by the
modulus of 64, 128 or 256. The output level is 1.6V peak to peak on ECL
level.

Its ultra high frequency operation provides wide application range, such as
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc.

® High Frequency Operation 2.4GHz max.
® Power Dissipation 90 mW typ.

® Wide Operation Temperature ~ -40°C to +85°C

® Stable Output Amplitude VouTt =1.6 Vep

Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL syn-
thesizer IC

® Plastic 8-pim Standard Dual-In-Line Package or Flat Package

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Supply Voltage Vee -0.51t0 +7.0 \%
Input Voltage Vin -0.5to Vcc \
Output Current lo 10 mA
Storage Temperature Tste -55 to +125 °c

PLASTIC PACKAGE
DIP-08P-MO1

PLASTIC PACKAGE
PFT-08P-MO1

PIN ASSIGNMENT

N[ N
Vee[d2 NC
swi[]3 sw2
out[J GND

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

This device contains circuitry 0 protect the
inputs against damage due to hgh_ static volt-
ages or electric fields. Howevel it is advised
that normal precautions be tken to avoid
application of any voltage higler than maxi-
mum rated voltages to this hih impedance
circuit.
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Buffer I c
N

IN
|

Fig. 1 — MB 506 BLOCK DIAGRAM

Iz

Input

ol
L]
—

[S]

ol

] g

[e]
5)
o)
5}
0o
L]

Sw2 swi1

ol
BN i

i

ol

D Output
SW SW Buffer
cC Q c Q c a c Q c a —H Yo————0 OUT
SW1 SW2 Divide Ratio
H H 1/64
L H 1/128
H L 1128
L L 1/256
Note: H=Vcg, L =open
Pin Number Symbol Function
1 IN Input
2 Vee Power Supply Voltage
3 Swi1 Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 Sw2 Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table)
7 NC No Connection
8 N Complementary Input
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 4.5 5.0 55 \%
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance C 12 pF

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max
Supply Current lec 18 mA
Output Amplitude Vo 1.0 1.6 Vp.p
- o
withinput | 1a=-80°C | 444 2200
Input Frequenc f coupling ik
P quency IN capacitor - _an°® MHz
Ta=-40°C 100 2400
1000 DF to 60°c
fyn = 100 MHz to 1.3 GHz —16 5.5
Input Signal Amplitude Vin dBm
fin = 1.3 MHz to 2.4 GHz ~4 55
High Level Input Voltage for SW Vius Vee-0.1l Vee | Vect0.1] vV
Low Level Input Voltage for SW ViLs Open \%

Note: *Design Guarantee
Fig. 2 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

2

< 1000, T

E Vee= 5.0V
Ta=25°

a A®C

=) 800

2

ul

s

% 600

pu

<

4

Q400

w

-

2

z 200

3

ER o

z 100 200 6§00 1000 2000 5000

s

INPUT FREQUENCY (MHz)
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PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

mrar LA
INDEX
.2442,010
N 16.2010.25) .300(7.62)TYP
035+014 3100518 (60 ;gfboggl
035012 +0.40, —
089723, (9407349
- __I Fﬁ—— 100(2.54)TYP
-172(4.36IMAX
o2 o200 118(3.0MIN
+0.3, 018003
(089257 (0.46+0.08)
+.012 +0.3,
08019"% (152103
Dimensions in
inches (millimeters)

© 1987 FUJITSU LIMITED D08006S-2C

8-LEAD PLASTIC FLAT PACJAGE
(CASE No.: FPT-08P-M01)

250010
f
e 1002(0.05)
16.357050) 1002(0.05)
-0.20 002
H H H H (STAND OFF)
13072016 016
INDEX 209' ‘;Z;}:o,l) .m_ggg
4 2092, Py
(5.30+0.25) 16807050
H H ———‘—l 1020:.008

(0.5£0.2)
1

70182 004
(0.45+0.10) 02
— -+
006”007

.050(1.27)
TYP
05,
©0.151903)
N\ 7
' .085(2.15)MAX
"\ 03154008
a 0.8:02)
© 1987 FUJITSU LIMITED F08002S-2C

View “A"
.ooe‘(o.m

<—. il

|| oz08

.007(0.18)
~! MAX

Dimensions in
inches (millimeters)
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MB507

1.6 GHz TWO MODULUS PRESCALER

1.6 GHz TWO MODULUS PRESCALER

The Fujitsu MB507 is a 1.6 GHz two modulus prescaler used in Phase Locked
Loop (PLL) frequency synthesizer and will divide the input frequency modulus
of 128/129 or 256/257.

The output level is 1.6 V peak to peak on ECL level.

® High Frequency Operation: 1.6 GHz max.

® Power Dissipation: 90 mW typ.

® Pulse Swallow Function

® Wide Operation Temperature: —-40°C to +85°C
® Stable Output Amplitude: Vout = 1.6 Vpp

® Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL syn-
thesizer IC

® Package
Standard 8-pin Dual-In-Line Package (Suffix: -P)
Standard 8-pin Flat Package (Suffix: -PF)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Supply Voltage Vee -051t0+7.0 \Y]
Input Voltage Vin -051t0 Ve \Y
Output Current lo 10 mA
Storage Temperature Tsta -55 to +125 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

PLASTIC PACKAGE
DIP-08P-M01

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

in[10 8 ]iN
Veel[] 2 70 nNc
TOP VIEW
sw[]3 6[Imc
out[]4 5[ JGND

| ages or electric fields. However, it is advised

This device contains circuitry to protect the
inputs against damage due to high static volt-

that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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C C cC M
Input Buffer
N
N o)

Fig. 1 — MB507 BLOCK DIAGRAM

o

ol

v}

o
—

o

o

SWO—D—

|—D a [—D 6J LD a_| LD a‘l l;D 5_} [»D 6J Output
L dsw Buffer
Q c Q c a c Q c a c a ——0 OuUT
mc
sw MC Divide Ratio
H H 1/128
MB 507 H L 1/129
L H 1/256
L L 1/257
Note: SW: H =Vcc, L = open
MC:H=2.0V to Ve, L=GNDto 0.8V
Pin Number Symbol Function
1 IN Input
2 Vee DC Supply Voltage
3 SW Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 N Complementary Input
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MB507

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 4.5 5.0 5.5 \
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance C. 12 pF
(Recommended Operating Conditions unless otherwise noted)
Value
Parameter Symbol Conditions Unit
Min Typ Max
Supply Current lcc 18 mA
Output Amplitude Vo 1.0 1.6 Ve.p
With input coupling
Input Frequency fin capacitor 1000pF 100 1600 MHz
Input Signal Amplitude Vin -4 10 dBm
High Level Input Voltage for MC
Input Vinm 2.0 \Y
Low Level Input Voltage for MC
Iow evel Input Voltage for Vi 08 v
nput
High Level Input Voltage for S
[ igh Level Input Voltage for SW Vst Vee=01| Vee | Vee+0.1 v
nput
Low Level for SW
\ ow Level Input Voltage for Viis OPEN v
nput
Hi
igh Level Input Current for MC irina Vi = 2.0V 0.4 mA
Input
Low Level Input Current for MC
Input liLm VL =08V ~0.2 mA
Modulus Set-up Time MC to OUT tseT 1.6 GHz Operation 18 28 ns

Note: * Design Guarantee
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Fig. 2 — TEST CIRCUIT

O Vec =+5.0V £ 10%

Sampling scope input point Ca
for input waveform ;

Vece SW Sampling scope prober point
Cq for output waveform

F—mw ouT , e

P.G.
500 — L
[ Re 3 cL
MC GND
MC input
Cq : 1000pF
i 7 Co : 1000pF

C3: 0.1uF
C : 12pF (including scope and jig capacitance)
R : 2KQ

TIMING CHART (2 MODULUS)

Example: Divide ratio = 128/129

128 129

LA A N

64164|64]|64 64|64|65|64|65|64|64

v

MC

'

.

H i l
'

tser ¢ tser

Note: When divide of 129 is selected, positive pulse is applied by one to 5.
The typical set up time is 18 ns from the MC signal input to the timing of change of prescaler divide ratio.
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Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

1 T
Ve = 5.0V
7001 2 25°C

600

500

400

300

200

100

L~
——— et
10 20 50 100 200 500 1000 2000

INPUT FREQUENCY. (MHz)

MINIMUM INPUT SIGNAL AMPLITUDE (mVp.p)

Fig. 4 — TYPICAL APPLICATION EXAMPLE
Vgx (Max. 8 V)

Cq
V_c_c i Vee Vee
=

ol ——

16 15 14 13 1211 10 9 OUTPUT
MB 87001A
0.047uF
Tu 1 2 34 56 7 8 Vee
n’n_' L] ! 100KQ
DataO————— 33KQ
ClockO- 1
LEO
PP
{ ’{ Y] r;n 1000pF
5<TRen 1000pF 7_”7[_ |
8 7 6 5
MB 507
Vee 12 3 4
T X1 1 12.8 MHz X'tal
L 1000pF Vee 5V +10%
1000pF == 2.2KQ Vgx : 8V Max.
C4,Cy: depends on crystal oscillator
Lock
Det.
10KQ
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PACKAGE DIMENSIONS

(Suffix: P)

8-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)
+.016
3702612
¥0.40
(9-40_4530)
15" MAX
INDEX , 3000762
244,010 . :
(6.20+0.25) Tvyp
l ] LLI Yy & __{_.
0397 912 I 060t 912 .010+.002
+0.30 i +0.30 (0.25+0.05)
(0.09+3:30) (1.5219:30,
+.014
035 012
+0.35
(089 5'30) i/ \
Y 172(4.36) MAX
ik .020(0.51) |.118(3.00) MIN
MIN
1100(2.54) H 018+.003
TYP T T 7(0.46+0.08)
Dimensions in
© 1988 FUJITSU LIMITED D0B006S-2C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

(Suffix: PF)

8-LEAD PLASTIC FLAT PACKAGE

(CASE No.: FPT-08P-M01)

+.010
'2504.008

© 1988 FUJITSU LIMITED F08002S-3C

+0.25
6.3573 20
.307+.016
INDEX (7.80+0.40)
209+.012
(5.30+0.30)
.050(1.27) ‘l 0184004
Tve [ (04520 10F 1% 013
.150(3.81) |
150081y

(=] .004(0.10)

.089(2.25) MAX

(SEATED HEIGHT)

.002(0.05) MIN

(STAND OFF)
2687 00816.807349)

.020+.008

(0.50+0.20)

- 0o6+-002,y 1< +0.05
006 557(0-15 _'g2)

-
Details of “A”" part

________ a
I
'

g ;.008(0.20):
)

-

= |
|

1
.020(0.50)!
.007(0.18) |

MAX !
.027(0.68) |

MAX |

PR st

Dimensions in
inches (millimeters)
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MB508

2.3GHz TWO MODULUS PRESCALER

2.3 GHz TWO MODULUS PRESCALER

The Fujitsu MB508 is a 2.3 GHz two modulus prescaler used in Phase Locked
Loop (PLL) frequency synthesizer and divides the input frequency by a
modulus of 128/130, 256/258 or 512/514. The output level is 1.6V peak to
peak ECL level. Its ultra high frequency operation provides wide application,
such as Direct Broadcasting Satellite System, CATV system, UHF Transceiver,
etc.

® High Frequency Operation:  f=2.3 GHz max. (V,y = -4dBm min.)

® Input Signal Amplitude: Vin =100 mVp_p (fiy = 100 MHz to 1.8 GHz)
@ Pulse Swallow Function: 128/130, 256/258, 512/514

® Power Dissipation: 120 mW typ.

® Wide Operation Temperature: ~40°C to +85°C
® Stable Output Amplitude: VouT = 1.6Vp.p typ.

® Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe-
sizer system block IC

® Standard Plastic 8-pin Dual-In-Line Package or Flat Package

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Rating Symbol Value Unit
Power Supply Voltage Vee ~051t0+7.0 \%
Input Voltage Vin -0.5 to Ve \
Output Current lo 10 mA
Operating Temperature Ta -40 to +85 °c
Storage Temperature Tsta -55 to +125 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

PLASTIC PACKAGE
DIP-08P-M01

PLASTIC PACKAGE
FPT-08P-MO1

PIN ASSIGNMENT

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB508 BLOCK DIAGRAM

=

v}
[]]
o

4 s

IN
mg_—_oD ca
SW1
sw2 o—>—
LDEJLDGJLDEJLDGJ DG_JLDG_I
L] sw sw
ca ca (oo c a c a c a —O0 OouT
MC
SW1 SW2 MC Divide Ratio

H H H 1/128

H H L 1/130

H L H 1/256

L H H 1/256

H L L 1/258

L H L 1/258

L L H 1/512 Note: SW: H=V¢¢, L=Open

L L L 1/514 MC: H=2.0V to Vg, L=GND to 0.8V

Pin Number Symbol Descriptions

1 IN Input
2 Vee Power Supply, +5V
3 SW1 Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 SwW2 Divide Ratio Control Input (See Divide Ratio Table)
8 N Complementary Input
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RECOMMENDED OPERATING CONDITIONS

Values
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Vee 4.5 5.0 5.5 \%
Output Current lo 1.2 mA
Operating Temperature Ta -40 +85 °c
Load Capacitance C 12 pF

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Values
Parameter Symbol Condition Unit
Min Typ Max
Power Supply Current lee 24 mA
Output Amplitude Vo 1.0 1.6 Vep
Input Frequency fin Z\f;zcii:gf ; Sggzg"g 100 2300 MHz
V| e |
Input Signal Amplitude
Vine o apa iz o -16 10 dBm
High Level Input Voltage for MC Vinm 20 \
Low Level Input Voltage for MC ViLm 0.8 \%
High Level Input Voltage for SW Vips™® Vee-0.1 Vee Vcct0.1 "
Low Level Input Voltage for SW ViLs OPEN \
High Level Input Current for MC L Viy = 2.0V 0.4 mA
Low Level Input Current for MC liim ViL=0.8v -0.2 mA
High Level Input Current for SW lins Vin =Vce 250 HA
ot S| e N

Note: *Design Guarantee 1-61
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Fig. 2 — TEST CIRCUIT

cL l _L Cs Vee f+5.0Vi10%

Sampling scope input point
for input waveform

SW1 SwW2 Sampling scope prober point
/ €4 Vee for output waveform

P.G. ' out , , °

MC GND

5082 I N AL o
2

MC input
Cq : 1000pF
T ¢, : 1000pF

Cz: 0.1uF

Cp: 12pF (Including scope and jig capacitance)

Cgr: 2k
TIMING CHART (2 MODULUS)
Example: Divide ratio = 128/130

128 130

UL FUUL-UL L UL UL

out | -t

|64|64|64I64| I l l I ' l ' IG4|64|66|64|66|64|64 [

Note: When divide ratio of 130 is selected, positive pulse is applied by two to 66.
The typical set up time is 18 ns from the MC signal input to the timing of change of prescaler divide ratio.
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Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

I

- Vge = 5.0V
2 700 1
>d. Ta =25°C
£ 600
@
°
2
3 500
&
s 400
2
7
FS 300
a
£
g 200
3
E
§ 100

10 20 50 100 200 500 1000 2300 5000

Input Frequency (MHz)

Fig. 4 — TYPICAL APPLICATION EXAMPLE

Cq Vgx (Max. 8 V)

16 15 1413 1211 10 9 OUTPUT
MB 87001A
0.047uF
Tu 1 2 34 56 78
nj; L] ! 100K Q
Clock O———— 33KQ
Data O— 1
LE ()—c p
233 < 1000pF:
STRSE 1000ng
8 7 6 5
MB508
Vee 1.2 3 4
T X1 : 12.8 MHz X'tal
-l 1000pF Vee 5V :10%
1000pF == 2.2KQ Vgx : 8V Max.
Cq.,C2: depends on crystal oscillator
Lock
Det. o
10KQ
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PACKAGE DIMENSIONS

(Suffix: -P)
8-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)
+.016
370918
+0.40,
(9.40%949) .
i i e e oA
INDEX 1
244+.010 -300(7.62)
(6.20+0.25) TYP
l | ——— P —
0397912 L .060F 012 .010+.002
| 0.25£0.05
(0.99+930 (1.52%939) )
+.014
035 612
+0.35
(0.89_ 5 30)
172(4.36) MAX
i 1020(0.51) | .118(3.00) MIN
MIN
1100(2.54) H .018+.003
TYP = T TT(0.46£0.08)
Dimensions in
© 1988 FUJITSU LIMITED D08006-2C inches (milimeters)
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PACKAGE DIMENSIONS (Continued)

(Suffix: -PF)
8-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-08P-M01)
250+:919 .089(2.25) MAX
o7E (SEATED HEIGHT)
(6-35_020) .002(0.05) MIN
H H H H J (STAND OFF)
307+ 016 N
INDEX (7.80+0.40) +.016, go+0.40
209+.012 -268_ 60g(6-80_g'70)
(5.30+0.30)
- H E{ 1020+ .008
1 (0.50+0.20)
.050(1.27) J 018+.004 +.002, 1 +0.05
TP (64520101 216:0050- 13} ~H=-006_90110-15_0.02)
150(3.81) e 3
= REF 1 Details of “A” part )
A ' 008(0.20);
T ' ]
1 1
[ \ 1 :
! e 7020(0.50)!
S ! .007(0.18) !
=] .004(0.10) | MAX _ !
H .027(0.68) |
Lo A ]
© 1988 FUJITSU LIMITED F08002S-3C S‘L’:‘?(m:'i’l‘;em
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TWO MODULUS PRESCALER WITH STAND-BY MODE ‘

The Fujitsu MB509 is a low power two modulus prescaler which enables pulse
swallow function. The MB509 is used in Phase Locked Loop (PLL) frequency
synthesizer and divides the input frequency by the modulus of 64/65 or 128/129,
respectively.

Power consumption is 58mW typ. at power supply voltage of 5.0V. The MB509 is
equipped with the stand by mode which cuts off the power supply current lec under
PLL phase lock condition. (lcc=180pA under current cut condition)

i i i i by using MB509 076. PLASTIC PACKAGE
Intermittent operating mode is achieved by using MB509 and MB8707 DIP-O8P-01T

o High Speed: fmax=1.1GHz max. (Vi=—4dBm min.)
o Pulse Swallow Function: 64/65, 128/129

* Power Supply Consumption: 58mW typ.

o Stand-by Current: 180pA typ.

o Stable Output Amplitude: Vo=1.6 Ve_p typ. PL‘}:%?%:;?"';.IAGE
¢ Complete PLL synthesizer circuit with the Fujitsu MB87076, PLL
frequency synthesizer IC.
o Plastic 8-pin Dual-In-Line Package (Suffix: —P) PIN ASSIGNMENT
Plastic 8-pin Mini Flat Package (Suffix: —PF)
o Built-in a Termination Resistor
Stable output amplitude is obtained up to output load capacitance of 8pF.
\J —
ABSOLUTE MAXIMUM RATINGS (See NOTE) INT] 1 s N
Rating Symbol Value Unit Veo [ 2 7aps
TOP VIEW
Power Supply Voltage Vee -0.5t0 +7.0 v swOs 61 MC
out [ 4 5[] GND
Input Voltage Vix -0.5t0 Vee v
Output Current lo 10 mA
Storage Temperature Tste -551t0 +125 °C
NOTE: Permanent device damage may occur if the above Absolute Maxi- This device contains circuitry 10 protect the inputs against
mum Ratings are exceeded. Functional operation should be restricted Fr A e o s sl e
to the conditions as detailed in the operational sections of this data M""‘:aw"' lication of any voliage moh’,,m,,. maximum rated
sheet. Exposure to absolute maximum rating conditions for extended voltages to this high impedance circuit.

periods may affect device reliability.

Copyright® 1990 by FUJITSU LIMITED
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Fig. 1 — MB509 BLOCK DIAGRAM
I_L_]: D Q D 1 D Q —OPS
C Cc C M
__ Input Buﬁer[- [ r
|
NI O— ¢
swo—>—
I-D LDQ LDQ I-Do LD’G-I Output
L Jsw Buffer
c c Qq c qQ c a c a ] o——o ouT
1
MC
PS | SW| MC Divide Ratio Note: SW: H=Vq, L=open
MC: H=3.0V to Vg,
H|H]|H 1/64 PS hggrge to 3.8V
: H=2.0V to y
HIH]L 1/85 L=GND to 0.4V
H L|H 1/128
H]L]|L 1129
L] -]- Stand-by mode
Pin Number Symbol ! Description
1 IN Input
2 Vee Power Supply, +5V
3 SwW Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 PS Stand-by Control Input (See Divide Ratio Table)
8 N Complementary Input
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Min Typ Max !
Power Supply Voltage Vee 45 5.0 55 v *
Operating Temperature Ta -40 - +85 °C
Load Capacitance CL - - 8 pF
(Recommended Operatlng Conditions unless otherwise noted)
Value
Parameter Symbol Condition Unit
Min Typ Max
lec - 11.6 - mA
Power Supply Current
les Stand-by mode - 180 - pA
Built-in a Termination
Output Amplitude Vo Resitor. 1.0 1.6 - Vee
Load capacitance=8pF
With input coupling _
Input Frequency fn capacitor 1000pF 10 1100 MHz
Input Signal Amplitude Vin - -4 - 55 dBm
High Level Input Voitage for MC Vi - 3.0 - - \
Low Level Input Voltage for MC Vi - - - 0.8 Y
High Level Input Voltage for SW Vins* Vec—0.1 Vee Vee+0.1 v
Low Level Input Voltage for SW Vis Open v
High Level Input Voltage for PS Vin -~ 2.0 - - \"
Low Level Input Voltage for PS Vi - - - 0.4 )
High Level Input Current for MC ™ Viu=3.0V - - 0.4 mA
Low Level Input Current for MC I V,=0.8V -0.2 - - mA
Modulus Set-up Time MC to Output tser -~ - 16 26 ns

Note: * Design Guarantee
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Fig. 2 - TEST CIRCUIT

-I_ O Vee=+5.0V£10%

Cs
;E' Sampling scope prober point

“for output waveform

Sampling scope input point
for input waveform

2 —o\o——o

C Vee

P.G. F—w out

500 ‘ | N c.
C. MC GND
MC input C:: 1000pF
C,: 1000pF
Ca: 0.1pF
mr ﬁ”- C.: 8pF (including scope and jig capacitance)
PS pin is open.

-—p
Notes: When divide ratio of 65 is selected, positive pulseisaddedbyone !t

TWO MODULUS OPERATING TIMING CHART (64/65 DIVIDE RATIO)

64 © 65
A A
r N

» [UETUULUL— UL UL

.

[}
N
.

out LT ) . .

MC

1o 33.
The typical set up time is 16ns from the MC signal input to the
timing of change of prescaler divide ratio.
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

Vee=5.0V
10
3 _85° o
g Datasheet spec. Ti=85°C Ta=25°C Tug40°C
3 of
w
o
=]
E
-
o
=
< _q0}
-
<
z
(0]
»
[
>
% -20r- /
=
2
=
Z
=
-301™
1 i 1 1
1.0 1.2 14 1.6
INPUT FREQUENCY f\ (GHz)
Fig. 4 - WAVEFORM OF STAND BY MODE
& Power Off & Power On »
=
PSpininput S
Signal b
2 A\ M AAMAM
OUT pin
Output signal 2 \ U \ \v U l
(Prescaler
output)
50ns/Div.
Note:  About 50 ns of set up time is required both power on/off.
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Fig. 5 - TYPICAL APPLICATION EXAMPLE

Microcomputer

PS Signal Data

1 1 1
LE Data Clock

16 15 14 13 12 11 10 9

MB87076
1 2 3 4 5 6 7 8

XTAL |

;;; VCO
‘ Voo >—| |-—|
I " ~
T T
”
L
Prescaler
MB509
(<]
L) OUTPUT
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PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL IN-LINE PACKAGE

+.016
3702612

(Case No. : DIP-8P-MO1)

¥040
(940 30)

il

rl]

INDEX

O

+012
039t

]

0.9973-39

+.014
035*314

¥0.35
(089530

.100(2.54)

t 300(7.62)
2443010
(6.20+0.25) Tvp
012
060+ §
(1.5273:30)
1172(4.36) MAX

.020(0.51) |.118(3.00) MIN
MIN

.018+.003

TYP

- T

©1988 FUITSU LIMITED D08O06S-2C

(0.46+0.08)

sSSP

.010+.002
(0.25+0.05)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (continued)

8-LEAD PLASTIC FLAT PACKAGE

250+ 339

(Case No.: FPT-8P-M01)

.089(2.25) MAX

+;’2§ (SEATED HEIGHT)
(6.35 520 .002(0.05) MIN
H H H H [ GTAND OFF)
.307 img N
INDEX (7.80%0.40) 016, o +0.40,
209+.012 -268_605!6.80_530)
(5.30+0.30)
~ .020+.008
— (0.50£0.20)

.050(1.27) ‘j .018:+.004 +.002, 15+0.05
] (572510101 1#-0050.13@ ~H=-.0061:3920.153:03)

.150(3.81)
REF

a

[ \

.
\.

£7| .004(0.10)

©1988 FUNTSU LIMITED FOB002S-3C

" B of A part |

008(0.20),;
1l

éﬂ !

=} '
7020(0.50)!
.007(0.18) !

MAX !
.027(0.68) |

Dimensions in
inches (millimeters)
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2.7 GHz TWO MODULUS PRESCALER

2.7 GHz TWO MODULUS PRESCALER

The Fujitsu MB510 is a ultra high speed two modulus prescaler which enables
pulse swallow function. The MB510 is used in Phase Locked Loop (PLL)
frequency synthesizer and divides the input frequency by the modulus of
128/144 or 256/272, respectively.

The MB510 achieves extremely small stray capacitance of internal element,
realized through the use of Fujitsu Advanced Process Technology. As the
results, ultra high speed is achieved with low power supply current of 10 mA
typ.

® High Frequency Operation: 2.7GHz max.
® Power Dissipation: 50 mW typ.
® Pulse Swallow Function: 128/144, 256/272

® Wide Operation Temperature: -40°C to +85°C

® Stable Output Amplitude: VouT = 1.6 Vpp typ.
S N . PLASTIC PACKAGE
® Built-in a Termination Resistor FPT-08P-MO1
® Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL syn-
thesizer IC
® Package PIN ASSIGNMENT
Standard 8-pin Flat Package (Suffix: -PF)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit N[O 8l ]iN
veel[] 2 7[Inc
upply Volt Vv -05t0+7.0 Vv TOP VIEW
Supply Voltage cc sws NE
Input Voltage Vin -0.5 10 Vec \ out[]4 5[ JenD
Output Current lo 10 mA
Storage Temperature Tste -55 t0 +125 °c
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This(d:’ic'?\ SOSats‘i:;eC;f:i:;vh'ighP;tztt?ztv;?te
. . . npu jains -
RATINGS are exceeded. Functional operation should be restricted to ag':s zr ge|ecmc fields. However, it is advised
the conditions as detailed in the operational sections of this data that normal fprecauti?ns b«; ;‘akenhto avoid
i i iti application of any voltage higher than maxi-
shegt. Exposure to abs'olute maximum rating conditions for extended e rated woltages to this high impedance
periods may affect device reliability. circuit.

1-75



MB510

Fig. 1 — MB510 BLOCK DIAGRAM

IN:;\'UT BUFFER D o D o b o D Q)
mod O—1c af—c o o} @

swW MC Divide Ratio
H H 1/128

H L 1/144

L H 1/256

L L 1/272

Note: SW: H =V, L = open
MC:H=20VtoVce, L=GND1o 0.8V

OUTPUT
BUFFER

—Dc»oowr

PIN DESCRIPTION

Pin Number Symbol Function
1 IN Input
2 Vee DC Supply Voltage
3 SW Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 N Complementary Input
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 4.5 5.0 5.5 \
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance CL 8 pF
(Recommended Operating Conditions unless otherwise noted)
Value
Parameter Symbol Condition Unit
Min Typ Max
Supply Current lce 10.0 15.0 mA
Built-in a termination
Output Amplitude Vo resistor. - ormn 1.0 1.6 Ver
Load capacitance = 8pF
With input coupling
Input Frequency fin capacitor 1000pF 10 2700 MHz
fin = 10 to 2200 MHz -10 10
Input Signal Amplitude Vin dBm
fin = 2200 to 2700 MHz -4 10
High Level Input Voltage for MC
Input Vium 2.0 \Y
:_ow Level Input Voltage for MC Viim 08 v
nput
:-hgh Level Input Voltage for SW Vins' Vee=0.1 Vee Veet0.1 v
nput
:.ow Level Input Voltage for SW Vies OPEN v
nput
:-hgh Level Input Current for MC Lvian Vi =20V 04 mA
nput
lLow Level Input Current for MC L Vi =08V 0.2 mA
nput
Modulus Set-up Time MC to OUT tseT 16 26 ns

Note: *Design Guarantee
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Fig. 2 — TEST CIRCUIT

O Ve =+50V * 10%

Sampling scope input point Cs
for input waveform

Sl

2 o—¢
o E mmaN

Sampling scope prober point
for output waveform

O

Vee
Cq
P.G —mw uT
500 ._l ’___ N
Ca
MC GND
MC input
m m

CL

Cq : 1000pF
C, : 1000pF

Cz: 0.1ufF

C_ : 8pF (including scope and jig capacitance)
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Fig. 3 — INPUT SIGNAL AMPLIFITUDE vs. INPUT FREQUENCY

= T
> 800 Vee=5.0V__
E Ta = 26°C
@ 600

o

[

S 500

Q.

z

=, 400

<

4

S 300

w

5

2 200

: /
S 100

2

2 \ /
b4

s 10 20 50 100 200 500 1000 2000

INPUT FREQUENCY (MHz)

TWO MODULUS TIMING CHART
Example. Divide Ratio of 128/144

64 64 | -<----- 64 80
' P PR Y P .e"
out ! ISP . LT et
|64|64|64|64I | I I I l I | l64|54|30|64|80|64l80| l
' g ) 1
' ' ' '
M 1 : . :
l ' I '
. T " '
' g ' '
Gy >
v tser vootser

Note: When divide ratio of 144 is selected, positive pulse is applied by 16 to 80.
The typical set up time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio.
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Fig. 4 — TYPICAL APPLICATION EXAMPLE

X1
Vee
Vsx

Vgx (Max. 8 V)

: 12.8 MHz X'tal
: 8V +10%
: 8V Max.

C4, Cy: depends on crystal oscillator

——O OUTPUT

10K

C,
VCC”; " Vee Vee
T ST T
rlcl'-’ X ’H [
16 15 1413 1211 10 9
MB 87001A
047,
°°4|“F 1 2 34 56 78
ﬁg L] ! 100KQ
Clock O—————— 33KQ
Data O— T
LE
cbe
3% s 1000pF
TSN 1000pF7_';
8 7 6 5
MBS510
Vee 1.2 3 4
—— 1000pF
1000pF 5
Lock
Del.C

1-80




MB510

PACKAGE DIMENSIONS

(Suffix: -PF)
8-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-08P-M01)
250*-910 .089(2.25) MAX
oo (SEATED HEIGHT)
6357023, .002(0.05) MIN
H H H H_.——[ [(STAND OFF)
1.3071,016 N
INDEX (7.80+0.40) +.016, +0.40,
209+ .012 268_00g!6.80_¢ 30)
(5.30+0.30)
A |
. i
- .020+.008
H ot ) (0.50+0.20)
.050(1.27) J 018+.004 +.002,+ .. +0.05
v ] (4570101120050 1316 ~H=-006¥-322(0.1573:95)
|1503.81)_ J 5
REF 1 Details of “A” part |
' 008(0.20);
' 1
1 1]
Ru :
s 7020(0.50)!
' .007(0.18) !
' MAX |
! .027(0.68) !
oo ]! MAX ]
© 1988 FUJITSU LIMITED F08002S-3C m‘m&om
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MB511

1GHz HIGH SPEED PRESCALER

HIGH SPEED PRESCALER

The Fujitsu MB511 is a 1GHz high speed prescaler -designed for use in PLL
(Phase Locked Loop) frequency synthesizer application.

The MB511 consumes low power 23mA at 5V up to 1GHz input frequency
due to adoption of Fujitsu advanced bipolar process.

The MB511 will divide by 1, 2, or 8, respectively and very sensitivity (-20dBm
min.). So, the MB511 is well suited for electronically tuned TV and CATV
applications.

® Wide operating frequency range: ® High input sensitivity: -20dBm min
fin = 50 to 1000MHz (V;, =
-20dBm)

Stable output amplitude:
800mVp-p (C,_ < 5pF)
® Maximum operating frequency

depends upon a divide ratio ® Wide temperature range:
1/1: 250MHz max. Ta = -40t0 +85°C
(Buffer through)

1/2: 500MHz max.

1/8: 1000MHz max.

® Plastic 8-pin dual-in-line package
(Suffix: -P)

Plastic 8-pin flat package

® |ow supply current: 23mA @5V (Suffix: -PF)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value | Unit
Power Supply Voltage Vee -05t0 7.0 \
Input Voltage Vin -0.5 to Vcc+0.5 \%
Output Current Vo 10 mA
Storage Temperature Tste -55 to 125 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

PLASTIC PACKAGE
DIP-08P-M01

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

®)

o

IND1 By
VccE "381
TOP VIEW
ne[]s 6] |s2
ouT[:4 5[ Jano

N
~

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB511 BLOCK DIAGRAM

—
[S]
Ol

| L= e

o1
~iC Q cC a c aQ
IN

s10——

Divide

Ratio

Controller
$2 0——r

ouT

FUNCTION TABLE

S1 S2 Divide Ratio Operating Frequency
L L Not use -
L H 1 250 MHz
H L 2 500 MHz
H H 8 1000 MHz
H=Vec
L = OPEN
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PIN DESCRIPTIONS

Pin No. Symbol 1/0 Descriptions
1 IN | Input. The connection with VCO should be an AC connection.
2 Vee - Power supply voltage input.
3 NC - No connection.
4 ouT (o] Output. Termination resistor is necessary due to emitter follower output.
5 GND - Ground.
6 S2 | Divide ratio control input.
7 S1 | Divide ratio control input.
8 iN | Complementary input.

RECOMMENDED OPERATING CONDITIONS

Value

Parameter Symbol Unit Note
Min Typ Max

Power Supply Voltage Vee 45 5.0 5.5 v
Operating Temperature Ta -40 +85 °c
Load Capacitance C, 5 pF Termination resistor 50082
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MB511

ELECTRICAL CHARACTERISTICS

Value
Parameter Symbol Unit Note
Min Typ Max
Except termination
15 2
Power Supply Current lcc 23 3 mA output current.
5002 termination
i R . 1.2 B '
Output Amplitude Vo 0.4 0.8 Voo C. = 5pF max.
mn fq 50 250 MHz
Min value is measured
Input Frequency 1/2 fa 50 500 MHz with coupling capaci-
tor of 1000pF.
1/8 fa 50 1000 MHz :
Input Signal Amplitude Vin -20 +10 dBm 502
High Level Input Voltage Vin Vee-0.7 Vee Vcet+0.5 v
S1,82
Low Level Input Voltage ViL OPEN \%
High Level Input Current S1, 82 [ 40 160 uA Vee =5V
Fig. 2 — TEST CIRCUIT
l l -l_ 0 Ve =5V:10%
J; 0.14F
Vee S1 S2 Sampling scope prober point
1000pF for output waveform
P.G. F—mw
508 5009
MB511 SpF
(including scope and jig capacitance)
N
1000pF GND

]
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MB511 !

TYPICAL CHARACTERISTICS CURVES

Fig. 3 — INPUT SENSITIVITY CURVE Fig. 4 — INPUT SENSITIVITY CURVE
(1/8 DIVIDE RATIO) POWER (1/2 DIVIDE RATIO) POWER
SUPPLY VOLTAGE DEPENDENCY SUPPLY VOLTAGE DEPENDENCY
+10 R +10
. Tp=25°C .
< 'é < "E'
c 4
6% i 5g °
w i b i
quc 50 1o Togonn quc
28 | Sy
2 E -20H ﬁ 2 g -20|
s3 N Ve =5.0V| g s7
= il 23
s%-30 Vge = 4.5V -
Vee =58V /
10 100 1000 7000
INPUT FREQUENCY fi, (MHz) INPUT FREQUENCY f;, (MHz)
Fig. 5 — INP|
iy 'D“y,LESE;':.'I.Tg':gw?;RVE Fig. 6 — POWER SUPPLY CURRENT
SUPPLY VOLTAGE DEPENDENCY vs. POWER SUPPLY VOLTAGE
+10
J_ £ 280—Ta=25C
< € - w
+ 0 : //
- D
a7 3=
5% 10 > £ 260 7
% ud' é ° /
- [3)
52 -20 3~ saol—="
3z | M
z2 E <=Typ (23.0mA)
$<-30 22 Ve = 5.0 4
Voo S22V =0
10 100 1000 25 5.0 55
INPUT FREQUENCY f;,, (MH2) POWER SUPPLY VOLTAGE Vcc (V)
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MB511

TYPICAL CHARACTERISTICS CURVES (continued)

Fig.7 — INPUT SENSITIVITY CURVE Fig. 8 — INPUT SENSITIVITY CURVE
(1/8 DIVIDE RATIO) (1/2 DIVIDE RATIO)
TEMPERATURE DEPENDENCY TEMPERATURE DEPENDENCY
+10 i T T LT TTTIT T T TTTIIOT +1G
2 Vee = 5.0V g
<E <€
3z ° Gg ©
& “U_; uaran eeA »n ":
'5 > -10 ggetr:t:;%m;lﬁz j 1] 5 > -10
R [N
ZE -20 2E -2
e Ta = —40°C e S
z E %a" 2 5 30 NE-
5 -3 Ta =26°C ] E R [FTa =+25°C
| Ta=+85°C Tp = +85°C |
10 100 1000 10 100 1000
INPUT FREQUENCY fin (MHz) INPUT FREQUENCY f;, (MHz2)
ig. 9 — INPUT SENSITIVITY CURVE
Fig " Dls\n';sE”R ATIO) Fig. 10 — POWER SUPPLY CURRENT
TEMPERATURE DEPENDENCY vs. TEMPERATURE
<_(’ z % 60 V, 5.0V
E v cc =5
2 o —
O] o
o3 T :
b £ ©Z 20 \\
2 ZE N
Eé‘ g9
=2 ® = 2.0
27 g ~
z3 2 &Typ (23mA)
B e
22.0
-40 0 40 80
INPUT FREQUENCY f;, (MHz) TEMPERATURE Tp {°c)
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MB511

PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL IN-LINE PACKAGE

.370+,8:g (Case No. : DIP-8P-M0I)
¥0.40
(9.40+9:49) ]
h . A 1 15° MAX
INDEX x
:300(7.62)

244+ .010
(6.20+0.25) Tye

039+ 012 ‘ 080+ 012 010+.002
0.25+0.05
" '52t8'30’ ( )

(o.ggtg.ao)

+.014
0357313

(0.89+035

0.30¢ \

.172(4.36) MAX

.020(0.51) |.118(3.00) MIN
MIN

.100(2.54) _|_L 018+.003
TYP T T 777(0.4610.08)
Dimensions in
© 1988 FUNTSU LIMITED DO8006S-2C inches (millimeters)
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MB511

PACKAGE DIMENSIONS (continued)

8-LEAD PLASTIC FLAT PACKAGE
(Case No.: FPT-8P-M0I)

250%°909 ,089(2.25) MAX
e SEATED HEIGHT)
(6.35+9.25
0.20 .002(0.05) MIN
H H H H (STAND OFF)
307+ 018 N
INDEX (7.80£0.40) +.016/0 50+0.40
2085 012 2687 :3186.80+ 040
(5.30+0.30)
I ] .020+.008
1 N (0.50+0.20)
050(1.27) J .018:+.004 +.002, 15+0.05,
o0 (5751070/2140050138) ~H=-.006_ 507015562
,1%0[3.81)
REF

1

i i

H ,020.0.50)5

' ‘ 1007(0.18) !

' MAX '

' .027(0.68) |

! MAX !

L

Dimensions in

©1988 FUJITSU LIMITED FO8002S-3C e maters
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Phase-Locked Loops (PLLs) — At a Glance

Section 2

Maximum Supply Programmable  Swallow Reference
Page  Device Frequency lec Vee C C C
2-3 MB87001A 13 MHz 20mA 45V-  Binary Binary Binary
typ. 55V 16-1023 0-127 8-2048
2-15 MB87006A 10 MHz 3.5mA 3.0V- Binary Binary Binary
60V 16-1023 0-127 8-16383
2-27 MB87014A* 40 MHz 8.0 mA 45V-  Binary Binary Binary
typ. 55V 5-1023 0-63 5-65535
2-37 MB87076 15 MHz 3.0mA 27V- Binary Binary Binary
55V 16-2047 0127 8-16383
2-51 MB87086A 95 MHz 8.0mA 45V-  Binary None Binary
55V 5-1023 5-65535
2-61 MB87087 10 MHz 25mA 3.0V-  Binary Binary Binary
typ. 60V 5-1023 0-127 5-16383
at3.0Vv
35mA
typ.
at5.0Vv
2-73 MB87090 15 MHz 40mA 2.7V-  Binary Binary Binary
typ. 55V 16-1023 0-127 8-2048
at5.0V
13 MHz 3.0mA
typ.
at3ov
NOTES: All devices are available in 16-pin plastic DIP and FPT packages.
*Also has on-chip 180 MHz dual modulus (+ 64/65) prescaler.




Bhase-Locked Looos (PLLs)

2-2



November 1990
Edition 7.0

DATA SHEET —/—/————

O
FUJITSU

MB87001A

CMOS PLL FREQUENCY SYNTHESIZER

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL)
FREQUENCY SYNTHESIZER

The Fujitsu MB87001A, fabricated in CMOS technology, is a serial input PLL frequency
synthesizer.

The MB87001A contains an inverter for oscillator, a programmable reference divider, a divide
factor of programmable reference divider control circuit, a phase detector, a charge pump, a
17-bit shift register, a 17-bit latch, a programmable divider (a binary 7-bit swallow counter, a
binary 10-bit programmable counter), and a control generator for an external dual modulus
prescaler.

When supplemented with a loop filter and VCO, the MB87001A contains the necessary circuit
to make up PLL frequency synthesizer. Typically, a dual modulus prescaler such as the
MBS01L can be added, allowing input frequency operation up to 1.1 GHz.

o Single power supply voltage: 1/128, 1/256, 1/512, 111024,

PLASTIC PACKAGE
DIP-16P-M04

Voo =2.7Vto 5.5V 1/2048)
* Wide temperatu . ® Programmable 17-bit divider with
Tred00 850 input amplifier consisting of PLASTIC PACKAGE
Binary 7-bit swallow counter FPT-16P-M06
e 13MHz typical input capability Binary 10-bit programmable counter
@5V (fin input)
L ’ o Two types of phase detector output:
® On-chip inverter for oscillator On-chip charge pump output
- Output for external charge pump
® 8 divide factors for programmable
reference divider are selected by Sy, e Easy interface to Fujitsu dual PIN ASSIGNMENT
Sz and Ss input (1/8, 1/16, 1/64, modulus prescaler
/ R
ABSOLUTE MAXIMUM RATINGS (see NOTE) (Vss = 0V) Voo E 1 16 d Vss
Rating Symbol Value Unit Clock [] 2 15 [ ] oscw
Power Supply Voltage Voo Vas —0.5 10 Vs +7.0 v paa[] 3 14 [7] 0SCour
Input Voltage Vin Vas 0.5 to Voo 0.5 v Le[] 4 13 ]s
TOP VIEW
Output Voltage Vour Vss —0.5 10 Vop 40.5 v fin (] 5 12[]s:
Output Current lour +10 mA M :1 6 1 []s
Open-drain Output Voor Vss—0.5 10 Voo +3.0 v w7 10 tl oP
Operating Temperature Ta —40to +85 °C o[} 8 9[JeR
Storage Temperature Tsra —65 to +150 °C
Power Dissipation Po 300 mwW
NOTE: Permanent devlce damage may occur if the above Absolute Maximum Ratings This device contalns circulry to proted! the |npuu against
are peration should be restricted to the conditions as

detailed in the ¢ al oi this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Copyright ©1990 by FUJITSU LIMITED
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MB87001A

Fig. 1 — MB87001A BLOCK DIAGRAM

NI T

Ao ——A
17-bit Shift Register [
|~
111
1 1 7bit shift Register 10-bit Shift Register K
Data @—‘» — | |
| Lyl |
| | Cosal )
[ T, ] | Oscillator |
-I | WO — .
r— . |
| 17-bitLatch |
| |
| i |
LE @—1—- 7-bit Latch 10-bit Lateh | Divide Factor of
| ] | Programmable
ieterence Divi
I I Ref Divider
H 1 Control Circuit

AMP Programmable Divider
fin @‘D l
Binary 7-bit Binary 10-bit 11-bit
Swallow Counter Programmable Counter Le1 Programmable
Reference Divider

Ly T4

Control Circuit

| PSR RIS E Sy U —

Phase Detector

Do Charge Pump
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MB87001A

PIN DESCRIPTION

Pin No.

Symbol

Vo

Description

Voo

Power supply voltage input.

Clock

Clock signal input for 17-bit shift register.
Each rising edge of the clock shifts one bit of the data into the shift register.

Data

Serial data input for 17-bit shift register.
The data is used for setting the divide factor of programmable divider.

LE

Load enable input.
When this pin is high level (high active), the data stored in the 17-bit shift register is transferred to
17-bit latch.

fin

Input for programmable divider from VCO or prescaler output.
This input involves bias circuit and amplifier. The connection with external dual modulus prescaler
should be an AC connection.

Control output for external dual modulus prescaler.
The connection to the prescaler should be DC connection. This output level is synchronized with fall-
ing edge of fin input signal (pin #5).
Pulse Swallow Function:
MBS501L M = High: Preset modulus factor 64 or 128
M = Low: Preset modulus factor 65 or 129

LD

Output of phase detector.
Itis high level when fr and fp are equal, and then the loop is locked. Otherwise it outputs negative
pulse signal.

Three-state charge pump output of the phase detector.

The mode of Do is changed by the combination of programmabile reference divider output frequency
fr and programmable divider output frequency fp as listed below:

fr> fp: Drive mode (Do = High level)

fr=fp: High-impedance mode

fr < fp: Sink mode (Do = Low level)

oR
oP

[eXe]

Phase detector outputs for an external charge pump.
The mode of YR and ¢P is changed by the combination of programmable reference divider output
frequency fr and programmable divider output frequency fp as listed below:

R oP
fr > fp: Low Low
fr=fp: Low High-lmpedance
fr < fp: High High-Impedance

* 0P is a N-channel open drain output.




MB87001A

PIN DESCRIPTION (Continued)

PinNo.| Symbol vo Description
1 S [ Control input for prog ble ref divider. The bination of these inputs provides 8 kinds
12 S2 [ of divide factor for the programmable reference divider.
13 Ss |
Divide
Factorf 4 [ 4 b 1 4 | f o 1] 1
Sn 8 16 64 128 256 512 1024 | 2048
S 0 1 [} 1 0 1 0 1
Sz 0 0 1 1 [¢] [} 1 1
Ss 0 0 0 [ 1 1 1 1
14 OSCour o Output pin for crystal oscillator.
Output of the inverting amplifier. This pin should be open when an external oscillator is used.
15 OSCiv | Input pin for crystal oscillator.
Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as
AC coupled when an external oscillator is used.
For large amplitude signals (standard CMOS levels) DC coupling may also be used.
16 Vss - Ground
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MB87001A 5

FUNCTIONAL DESCRIPTION |

DIVIDE FACTOR OF PROGRAMMABLE DIVIDER

Serial data of binary code is input to Data pin. These data are loaded into the 17-bit shift register from MSB. When load enable signal LE is high,
the data stored in the 17-bit shift register is transferred to the 17-bit latch.

The data @to @set a divide factor of the binary 7-bit swallow counter and data to @ set a divide factor of binary 10-bit programmable
counter. In other words, serial data is equivalent to the divide factor of programmable divider.

Fig. 2 - BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER
. LsB MSB .
Data li‘>m5 — 0_ 17-BIT ‘
a=2lololo|olele|oHolo|o|o|e|o|o|o|e|e] .
. ]
L L]
SRR U RN U IO NN RN IS RN RO NN [UOUD NS VR N O IS DA .
L} )
. 1
L} ]
L ';b' St S2f Ss} Se] Ss} S} S - Se | So ] Swo] St Siz| Sia} S} Sis] Swe§ Svr &‘TBC'L E
' '
:"‘- - s - g - -- Al Badiadid il ol ol e Bafialid haliadigd nladilie il :'
) ]
N PROGRAM- !
, Binary 7-bit Swaliow Counter Binary 10-bit Programmable Counter MABLE '
' DIVIDER
. 1
) )
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MB87001A

Binary 7-bit Swallow Counter Data Input

(ORNCANCERCRRORNCRNON N
0 o| oo o | o | o 0
B 0 o] o |o o | o 1 1
0 ol oo 0 1 0 2
0 o]l oo 0 1 1 3
0 ol o | o 1 o | o 4
1 1 1 1 1 1 1 127

Note: Divide factor A: 0 to 127
Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows.
Example MBSO1L
SW = H (64/65): Bit 7 of shift register (7) should be zero.

Binary 10-bit Programmable Counter Data Input

O 6|6 (ONNERRD) ® FacirN
[ 0 [¢] 0 [¢] 0 ] 1 0 1 5
0 0 0 [ ] 0 0 1 1 0 6
0 0 0 0 0 0 0 1 1 1 7
1 1 1 1 1 1 1 1 1 1 1023

Note: Divide factor less than 5 is prohibited.
Divide factor N: 5 to 1023

PULSE SWALLOW FUNCTION
fvco = [(N x M) + A} x fr

fveo : Output frequency of external voltage controlled oscillator (VCO)

N : Preset divide factor of binary 10-bit programmable counter (5 to 1023)

M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MB5S01L prescaler)
A : Preset divide factor of binary 7-bit swallow counter (0 to 127)

fr . Output frequency of the programmable reference divider



MB87001A

oty ~152 1ps,

TIMING CHART

Data  Si7=MSB

N

LE

Clock } |

—

t

X3
UL
— b

t2

n
El

Clock: Clock signal input for the 17-bit shift register.
Each rising edge of the clock shifts one bit of data into the shift register.

Data : Serial data input for the 17-bit shift register.

LE : Load enable input.

When LE is high (high active), the data stored in the 17-bit shift register is transferred to the 17-bit latch.
The 17-bit data is used for setting a divide factor of the programmable divider.

RECOMMENDED OPERATING CONDITIONS

(Vss = OV)
Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Voo 2.7 55 v
Input Voltage Vin Vss Voo Y
Operating Temperature Ta —-40 +85 °C




MB87001A
ELECTRICAL CHARACTERISTICS

(Voo = 3.0V, Vss = OV, Ta = —40 to 85°C)

Value
Parameter Symbol Condition Unit
Min Typ Max
High-level input Voltage Vin 2.1
Except fin v
Low-level Input Voltage and OSCw Vi 0.9
" fin Vein Amplitude in AC 0.8
Input Sensitivity coupling, sine wave Ver
OSCin Vosc Ping. 10
High-level Input Current Except fin I Vin = Voo 1.0
and OSCi uA
Low-level Input Current " i Vin = Vss ~-1.0
fin Hin Vin = Vss to Voo +30
Input Current HA
OSCix losc Vi = Vss to Voo 30
High-!evel Output Voltage Except 6P Von lon = OpA 295 v
nd OSC
Low-level Output Voltage a ot Vo lou = OpA 0.05
Low-level Output Voltage oF Voue lou = 0.8mA 0.8
High-level Output Voltage ‘ Vorx fon = OpA 2.50 v
OSCour
Low-level Output Voltage Voux lou = OpA 0.50
High-level Output Current Except 6P lon Von = 2.0V -05 "
Low-level Output Current and OSCour for Vo= 0.8V 05
N—channel Open Drain
Cut Off Current oP lorr Vo=Vop +3.0 1.0 HA
Power Supply Currentx! loo 20 mA
Max. Operating Frequency o.fb fmaxd 13 20 MHz
Programmable Reference Divider
Max. Operating Ergquency of fmaxp 10 20 MHz
Programmable Divider

Note: *1: fin = 5,0MHz, 12.8MHz Crystal is connected between OSCi and OSCour.
Inputs are connected to ground except for fin and OSCi. Outputs are open.
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MB87001A

ELECTRICAL CHARACTERISTICS (continued)

(Voo = 5.0V, Vss = 0V, Ta = —40 to 85°C)

Programmable Divider

Value
Parameter Symbol Condition Unit
Min Typ Max
High-level Input Voltage Vin 35
Except fin v
Low-level Input Voltage and OSCw Vie 1.5
L fin Viin Amplitude in AC 10
Input Sensitivity coupling, sine wave Vee
OSCw Vosc ’ 1.5
High-level Input Current Except fin h Vin = Voo 1.0
and OSCiv uA
Low-level Input Current I Vin = Vss -1.0
fin Ifin Vin = Vss to Voo 150
Input Current pA
OSCi losc Vin = Vss to Voo 450
High-level Output Voltage Except 6P Vou lon = OpA 4.95
\"
nd OSC
Low-level Output Voltage a T Vo low = OpA 0.05
Low-level Output Voltage oP Voie loL = 2mA 1.0
High-level Output Voltage Vonx lan = OpA 4.50 v
OSCour
Low-level Output Voltage lowx loL= OpA 0.50
High-level Output Current Except ¢P lon Von = 4.0V -1.0
and OSCaour mA
Low-level Output Current loL VoL=0.8V 1.0
N—channel Open Drain
Cut Off Current oP lorr Vo= Voo +3.0 1.0 HA
Power Supply Currents! loo 3.0 mA
Max. Operating Frequency of fmaxd 15 25 MHz
Programmable Reference Divider
Max. Operating Frequency of fmasp 13 25 MHz

Note: #1: fin = 5,0MHz, 12.8MHz Crystal is connected between OSCin and OSCour.
Inputs are connected to ground except for fin and OSCiv. Outputs are open.



MB87001A

Fig. 3 -TYPICAL APPLICATION EXAMPLE

Ci
J;_ul_ Vsx(Max.8V)
Voo gip b | Voo Voo 1003 I
Ilci}'X' -l- —[ T §
Fl | vy
—
16 15 14 13 12 11 10 9
MB87001A
0.047uF 1 2345678 Vee
F 13 | [ o]
Clock Q" 33%QS "
DataC ‘v‘v‘v‘ T~
Le O
2 2 [ 1000pFSE
$ 2 1000pF —l Pr
" *
47kQ 47kQ 47kQ 8 7 6 5
MB501SL
Vee 1 2 3 4
T Xi : 12.8MHz x'tai
L“_ Ve :5V£10%
1000pF o= ¢ 1000pF Vsx 18V Max.
C1, C2 : depends on crystal osillator
Lock
DetC
10kQ

TYPICAL CHARACTERISTICS CURVES

Inupt Sensitivity vs. Input Frequency

(fin Section) Power Supply Current vs. Input Frequency
Voo = 5V, Ta = 25°C Voo = 5V, Ta= 25°C
500 6 I I
OSCw = 12.8MHz
, s |- tr=0.1MHz
;) i
100 Power ¢
Supply
S Inp‘qtm 50 Current 3
: y loo (MA)
Vfin (mVe.p) / oo
2
20 L~
10 / !
5 — 1 2 5 0 2 50  10C
12 5 10 20 50 100 Input Frequency fin (MHz)

Input Frequency fin (MHz)
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MB87001A

PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)

+.008 +0.20
77025121955 25 '30) .

INDEX-1 MMM r___ _____ /sz-MAx

I
.244+.010 .300(7.62)
(6.20+0.25) TYP

INDEX-2 "~ l 1 ——
[ S W N [y S [ R W |
+.012 +.012

0395 0605 010+.002
0.997 939 {1.5279:39) {0.25+0.05)

/ \ 172(4.36) MAX

118(3.00) MIN

1050(1.27) .100(2.54) 018+.003
MAX 1 ™ TYP "0.46+£0.08) .020(0.51) MIN
Dimensions in
© 1988 FUJITSU LIMITED D16033S-2C inches (millimeters)
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MB87001A

PACKAGE DIMENSIONS (Continued)

=400" 910

.008'

AR

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

.089(2.25) MAX

+0.25
110.15 * 3221~

fAA

T
307+.016 mil

INDEX (7.80+0.40) .

’ .209+.012 268~

o

“g" ]|(5.30+£0.30)

.050(1.27)

T

R

.018+.004,

TYP

© 1990 FUJITSU LIMITED F16015S-2C

= - .350(8.

450,102 #0050 ]

T Betate of A ey 1
| Details of “A" part |
016(0.40),

.008(0.20) |
.007(0.18) '

1
'
|
'
| -]
i
'
|

.89) REF .

MAX
.027(0.68)
MAX

——H— 006"

O1816.801349

(SEATED HEIGHT)

.002(0.05) MIN
(STAND OFF)

0.20

] 020x.008
} (0.50£0.20)

002
00110152662

+0.05

i

)
.008(0.20) |
.007(0.18) E
i

i

i

i

i

MAX
.02710.68)
MAX

Dimensions in
inches (millimeters)
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MB87006A

CMOS PLL FREQUENCY SYNTHESIZER

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL)
FREQUENCY SYNTHESIZER

The Fujitsu MBB7006A, fabricated in CMOS technology, is a serial input phase locked loop

(PLL) frequency synthesizer.

The MB87006A contains an inverter for oscillator, programmable reference divider (binary
14-bit programmable reference counter), 14-bit shift register, 14-bit latch, phase detector,
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swallow
counter, binary 10-bit programmable counter) and control generator for dual modulus

prescaler.

When supplemented with a loop filter and VCO, the MB87006A contains the necessary
circuit to make up a PLL frequency synthesizer. Typically, a dual modulus prescaler such as
the MBSO01L can be added, allowing input frequency operation up to 1.1 GHz.

®  Wide range power supply voitage:
Vec=3.0t060V

®  Wide temperature range:
Ta=-401085°C
® 17 MHz typical input capability

On-chip inverter for oscillator

Divide factor of programmable divider
and programmable reference divider
are set by serial data input. (The last
data bit is control bit.)

PLASTIC PACKAGE
DIP-16P-M04

at5 V (fin input) e Two types of phase detector output: PLASTIC PACKAGE
» " —On-chip charge pump output FPT-16P-M06
®  Programmable divider with input ~Output for external charge pump
amplifier consisting of: . ) . .
—Binary 7-bit swallow counter ¢  Easyinterface with Fujitsu p
—Binary 10-bit programmable counter e 16-pin standard dual-in-line packag
®  Programmable reference divider with (Suffix: -P) PIN ASSIGNMENT
input amplifier consisting of binary 16-pin standard flat package
14-bit programmable reference counter (Suffix: -PF)
N\
oscew[]1 16[ ] oR
ABSOLUTE MAXIMUM RATINGS (see NOTE) osCan[]2 15[ oV
w[]3 14[] REFour
Power Supply Voltage Voo Vss —0.5 to Vss +7.0 Voo []4 1B+
TOP VIEW
Input Voltage Vin Vss 0.5 10 Voo +0.5 o []5 12[m
Output Voltage Vour Vss 0.5 to Voo +0.6 \ Vss : 6 1 3 LE
Output Current lour £10 mA w7 1071 pata
Operating Temperature Ta —40 to +85 °C fin |: 8 9 ] Clock
Storage Temperature Tste -551t0 +125 °C
Power Dissipation Po 300 mw

NOTE:

Permanent device damage may occur if the above Absolute Maximum Ratings
are exceeded. Functional operation should be restricted to the conditions as
detailed in the operational sections of this data sheet. Exposure to absolute tis
maximum rating conditions for extended periods may affect device reliability.

This device contains circuitry to protect the inputs against
damaga due to high static voltages or aleo\rlc fields. However,
be taken to avoid
application of any voltage higher than maximum rated
voltages to this high impedance circuit.

advised that normal precautions

Copyright ©1990 by FUJITSU LIMITED
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MB87006A

Fig. 1 — MB87006A BLOCK DIAGRAM

14-bit Shift Register

14-bit Shift Register — @
B
Y
e Gy A 14-bit Latch 7]
'_-_—D* - —»(7) LD
e 14-bit Latch
ovla_ | i
| r L
OSCw .‘\ % H Prog )
I i Reference Divider > OX
i | Binal i
ry 14-bit Phase
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MB87006A

PIN DESCRIPTION

OSCiv

Input pin for crystal oscillator.

Input to the inverting amplifier that forms part of the oscillator.

This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large
amplitude signals (standard CMOS levels) DC coupling may also be used.

OSCour

Output pin for crystal oscillator.
Output of the inverting amplifier. This pin should be open when an external oscillator is used.

fv

Monitor output of the phase detector.
This pin is tied to the programmable divider output.

Voo

Power supply voltage input.

Do

Three-state charge pump output of phase detector.

The mode of Do is changed by the combination of programmable reference divider output frequency
fr, and programmable divider output frequency fv as listed below:

fr>fv: Drive mode (Do = High level)

fr=1fv: High impedance

fr<fv: Sink mode (Do = Low level)

Ground.

LD

Output of phase detector.
It is high level when fr and fv are equal, and when the loop is locked.
Otherwise it outputs negative pulse signal.

fin

Clock input for programmable divider.
This input contains internal bias circuit and amplifier. The connection with an external dual-modulus
prescaler should be an AC connection.

Clock

Clock signal input for 17-bit shift register and 14-bit shift register.
Each rising edge of the clock shifts one bit of the data into the shift registers.

10

Data

i

Serial data input for prog ble divider and prog le reference divider.

The last bit of the data is the control bit. Control bit determines which latch is activated. The data
stored in the shiftregister is transferred to the 14-bit latch when the bitis high, and to 17-bitlatchwhen
low.

11

LE

Load enable input with internal pull up resistor.
When this pin is high (active high), the data stored in shift register s transferred to 14-bit latch or 17-bit
latch depending on the control bit data.

12

Control output for an external dual modulus prescaler.
The connection to the prescaler should be DC connection. This output level is synchronized with fall-
ing edge of fin input signal (pin #8).
Pulse swallow function:
e.g. MB501L: M = High: Preset modulus factor 64 or 128
M = Low Preset modulus factor 65 to 129
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MB87006A
PIN DESCRIPTION (Continued)

13 fr o Monitors output of phase detector input.
This pin is tied to the programmable reference divider output.

14 REFour o Monitor output pin of the reference frequency.
This output can be used as system clock for microprocessor, or reference oscillator for another PLL
frequency synthesizer.

15 oV [e} Output for external charge pump.
16 oR fo) The mode of ¢R and ¢V is changed by the combination of programmable reference divider output
frequency fr and programmable divider output frequency fv as listed below.
R (Y
fr>fv: Low-level High-level
fr=fu: High-level High-level
fr <fv: High-level Low-level

FUNCTIONAL DESCRIPTION

SERIAL DATA INPUT TIMING

t~ts> Tus
Data S17 = MSB)<S16 S8 s7 S2 x :: x Control bit

*(S14) (S13) T (S8) | (87) tTT (S2) (St) (Control bit)
LE - - - - -

H P
t t ts t
ts

= Data for programmable reference divider.

Notes: Data: Serial data input is used for setting divide factor of programmable reference divider and programmable divider.
Data is input from MSB, and last bit data is a control bit.
Control bitis set high when divide factor of programmable reference divideris set. Control bitis setlow level when divide factor of
programmable divider is set.
Clock: Data is input to internal shift registers by rising edge of the clock.

LE: Load enable input:
When LE is high, the data stored in shift register is transferred to 14-bit latch, or 17-bit latch depending on the control bit setting.



MB87006A |
|

PULSE SWALLOW FUNCTION
fvco =[ (N X M) + A] x fosc + R (N > A)

fuco @ Output frequency of external voltage controlled oscillator (VCO) !

N : Preset divide factor of binary 10-bit programmable counter (5 to 1023)
M : Preset modulus factor of external dual modulus prescaler
(e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MBS0 1L prescaler)
A : Preset divide factor of binary 7-bit programmable counter (0 to 127, A <N)
fosc : Output frequency of external oscillator
R : Preset divide factor of binary 14-bit programmable reference counter (5 to 16383)

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER
Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and 1-bit control data. In this case,
control bit is set high level.

The data format is shown below.

Control '

Register | LSB MsB
1
1

= o [lole|elele|e|o]elo|e|o|e|e|6] kit

LE—»] “H"

N T AR N A R T A e T TN T RO T T

Programmable
Binary 14-bit Reference Counter Reference
Divider

'
1
:
L
]
1]
'
1
-
1
)
'
S1] S2 ] Sa] Se | Ss | Se] Sr ] Ss | So ] Sio] Si] Si2] Swa| S14| 14-bit Latch '
.
o
]
1
)
1
)
1
1
)
)

CEEANERKE) ® Q|O|6|0| 00| 0 |fr
0 0 0 0 0 0 0 0 0 0 0 1 0 1 5
0 [ 0 0 0 0 o] 0 0 0 0 1 1 0 6
0 0 ] 0 0 0 0 0 0 0 0 1 1 1 7
1 1 1 1 1 1 1 1 1 1 1 1 1 1 16383

Note: Divide factor less than 5 is prohibited.
Divide factor : 5 to 16383
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DIVIDE FACTOR OF PROGRAMMABLE DIVIDER
Serial data consists of 17-bit data, which is used for setting divide factor of programmable divider, and 1-bit control data. In this case, control bitis
set low level. The data@to@ set a divide factor of 7-bit swallow counter and datato@set divide factor of 10-bit programmable counter.

The data format is shown below.

Control
Register

2= o [Fo|o|e|e|e|e|oe |o|o]|o]|e]|e]|0]|6]|6]0 | it

St 0 0 0
O Tl S S B B T B i ?

Programmable
Divider

Binary 7-bit Swallow Counter Binary 10-bit Programmable Counter

BINARY 7-BIT SWALLOW COUNTER DATA INPUT

(G NG NG NOINOINOINO) r?é‘gffr
0 0 0 0 0 0 0 0

0 [ 0 0 0 0 1 1

0 0 0 0 0 1 0 2

0 0 [¢] [ (] 1 1 3

0 0 0 0 1 (o] 0 4

1 1 1 1 1 1 1 127

Note: Divide factor A: 0 to 127
Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows.
e.g. MB501L (+65/65)prescaler
SW = H (64/65): Bit 7 to shift register(7) should be zero.

BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT

ole|o|e|e|le|o|e|o|e]|r
o | oo} o}poyfp o | o} vt} o | 1| 5
ojpo}J o} ojpoy}j oy oy} 1t} 1] 0| 6
o jo}j o} oyjpojo oy} 1+t 1 7
LIS I T A N N T AN A NS N NN N A TR D A I Y N [0

Note: Divide factor less than 5 is prohibited.
Divide factor N : 5 to 1023
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PHASE DETECTOR OUTPUT WAVEFORM

— — r—
fr
fv
1 N
Do U
- 1
oV

- L

<3 High Impedance

Power Supply Voltage Voo 3.0 6.0 v
Input Voitage Vin Vss Voo \"
Operating Temperature Ta —40 +85 °C
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MB87006A

ELECTRICAL CHARACTERISTICS

(Voo = 3.0V, Vss = 0V, Ta = —40 to 85°C)

High-level Input Voltage Vin Voox0.7
Except fin v
Low-level Input Voltage and OSCw Vi Voox0.3
- fin Vipp Amplitude in AC 05
nput Sensitivity coupling, sine wave Ves
OSCiv Vsin 05
High-level I Ci t ! Vin = Vi
gl nput Curren Except fin iH 'w = Voo 1.0 A
and OSCiy
Low-fevel Input Current [ Vin = Vss 1.0
fin ifin Vin = Vss to Voo +30 HA
Input Current OSCuw lose Vin = Vss 10 Voo +30 pA
LE e Vin = Vss —40 HA
High-level Output Voltage Except Von lon = OuA 295
OSCour v
Low-level Output Voltage Vou lo.= OpA 0.05
High-level Output Current low Von = 2.6V 05
Except M
and OSCour mA
Low-level Output Current lou Vo= 0.4V 05
High-level Output Current lowm Vou = 2.6V 0.7
M mA
Low-level Output Current low Vo= 0.4V 15
Power Supply Current *! loo 25 mA
Maximum Operating Frequency of
Programmable Reference Divider fmaxd 1 2 MHz
Maximum Operating Frequency of
Programmable Divider fmaxp 10 2 MHz
Notes: =*1: fin = 8.0MHz 11.5MHz Crystal is connected between OSCw and OSCour.
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MB87006A

ELECTRICAL CHARACTERISTICS (continued)

(Vob = 5.0V, Vss = 0V, Ta = —40 to 85°C)

High-level Input Volitage Vin Voox0.7 !
Except fin v
Low-level Input Voltage and OSCin Vi Voox0.3
nout Sensitivi fin Viep Amplitude in AC 05
nput Sensitivity coupling, sine wave Vee
OSCi Vsin 0.5
igh-1 | I Vin =
High-level Input Current Except fin i w = Voo 1.0 A
and OSCw
Low-level Input Current I Vin = Vss -1.0
fin Ifin Vin = Vss to Voo 50 HA
Input Current OSCin losc Vin = Vss to Voo +50 HA
LE le Vin = Vss —60 HA
High-level Output Voltage Except Vo lon = OpA 495
0SCour v
Low-level Output Voltage Vo lou = OpA 0.05
High-level Output Current lon Von = 4.6V -1.0
Except M
and OSCour mA
Low-fevel Output Current lov Vo= 0.4V 1.0
High-level Output Current lonm Vou = 4.6V -1.5
M mA
Low-level Output Current lowm VoL= 0.4V 3.0
Power Supply Current ! loo 35 mA
Maximum Operating Frequency of
Programmable Reference Divider fmaxd 10 2 MHz
Maximum Operating Frequency of fmax . 5 MH
Programmable Divider P L 2 z

Note: 1. fin = 8.0MHz, 11.5MHz Crystal is connected between OSCi and OSCour.
Inputs are ground except for fin and OSCi. Outputs are open.
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TYPICAL CHARACTERISTICS CURVE

500

200

50
Input Sensitivity
Vfin (mVe-r)

Input Sensitivity vs. Input Frequency (fin Section)

Voo = 5V, Ta = 25°C

5 10 20 50 100

Input Frequency fin (MHz)
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)

+.008,1g 55+0.20,
77020121955 030!

woex1 1M MM M rr]

N 244+ 010 .300(7.62)
(6.20+0.25) TYp
INDEX-2| 1
+.012 +.012
03975 0607 5 .010+.002
©0.997930) (1.52%30 (0.25+0.05)
/ X .172(4.36) MAX
.118(3.00) MIN
050(1.27) | ‘ .100(2.54) .018+.003
MAX T YR 70.46+0.08) 020(0.51) MIN
Dimensions in
© 1988 FUJITSU LIMITED D16033S-2C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

4
~400F 50801015 " 8-28)

i

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

010, +0.25

AAAAA

o

307+.016
INDEX 0
’ 1209+.012
g ||(5.30+0.30)

8

,050(1,27)‘

ERRI

.018+.004

TYP

© 1990 FUJITSU LIMITED F16015S-2C

.350(8.89) REF

04520.10) ©]¢.005(0.13) M

(7.80+0.40)

1 Details of “A" part |

|
'
'
[
'
[
i
'

.089(2.25) MAX
(SEATED HEIGHT)

.002(0.05) MIN
(STAND OFF)

i
+.016

268" +0.40

:008'6-80_020
1

— 1 .020+.008

—1(0.50£0.20)
L orggzonsegen

;
! i

i

016(0.40), | 006(0.15) |
3 i i
Lo !

i .008(0.20) |
.008(0.20) 1 | !
007(0.18) ! | Q071018 |
MAX | | MAX |
0270068 | | || 0270088 |
MAX il i

MAX

Dimensions in
inches (millimeters)
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FUJITSU

MB87014A

CMOS PLL Frequency Synthesizer/Prescaler

The Fuijitsu MB87014A, fabricated in advanced CMOS technology, is a serial input
phase locked loop (PLL) frequency synthesizer with an on-chip 180 MHz dual
modulus prescaler.

The MB87014A contains dual modulus prescaler, inverter for oscillator, program-
mable reference divider, control circuit, phase detectors, charge pump, program-
mable divider (binary 6-bit swallow counter and binary 10-bit programmable
counter).

The MB87014A contains the necessary circuit to make up a PLL frequency
synthesizer that operates at a speed up to 180 MHz.

Single power supply voltage: Vpp=4.5Vt055V

Wide temperature range: Ta=-301060°C

180 MHz input capability at 5 V (fin input)

On-chip inverter for oscillator

Programmable divider with input amplifier consisting of:
Binary 6-bit swallow counter
Binary 10-bit programmable counter

e Programmable reference divider with input amplifier consisting of binary 16-bit
programmable reference counter
o Divide factor of programmable divider and programmable reference divider are
set by serial data input. (The last data bit is a control bit.)
e Three types of phase detector outputs:
— On-chip charge pump output for active LPF
- On-chip charge pump output for passive LPF
~ Output for external charge pump
e 16-pin standard dual-in-line package (Suffix: —P)
16-pin standard flat package (Suffix: —PF)
e Pulse swallow function
fvco = [(N x M) + A] x (Fgsc + R) (N> A)

Plastic Package
DIP-16P-M04

Plastic Package
FPT-16P-M02

Pin Assignment

fvco :Output frequency of external voltage controlled oscillator (VCO)
N :Preset divide factor of binary 10-bit programmable counter (5to 1023) o
M :Preset modulus factor of internal dual modulus prescaler (64/65) OSCiy E E oR
A :Preset divide factor of binary 6-bit swallow counter (0 to 63)
fosc  :Output frequency of the external oscillator 0sCour [2] EERY
F(()s Preset divide factor of binary 16-bit programmable reference counter
(510 65535) tv 5] 74 NC
ABSOLUTE MAXIMUM RATINGS Voo [4] PV EER
OP VIEW
Parameter Symbol Ratings Unit Dor [5 (17 Doa
Power Supply Voltage Voo Vgs—0.3t0 Vg +7.0 v Vss [ 6 E LE
Input Voltage Vin Vgs —0.3 to Vpp +0.5 o [7 (19 Data
Output Voltage Vour Vss =0.3 to Vpp +0.3 v fn [ E Clock
Output Current lout *10 mA
Operating Ambient
Temperature Ta -30to +80 °C
Storage Temperature Tsta —40 to +125 °C
Power Dissipation Pp 300 mW

Note: Permanent device damage ma¥l occur if absolute maximum ratings are ex-
ceeded. Functional operation should be restricted to the conditions as de-
tailed in the operation sections of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may affect device reliability.

© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc.

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. However, it
Is advised that normal precautions be taken to avoid application
of any voltage higher than maximum rated voltages to this high
impedance circuit.
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MB87014A BLOCK DIAGRAM
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MB87014A

PIN DESCRIPTION

1 OSCw Input pin for crystal oscillator.
Inputto the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as
AC coupled when an external oscillator is used, but for large amplitude signals (standard CMOS lev-
els) DC coupling may also be used.
2 OSCour Output pin for crystal oscillator.
Output of the inverting amplifier. This pin should be left open when an external oscillator is used.
3 fv Monitor pin for the phase detector input.
This pin is tied to the programmable divider output.
4 Voo Power supply voltage input.
5 Dor Output pin for low pass filter (Passive type).
The mode of Dor is changed by the combination of programmable reference divider output frequency
f., and programmable divider output frequency fv as listed below:
f>fv: Drive mode (Dor = High level)
fe=fu: High-impedance
fr<tv: Sink mode (Dor = Low level)
6 Vss Ground.
7 LD Output of phase detector.
Itis high level when f and fv are coherent, and when the loop is locked. Otherwise it outputs negative
pulse signal.
8 fin Frequency input to an internal prescaler from VCO.
The connection with VCO should be AC connection.
9 Clock Clock signal input for shift registers.
Each rising edge of the clock makes one bit of the data shift into the shift registers.
10 Data Serial data input for shift registers.
The last bit of the data is the control bit. The control data determines which latch is activated.
11 LE Load enable input.
When this pin is high, the data from shift register is latched into programmable reference divider or
programmable divider depending upon a control bit setting.
12 Doa Output pin for low pass filter (Active type).
The mode of Doa is changed by the combination of prc ble ref e divider output frequency
f., and programmable divider output frequency fv as listed below:
fr>fv: Sink mode (Doa = Low level)
fo=tv: High-impedance
fr<fv Drive mode (Doa = High level)
13 fe Monitor pin for the phase detector input.
This pin is tied to the programmable reference divider output.
14 NC No connection.
15 [ Output pins for low pass filter (differential filter type).
16 4R Outputs for external charge pump are changed by the combination of prog ble reference di-
vider output frequency f,, and programmable divider output frequency fv as listed below.
oV R
f>fv: High level Low level
fi=fv: High level High level
fr<fy: Low level High level
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FUNCTIONAL DESCRIPTIONS

DIVIDE FACTOR OF DIVIDER

Binary code serial data is input to data pin. On rising edge of clock, one bit of data shifts into the shift register. Input data consists of
16-bit data and 1-bit control data. The control data determines which latch is activated. When control is high, 16-bit latch is selected;
when low, 6-bit latch and 10-bit latch are selected.

Last Data Input First Data Input

Data Stream

clOI@|I®|OIOIO|0|IO|IOI0|0|0B0|0|6|6
11

Control Bit | LSB

Divide factor of divider setting bits

The serial datais input to 16-bit shift registers and 1-bit control register. When load enable is high, the data from the shift register is latched into the

programmable reference divider (binary 16-bit programmable reference counter) or programmable divider (binary 6-bit swallow counter and
binary 10-bit programmable counter) depending upon a control bit setting.

-
(7]
o]

Control
Register

Data —>
Cchck_W ¢ ot

OFr1Op—

LE —»1 "H" >

OF©
OFr10

©®
44
©|®

|
ol o o|Hn
;
®|O|0|® ®

@ Re|gister
'y
®

Q19

@
!
E o

Binary 16-bit Programmable Reference Counter (C = *H")

or .
Binary 6-bit Swallow Counter or Binary 10-bit Programmable Counter (C = “L")
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FUNCTIONAL DESCRIPTIONS (Continued)

BINARY 6-BIT SWALLOW COUNTER

DATA INPUT BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT
— Divide

M- AN ON O[O O IOX[C] P | O @O [OOQ|O|O|O|®
0 o]lofo 0 0 0 5 1 0 1 0 ofjofo 0 0 0
1 1]o | o 0 0 0 6 0 1 1 0 olo]o 0 0 0
2 o] 1 0 0 0 0 7 1 1 1 0 o]l o|o 0 0 0
63 1 1 1 1 1 1 1023 1 1 1 1 1 1 1 1 1 1

« Divide factor A: 0 to 63 « Divide factor N: 5 to 1023 )

« Divide factor less than 5 is prohibited.
BINARY 16-BIT PROGRAMMABLE COUNTER DATA INPUT

e | D@0 OO |0[C|0|0|0 @O Q|G |®
5 itfofjt1r}jojojojojo]jojo]|] o}|jojo]o]o}]o
6 o|1}|1}jo0o]oO0]JO0O}JO}O]O}]O] O]O]O] O] 1]O
7 i ]1}j11}1]0}jJo0ojojojo}Jo}joj}jo}jojo}jofjo]o
65535 | 1 | v+ v v ) v v v v b v 1 1

« Divide factor R: 5 to 65535
« Divide factor less than 5 is prohibited.

STAND-BY MODE
When zero data of 16-bit serial data is input, the MB87014 goes to stand-by mode. During stand-by mode, an internal circuit stops

operation and fi, and OSCy, are forced to high level. Thus, a low supply current is achieved. Stand-by down mode is released when
data other than low is input.
SERIAL DATA INPUT TIMING

B XE X TEXEC
LA
T I

I ol Yt

LE

Notes: Data: Serial data input is used for setting divide factor of programmable reference divider or programmable divider
Data is input from MSB and last bit data is control bit.
Control bitis high level when divide factor of programmable reference divider is set. Control bit is set low level when divide factor
of programmable divider is set.
Clock: Clock input for 16-bit shift registers and control register. Data is input into internal shift registers by rising edge of the clock.
LE: Load enable input:
When LE is high, the data from shift register is latched into programmable reference divider or programmable divider depending
upon the control bit setting.
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PHASE DETECTOR OUTPUT WAVEFORM

<3 HIGH IMPEDANCE
<3 HIGH IMPEDANCE

lllllllllllllllll

Dor

Doa

R

oV
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MB87014A

RECOMMENDED OPERATING CONDITIONS

(Vss = 0V)

Power Supply Voltage Voo 4.5 5.0 55 \
Input Voltage Vin Vss Vop v
Operating Temperature Ta -30 +60 °C

ELECTRICAL CHARACTERISTICS OV 80,2 010801

High-level Input Voltage X Vin 3.5
Except fin v
Low-level Input Voltage and OSCw Vi 15
fin Vipp | X . 1.0
Input Sensitivity Amplitude in AC coupling, Voe
Sine wave
OSCi Vsin 1.0
High-level Input Current ) i Viu = Voo 1.0
Except fin pA
Low-level Input Current and OSCin I ViL = Vss -10
fin Iin Vin = Vss to Voo +50
Input Current HA
OSCin losc Vin = Vss to Voo +50
igh-| = 495
High-level Output Voltage Except Vou low = OpA v
OSCour
Low-level Output Voltage VoL loL = OpA 0.05
High-level Output Current lon Von = 4.6V -1.0
Except mA
OSCour
Low-level Output Current lov Vo= 0.4V 1.0
Power Dissipation*' loop 8.0 mA
Stand-by Currents? loos 100 HA
Maximum Operating*® REF Section fmaxg 40 60 MHz
Frequency
PD Section fmaxp 180 250 MHz

Notes: *1: fin = 180MHz, 22MHz cystal is connected between OSCiv and OSCour pins.
Inputs are grounded except fin and OSCin. Outputs are open.

»2 All serial data is set to zero. Input are grounded except fin and OSCw. Output are open.

*3 REF Section :Maximum operating frequency of programmable reference divider.
PD Section  :Maximum operating frequency of programmable divider.
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TYPICAL CHARACTERISTICS CURVES

| ‘ Input Sensitivity vs. Input Frequency (fin Section)
‘E Voo = 5V, Ta=25°C
500
v d
\ p.
200 \\ /
100 \ A
Input Sensitivity 50 B\ /
Vfin (mVp-p) \ /’
20
10
5
1 2 5 10 20 50 100 200
Input Frequency fin (MHz)
Power Supply Current vs. Input Frequency
Voo = 5V, Ta = 25°C
12
10
8
Power Supply Current
loo (MVp-p)
4
2
0o 1 2 5 10 20 50 100 200 500
Input Frequency fin (MHz)
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PACKAGE DIMENSIONS

+.008
770%3

1211955030

(CASE No.: DIP-16P-M04)

+0.20,

woex-1 1M M M MMM

.244+.010 .300(7.62)
(6.20+0.25) TYP

©1988 FUJITSU LIMITED D16033S-2C

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

\
_____ ’jF1S'MAX
/

N

INDEX-2 |
+.012 +.012
039-0 060_5 .010+.002
(0.99+939) (1621930 (0.25+0.05)
i 172(4.36) MAX
e
I 1118(3.00) MIN
L .050(1.27) 1100(2.54) 018+.003
MAX T ™ TYP "70.46+0.08) .020(0.51) MIN

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

.050(1.27)

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

~4007:312(10.15 7 328,

INDEX

RARAAARA

.307+.016
(7.80+0.40)

.209+.012
~g~ ||(5.30+0.30)

bt

; U—

\

TYP

.350(8.89) REF

©1990 FUJITSU LIMITED F16015S-2C

.018+.004,
0.4520.10) ©]¢.005(0.13) @

1
!
|
[
I
|
1
'
|
!
'
'
'
'
'

.089(2.25) MAX

(SEATED HEIGHT)

.002(0.05) MIN
(STAND OFF)

&

+.016 5 50+0.40
2687 -308(6.807 350

Details of “A"” part :

— 1 .020+.008
—7}(0.50£0.20)

+.002 +0.05
-006_ 50710155 p3)

______________ -
Details of B’ part !

1

]
1
1
|
016(0.40)! E ,ooe(oA15):
a—Y | ! i
[

—- . .008(0.20) |
.008(0.20) | | !
007(0.18) ! | .i%&’ii
MAX !

027(068) 1 | 027(068) |
MAX 1L MAX _d

Dimensions in

inches (millimeters)
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MB87076

CMOS PLL FREQUENCY SYNTHESIZER

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL)
FREQUENCY SYNTHESIZER WITH POWER DOWN MODE

The Fujitsu MB87076, fabricated in CMOS technology, is a serial input PLL frequency
synthesizer that features a power down mode.

The MB87076 contains an inverter for Oscillator, 14-bit Shift Register, 18-bit Shift Register,
1-bit Control Register, 14-bit Latch, 18-bit Latch, Programmable Divider (Binary 11-bit
Programmable Counter and Binary 7-bit Swallow Counter), Programmable Reference Divider
(Binary 14-bit Programmable Reference Counter), Phase Detector, Charge Pump, Control
Generator for Two Modulus Prescaler, and Power Down Circuit.

The MB87076 selects either operation mode or power down mode, depending on PS input
signal level. When device begins operation, phase f, and f, are synchronized.
e Single Power Supply Voltage: Vpp = 2.7 to 5.5V
Wide Temperature Range: Ta = —40 to 85°C
Low Power Supply Current: 3mA typ, (100pA in power down mode)
On-chip Inverter for Oscillator
Programmable Reference Divider with Input Amplifier
Programmable Divider with Input Amplifier
® 2 Types of Phase Detector Output
On-chip Charge Pump Qutput
QOutput for External Charge Pump
e On-chip Power Down Circuit
® 16-pin Standard Dual-in-line Package (Suffix: -P)
16-pin Standard Flat Package (Suffix: -PF)
e Pulse Swallow Function
fuco = [(N x M) +A] x fosc + R
fvco @ VCO (Voltage Controlled Oscillator) Output Frequency
N . Preset Divide Factor of Binary 11-bit Programmable Counter
(16 to 2047)

M : Preset Modulus Factor of External Two Modulus Prescaler
(64 in 64/65 mode, 128 in 128/129 mode)
A : Preset Divide Factor of Binary 7-bit Swallow Counter (0 to 127)
fosc : Output Frequency of an External Oscillator
R : Preset Divide Factor of Binary 14-bit Programmable Reference Counter
(8 to 16383)
ABSOLUTE MAXIMUM RATINGS (see NOTE)
Rating Symbol Value Unit
Power Supply Voltage Voo Vss —0.5to Vss +7.0 \"
Input Voltage Vin Vss —0.5 to Vpp +0.5 "
Output Voltage Vour Vss —0.5t0 Vpp +0.5 \
Output Current lour +10 mA
Open Drain Output Vop Vss 0.5 10 Vpp +3.0 "
Operating Temperature Ta —40 to +85 °C
Storage Temperature Tste —40 to +125 °C
Power Dissipation Po 300 mW

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

0SCi [j f 16 :I oR
osCour []2 15[ ] ov
ws [ ]ps
=L Topvew [
0o [|s [ Jwm
vss (6 n[ ]
w7 10[] pata

i []s o[ ] clock

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings
are exceeded. Functional operation should be restricted to the conditions as
detailed in the operational sections of this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Copyright ©1990 by FUJITSU LIMITED

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. However,
it is advised that normal precautions be taken to avoid
application of any voltage higher than maximum rated
voltages to this high impedance circuit.
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Fig. 1 - MB87076 BLOCK DIAGRAM
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PIN DESCRIPTION

Pin No. Symbol 1o Description

1 OSCi | Pin for Crystal Oscillator; Input to the inverting amplifier that forms part of the oscillator. This pin
receives the oscillator signal as AC coupling when an external oscillator is used. For large am-
plitude signals (standard CMOS levels) DC coupling may also be used.

2 OSCour o Pin for Crystal Oscillator; Output of the inverting amplifier.

This pin should be connected to ground when an external oscillator is used.

3 LC (@] Output pin for Loop Control Signal; It is at high level, when operation mode is selected. Itis at
low level, when power down mode is selected.

4 Voo - Power Supply Voltage

5 Do [¢] Three-state Charge Pump Output; The mode of D is changed by the combination of Program-
mable Reference Divider output frequency f, and Programmable Divider output frequency fe as
listed below:
fi>fe: Do =H level
fi=1fp: Do = High-impedance leve!
fr<fe: Do=Llevel

8 Vss - Ground

7 LD [¢] Output of Phase Comparator; Itis at Low level when f; and fp are coherent, and then the loop is
locked. Otherwise it outputs high level.

8 fin I Input for Binary 7-bit Swallow Counter and Binary 11-bit Programmable Counter from VCO;
This input involves bias circuit and amplifier. The connection with Dual Modulus Prescaler
should be AC connection.

9 Clock | Clock signal input for 18-bit Shift Register and 14-bit Shift Register; Each rising edge of the
clock shifts one bit of the data into the shift registers.

10 Data { Serial data input for Shift Registers.

This data is the divide ratio of the divider, which is provided from the corresponded shift regis-
ter. The last bit of the data is the control bit which specified destination of shift register. The
datais transferred to 14-bit Shift Register when the bitis at high level, and to 18-bit Shift Regis-
ter when at low level.
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PIN DESCRIPTION (Continued)

Pin No. Symbol /(e Description
" LE I Load Enable Input; When this pin is at high level, the data latched from the Shift Register is
red to Prog ble Reference Divider or Programmable Divider depending on the
control bit data.
12 M o Control output for external Dual Modulus Prescaler.

The connection should be DC connection.
Pulse Swallow Function:
(Example)

MB501:M = High: Preset Modules Factor 64 or 128
M =Low: Preset Modules Factor 65 or 129

13 fe o] Monitors output of the phase comparator input; as well as monitoring the output of the refer-
ence divider.
14 PS | Power down controlinput; When this pinis at High level, operation mode is selected. When this

pin is at Low level, power down mode is selected.

15 oV [o] Output for external charge purnp.
16 oR [o]
oR oV
fo>fe: Low Low
fi="fp: Low High-impedance
fo<te: High High-impedance
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FUNCTIONAL DESCRIPTION

SERIAL DATA INPUT FOR PROGRAMMABLE DIVIDER

Binary serial data is input to Data pin. Each rising edge of clock shifts one bit of the data into the shift registers and control register. Input data
consists of 18-bit data and 1-bit of control bit data. In this case, control bitis set at low level. S; to S; is used for setting the divide ratio of 7-bit
swallow counter and S, to Sy is used for setting the divide ratio of 11 bit programmable counter.

The data format is shown below.

Control bit

LsB MSB

| !
el o ool o] o oo oo oo ] o] 5]

i‘— 7-bit swallow counter ‘I 11-bit programmable counter —‘l

7-bit Swallow Counter Data Input

fgg{geA S, Se Ss S, Sa S, S,
0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 1
127 1 1 1 1 1 1 1

Note: Divide factor: 0 to 127

11-bit Programmable Divider Data input

fgé\:zgeN Sis Si7 Sie Sis Sia Sis Si2 Su Sio S, Se
5 0 o 0 0 0 0 0 0 1 0 1

6 0 0 0 0 0 0 0 0 1 1 0
2047 1 1 1 1 1 1 1 1 1 1 1

Note: Divide factor less than 5 is prohibited.
Divide factor: 5 to 2047
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FUNCTIONAL DESCRIPTION (Continued)

SERIAL DATA INPUT FOR PROGRAMMABLE REFERENCE DIVIDER

Binary serial data is input to Data pin. Each rising edge of clock shifts one bit of the data into the shift registers and controf register. Input data
consists of 14-bit data and 1-bit of control bit data. In this case, control bit is set at high level.

The data format is shown below.

Control bit
1 LsSB MSB

!
Celelelolsl=ls o [alalelelola]x]

14-bit Programmable Reference Counter
~ 9 "
14-bit Programmable Divider Data Input
Divide factor R | Sy | Sis | Siz | Sus S Se Ss S; Ss Ss S. Ss Sz S
8 0 0 0 0 0 0 0 0 0 0 1 0 0 0
9 0 0 0 0 0 0 0 0 0 0 1 0 0
16383 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Note: Divide factor less than 8 is prohibited.
Divide factor: 8 to 16383

Fig. 2 - SERIAL DATA INPUT TIMING

@1t ~ 4> 1ps, ts 2 Ops

Data Sis = MSB * * x :. x Control bit

* (Sa) (S13) (Se) (S2) (Sy) (Control bit)

- A T _ﬂ__,_ﬂ_m—
Tl

ty s t2
* Input data of programmable reference divider.
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Fig. 3~ PHASE DETECTOR WAVEFORM

S I
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I

Note: LD is set at High level when f f,. (Unclock condition)
LD is set at Low ievel when f; = f,. (Lock condition)
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MB87076
POWER DOWN OPERATION DESCRIPTION

The MB87076 has power down function which selects operation mode or power down mode depending on PS input signal level.
When PS is set at low level, power down mode is selected. During power down mode, internal dividers stop operation. Thus, very low power

supply consumption is achieved and LC pin is set at Low level.

Then the PS level goes High with the frequency of VCO as almost the same value as that under the condition of phase lock, the following se-
quence is taken.

1) Programmable divider starts operation

2) fpis output with some delay

3) Programmable reference divider starts operation when it receives fp.
4) f is output

5) LC is forced to set at High level (Normal operation mode is selected)

When the f, outputs immediately after the f» outputs, and goes into the phase detector, the phase lock condition is obtained just after the first clock.
When PS is set at Low level again, internal dividers stop operation. Then internal condition is reset.

Fig. 4 - POWER DOWN MODE

PS
— — e
fi
fo
e — o e

POWER DOWN MODE ——j#————————— OPERATION MODE —_——":‘_ POWER DOWN MODE
|
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Voo 27 5.0 55
Input Voltage Viy Vss Voo
Qutput Temperature Ta —40 +85 °C

ELECTRICAL CHARACTERISTICS

(Vss =0V, Vpp = 3.0V, Ta = -40 to 85°C)

Value
Parameter Symbol Condition Unit
Min Typ Max
High-level Input Voltage Vin 2.1
Except fin
and OSCw \
Low-level Input Voltage ' 0.9
fin Viep 05 v
I Amplitude in AC coupling, PP
Input Sensitivity sing wave Ping Sine
OSCi Vein 0.5
High-level input Current ™ Vin = Voo 1.0
Except fin
and OSCiy HA
Low-levei Input Current he Vin = Vss -1.0
fin '™ Vin = Vss o Voo +30
Input Current HA
OSCiy Ixn Vin = Vss to Vpp +30
High-leve! Output Voltage Vou low = OpA 295
Except ¢P v
and OSCour
Low-level Output Voltage Vou loL = OpA 0.05
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ELECTRICAL CHARACTERISTICS (Continued)

(Vss =0V, Vpp = 3.0V, Ta = ~40 to 85°C)

Value
Parameter Symbol Condition Unit
Min Typ Max
Low-level Output Voltage oP Vouv lo.=0.8mA 0.80 \"
High-level Output Voltage Vonx lon = OpA 2.50
OSCour v
Low-level Output Voltage Vowx lo = OpA 0.50
High-level Output Current lon Vou = 2.0V -05
Except 6P A
and OSCour m
Low-level Output Current lou VoL=0.8V 0.5
N-channel open drain Cut Off Current loee Vo= Vpp +3.0V 1.0 pA
loooe Operation mode 2.50 mA
Power Supply Current *
looes Power down mode 80 HA
Max. Operation Frequency of Programmable t
Reference Divider maxd 10 20
MHz
Max. Operation Frequency of Programmable .
Divider fmaxp 10 20

Note: *1  fin = 8.0MHz, 11.5MHz Crystal is conneceted between OSCy and OSCour. PS is set at high level, all other inputs are set at low
level. Outputs are open.
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ELECTRICAL CHARACTERISTICS (Continued)

(Vss =0V, Vpp = 5.0V, Tx = 40 to 85°C)

Value
Parameter Symbol Condition Unit

Min Typ Max

High-level Input Voltage Viu 35
Except fin
and OSCi v
Low-level Input Voltage Vi 1.5
fin Vipp 0.8
o Amplitude in AC coupling, Vep
Input Sensitivity sinep wave ping Sine
OSCw Vain 1.0
High-level Input Current ™ Vin = Voo 1.0
Except fin
and OSCy HA
Low-level Input Current e Viv = Vs -1.0
fin Inn Vin = Vss to Voo +50
Input Current HA
OSCi v Vin =Vss to Vpp +50
High-level Output Voltage Vou low = OpA 495
Except 6P
and OSCour "
Low-level Output Voltage Vou lou = OpA 0.05
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ELECTRICAL CHARACTERISTICS (Continued)

(Vss = 0V, Vop = 5.0V, T = =40 to 85°C)

Value
i Parameter Symbol Condition Unit
Min Max

: Typ
Low-level Output Voltage oP Vowv lou= 1A 0.50 "
High-level Output Voltage Vonx lon = OpA 450
OSCoyr \
Low-level Output Voltage Voux loL = OpA 0.50
High-level Output Current lon Vou = 4.0V -1.0
Except 6P
and OSCour , mA
Low-level Output Current loL VoL=0.8V 1.0
N-channel open drain Cut Off Current lorr Vo= Vpp +3.0V 1.0 HA
lopor Operation mode 3.0 mA
Power Supply Current *
loors Power down mode 100 pA
Max. Operation Frequency of Programmable ¢
Reference Divider maxd 15 25
MHz
Max. Operation Frequency of Programmable
Divider fmaxp 10 25

Note: *1  fin = 8.0MHz, 11.5MHz Crystal is conneceted between OSCy and OSCour. PS is set at high level, all other inputs are set at low
level. Outputs are open.
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)

+.008 +0.20,
7702 12(19-55__g 30

NS A e e N e O o s W

.244+.010 .300(7.62)
(6.20+0.25) TYP
!

INDEX-2 | l l
U+Lsr1‘2kﬂ | L] 'n(;;'zLJ
K +.
039F 8 | | oso*§ 0104 002
(0.9918:39) (1524930 (0.25+0.05)

F x .172(4.36) MAX

.118(3.00) MIN

R ]
.050(1.27) .100(2.54) .018+.003
MAX T ve "T0.46£0.08) .020(0.51) MIN
Dimensions in
© 1988 FUJITSU LIMITED D16033S-2C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

.089(2.25) MAX
+.010 +0.25 (SEATED HEIGHT)
[ -
[—400_ 60g(10-15 "¢ 3¢}
! 1002(0.05) MIN
H H H H H H (STAND OFF)
[,3071016 A ind
INDEX (7.80+0.40) +.016 +0.40
’ 209+.012 268 _05(6-80 _0 20!
O/ (5,3310,30)
1 | .020+.008
H i H H g H H — - ——10.50+0.20)
050(1.27) ‘ 018+.004 _ +.002,, .. +0.05
P (0.4&0‘10)&3(#.005(0.13) ™ 006 _"551(0-15 _5'55)

.008(0.20)!

1
1
i
| I

- 1
1020(0.50) |
007(0.18) !

-—.350(8.89) REF

MAX |
.027(0.68) |
|

© 1988 FUJITSU LIMITED F16005S-4C

Dimensions in
inches (millimeters)
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MB87086A

CMOS PLL Frequency Synthesizer/Prescaler

The Fujitsu MB87086A, fabricated in advanced CMOS technology, is a serial input
phase locked loop (PLL) frequency synthesizer. The MB87086A contains an
inverterfor oscillator, programmable reference divider (binary 16-bit programmable
reference counter), programmable divider (binary 10-bit programmable counter),
phase detector, charge pump.

The MB87086A contains the necessary circuit to make up a PLL frequency
synthesizer that operates at a speed up to 95 MHz.

¢ Single power supply voltage:
e Wide temperature range:

e On-chip inverter for oscillator

Vop=45V1t055V
Ta=-3010 60 °C

o Divide factor of programmable divider and programmable reference divider are
set by serial data input. (The last data bit is a control bit).

o Three types of phase detector outputs:
—On-chip charge pump output for active LPF
—On-chip charge pump output for passive LPF
—Output for external charge pump

® 16-pin standard dual-in-line package (Suffix: —P)
16-pin standard flat package (Suffix: —PF)

e 95 MHz input capability at 5 V (fin input)

e fin, Clock, Data input circuits involve schmitt circuit

o The divide factor is selected according to the following equation:
fvco =Nx fosc +R

fvco :Output frequency of external volta%e controlled oscillator (VCO)
N :Preset divide factor of programmable divider (5 to 1023)

M :Preset modulus factor of internal dual modulus prescaler (64/65)

fosc :Output frequency of the external oscillator

R Preset divide factor of binary programmable reference divider
(5to0 65535)

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Ratings Unit
Power Supply Voltage Voo Vss 0.3 to Vs +7.0 \
Input Voltage Vin Vss —0.3 to Vpp +0.3 \
Output Voltage Vour Vss —0.3 to Vpp +0.3 v
Output Current lour *10 mA
e e
Storage Temperature Tsta -40to +125 °C
Power Dissipation Pp 300 mW

Note: Permanent device damage may occur if absolute maximum ratings
are exceeded. Functional operation should be restricted to the condi-
tions as detailed in the operation sections of this data sheet. Expo-
sure to absolute maximum rating conditions for extended periods
may affect device reliability.

© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, inc.

Plastic Package
DIP-16P-M04

Plastic Package
FPT-16P-M0

Pin Assignment

osew 7] ° 7 ¢n
0SCaur [Z] 5] ov
v [3] [14] NC
Voo [4] EER
Oor [E TOP VIEW 7] Dox
Vss | 6 E LE
w [7 Data
fin [8 5] Clock

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. However, it
is advised that normal precautions be taken to avoid application
of any voltage higher than maximum rated voltages to this high
impedance circuit.
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MB87086A BLOCK DIAGRAM
E LE (1D 13) fr
16-bit Shift Register
16-bit Latch — (DL
r—=—=—="
| xalosc. |
I I F——————— b
OSCi <1>—+—DC .I'l: : Programmable Reference Divider :
| | | |
: MV : t 16-bit Programmable Reference Counter t '—’65) i
1 |
| | | |
OSCour (2)—'-— | L _ —d Phase
| S Detector
> | —-—-b@D R
10-bit Shift Register
10-bit Latch P e (5 0op
Al Abupih
C S — S
I Programmable Reference Divider
I 10-bit Programmable Counter
|
Charge
—_————— L _ _Jl - Pumgp *62) Doa
Control |
oa (> :
1-bit
L Latch | |
|
|
3)fv
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PIN DESCRIPTION

Pin No.

Symbol

o]

Description

1

OSCi

Input pin for crystal osciliator.

Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as
AC coupled when an external oscillator is used, but for large amplitude signals (standard CMOS lev-
els) DC coupling may also be used.

OSCour

Qutput pin for crystal oscillator.
Output of the inverting amplifier. This pin should be connected to open when an external oscillator is
used.

Monitor pin for the phase detector input.
This pin is tied to the programmable divider output.

Power supply voltage input.

Output pin for low pass filter (Passive type).

The mode of Dor is changed by the combination of programmabile reference divider output frequency
fr, and programmable divider output frequency fv as listed below:

fr> fv: Drive mode (Dor — High level)

fr=1v: High-impedance

fr < fv: Sink mode (Dor = Low level)

Vss

Ground.

LD

Output of phase detector.
Itis high level when fr and fv are coherent, and when the loop is locked. Otherwise it outputs low pulse
signal.

fin

Freq y input to prog ble divider from VCO or prescaler output.
(This input has an internal feed back resistor.)

Clock

Clock signal input for shift registers.
Each rising edge of the clock makes one bit of the data shift into the shift registers.

Data

Serial data input for shift registers.
The last bit of the data is the control bit. The control data determines which latch is activated.

LE

Load enable input.
When this pin is high level, the data stored in the shift registers is transferred to 16-bit latch, or 10-bit
latch depending on the control bit setting.

Doa

Output pin for low pass filter (Active type).

The mode of Doa is changed by the combination of programmable reference divider output frequency
fr, and programmable divider output frequency fv as listed below:

fr>fv: Drive mode (Doa — Low level)

fr=1fv: High-impedance

fr<tv: Sink mode (Doa = High level)

13

Monitor pin for the phase detector input.
This pin is tied to the programmable reference divider output.

NC

No connection.

15
16

oV
R

Output pins for low pass filter (differential filter type).
Outputs for external charge pump are changed by the bination of prog ble reference di-
vider output frequency fr, and programmable divider output frequency fv as listed below.
(1% oR
fr>fv: High level Low level
fr=fv: High level High level
fr < fv: Low level High level
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FUNCTIONAL DESCRIPTIONS

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER

Binary code serial data is input to data pin. Each rising edge of clock makes one bit of the data shift into the shift registers and con-
trol register. Input data consists of 16-bit or 10-bit data and 1-bit of control bit data. The 16-bit data is used for setting the divide factor
of programmable reference divider. The 10-bit data is used for setting the divide factor of programmable divider.

The last bit of the data stored in control register is a control bit. Control data determines which latch is activated. When this bit is at
high level, 16-bit latch is selected; when this is at low level, 10-bit latch is selected.

The data format is shown below.

Last Input Bit Data Input First Data Input
Programmable
RefgrenceDMder l C IGF@I@[ ®I®Il®ll l @l@l@ I@l@l

Control Bit] )

MsB
Pogammatie ¢ [ [@ |@ [@ @ [e |m]e o [0o]
ivider
Control Bit| |LsB MSB
e Divide Factor of Programmble
Divider Setting Bits
Divide Factor of Programmble Reference
Divider Setting Bits

When LE is high level and control bit is high level, the data stored in 16-bit shift register is transferred to 16-bit latch. When LE is high level and
control bit is at low level, the data stored in 10-bit shift register is transferred to 10-bit latch.

16-bit Programmable Reference Counter (C= *1")

Ittt trrrrr Pttt
}——@@T@[@l@[@]@[]@]|®|@]@1®[@||1$2::

R

FG olo|olo|e|o]e ole|e|e|e|e]s

Da‘a‘j foger [0 @@ ]@]e|e|n]e | @ |(10) | 10-bit Shift Register

[TITITITTT
LE__-I ]—’( I | | 4) (7)[(3) 9 (10)|10-bitLatch
[lHHHHl|

10-bit Programmable Counter (C= *0")
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BINARY 10-BIT PROGRAMMABLE DIVIDER DATA INPUT
o fle|ao|le|e|w|e]|a|wn | Re
0 0 0 0 0 0 ] 1 0 1 5

0 0 0 [ 0 0 0 1 1 0 6 ﬂ

1 1 1 1 1 1 1 1 1 1 1023

Note: Divide factor less than 5 is prohibited.
Divide factor N: 5 to 1023

BINARY 16-BIT PROGRAMMABLE REFERENCE DIVIDER DATA INPUT

PO 06000000060 R

0 0 0 0 0 0 0 0 0 0 0 o 0 1 0 1 5
0 0 0 0 0 0 0 [¢] 0 0 0 (] 0 1 1 [ 3

65535

-

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Note: Divide factor less than § is prohibited.
Divide factor R: 5 to 65535

SERIAL DATA INPUT TIMING

t~ts21us

Data (GRY) X (D) (9): : : x : : : ®o X@mx c

SRR R T W I

LE

[

15 —Sr—v—

4
]
|
e

Notes: O Data input for programmable reference divider.
( ) Datainput for programmable divider.

Data  Serial data input is used for setting divide factor of programmable reference divider or programmable divider.
Data is input from MSB and last bit data is control bit.
Control bit is set at high level when divide factor of programmable reference divider is set. Control bit is set at low level when divide

factor of programmable divider is set.
Clock Clock input for 10-bit shift register, 16-bit shift register and control register. Data is inputinto internal shift registers by rising edge of
the clock.
LE Load enable input:
When LE is high level, the data stored in shift registers is transferred to 16-bit latch, or 10-bit latch depending on the control bit
setting.
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Voo 45 5.0 55 v
Input Voltage Vin Vss Voo \"
Operating Temperature Ta -30 +60 °C

ELECTRICAL CHARACTERISTICS

(Vss = 0V, Voo = 5V, Ta = =30 to 60°C)

Value .
Parameter Symbol Condition Unit
Min Typ Max
High-level Input Voltage Vin 35
Except fin v
and OSCix
Low-level Input Voltage Vi 15
fin Vipp o , 1.0
Input Sensitivity ls‘::gl::‘a“’;'" AC coupling, Vep
OSCw Vsin 1.0
High-level Input Current [ Vin = Voo 1.0
Except fin pA
and OSCin
Low-level Input Current he ViL = Vss -1.0
fin Ifin Vin = Vss to Voo +50
Input Current pA
OSCi losc Vin = Vss to Voo 150
High-level t Vol Vi lon =0, 495
igh-level Output Voltage Except oH on = OpA v
OSCour
Low-level Output Voltage Voo lou = OpA 0.05
High-level Output Current low Von= 4.6V -1.0
Except A
OSCour m
Low-level Output Current lo Vo= 0.4V 1.0
Power Dissipation*' lon 8.0 mA
Maximum Operating+? REF Section fmaxd 40 60 MHz
Frequency
PD Section fmaxp 95 130 MHz

Notes: *1: fin 100MHz, 22MHz cystal is connected between OSCiv and OSCour pins.
Inputs are grounded except fin and OSCw. Outputs are open.

*2 REF Section: Maximum operating frequency of programmable reference divider.
PD Section: Maximum operating frequency or programmable divider.
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)

+.008 +0.20
———7701-3%8119.65 7320~
woex1 MM MM ] 7
!
|
N 244+ 010 .300(7.62)
(6.20+0.25)  TYP
N 1
s . i
INDEX-2 1 L
PRSI Y A LI LG -
+.012 +.012
039§ 060* 012 010+.002
0.9973:3 (1.52+8:39) (0.25+0.05)
3 172(4.36) MAX
| ’ | f—
|
I I 118(3.00) MIN
05001.27) | | 1002.54) || .018+.003"
AX = TFvp 70462008 .020(0.51) MIN
Dimensions in
© 1988 FUJITSU LIMITED D160335-2C inches (millmeters)
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PACKAGE DIMENSIONS (Continued)

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

=400 " .010“0_151-0.25

.050(1.27)‘

.018+.004,

©[$.005(0.13) W ]

TYP

(0.45+0.10)

~—.350(8.89) REF

© 1990 FUJITSU LIMITED F16015S-2C

089(2.25) MAX

(SEATED HEIGHT)

_“. 0067 -952(0.15 + 908

i Details of “A"" part l

016(0.40),

I

1

1

'

! o
| )
|

b

I

\

|

!

!

.

'
i
[
|
|

.008(0.20)

.007(0.18) :

MAX '
.027(0.68) i
|

- 008 0.20™
002(0.05) MIN
. [(STAND OFF)
1_307},016 T
20002 268 9381680349
O/ g ||(5.30+0.30)
~ | }
'R H-H,’ - :37(82%1»33%,

-0.02

.006(0.15)

.008(0.20)

.007(0.18)
MAX
.027(0.68)
MAX

Dimensions in
inches (millimeters)
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January 1991 O |
Edition 3.0 . FU] l"l'SU |

MB87087
CMOS PLL FREQUENCY SYNTHESIZER

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) ﬂ
FREQUENCY SYNTHESIZER
The Fujitsu MB87087, fabricated in CMOS technology, is a serial input phase locked loop
(PLL) frequency synthesizer.
The MB87087 contains an inverter for oscillator, programmable reference divider (binary
14-bit programmable reference counter), 14-bit shift register, 14-bit latch, phase detector,
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swaliow
counter, binary 10-bit programmable counter) and control generator for dual modulus
prescaler. PLASTIC PACKAGE
When supplemented with a loop filter and VCO, the MB87087 contains the necessary circuit DIP-16P-M04
to make up a PLL frequency synthesizer. Typically, a dual modulus prescaler such as the
MB501L can be added, allowing input frequency operation up to 1.1 GHz.
& Wide range power supply voltage: & On-chip inverter for oscillator
Vec=30t060V ®  Divide factor of programmable divider
®  Wide temperature range: and programmable reference divider
Tp=—401085°C are set by serial data input. (The last
o 17 MHz typical input i data bit is control bit.)
z typical input capabili
at5V (ﬁgﬁ,w,) P ity e Two types of phase detector output: PLASTIC PACKAGE
T ~On-chip charge pump output FPT-16P-M06
®  Programmable divider with input —Output for external charge pump
amplifier consisting of: . . "
—Binary 7-bit swallow counter ®  Easy interface with Fujitsu prescalers
~Binary 10-bit programmable counter e 16-pin standard dual-in-line package
®  Programmable reference divider with (MB87087P) PIN ASSIGNMENT
input amplifier consisting of binary 16-pin standard flat package
14-bit programmable reference counter (MB87087PF)
U/
osew [ 16[] oR
ABSOLUTE MAXIMUM RATINGS (see NOTE) oscar[]2 15[] oV
w[]3 14 ne
Power Supply Voltage Voo Vss 0.5 to Vss +7.0 \ Voo E 4 133w
TOP VIEW
Input Voltage Vin Vss —0.5 10 Voo +0.5 v po[]s 12[ M
Output Voltage Vour Vss —0.5 to Voo +0.5 v vss []6 11 b LE
Output Current lour +10 mA LD [: 7 10 :l Data
Operating Temperature Ta —40 to +85 °C in[]8 9] ciock
Storage Temperature Tsta 5510 +125 °C
Power Dissipation Po 300 mwW
NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings This device contains circuitry to protect the inputs against
gre elxeeedet:.l. Functional Ioperation s?o’t:ld 3: resr:rictedEto the <:ondm;’>n.f»I as :air;ag:;i;;;u'rrv‘igth ﬂ?ﬂ”’;‘:ﬁ;ﬁ}:ﬁ!{:“;‘:'ﬁ:‘.ﬁ’:ﬁ ma
etailed in the operational sections of this data sheet. Exposure to absolute _ ad C
maximum rating Gonditions for extended periods may affect device reliabilty. e 1o e acncm e v fted

Copyright ©1991 by FUJITSU LIMITED
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MB87087 BLOCK DIAGRAM
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Crystal
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[ ] | | Binal i
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PIN DESCRIPTION

1 OSCiw Input pin for crystal oscillator.
Input to the inverting amplifier that forms part of the oscillator.
This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large
amplitude signals (standard CMOS levels) DC coupling may also be used.

2 OSCour Output pin for crystal oscillator.
Output of the inverting amplifier. This pin should be open when an external oscillator is used.

3 fv Monitor output of the phase detector.
This pin is tied to the programmable divider output.

4 Voo Power supply voltage input.

5 Do Three-state charge pump output of phase detector.
The mode of Do is changed by the combination of programmabile reference divider output frequency
fr, and programmable divider output frequency fv as listed below:
fr> fv: Drive mode (Do = High level)
fr="1v: High impedance
fr < fv: Sink mode (Do = Low level)

6 Vss Ground.

7 LD Output of phase detector.
It is high level when fr and fv are equal, and when the loop is locked.
Otherwise it outputs negative pulse signal.

8 fin Clock input for programmable divider.
This input contains internal bias circuit and amplifier. The connection with an external dual-modulus
prescaler should be an AC connection.

9 Clock Clock signal input for 17-bit shift register and 14-bit shift register.
Each rising edge of the clock shifts one bit of the data into the shift registers.

10 Data Serial data input for programmable divider and programmable reference divider.
The last bit of the data is the control bit. Control bit determines which latch is activated. The data
stored in the shiftregister is transferred to the 14-bitlatch when the bitis high, and to 17-bitlatchwhen
low.

11 LE Load enable input with internal pull up resistor.
When this pinis high (active high), the data stored in shift register is transferred to 14-bit latch or 17-bit
latch depending on the control bit data.

12 M Control output for an external dual modulus prescaler.
The connection to the prescaler should be DC connection. This output levelis synchronized with fall-
ing edge of input signal fin (pin #8).
Pulse swallow function:
e.g. MB501L: M = High: Preset modulus factor 64 or 128

M = Low: Preset modulus factor 65 to 129
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PIN DESCRIPTION (continued)

13 fr [e] Monitor output of phase detector input.
This pin is tied to the programmable divider output.

14 NC - No connection.
15 oV fo) Output for external charge pump.
16 oR o The mode of $R and ¢V is changed by the combination of progi ble reference divider output
frequency fr and programmable divider output frequency fv as listed below.
¢R oV
fr>fv: Low-level High-level
fr=1fv: High-level High-level
fr < fv: High-level Low-level

FUNCTIONAL DESCRIPTION

SERIAL DATA INPUT TIMING

t~ s> Tps
Data S17= MSB)(SlG S8 s7 S2 x : x Control bit
*(S14) (S13) (S8) | (87) (S2) (S1) (Control bit)

e — UL S I I —

LE --- I‘-"

* Data for programmable reference divider.

Notes: Data: Serial datainput is used for setting divide factor of programmable reference divider and programmable divider. Data is input from

MSB, and last bit data is a control bit.

Control bitis sethigh when divide factor of programmable reference divideris set. Control bitis setlow level when divide factor of

programmable divider is set.
Clock: Data is input to internal shift registers by rising edge of the clock.
LE: Load enable input:

When LE is high, the data stored in shift register is transferred to 14-bit latch, or 17-bit latch depending on the control bit setting.
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PULSE SWALLOW FUNCTION

fveo
N
M

A
fosc

R

fvco = [ (N x M) + A] x fosc + R (N > A)

. Output frequency of external voltage controlled oscillator (VCO)
: Preset divide factor of binary 10-bit programmable counter (5 to 1023)
. Preset modulus factor of external dual modulus prescaler

(e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MBS0 1L prescaler)
: Preset divide factor of binary 7-bit programmable counter (0 to 127, A <N)
: Output frequency of external oscillator
: Preset divide factor of binary 14-bit programmable reference counter (5 to 16383)

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER
Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and 1-bit control data. In this case,
control bit is set high level.

The data format is shown below.

323.'2?; s LISB r»fsa
N v
2= . [ole|el|e|e|e|o|ele|o|o|e|e|e
R T T N S T S T S S N Y T
LE—#] C="H" St S2 | Sa} Se | Ss | Ss} S7 ] Sa | So | Sto] St1] Si2] Saf Sua

B TR AR N A A A R MY Tl K S A e

Binary 14-bit Reference Counter

14-bit
Shift Register

Programmable
Reference
Divider

R NCANERNG) ® O OO0 0 |k
0 0 0 0 0 0 0 0 0 0 0 1 0 1 5
0 0 0 0 0 0 0 0 0 0 0 1 1 [¢] 6
(Y] [¢] [ 0 0 0 0 0 0 [ 0 1 1 1 7
1 1 1 1 1 1 1 1 1 1 1 1 1 1 16383

Note: Divide factor less than 5 is prohibited.
Divide factor : 5 to 16383
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DIVIDE FACTOR OF PROGRAMMABLE DIVIDER
Serial data consists of 17-bit data, which is used for setting divide factor of programmable divider, and 1-bit control data. In this case, control bitis
set low level. The data@to@ set a divide factor of 7-bit swallow counter and datato@set divide factor of 10-bit programmable counter.

The data format is shown below.

Control
Register

P Y
] )
e 1@@@@@@@‘@@@@@@@@@‘sﬁ:&@w

S T 0

LE—>C="L" -] Si ] S| Ss | Sa | Ss| Se| S Ss | So | Sio] St1] Siz2] Sta] Sie] Sis| Sie | Si7 | 17-bit Latch

)

)

S T S S Tl T T T S
: Programmable
' Binary 7-bit Swallow Counter Binary 10-bit Programmable Counter Divider

)

L]

]

BINARY 7-BIT SWALLOW COUNTER DATA INPUT

(GRNGCINOANOIROINORNO) E;Et%er
0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 1

0 0 0 0 0 1 0 2

0 0 (] 0 0 1 1 3

0 0 0 ] 1 0 (o] 4

1 1 1 1 1 1 1 127

Note: Divide factor A: 0 to 127
Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows.
e.g. MB501L (+65/65)prescaler
SW = H (64/65): Bit 7 to shift register@ should be zero.

BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT

o|le|e|e|e|le|o|o|e]e |
6| oy} o} oj o} o] o0} 1} 0o} 1 | 5
o}jo}joj)joj}|oy}p ojpo | 1} 1t | 0| 6
oo} o ofoyj o} o |t} t | 1| 7
11111111k111023

Note: Divide factor less than 5 is prohibited.
Divide factor N : 5 to 1023
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PHASE DETECTOR OUTPUT WAVEFORM

M LT 2
,v L]

Do U

" L
-

oV

o UL

<3 High Impedance

RECOMMENDED OPERATING CONDITIONS

(Vss = OV)

Power Supply Voltage Voo 3.0 6.0 \
Input Voltage Vin Vss Voo v
Operating Temperature Ta -40 +85 °C
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ELECTRICAL CHARACTERISTICS

(Voo = 3.0V, Vss = 0V, Ta = 40 to 85°C)

High-level Input Voltage Vin Voox0.7
Except fin v
Low-level Input Voltage and OSCw Vi Voox0.3
o Sonsiiv fin Vhin Amplitude in AC 05
nput Sensitivity coupling, sine wave Vee
OSCiv Vosc 0.5
High-level Input C t ! Vin =V,
igh-level Input Curren! Except fin ] IN = Voo 1.0 WA
and OSCin
Low-level Input Current I Vin = Vss -1.0
fin ifin Vin = Vss to Voo +30 HA
Input Current OSCi losc Vin = Vss to Voo +30 HA
LE le Vin = Vss —40
High-level Output Voltage Except Vo lo = OpA 295
OSCour v
Low-level Output Voltage Vo lo = OpA 0.05
High-level Output Current lom Von =26V 05
Except M
and OSCour mA
Low-level Output Current loL VoL=0.4V 0.5
High-level Output Current lomm Vou = 2.6V 07
M mA
Low-level Output Current lowm VoL= 0.4V 1.5
Power Supply Current *! loo 25 mA
Maximum Operating Frequency of
Programmable Reference Divider fmaxd 10 20 MHz
Maximum Operating Frequency of fmax
Programmable Divider P 10 20 MHz

Notes: +1: fin = 8.0MHz 11.5MHz Crystal is connected between OSCw and OSCour.
Inputs are grounded except fin and OSCw. Output are open.
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ELECTRICAL CHARACTERISTICS (continued)

(Voo

5.0V, Vss = OV, Ta = —40 to 85°C)

Programmable Divider

High-level Input Voltage Vin Voox0.7
Except fin v
Low-level input Voltage and OSCu Vi Voox0.3
» fin Vein Amplitude in AC 05
Input Sensitivity coupling, sine wave Vee
OSCi Vosc 0.5
igh-level | t ! Vin =V,
High-leve! Input Curren Except fin i 'w = Voo 1.0 A
and OSCiv
Low-level Input Current e Vi = Vss -1.0
fin Ifin Vin = Vss to Voo 150 HA
Input Current OSCw losc Vin = Vss to Voo 450 HA
LE le Vin = Vss —60 HA
- low =0
High-level Output Voltage Except Von on = OpA 495
OSCour v
Low-level Output Voltage Vou lou = OpA 0.05
High-level Output Current lon Von= 4.6V -1.0
Except M
and OSCour mA
Low-level Qutput Current lou Vou= 0.4V 1.0
High-level Output Current lonm Von = 4.6V -1.5
M mA
Low-level Output Current lowm VoL=0.4V 3.0
Power Supply Current ! loo 35 mA
Maximum Operating Frequency of
Programmable Reference Divider fmaxd 10 & MHz
Maximum Operating Frequency of
p g Frequency fmaxp 17 25 MHz

Note: +1. fin = 8.0MHz, 11.5MHz Crystal is connected between OSCiv and OSCour.
Inputs are grounded except fin and OSCw. Outputs are open.
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TYPICAL CHARACTERISTICS CURVE

Input Sensitivity vs. input Frequency (fin Section)

Voo = 5V, Ta = 25°C

500

200

© /
Input Sensitivity
Vfin (mVe.e)
I

1 2 5 10 20 50 100

Input Frequency fin (MHz)
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

(CASE No.: DIP-16P-M04)

+.008 +0.20
7707395019551 340)

ke ol ol o e ol

INDEX-1

§ |
244+ .010 .300(7.62)
(6.20+0.25) TYP
L

INDEX-2~
+.012 +.012
0395 0800 .010+.002
0.99+3:39 (1.528:39) (0.25+0.05)
/ \ .172(4.36) MAX
—
.118(3.00) MIN
_ t
.050(1427)4 .100(2.54) .018+.003
MAX ’ T Tve 70.46+0.08) .020(0.51) MIN

© 1988 FUJITSU LIMITED D16033S-2C

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

.089(2.25) MAX
+.010 +0.25 (SEATED HEIGHT)
400" -018(10.15 * 328y
.002(0.05) MIN
H H H H H H _‘j (STAND OFF)
‘.307 +.016 -
INDEX (7.80+0.40) +.016 +0.40,
~ 209+ .012 2687 308(6.801350)
o B (53(;:0.30)
H H HEH. J 1 .020+.008
Vb }(0.50+0.20)
.050(1.27) .ow:.oan::’ 006+ 0020 15+0.05,
v 455010/ 220050 T3 M -.001 -0.02

Details of "A" part :

;
1 : i
;
| 018(0.40), | 008101514
I .
i T : 1 Z
. |
) a) . .008(0.20) |
H .008(0.20) | ! !
L {=T00410.10) : 1007(0.18) ! E .oo;f).(w) :
. i
I .350(8.89) REF : .02;'”(3_’;3, i E 027(0.68) !
e ] MAX __d
Dimensions in
@ 1990 FUJITSU LIMITED F160158-2C inches (millimeters)
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DATA SHEET

MB87090 |
CMOS PLL FREQUENCY SYNTHESIZER

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL)
FREQUENCY SYNTHESIZER WITH CONSTANT
CURRENT OUTPUT CHARGE PUMP

The Fujitsu MB87090, fabricated in CMOS technology, is a serial input PLL frequency
synthesizer with constant current output charge pump.

The MB87090 contains an inverter for oscillator, programmable reference divider, divide factor
of programmable reference divider control circuit, phase detector, constant current output
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swallow
counter, binary 10-bit programmable counter), and a control generator for an external dual
modulus prescaler. PLASTIC PACKAGE
When supplemented with a loop filter and VCO, the MB87090 contains the necessary circuit DIP-16P-M04

to make up a PLL frequency synthesizer.

Unique to this device is a constant current output charge pump. This allows improved
modulation characteristics, tracking and noise performance compared to earlier devices.

e Constant current output charge pump. Magnitude of current controlled by external
resistor: 0 to 4 mA.

® 13MHz input capability @5V (fin input)

® Single power supply voltage: Voo = 2.7V to 5.5V

® Wide temperature range: Ta = —40 to 85°C PLASTIC PACKAGE
® On-chip inverter for oscillator FPT-16P-M06

L

Eight divide factors for programmable reference divider are selected by external input
Sy, Sp, and S3(1/8, 1/16, 1/64, 1/128, 1/256, 1/512, 1/1024, 1/2048)
® Programmable 17-bit divider with input amplifier consisting of:
Binary 7-bit swallow counter
Binary 10-bit programmable counter
e Easy interface to Fujitsu dual modulus prescalers.
® 16-pin standard dual-in-line package (Suffix: -P)

PIN ASSIGNMENT

16-pin standard flat package (Suffix: -PF) N
Voo U 1 16 D Vss
ClockE 2 15 D oSCw
ABSOLUTE MAXIMUM RATINGS (See NOTE) (Vss = OV)
Data 3 14
Rating Symbol Value Unit O [ oscan
LE
Power Supply Voltage Voo Vss —0.5 to Vss +7.0 v O 1l ]ss
TOP VIEW
Input Voltage Vin Vss —0.5 to Voo +0.5 v fin D 5 12 D Se
Output Voltage Vour Vss—0.5 to Vop +0.5 v we " D s
Output Current lour +10 mA w7 10 D W
Operating Temperature Ta —40 to +85 °C %] R D .
Storage Temperature Tste —65to +150 °C
Power Dissipation Po 300 mw
NOTE: Permanent device damage may occur if the above Absolute Maxii Ratil This device contains circuitry to protect the inputs against
are exceeded. Functional operation should be restricted to the condmons as darmage due to high static voltages or electric fields. However,
detailed in the operational sections of this data sheet. Exposure to absolute i is advised that normal precautions be taken to avoid

application of any voltage higher than maximum rated

maximum rating conditions for extended periods may affect device reliability. voliages o this high impedance circuit.

Copyright ©1991 by FUJITSU LIMITED
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PIN DESCRIPTION

Pin No. | Symbol 1o Description
1 Voo - Power supply voltage input.
2 Clock 1 Clock signal input for 17-bit shift register.

Each rising edge of the clock shifts one bit of the data into the shift register.

3 Data I Serial data input for 17-bit shift register.
This data is used for setting the divide factor of programmable divider.

4 LE | Load enable input.
When this piniis high level (high active), the data stored in the 17-bit shift register is transferred to the
17-bit latch.

5 fin I Input for programmable divider from VCO or prescaler output.

This input involves bias circuit and amplifier. The connection with external dual modulus prescaler
should be an AC connection.

6 M [e] Control output for external dual modulus prescaler.
The connection to the prescaler should be DC connection. This output level is synchronized with fall-
ing edge of fin input signal (pin #5).
Pulse Swallow Function:
MB501L M = High: Preset modulus factor 64 or 128
M = Low: Preset modulus factor 65 or 129

7 LD o Output of phase detector.
Itis high level when f; and f, are equal, and then the loop is locked. Otherwise it outputs negative pulse
signal.

8 Do o Three-state charge pump output of the phase detector.

The mode of Do is changed by the combination of programmable reference divider output frequency
fr and programmable divider output frequency f, as listed below:

fr > fp: Drive mode (Do = High level)

fr = fp: High-impedance mode

fe < fp: Sink mode (Do = Low level)

9 RC | The value of external resistor connected to this pin determines the magnitude of the current delivered
by the charge pump. See graph on page 10.

10 fe o This pin is tied to programmable reference divider output.
}; g‘ : Control input for programmable reference divider. The combination of these inputs provides divide
13 S: | factor to programmable reference divider. See following page.

14 OSCour (o] Pin for crystal oscillator.
Output of the inverting amplifier. This pin should be open when an external oscillator is used.

15 OSCw | Pin for crystal oscillator.

Inputto the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as
AC coupled when an external oscillator is used.

For large amplitude signals (standard CMOS levels) DC coupling may also be used.

16 Vss - Ground

2-75



MB87090

FUNCTIONAL DESCRIPTION

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER

Divide factor of programmable reference divider is set depending on input dignal S1 to Sa.

1 1 1 1 1 1 1

s e | 16 | e4 | 128 | 286 | s12 | 1024 | 2048
S 0 1 0 1 0 1 0 1
Sz 0 0 1 1 0 0 1 1
Ss 0 0 0 0 1 1 1 1

DIVIDE FACTOR OF PROGRAMMABLE DIVIDER

Serial data of binary code is input to Data pin. These data are loaded into the 17-bit shift register from MSB. When load enable signal LE is high,
the data stored in the 17-bit shift register is transferred to the 17-bit latch.

The data @ to @ set a divide factor of the binary 7-bit swallow counter and data to @ seta divide factor of binary 10-bit programmable
counter. In other words, serial data is equivalent to the divide factor of programmable divider.

Fig. 2 — BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER

\LsB MSB .

: B '’ 7-BIT :
Data £ | —] 17 !
meBlo|o|o|o|o|o|oHele|e|o|e|e|e|e|e|] s .
L] ]

. )
:--- IR R Tl il R R ---1--------- PR B R R R R -:

' 17-BIT '

LE ¢> Si] Se] SafSafSsf Se| S || Se § Ss | Sio] S} Sz} Sia} Sia] Sis) S} S LATCH :

L} 1

. .
PR R [ R R ) AP U R YN PR P R NP QR R S -

L] )

1 L}

' PROGRAM- !

' Binary 7-bit Swallow Counter Binary 10-bit Programmable Counter MABLE :

' DIVIDER

L 1

L 1
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Binary 7-bit Swallow Counter Data Input

GRICANCANORRORNORRON N+
0 (] 0 0 0 0 0 0
0 0 0 0 0 0 1 1
0 o 0 0 0 1 0 2
0 0 0 0 0 1 1 3
0 0 0 0 1 0 0 4
1 1 1 1 1 1 1 127
Note: Divide factor A: 0 to 127

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows.
Example MB501L
SW = H (64/65): Bit 7 of shift register (7) should be zero.

Binary 10-bit Programmable Counter Data Input

Divide
CRRCARCRICRNCREERNORECRRONNON I
0 0 0 0 0 0 0 1 0 1 5
0 0 0 0 0 0 0 1 1 0 6
0 0 0 0 0 0 0 1 1 1 7
1 1 1 1 1 1 1 1 1 1 1023

Note: Divide factor less than 5 is prohibited.
Divide factor N: 5 to 1023
PULSE SWALLOW FUNCTION
fuco = [(N x M) + A} X fosc + R (N>A)
fvco : Output frequency of external voltage controlled oscillator (VCO)
N : Preset divide factor of binary 10-bit programmable counter (5 to 1023)
M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MBSO01L prescaler)
A : Preset divide factor of binary 7-bit swallow counter (0 to 127)
fosc : Output frequency of the external oscillator
R : Preset divide factor of programmable reference divider (8, 16, 64, 128, 256, 512, 1024, 2048)
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CONSTANT CURRENT OUTPUT CHARGE PUMP
The MB87090 adopts constant current output charge pump. The output current of charge pump is controlled by an external resistor shown in
Fig. 3.

Fig. 3 - EXTERNAL RESISTOR CONNECTION EXAMPLE

| 7 10 l
Jou Do RC
— l—.J
LPF 8 9
-— |-
lon
Rrc
TIMING CHART
oty ~ts2 1us

Data  Si7= MSB)( Ste XS|5 Se }‘ Sy Ssx Sz x S =LSB

-
; ) ) n
.

Clock : Clock signal input for the 17-bit shift register.
Each rising edge of the clock shifts one bit of data into the shift register.

Data : Serial data for the 17-bit shift register is input.

LE : Load enable input.
When LE is high (high active), the data stored in the 17-bit shift register is transferred to the 17-bit latch.
The 17-bit data is used for setting a divide factor of the programmable divider.
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PHASE DETECTOR OUTPUT WAVEFORM

[

|

fe

<& High
I I Impedance
) |——| I.J I___I
RECOMMENDED OPERATING CONDITIONS
(Vss = OV)
Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Voo 27 - 55 \
Input Voltage Vin Vss - Voo \
Operating Temperature Ta -40 - +85 °C
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ELECTRICAL CHARACTERISTICS

(Voo = 3.0V, Vss = OV, Ta = —40 to 85°C)

Value
Parameter Symbol Condition Unit
Min Typ Max
' High-level Input Voltage Vin - 2.1 - -
Except fin v
Low-level Input Voltage and OSCw Vi - - - 0.9
" fin Vs Amplitude in AC 0.8 - -
Input Sensitivity coupling, sine wave Ver
0SCi Ven Ping. 1.0 - -
High-level Input Current Except f [ Vin = Voo - 1.0 - A
Low-level Input Current and OSCuw I Vin = Vss - -1.0 -
Input Current fin Tin Vin = Vss o Voo - +30 - HA
Input Current OSCw losc Vin = Vss 1o Voo - +30 - HA
High-level Output Voltage Except Von low = OpA 295 - -
0SCour v
Low-level Output Voltage Vou low = OpA - - 0.05
High-level Output Voltage Voux low = OpA 2.50 - -
OSCour Vv
Low-level Output Voltage Voux lo= 0pA - - 0.50
High-level Output Ci t ! Von = 2.0V - -
ig! utput Currenf Except Do on oH 05
mA
and OSCour
Low-level Output Current lov. Vo= 1.0V 0.5 - -
High-level Output Current lowo Von = 2.0V -1.0 -30 -
Do*! mA
Low-level Output Current lowo Vo= 1.0V 1.0 3.0 -
Power Supply Current2 loo - - 2.0 4.0 mA
Max. Operating Frequency of
f; - 13 20 - MHz
Programmable Reference Divider mexd
Max. Operating F.r?quency of frasp B 10 20 B MHz
Programmable Divider

Notes: *1: RC pin external resistor Rac = 5kQ.
*2 fin = 5,0MHz, 12.8MHz Crystal is connected between OSCw and OSCour.
RC pin external resistor Rac = 5kQ.
Inputs are connected to ground exoept for fin and OSCi. Outputs are open.
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ELECTRICAL CHARACTERISTICS (continued)

(Voo = 5.0V, Vss = 0V, Ta = —40 to 85°C)

Value ‘
Parameter Symbol Conditi Unit
Min Typ Max
High-level Input Voltage Vin - 35 - -
Except fin v |
Low-level Input Voltage and OSCiw Vi - - - 1.5 |
|
|
o fo Ver Amplitude in AC 10 B B '
Input Sensitivity coupling. sine wave Ve
0SCin Vi ping. 15 - -
High-level Input Current Except f lin Vin = Voo - 1.0 - A
Low-level Input Current and OSCw e Vin = Vss - -1.0 -
Input Current fin lin Vin = Vss to Voo - 450 - HA
Input Current OSCiv losc Vin = Vss to Voo - 50 - HA
High-level Output Voltage Except Vo low = OpA 495 - -
0SCour v
Low-level Output Voltage Vou loL = OpA - - 0.05
High-level Output Voltage Vonx low = OuA 450 - -
OSCour \
Low-level Output Voltage Voux loL = OpA - - 0.50
High-level Output Current ! Von = 4.0V -1.0 - -
igh-level Outp en| Except Do o o "
and OSCour
Low-level Output Current lou VoL= 1.0V 1.0 - -
High-level Output Current lono Vou = 4.0V 20 -50 -
Do™! mA
Low-level Output Current louo Vou= 1.0V 20 5.0 -
Power Supply Current? loo - - 3.0 6.0 mA
Max. Operating Frequency of
f; - 15 25 - MHz
Programmable Reference Divider e
Max. Operating Frequency of
f - 13 25 - MH
Programmable Divider e :

Note: *1. RC pin external resistor Rac = 5kQ.
*2. fin = 5.0MHz, 12.8MHz Crystal is connected between OSCivand OSCour
RC pin external resistor Rac = 5kQ.
Inputs are connected to ground except for fin and OSCin. Outputs are open.
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TYPICAL CHARACTERISTICS CURVES

Conditions: Voo = 5.0V/3.0V, Input amplitude of fin = 1.0Vpp, Ta = 25°C

‘ n Fig. 4 - INPUT FREQUENCY vs.
INPUT SENSITIVITY (fin Section)

Voo=5.0V, Ta=25°C

Fig. 5 - OUTPUT RESISTANCE vs.
OUTPUT CURRENT

11 .
200 50
1 A £ T
100 2
£ > 3 N N
£ soiC 73~ E o s
s N VA g H
@A [i's
2 ol 2 5 os i
% av [
B0 e 5 5-\
o
g E o2 \
z 5 3 av N
2 0.1 =
1 2 5 10 20 50 100 5 10 20 50 100 200 500 1000
INPUT FREQUENCY (MHz) OUTPUT RESISTANCE Rrc (KQ)
Fig. 6 — SUPPLY VOLTAGE vs. Fig. 7 — INPUT FREQUENCY vs.
SUPPLY CURRENT SUPPLY CURRENT
8 T 8 T
OSCi = 12.8MHz OSCin = 12.8MHz
7T fn=5.0MHz 7 F Rrc = 5.0kQ
= ‘Rrc = 5.0kQ z Voo = 5.0V
g © E 6
-
£ 5 Z s
w <
[ i
c 4 5 4
3 o
o
> 3 > 3
s a
& 5 o
3 > a 2 L
1 1
0 0
0 2 4 3 8 01 1 10 100
SUPPLY VOLTAGE (V) INPUT FREQUENCY (MHz)
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)

770109819 55+0.20

012 0.30) y
INDEX-1 e O e O o OO e O e B . _________;ﬁ;15‘MAX
T ]
N 244+.010 .300(7.62)
(6.20£0.25)  TYP
|
INDEX-2~ t l
L0 ] OO =2
+.01 +.012
I R 4 L%%%-0 " .010+.002
(0.99%5:39 (1.52+9:39) (0.25+0.05)

.172(4.36) MAX
.118(3.00) MIN
.050(1.27) .100(2.54) .018+.003
MAX ' T TYP (0.46+0.08) .020(0.51) MIN
Dimensions in
© 1988 FUJITSU LIMITED D160335-2C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

+0.25
=400 803(10.15 * 38y

i

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

+.010

fAAAH

o

.307+.016
INDEX (7.80
: . || 209+.012
“g* ||(5.30+0.30)

050(1.27)

SRR

.018+.004

TYP

© 1990 FUJITSU LIMITED F160156S-2C

T

L ~.350(8.89) REF

0457010 ] ¢.005(0.13) M

{1.004(0.70)

7.80+0.40)

!
'
|
|
|
'
'
v
'
'
l

.089(2.25) MAX

.002
(STAI

(MOUNTING HEIGHT)

(0.05) MIN

ND OFF HEIGHT)

+.016 +0.40,

2681 008(6.80° (50

" Details of “A” part |
016(0.40),
L1

.
X
ny i
.008(0.20) |
.007(0.18) :
I

I

I

t

MAX
.027(0.68)
MAX

| .020+.008
[ (0.50+0.20)

+.002, 1 +0.05
00110-15_ 002

| Details of

.008(0.20)

007(0.18)
MAX
.027(0.68)
MAX

i
1
'
i
1
|
i
1
!
t
i
I
|
|
|
|
)
i

-

Dimensions in
inches (millimeters)
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Single-Chip PLLs/Prescalers — At a Glance

Sectien 3

Program-
Maximum Divide Supply mable Swallow Reference Package

Page Device Frequency Ratio Vee C C C Opti

3-3 MB1501 1.1 GHz 64/65 or 15mA 27Vto Binary Binary Binary 16-pin Plastic
1501H 128/129 55V 16102047 Oto 127 81016383 FPT

1501L

3-21 MB1502 1.1 GHz 64/65 or 8mA 50V  Binary Binary Binary 16-pin Plastic
128/129 (typ) 16102047 Oto127 8to 16383 FPT

3-35 MB1503 1.1 GHz 128/129 8mA 50V  Binary Binary  Binary 16-pin Plastic
(typ) 16102047 Oto127 8to 16383 FPT

3-49 MB1504 520 MHz 32/33or 10OmA 27Vto Binary Binary Binary 16-pin Plastic
1504H 64/65 55V 16102047 Ot 127 81016383 FPT

1504L

3-67 MB1505 600 MHz 32/33 or 6 mA 50V  Binary Binary Binary 16-pin Plastic
64/65 (typ) 16102047 01063 81016383 FPT

3-79 MB1507 2.0 GHz 128/1200r 18mA 50V  Binary Binary Binary 16-pin Plastic
256/257 (typ) 16102047 Oto255 8to 16383 FPT

3-91 MB1508 2.5 GHz 256/272or 16mA 50V  Binary Binary  Binary 20-pin Plastic
512/528 (typ) 32104095 Ot 31 256,512, FPT

1024, 2048

3-101 MB1509* 400 MHz 32/33 or 8 mA 30V  Binary Binary Binary 20-pin Plastic
64/65 (typ) 16102047 Oto127 5120r 1024 FPT

3-115 MB1511 1.1 GHz 64/65 or 7mA 2.7Vto Binary Binary Binary 20-pin Plastic
128/129 55V 16102047 Oto127 81016383 FPT

3-127 MB1512 1.1 GHz 64/650r 8mA 50V  Binary Binary Binary 20-pin Plastic
128/129 (typ) 16102047 Oto127 81016383 FPT

3-139 MB1513 1.1 GHz 128/29 8mA 50V  Binary Binary  Binary 20-pin Plastic
16102047 Oto127 8t0 16383 FPT

3-153 MB1518 2.5 GHz 512/528 16mA 50V  Binary Binary 16-pin Plastic
(typ) 320511 0to31 512 FPT

3-163 MB1519* 600 MHz 64/65 11mA 27Vto Binary Binary 20-pin Plastic
55V 16102047 Ot 127 512,1024 FPT

*Dual PLL/Prescaler
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MB1501/MB1501H/MB1501L
SERIAL INPUT PLL FREQUENCY SYNTHESIZER

SERIAL INPUT PLL FREQUENCY SYNTHESIZER
WITH 1.1GHz PRESCALER

The Fujitsu MB1501/MB1501H/MB1501L, utilizing BI-CMOS technology, is a
single chip serial input PLL frequency synthesizer with puise-swallow function.

The MB1501 series contain a 1.1GHz two modulus prescaler that can select either
64/65 or 128/129 divide ratio; control signal generator; 16-bit shift register; 15-bit
latch; programmable reference divider (binary 14-bit programmable reference
counter); 1-bit switch counter; phase comparator with phase inverse function;
charge pump; crystal oscillator; 19-bit shift register; 18-bit latch; programmable
divider (binary 7-bit swallow counter and binary 11-bit programmable counter).

PLASTIC PACKAGE

The MB1501 operates on a low supply voltage (3V typ) and consumes low power
(45mW at 1.1GHz). DIP-16P-M04

MB1501 Product Line

Ve Voor Lock up Do High-level | Low-level

Voltage | Voltage | time Witk | Gurrent | Surrent
MB1501 |8V max | 8.5V max | Middle speed| Middle | Middle Middle
MB1501H | 10V max | 10.0V max] High speed | Low High Low
MB1501L | 8V max | 8.5V max | Low speed High Low High

PLASTIC PACKAGE

e High operating frequency: fwuax=1.1GHz (Viy un=0.20Vp.p)
e On-chip prescaler FPT-16P-M06
¢ Low power supply voltage: 2.7V to 5.5V (3.0V typ)
o Low power supply consumption: 45mW (3.0V, 1.1GHz operation)
e Serial input 18-bit programmable divider consisting of:
© Binary 7-bit swallow counter (Divide ratio: 0 to 127) PIN ASSIGNMENT
© Binary 11-bit programmable counter (Divide ratio: 16 to 2047)
e Serial input 15-bit programmable reference divider consisting of: <
o Binary 14-bit programmable reference counter (Divide ratio: 8 to 16383) oSG E E oR
o 1-bit switch counter (SW) Sets divide ratio of prescaler ™
e 2types of phase detector output OSCour E E] P
© On-chip charge pump (Bipolar type)
o Output for external charge pump V. [3] 14 1,
» Wide operating temperature: T,=—40°C to +85°C Vee E E f
Do [5] ( TOP VIEW) E FC
o
ABSOLUTE MAXIMUM RATINGS (see NOTE) GND E E LE
Rating Symbol Condition Value Unit LD [7: E Data
Vee -0.51t0 +7.0 Vv
fin L8 9] Clock
Power Supply Voltage Vey MB1501H Vee to 12.0 v : j
Ve,Ve | MB1501/1501L Vg t0 10.0
Output Voltage Vour —0.5 to Ve +0.5 \

) Voopu MB1501H —0.5t0 11.0 — —— -
Open-drain OUPW  [Voon Voor, [ MBISOTMEOTL| 051000 | V| | vaieci susovatane o oo vow
Output Gurrent lor £10 mA_| | ot st ol et o e o
Storage Tempeyawre Tsr < 5510 +125 °C rated voltages to this high impedance circuit.

NOTE: Permanent device damage may occur if the above Absolute Maximum
Ratings are exceeded. Functional operation should be restricted to the
conditions as detailed in the operational sections of this data sheet. Exposure to
al:;;o’::g;ye maximum rating conditions for extended periods may affect device
reliability.

Copyright® 1990 by FUJITSU LIMITED
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MB1501H
MB1501L

MB1501/MB1501H/MB1501L BLOCK DIAGRAM

r——=====- |
Vee @-’ 16-Bit Shift Register I
=|I 16-Bit Shift Register I |

0 — TGO

15-Bit Latch

e J  isBiLach ]: @ rG

13

..... 4
r b]
1 Programmable I
| Reference Divider . ! Phase @ 2R
Crystal : Binary 14-Bit 1-bit T Comparator
OSCw ®—> Oscillator Reference Counter|sw | | _,@ p
Circuit L ____________ _,' 4
r - ———a
| 19-Bit Shift Register :
J '—@ Ve
19-Bit Shift Register l { Charge
|._ —d Pump
ITTHTLE —~(® o
r— -
18-Bit Latch |
. (s Prescaler |
Circuit o 7BtLatch || 1i-Bittaecn | !
e O
r———_—_ttea Lt ———— ]
| Programmable Divider |
{ |
© | —
Data ‘—_' Control Binary 7-Bit Binary 11-Bit
1:Bit Latch l Swal%w Counter Prog%mmable Counter ||
L —— — J

Clock @——

Control Circuit




MB1501

MB1501H
MB1501L
Pin No. |Pin Name |VO Descriptions
1 OSCw I | Oscillator input.
2 OSCour | O | Oscillator output.
A crystal is placed between OSCy and OSCour.
3 Ve — | Power supply input for charge pump.
4 Vee — | Power supply voltage input.
5 D o Charge pump output.
° Phase characteristic can be inversed depending upon FC input.
6 GND — | Ground.
Phase comparator output.
7 LD O | This pin outputs high when the phase is locked. While the phase difference of f, and f, exists,
the output level goes low.
s ¢ | Prescaler input.
" The connection with an external VCO should be an AC connection.
9 Clock | Clock input for 19-bit shift register and 16-bit shift register.
Each rising edge of the clock shifts one bit of data into the shift registers.
Serial data of binary code input.
10 Data ) The last bit of the data is a control bit. The last data bit specifies which latch is activated.
When the last bit is high level and LE is high-level, data is transferred to 15-bit latch.
When the last bit is low level and LE is high level, data is transferred to 18-bit latch.
Load enable input (with internal pull up resistor).
1 LE | | When LE is high level (or open), data stored in the shift register is transferred to latch depend-
ing on the control data.
Phase selecting input of phase comparator (with internal pull up resistor). When FC is low
12 FC (o} L ;
level, charge pump and phase detector characteristics can be inversed.
Monitor pin of phase comparator input.
13 f (o} N -
It is the same as programmable reference divider output.
14 f o Monitor pin of phase comparator input.
i It is the same as programmable divider output.
15 P O | Outputs for external charge pump.
16 @R O | Phase characteristics can be inversed depending on FC input.
@P pin is an N-channel open-drain output.




MB1501
MB1501H
MB1501L

FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is input using Data pin, Clock pin and LE pin, The 15-bit programmabie reference divider and 18-bit programmable

divider are controlled respectively.

On rising edge of the clock shifts one bit of the data into the internal shift registers.

When load enable (LE) is high level (or open), data stored in shift resisters is transferred to 15-bit latch or 18-bit latch depending upon

the control bit level.

Control data “H” ; Data is transferred into 15-bit latch.
Control data “L” ; Data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data formatis

shown below.

Last data input Control bit
—l | r LSB

Data input

Divide ratio of prescaler setting bit First data input
: MSB | l—

—

Cc

- 0

S
2

3

S
4

5

S
6

7

8

9

S
10

S
1

S
12

S
13

S
14

SW

@ 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

kae—— Divide ratio of programmable reference counter setting bits ——

c:'ié;ltii?)e S|S|{s|s|S|s|s|s|s|S}|sS|s|s|sS
R 14113112|11|10l 9| 8| 7|6 ]| 5]|4]|3]2]1
8 ojojfojojojojojlo]Jofjoi}H1 ojofo
9 ofojojojojojojojofol]1 01011
. o | e | o] o] o] e o] o] e o] e o] o]e
16383 | 1 1 L 1 1 1 1 1 1 1 1 1 1

Divide ratio less than 8 is prohibited.
Divide ratio R: 8 to 16383

SW: Divide ratio of prescaler setting bit.
“H" - 64

SW='L" | 128

Si to Si.: Divide ratio of programmable reference counter setting bits (8 to 16383)
C: Control bit (Control bit is set to high.)




MB1501
MB1501H
MB1501L

FUNCTIONAL DESCRIPTIONS
PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown below.

Data input

Last data input First data input

Control bit

'S8 MSB — 1

S|s|s|s|S|s|s|s|S|Ss|SsS|S|S|[s|s]|S]|]S]|S
1123|456 7|89 |[1011]12|13|14]| 15| 16| 17| 18

o Divide ratio of swallow counter | Divide ratio of programmable counter
setting bits . setting bits

@ 7-BIT SWALLOW COUNTER DIVIDE RATIO @ 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO

Dvide | s | s|s|s|s|s|s Divide | s[s|s|s|sf{s|[s|s]|s]|s
ratio ratio
A 7 6| 5] 4]3])2 1 N 18| 17| 16| 15} 14| 13| 12| 11| 10| 9 8
0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 1 0 0 0 0
1 o] 0 0 0 0 0 1 17 0 0 0 0 0 0 1 0 0 0 1
L] L] . . . L] L] L] L] L] L3 . L] L] . L] . . . .
127 1 1 1 1 1 1 1 2047 1 1 1 1 1 1 1 1 1 1 1
Divide ratio A : 0 to 127 Divide ratio less than 16 is prohibited.

Divide ratio N : 16 to 2047

Ss to Sys : Divide ratio of programmable counter setting bits (16 to 2047)
S, 10 S; : Divide ratio of swallow counter setting bits (0 to 127)

C: Control bit (Control bit is set to low.)

Dara is input from MSB data.
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MB1501H
MB1501L
SERIAL DATA INPUT TIMING
Data $18-MsB X 17 o s10 X s9 """ "s1-tsB X C: Control bit
“swW) | (s14) 8 [ 87 (S1)  (C: Control bi)
Clock j_l A[ l ' a8 f-
LE I—l
4 . ts
15—
t—ts>1us 1

On the rising edge of the clock shifts one bit of the data into the shift registers.
Parenthsis data is used for setting the divide ratio of the programmable reference divider.

PHASE CHARACTERISTICS

FC pin (pin 12) is provided to inverse the phase comparator
characteristics. The characteristics of internal charge pump output
(Do), phase detector outputs (2R, oP) can be inversed depending
upon FC input data. Outputs are shown below.

FC=H (or open) FC=L

Do SR P Do 2R 2P

tf, H | L L L | H | z
f<f, Ll wHw ]z |H L L
f=t, z |l vz |z L | z

Note: Z=(High impedance)

Depending upon VCO characteristics, FC pin should be set accord-
ingly:

When VCO characteristics are Iike@, FC should be set high or open
circuit;

When VCO characteristics are like @), FC should be set Low.

VCO CHARACTERISTICS

VCO OUTPUT FREQUENCY

VCO INPUT VOLTAGE —=




MB1501

MB1501H
MB1501L
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min V:;:c Max Unit
Vee 2.7 3.0 55 v
Power Supply Voltage Veu MB1501H Vee 10.0
O I A s |
) Voorn MB1501H Vee 10.0
Open-drain Output Vo Vo mg } gg }L e . v
Input Voltage Vi GND Vee v
Operating temperature Ta -40 +85 °C




MB1501
MB1501H
MB1501L

ELECTRICAL CHARACTERISTICS

(Vce=2.7 to 5.5V, Ta=—40 to +85°C)

Value
Parameter Pin Name | Symbol Condition - Unit
Min Typ Max
\ Power Supply Current Vee lec *1 — 15 — mA
fin fin *2 10 —_— 1100 MHz
Operating Frequency
OSCw fosc —_ 12 20 MHz
Vi Vee=2.7 ~ 4.0V -10 — 6 dBm
fin
Input Sensitivity Vinz Vee=4.0 ~ 5.5V —4 — 6 dBm
OSCw Vin 0.5 — —_ Vep
High-level Input Voltage Except Viu 0.7xVee| — — \
fin and
Low-level Input Voltage OSCw Vi — — ]0.3xVee| V
High-level Input Current Data ™ — 1.0 — RA
Low-level Input Current Clock he — -1.0 — pA
OSCw In — 50 — HA
Input Current
LE, FC le — —60 — LA
High-level Output Voltage Except Von 24 — —_ \
Do and Vee=3.0V
Low-level Output Voltage OSCour Vou — — 0.4 \
N-channel Open-drain
Cutoff Current 2P lore Veos Vo< 8V — | = | 11| ua
High-level Output Current Except low -1.0 — — mA
Do and
Low-level Output Current OSCour lov 1.0 — — mA
loows  |MB1501H| ‘\fiij%‘(, T,.050c | 22| 45| — | mA
High-level Output Current loon MB1501 Veo=3V -0.5 | 2.0 — mA

o, |MB1501L| Vr=BY. Ta=25°C 05| -11] 22| mA

Do Veou3V

oou  [MB1SOTH| \“700 + oeo | 22 | 80 | — mA

Low-level Output Current looL MB1501 Vee=3V 1.5 6.0 —_ mA

Ve=6V, Ta=25°C

loow MB1501L 4.5 12.0 —_ mA
MB1501H ¥°:=2§Y(':V"=’2V
Leakage Current Do, @P Doz MB1501 V‘;c=3V. Vo3V — 1.0 uA

MB1501L] T,=25°C

Note: *1 Vcc=3.0V, fin=1.1GHz, fosc=12MHz crystal.
Inputs are grounded except fi, and outputs are open.
*2 Input coupling capacitor 1000pF is connected.
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MB1501

MB1501H
MB1501L
CHARGE PUMP CHARACTERISTICS
@ MB1501/MB1501H & MB1501L
L 4 Ve \ & Ve
3.6kQ = 10kQ 12kQ 3 10kQ
Do Do
24.8kQ 12kQ
—MW—
T 20kQ T 10kQ
L2 GND ® GND
LOCK UP TIME MEASUREMENT
[ 1V/div ]
10ns/div
Low unlock condition — Lock (533MHz) High unlock condition — Lock (518MHz)
\\
,
T \
MB1so1Hr/ w \\
y
[ MB1501L \
/’_/ \ IIPQ
DO PIN OUTPUT CURRENT CURVES (TYPICAL)
Vou vs. lon VoL vs. lou
< 8.0 S 20
= N 3
> > MB1501
:!” \ g MB1501H MB1501L
;’5 MB1501L \ S
L] =
= 70 MB 1501 ‘MB1501H 3 10
5 ‘ 3
] g
3 5
. z
E=
2 3 ——
T 60 0.0
0 -1 -2 -3 —4 -5 0 10 20
High-level Output Current loy (MA) Low-level Output Current lo. (MA)
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MB1501
MB1501H
MB1501L

Do PIN OUTPUT WAVEFORM AT LOCK CONDITION

Output Waveform

Tt )

100ns/div

MB1501 .

MB1501H

MB1501L I-!
J1--F-F-3F--F-4--F -
3 ]
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MB1501
MB1501H
MB1501L

PHASE CHARACTERISTICS (Af vs. Do OUTPUT ENERGY)

Energy (En) - V&

150

100

50

-100

-150

/| /]
// ’/
A

100 80 & 40 20 0 /2 0 60 80
”
—— MB1501 /,4—
——=— MB1501 —n
—-— MB1501 pr 4
/,
z_ C
Time Af (ns)
Ve
\ (+) Energ
Do 10k Oscilloscope A ¢ Y
10k
Vee=Vp=3.0V
fmsfosc= 12MHz
fi=fe=46.9kHz J (-) Energy
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MB1501

MB1501H
MB1501L
INPUT SENSITIVITY
Input Sensitivity vs. Input Frequency (Supply Voltage Dependence)
- +10 1' ! I
3 Guaranteed Vee=5.5V
g op By X D
;s 10 Vig=2.7~4.0V
2 20 7‘ Vee=2.7V
2
g -0 Voo=4.5V
2 o0
£
-50
1.0 11 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Input Frequency fin (GHz)
0 Ta =25°C r——I—O Vee
0.1pF
1000pF 4 ; g
—l P Oscilloscope
P.G " 8 14— (Counter)
L E 500 5
Input Sensitivity vs. Input Frequency (Temperature Dependence)
__+10 ‘! ‘% ~
uE: Guaraqlesg, \ \
8 O VN Ti4.0°C 7
..>~.‘ —10 Vom2.7~4.0V
oy
g -20 Ta=+25°C
@ 0
§) _a0 Ta=+85°C
8 o0
-50
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Input Frequency fin (GHz)
QO Vee =3.0V l—l—o Vee
0.1uF
[ 1000pF 4 ; ’
PG it 8 14 }—o Oscilloscope
. (Counter)
' 50Q 5
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MB1501
MB1501H
MB1501L

INPUT IMPEDANCE

%
FIAN o
N5

o
a2
TITIT /% s
HITER
—wm"%
<

R
TR

S

i:s38:s 5 3 ¥

“ 32

covren

TEST CIRCUIT

lo.) Measurement

Do Pin Output Current (lou,

- o
— lou

Do

y

MB1501

OSCw
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MB1501
MB1501H
MB1501L

Lock up Time Measurement

A

fn

LPF Circuit

1kQ

MB1501 D,

LPF

> VvCO

Lm'l Controller

12.8MHz (Divide ra-
tio setting)

4kQ 4kQ -

Vee=3V, Vp=8V
fvco=Low unlock conditon —— Step to Lock condition (533MHz)
fveco=High unlock condition —— Step to Lock condition (518MHz)

Oscilloscope (10MQ, 10pF)

to VCO

Phase Characteristics Measurement

Energy (En)=V2

Voc Vp
OSCin Do 10k
P. G _—
i 10kQ
MB1501 ¢
fin
P-G
T
Vee=3V, Vp=3V
Af=fr—fp

Oscilloscope
(10MS, 10pF)
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MB1501

\
1
MB1501H \»
MB1501L '
|
I
Vex(6V] i
x(6V) l OuTPUT 1
tf [—— voo |—9—> |
Charge Pump Selection
O (Internal or external)
FROM
CONTROLLER
le]
|
o i
—O
or | op | = | t | Fc | LE | Data |Clock iﬂkﬂ 47kQ
16 15 14 13 12 11 10 9
MB1501
1 2 3 4 5 6 7 8
OSCw OSCour| V, Vee Do GND LD |fw
D |
3
X'tal 1000pF Vee(3V)
6V av 100kQ
o =c LT ¢T
;Ir- ;/; 0.10F 22 O LOCK DET.
; 0.01uF 10kQ
C,, C. : Depends on crystal oscillator
LE,FC: With internal pull up resistor
@P  : Open drain output
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MB1501
MB1501H
MB1501L

PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(Case No. : DIP-16P-M04)

+.008, +0.20,
770+ 905119.55 7 § 20— .
15°MAX
woex1 |0 ™M =)
i
244+ .010 .300(7.62)
(6.20+0.25) TYP
INDEX-2 l )

.050(1.27) | |

+012 +.012
039§ 0607 ¢

.010+.002

0.25£0.05)

(0.9918:39) (1.5273-30)

.172(4.36) MAX

.118(3.00) MIN

018+.003 "7+

.100(2.54)

MAX

©1988 FUMTSU LIMITED D16033S-2C

™ Tvp "(0.46+0.08) .020(0.51) MIN

Dimensions in
inches (millimeters)
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MB1501
MB1501H
MB1501L

PACKAGE DIMENSIONS

400" 83210153 38—

RAAAAM

O//lNDEX :’qi
ERRERH .

,050(1.27)‘_ .018+.004__

TP 045201012 $.005(0.13) W

(7.80+0.40)
.209+.012
(5.30+0.30)

I.307t,01 6

[=].004{0.10]
~.350(8.89) REF —|

'
|
i
I
'
i
'
I
|
'
'
'

‘©1990 FUJITSU LIMITED F16015S-2C

| " A i
| Details of A" part

16-LEAD PLASTIC FLAT PACKAGE
(Case No.: FPT-16P-M06)

-089(2.25) MAX
(SEATED HEIGHT)

.002(0.05) MIN

(STAND OFF)

+.016 g go+0.40
2687 -30316.807330)

| 020+.008
1 (0.50+0.20)

+.002 +0.05,
-—“- 0067 9391015 7333)

} Details of “B"—p—a—r-t“E
i

:

!
016(0.40), 2 008(0.15)

\

1
- h 1008(0.20) |
.008(0.20) | ! |
007(0.18) ! | ~°°;f)~(‘3) E
MAX |
.027(0.68) E 2 027(0.68) !
~ M_A_X“ (S MAX !

Dimensions in
inches (millimeters)
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MB1501H
MB1501L
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June 1991

DATA SHEET —/————

(o8
FUJITSU

-MB1502

Serial Input PLL Frequency Synthesizer

The Fujitsu MB1502 fabricated in Bi-CMOS technology, is a single chip serial input
PLL synthesizer with pulse-swallow function.

The MB1502 contains the following: analog switch to speed up lock up time, control
signal generator, 16-bit shift register, 15-bit latch, programmable reference divider
(binary 14-bit programmable reference counter), 1-bit switch counter, phase
comparator with phase conversion function, charge pump, crystal oscillator, 19-bit
shift register, 18-bit latch, programmable divider (binary 7-bit swallow counter and
binary 11-bit programmable counter) and a 1.1 GHz two modulus prescaler thatcan
select either a 64/65 or 128/129 divide ratio.

Itoperates supply voltage of 5 V typ. and achieves very low power supply current of
8 mA typ. realized through the use of Fujitsu Advanced Process Technology.

o High operating frequency: fiymyax = 1.1 GHz (Viy max=—10 dBm)
e Pulse swallow function: 64/65 or 128/129
e Low supply current: Igc = 8 mA typ.

e Serial input 18-bit Iprogrammable divider consisting of:
- Binary 7-bit swallow counter: 0 to 127
— Binary 11-bit programmable counter: 16 to 2047

e Serial input 15-bit programmable reference divider consisting of:
- Binary 14-bit programmable reference counter: 8 to 16383
- 1-bit switch counter (SW) sets divide ratio of prescaler

e On-chip analog switch achieves fast lock up time
¢ Two types of phase detector output:

- On-chip charge pumﬁ (Bipolar type)

- Output for external charge pump
e Wide operating temperature: —40 °C to +85 °C

e 16-pin Plastic DIP Package (Suffix: —P;;
16-pin Plastic Flat Package (Suffix: —PF)

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Ratings Unit
Power Supply Voltage Vee -0.510+7.0 )
Ve Vee to 10.0 \'
Output Voltage Vout —0.5to Ve +0.5 v
Open-drain Voltage Voor -0.5100.8 \
Output Current lout +10 mA
Storage Temperature Tste -5510 +125 °C

Note: Permanent device damagre may occur if absolute maximum ratings
are exceeded. Functional operation should be restricted to the condi-
tions as detailed in the operation sections of this data sheet. Expo-
sure to absolute maximum rating conditions for extended periods
may affect device reliability.

© 1991 by FUJITSU LIMITED and Fujitsu Microslectronics, Inc.

Plastic Package
DIP-16P-M04

Plastic Package
FPT-16P-M06

Pin Assignment

osow [7] ° 18] ¢m
0sCour 2] ER
Ve [E] [14] four
Voo [4] 73] BISW
Do 5] TO° VEW 7] o
GND [6 [11] LE
w [7 Data
fin [8 [o] Clock

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. However, it
is advised that normal precautions be taken to avoid application
of any voltage higher than maximum rated voltages to this high
impedance circuit.
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MB1502

MB1502 BLOCK DIAGRAM

- .
‘ : 16-BIT SHIFT REGISTER A RATOR @ 2R
‘ CRYSTAL —I-I 16-BIT SHIFT REGISTER
OSCILLATOR 1 5 |
SIOInITOI - ®‘Z’P
—_——
T T
| 15-BIT LATCH | o SHANGING =@,w,
ETTTTTTTTTT . —— | amee
[ PROGRAMMABLE REFERENCE | gHaR:
DIVIDER I BISW
BINARY 14-BIT Do} LE

S
REFERENCE COUNTER W

DO‘ 5 >
GND@ - (11)e

r - - I
e

CONTROL
Lo | 19-BIT SHIFT REGISTER 1-BIT '—. Data

LATCH
v»--H 19-BIT SHIFT REGISTER |
-

FI[BIDIIBIB}I: - —()ow

18-BIT LATCH

| 78T LaTcH "1:311‘ LATCHI

“TLOILLTL.

PROGRAMMABLE DIVIDER
Y

-
|
l
ROGRAMMABLE |-

l

I

| BINARY 7-BIT BINARY 11-BIT

|| SWALLOW P

| COUNTER COUNTER | fo

CONTROL CIRCUIT
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MB1502

PIN DESCRIPTION

Pin No.

Pin Name

vo

Description

N -

0sC,,
OSCour

Oscillator input.
Oscillator output.
A crystal is placed between OSC,, and OSCy;.

Ve

Power supply input for charge pump and analog switch.

Vee

Power supply voltage input.

Do

Charge pump output.
The characteristics of charge pump are d depending upon FC input.

Al sl

GND

Ground.

LD

Phase comparator output.
Normally this pin outputs high level. While the phase difference of f, and f, exists, this
pin outputs low level.

Prescaler input.
The connection with an external VCO should be AC connection.

Clock

Clock input for 19-bit shift register and 16-bit shift reqister.
Each rising edge of the clock shifts one bit of data into the shift register.

10

Data

Binary serial data input.

The last bit of the data is a control bit which specified destination of shift registers.
When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans-
ferred to 18-bit latch.

1

LE

Load enable input (with internal pull up resistor).

When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected
to BISW pin because internal analog switch becomes ON state.

12

FC

Phase select input of phase par (with i | pull up resistor).

When FC is low level, the characteristics of charge pump, phase comparator is re-
versed.

FC input signal is also used to control f,,, pin (test pin) output level, , or f,.

13

BISW

Analog switch output.
Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE
pin is high level), this pin outputs internal charge pump state.

14

four

Monitor pin of phase comparator input.

f.« Pin outputs either programmable reference divider output (f,) or programmable di-
vider output (f,) depending upon FC pin input level.

FC=H: It is the same as f, output level.

FC=L.: It is the same as f, output level.

15
16

oP
2R

oo

Outputs for external charge pump.
The characteristics are reversed according to FC input.
@GP pin is N-channel open drain output.
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MB1502

FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable
reference divider and 18-bit programmable divider, respectively.

Binary serial data is input to Data pin.

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open,
stored data is transferred into latch depending upon the control bit.

Control data "H” data is transferred into 15-bit latch.

Control data "L" data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data formatis
shown below.

Control bit Divide ratio of prescaler setting bit
I ;— LSB MSB _l |

c|s|s|{s|s|Ss|[s|s|s|s|S|Ss|]s|Ss]|s|s
112|345 |6]78]9|10]11]12[13|14|W

l-———- Divide ratio of programmable reference counter setting bit ——l

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

%i;'tl?:ssssssssssssss
R 141312l 11|l10] o8| 7|6|5|a|3]|2]1

8 cjojojojojojojojojoft1|jojoyjo

9 ojojojojojojojfojfofjojtfoyjojn1

LT T A U I T I T T T T N N T O T T A T A O A

NOTES: Divide ratio less than 8 is prohibited.
Divide ratio: 8 to 16383
SW:TI‘1Nis bit selects divide ratio of prescaler.

: 6.
SW=L :128
S1 to S14: These bits select divide ratio of programmable reference divider.
C: Control bit (sets as high level).
Data is input from MSB side.

PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown on the following page
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MB1502

Control bit
I r—LSB MSB——{
c|s|S|S|S|{S|S|]S|SsS]|]S|S|S|[S|]Ss|s|s|]Ss]|]s]|s
1 2 3 4 5 6 7 8 9 (10111213114} 15| 16| 17| 18

Divide ratio of swallow - | . Divide ratio of programmable
counter counter
satting bit setting bit

7-BIT SWALLOW COUNTER DIVIDE RATIO

Dvide | sl s|s|s|s|{s|s
Ratio
A 71e[s|alal2]1

0 ojo0ojo0jofoyjrojo

1 ojojlojojo0foqj1

. [ . 3 . . 3 3

127 1 1 1 1 1 1 1

NOTE: Divide ratio: 0to 127

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO

Dvide | s | s|s|s|s|s]|s|s|s|s]s
Ratio
N 181716 15| 14|13 12| 11| 10| 9 | 8

16 ojojojojojoj1jojoj]oj1

17 0oJo0jJ]ojo}j0}oO0}1 ojojof1

. . . . . ° L] ° . . . .

2047 1 1 1 1 1 1 1 1 1 1 1

NOTES: Divide ratio less than 16 is prohibited.
Divide ratio: 16 to 2047
S1 to S7: Swallow counter divide ratio setting bit. (0 to 127)
S8 to S18: Programmable counter divide ratio setting bit. (16 to 2047)
C: Control bit (sets as low level).
Data is input from MSB side.

PULSE SWALLOW FUNCTION

fuco= [(PXN)+A] xfoso+R
fuco: Output frequency of external voltage controlled oscillator (VCO)
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N)
fosc: Qutput frequency of the external reference frequency oscillator
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383)
P: Preset modulus of external dual modulus prescaler (64 or 128)

—
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MB1502

SERIAL DATA INPUT TIMING

NOTES: The data noted in parentheses is used for setting the divide ratio.
On rising edge of clock, one bit of data shifts into the shift register.

t —t:2lus
Data S18=MSBXS17 S10X S9 S1=LSBx C: CONTROL BIT
(SW) | (S14) (S8) (87) (S1) (C: CONTROL BIT)
Clock 1 ﬂ t
LE n
t, -~ h— t,—> he— ty— pe— t,—> ‘J-t‘
ts

NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider.
On rising edge of clock shifts one bit of data in the shift register.

PHASE CHARACTERISTICS

FC pin is provided to change phase characteristics of phase
comparator. Characteristics of internal charge pump output level (D),
phase comparator output level (,R, ,P) are reversed depending upon
FC pin input level. Also, monitor pin (f,,) output level of phase
comparator is controlled by FC pin input level. The relationship

between outputs (D¢y, ¢R. oP) and FC input level is shown below.

VCO CHARACTERISTICS

FC=H or open

FC=L

D,

R

oP

f

out

oR | oP

f>f, H

L

L

()

o
-

H

z

(t)

1, z

L

z

()

VCO OUTPUT FREQUENCY

VCO INPUT VOLTAGE —»

Note: Z=(High impedance)

Depending upon VCO characteristics, FC pin should be set accordingly:

When VCO characteristics are Iike@ , FC should be set High or open circuit;

When VCO characteristics are like @, FC should be set Low.
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,, | L

7 | f_

w ] 1
H ' ' [

f>f, f=f

P

NOTES: Phase difference detection range: —2x to +2n
Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band.
When f>f, or f,<f,, spike might not appear depending upon charge pump characteristics.

ANALOG SWITCH

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (D,) is
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state.

LE=H (Changing the divide ratio of internal prescaler) : Analog switch=ON
LE=L (Normal operating mode) : Analog switch=OFF

LPF time constant is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing.
Thus, lock up time is decreased, that is, fast lock up time is achieved.

] 1
CHARGE PUMP LPF-1 >_{ LPF-2 Veo

ANALOG SW

(CONTROL SIGNAL LE) —J

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max

Voo 45 5.0 55 v
Power Supply Voltage

Ve Vee Ve 8.0 v
Input Voltage Vv, GND Vee \"
Operating Temperature Ta -40 85 °C
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ELECTRICAL CHARACTERISTICS

(Vee=4.5 to 5.5V, Ta=—40 to +85°C, unless otherwise noticed.)

Parameter Symbol Condition Value Unit
4 Min Typ Max
Power Supply Current loe Note 1 8.0 12.0 mA
fo fa Note 2 10 1100 MHz
Operating Frequency
0SC, fosc 12 20 MHz
f, Vi, -10 6 dBm
Input Sensitivity
OSC,, Vosc 05 Ver
High-level Input Voltage Except fi, Vi Vcx0.7 v
Low-level Input Voltage and OSCy Vo Veox0.3 v
High-level Input Current Data b 1.0 HA
Low-level Input Current Clock I -1.0 HA
0SC,, los 50 pA
Input Current
LE, FC le -60 HA
High-level Output Current Except D, Vou Vee=5V 4.4 v
Low-level Output Current and OSCour Vo 0.4 v
N-channel Open Drain Vp=V,c to 8V
Cutoff Current Do, 2P lore VZO,,:(C;ND to 8V 1 KA
[ -1.0 mA
Output Current 5;%’%% b
ol Y 1.0 mA
Analog Switch On Resistor Ron 25 Q

NOTE 1: f,=1.1GHz, OSC\=12MHz, V.=5V. Inputs are grounded and outputs are open.
NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected.
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TYPICAL CHARACTERISTICS CURVES

INPUT SENSITIVITY CHARACTERISTICS

P.G

{nput

Sensitivity
Vin
(dBm) -10

fin Input Sensitivity vs. Input Frequency

Vee=5.0V
+5 L1
Y]
ik
0 "
b
-5 Input
’ Sensititity
! 0SC
] (dBm)
Ll
-15 15
J L
b %87 oo aeT,=40°C
B A= —— T
=7 il
06 0.7 08 09 1.0 1.1 1.2 1314 15
Input Frequency fin (GHz)
Vv
Vee °
X'tal
1000, 0-”‘1 —th—
500 -

8 7 6 5 4 3 21

9 10 11 12 13 14 15 16

www

Oscilloscope

OSC,, Input Sensitivity vs. Input Frequency

Vee=5.0V, Tx=25°C

I

1 5 10 50 100
Input Frequency OSCiy (MHz)

a ﬂT “phe=re

8 7 6 5 4 3 2

9 10 11 12 13 14 15 16

marar =

Oscilloscope
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INPUT IMPEDANCE CHARACTERISTICS

N
T
=
o
=]
=]
=1
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MB1502

TYPICAL APPLICATION EXAMPLE

Vex(6V]
~(8V) l OUTPUT
PF — vco [—¢—
Charge Pump
O Selection
12k (Internal or
external)
FROM
CONTROLLER
12k
10k °
O
—0
@R 2P |t BISW JFC LE Data |Clock 47k 47k
16 15 14 13 12 11 10 9
MB1502
1 2 3 4 5 6 7 8
OSC, |O0SCoy|V, Vee Do GND |LD £
D 1
{
Xtal 1000p Vee(5V)
6V 5V
o =c, LT {T
01— O LOCKDET
; 0.01n ; 10k
V., Vex : 8V max.
C,, C, : Depends on crystal oscillator
LE,FC : With internal pull up resistor
@P  : Open drain output
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MB1502

PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(Case No. : DIP-16P-M04)

008 +0.20
7707895119557 3:39) .
15°MAX
INDEX-1 ] e I e T e O e I e o I e iji 5MA

244+ .010 .300(7.62)
(6.20+0.25) TYP

l
TG LT T LI g

INDEX-2
+.012 +.012
0390 060 ) .010+.002
(0.9973-30) (1.52+339) (0.25+0.05)
[ \ 172(4.36) MAX
ij 18(3.00) MIN
.050(1.27) . .100(2.54) .018+.003
MAX T " 7vp 10.46+0.08) .020(0.51) MIN
Dimensions in
© 1988 FUJITSU LIMITED 0160338-20 inches (millimeters)
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16-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-16P-M06)

-089(2.25) MAX
+.010, +0.25 (SEATED HEIGHT)
400" 10(10.15+9 25,

.002(0.05) MIN

RAAAAA _'I U(STAND OFF)

307+.016 -
INDEX (7.80+0.40) 016 - 04
g 209+.012 268" :008(6.80"D:

%
s 268_, 20
O/ g~ ||(5.30£0.30)

|
a8 B l .020:+.008
it — (0.50£0.20)
050(1.27) 018+.004,__ _JL 006+ 0020 15+0.05,
et 4550160200013 ) 030152393

i Details of “A” part

;
i | i

'

i 016(0.40), E 006(0.15) i

: 3 .: E 1 E

I ¥ . 1008(0.20) |

H 1008(0.20) | ! |

' 007(0.18) ' | 400;2&'8’ f

. AX '

! 027088 | E 027(0.68) |

' MAX i MAX !

[ . [ bR

e

©1990 FUNTSU LIMITED F16015S-2C imensions in

inches (millimeters)
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DATA SHEET

MB1503

Serial Input PLL Frequency Synthesizer

(o8]
FUJITSU

The Fujitsu MB1503 is a serial input phase-locked loop (PLL)frequency synthesizer
with a pulse-swallow function. A stand-by mode is provided to limit power
consumption during intermittent operation.

The MB1503 is configured with a 1.1 GHz dual-modulus prescaler with a 128/129
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, program-
mable reference divider (binary 14-bit programmable reference counter), 1-bit
switch counter, phase comparator with phase conversion function, charge pump,
crystal oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary
7-bit swallow counter and binary 11-bit programmable counter), analog switches,
and intermittent operation control circuit that selectsthe operating or stand-by mode
depending on the power-save control input state (PS).

The MB1503 operates from a single +5 V supply. Fujitsu’s advanced technology
achieves an Igc of 8 mA, typical. The stand-by mode current consumption is just

100 pA.
e High operating frequency: fiy = 1.1 GHz (Vjy = —10 dBm)

® Pulse-swallow function: high-speed dual-modulus prescaler with 128/129
divide ratio

e Low supply current: lcc = 8 mA typ. at 5V

e Power-saving stand-by mode: 100 pA

e Serial input, 18-bit programmable reference divider consisting of:
Binary 7-bit swallow counter: 0 to 127
Binary 11-bit programmable counter: 0 to 2,047

e Serial input, 15-bit programmable reference divider consisting of binary 15-bit
programmable reference counter: 8 to 16,383 1-bit switch counter sets
prescaler divide ratio

e On-chip analog switch for fast lock-up

®  On-chip charge pump

¢ Wide operating temperature range: —~40 to +85 °C

e Plastic 16-pin dual inline package (Suffix: —P)
Plastic 16-pin small outline package (Suffix: —PF)

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit

Vee -0.5107.0 v

Supply Vokage Ve Voo < Vp < 10.0 v
Output Voltage Vour -0.510 Vg +0.5 v
Output Current lout *10 mA
Storage Temperature Tsta ~5510 +125 °C

Note: Permanent device damage may occur if absolute maximum ratings are ex-
ceeded. Functional operation should be restricted to the conditions as de-
tailed in the operation sections of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may affect device reliability.

© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc.

DIP-16P-M04
Pin Assignment
Osclnq 1 20 [JPS
oscCout 19 bfﬂ
Ve s 18 ;lfP
Voo [ « Too Vi 17 [1BiSW
DO: 5 op View 16 ch
GND[] ¢ 15 [JLE
-, 14 []Data
N s 13 [] Clock

This device contains circuitry to protect the inputs against

damage due to high static voltages or electric fields. However, it
is advised that normal precautions be taken to avoid application

of any voltage higher than maximum rated voltages to this high
impedance circuit.
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BLOCK DIAGRAM

Control circuit

L)
————————— " To lock detecto
OSCw d’)—'——l 16-bit shift register > -
i ppywore—" Phase
. PS1 1 it shi reglsterl comparat
Oscillator l-—‘@) fa
ITOITOIL Pst
0SCour® [ 15-bit latch
15-bit latch Q) fe
Phase char-
ve © JIIDIIDII< acteristics
P Programmable changing cir- From phase
reference divider cuit comparator
T Wit 1£3::ter - Ch
arge
o Jomeecone] iy P —RF—0 e
PS1
Intermittent ~® Fc
operation
From charge control circuit
pump
Do O
From Smcgg;:' '9 LE
GND (@ phase
comparator
LD (+{Lock detec- T iobit shift register
ion circuit | 19-bit shift register ot Schmitt D Data
J " 1owitshit register | control rigger a
latch
JITOITOITOILE
| 18-bit latch Schmitt ) Clock
J{7bitlatch | [11-bit fatch] trigger o
PS1 JATOITOITOITE
Programmable divider
Pre- !
scaler
SW | | output J l l
Binary 7-bit{ |Binary 11-bit
f (P———-lEcaler l-——‘ swallow | | programma- Iy
Ps1 counter ble counter
v ]
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PIN DESCRIPTION

1 OSC, | Programmable reference divider input
Oscillator input
An external crystal is connected to this pin

2 OSCour o Oscillator output
An external crystal is connected to this pin

3 Ve - Power supply input for charge pump and analog switch
Vee - Power supply
Do [¢] Charge pump output
Phase of charge pump is reversed depending on FC input
6 GND - Ground
7 LD o Phase comparator output
The output level is high when LD is locked. The output level is low when LD is unlocked
8 fn | Prescaler input
Connection with an external VCO should be done by AC coupling
9 Clock | Clock input for 19-bit and 16-bit shift registers

Data is shifted into the shift register on the rising edge of the clock
Schmitt trigger circuit is involved

10 Data | Serial data input using binary code

The last bit of the data is a control bit

When the control bit is high, data is transmitted to the 15-bit latch
When it is low, data is transmitted to the 18-bit latch

Schmitt trigger input is involved

11 LE | Load enable signal input

When LE is high, the data of the shift register is transferred to a latch, depending on the
control bit in the serial data. Atthe same time, an internal analog switch turns on and the output
of the internal charge pump is connected to the BiSW pin

Schmitt trigger input is involved

12 FC | Phase select input of phase comparator (with internal pull-up resistor)
When FC is low, the characteristics of the charge pump and phase comparator are reversed
The FC input signal is also used to control the f,; pin (test pin) of f; or f,

13 BiSW e} Analog switch output
BiSW is usually in the high-impedance state. When the switch is turned on (LE is high), the
state of the internal charge pump is output

14 fo [¢] Programmable counter output monitor pin
15 fa (¢] Reference counter output monitor pin
16 PS | Power save signal input

Set PS low while the system is powered (Never use pin 16 as it is opened)
PS = High : Operation mode
PS =Low : Stand-by mode

3-37



MB1503

FUNCTION DESCRIPTIONS

Pulse swallow function
The divide ratio can be calculated using the following equation:

fvco =[(Mx N) + Al x fosc + R (A <N)
fweo @ Output frequency of external voltage controlled oscillator (VCO)
N : Preset divide ratio of binary 11-bit programmable counter (16 to 2,047)
A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127)
fosc : Output frequency of the reference frequency oscillator
R : Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383)
M : Preset divide ratio of modulus prescaler (128)

- Serial data input !
Serial data is input using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit
programmable divider separately.

Binary serial data is input to the Data pin.
One bit of data is shifted into the internal shift registers on the rising edge of the clock. When the load enable pin is high or open,
stored data is latched depending on the control data as follows:

Control data Destination of serial data
H 15 bit latch
L 18 bit latch

(a) Programmable reference divider ratio
The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The serial 16-bit data format is

shown below:

s Direction of data shift

Control bit Divide ratio setting bit for prescaler
LSB MsSB _l I

S|S|S|S|SsS|S|S|S|S]|]s|s|s
314|5|6|7]18]9]|10{11|12]13]14]|SW

i

LS ]

Divide ratio setting bit for programmable reference counter
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e 14-bit programmable reference counter divide ratio

Notes: 1. Divide ratios less than 8 are prohibited.

2. SW: This bit selects the divide ratio of the prescaler
SW Low: 128 0or 129

(SW must be always be low.)
3. S1to S14: These bits select the divide ratio of the programmable reference counter (8 to 16,383).

4. C: Control bit: Set high.
5. Input data MSB first.

(b) Programmable divider divide ratio
The programmable divider consists of a 19-bit shift register, an 18-bit latch, a 7-bit swallow counter, and an 11-bit
programmable counter. The serial 19-bit data format is shown below:

9 0 0 0 [ 0 0 0 1 0 0 1

. . . . . . . . . . . .

16383 1 1 1 1 1 1 1 1 1 1 1
(Divide ratio = 8 to 16,383)

= Direction of data shift

swallow counter

Control bit
| r—' LSB MSB —j
S|s|s|s]|s S|s Sis|[s|[s|Ss|S|sS
Cl1 2]13]|]4]|5 910111213 |14 |15 16|17 | 18
Divide ratio setting bit for Divide ratio setting bit for programmable counter
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o 7-bit swallow counter divide ratio o 11-bit programmable counter divide ratio

1 olo0|jO0|foO 0 0 1 17 0} o0 ojojo0o]oO 1 0 0| o0 1
. R EEEE R . o | o o] oo o] o] e o] o] e
127 1 1 1 1 1 1 1 2047 1 1 1 1 1 1 1 1 1 1 1
(Divide ratio = 0to 127) (Divide ratio = 16 to 2,047)
Notes: 1. Divide ratios less than 16 are prohibited for 11-bit programmable counter.

1
2. S11to S7: These bits select the divide ratio of swallow counter (0 to 127). ,
3. S8to S18: These bits select the divide ratio of programmable counter (16 to 2,047).
4. C: Control bit: (Set low)

5. Input data MSB first.

Serial data input timing

e t, (2 1ps): Data setup time t, (> 1ps) : Data hold time t, (2 1ps) : Clock pulse width
t, (2 1ps) : LE setup time to the rising edge of last clock ts (2 tps) : LE pulse width
ST8=\ . v "7 7TS1=\/ C: Control bit
Data MSBX S17 B S10 ' S9 B LSBX ntrol bi
1 )
(SW) (1)} (S14) (s8) ! (S7) (S1)  (C: Control bit) .
Clock : '
; - ; --
P ' ) [ ’
' ' N [} ’
[} ' ] ' [} . ' I
LE 1 ' 0 ) [ ]
l ] 0T [ ' o [ ] : '
t' ) ) tz ) ) t; L} ] . L » t‘
ty ———
*1: Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected.
Note:  One bit of data is shifted into the shift register on the rising edge of the clock.
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Intermittent operation ;

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to its necessity. if device .
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined phase [
relationship between the reference frequency (f;) and the comparison frequency (f,) and frequency lock is lost. |
To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly i
correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set high, the circuit i
enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is explained below:

e Operating mode (PS = High)
All circuits are operating, and PLL operation is normal.

« Stand-by mode (PS = Low level)
Circuits that do not affect operation are power-down to limit current consumption.
The current in the power save state is typically 100 pA.
At this time, the levels of D, and LD are the same as when the PLL is locked.
Since D, is placed in the high-impedance state and the input voltage of the voltage controlled oscillator (VCO) is set to the voltage
in the operating mode (when locked) by the time constant of the low-pass filter, the frequency output from the VCO (f,.) is kept at
the locking frequency.

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the
phase of the reference and comparison frequencies to limit power consumption.
The device must be set in the stand-by mode (PS = low) when it is powered up.

Relationship between the FC input and phase characteristics

The FC pin changes the phase characteristics of the phase comparator. The internal charge pump output level (D,) is reversed,
depending on the FC pin input level. The relationship between the FC input level and D, is shown below:

fa> s H L
ta<ts L H
fo=ts Z(+1) Z(+1)

*1: High impedance

When designing a synthesizer, the FC pin setting depends on the VCO characteristics.

®
*: When the VCO characteristi imilar t \\\\ ////
: A ::t F?; o gr 2:6 n.ens ics are similar to :u%% \\\ - /
*: When the VCO characteristics are similar to fraquency //x\\
@, set FC low. _ Vil \\\
e N ®

VCO input voltage ——»
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Phase comparator output waveform (FC = High)

Notes:

2. Spike appearance depends on the charge pump characteristics. Also, the spike is output to diminish

3. When fg > f, or f; < f,, spike might not appear depending on the charge pump characteristics.
4. LD is low when the phase difference is two or more. LD is high when the phase difference is two or less

fa>fo fa=fs fa<fe fa<fe fa<fs
1. Phase difference detection range: —2n to +2n

dead band.

for three or more cycles (when f,s., = 12.8 MHz, tw = 625 to 1,250 ns).

Analog switch

The LE signal turns the analog switch on or off. When the analog switch is turned on, the charge pump output (D,) is output through
the BiSW pin. When it is turned off, the BiSW pin is in the high-impedance state.

When LE = high (when the divide ratio of the internal divider is changed): Analog switch = on
When LE = low (normal operating mode): Analog switch = off

The LPF time constant can be decreased by inserting an analog switch between LPF1 and LPF2. This decreases the lock-up time
when the PLL channel is changed.

——————————— m!
[ D,
CHP —| LPF-2 H vco ]
|
b

|
(Control signal LE) _}
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RECOMMENDED OPERATING CONDITIONS

|
|
i
i

Supply voltage

Ve Ve s Vp<8.0 \"
Input voltage V, GND - Vee \
Operating temperature Ta -40 - +85 °C

Notes: To protect against damage by electrostatic discharge, note the following handling precautions:
— Store and transport devices in conductive containers.
— Use properly grounded workstations, tools, and equipment.
— Turn off power before inserting or removing this device from a socket
— Protect leads of the device using conductive sheet when handling PC boards on which devices are- mounted.
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ELECTRICAL CHARACTERISTICS

‘ Wit'l;“f_,|~ =1.1GHz, OSC,, =

12MHz, V. =5.0 V. Inputs
Supply current lec - 8.0 12.0 mA are Vi, ;cnd outputs  are
open

With f, = 1.1 GHz, OSC,, =
12 MHz, V. = 5.0 V. The
Stand-by current IPS - 100 - MA | PSpinisgrounded, remain-
ing inputs are at V;, and
outputs are open

AC coupling. The minimum

_ operating frequency s
. fu fu 10 1100 MHz measured with a 100-pF
Operating frequency capacitor connected
OSC, fosc - 12 20 MHz
fin Vi -10 - 6 dBm
Input sensitivity
0SC, Vosc 05 - - Vp-p
High-level input voltage Except fy, and Vi Ve X 0.7 - - v
Low-level input voltage OSCy Vi - - Ve x 0.3 v
High-level input current Data. Clock [ - 1.0 - MA
LE I - -1.0 - HA
Low-level input current
FC lec - -60 - pA
Input current OSC,, losc - 150 - HA
High-level output voltage, Except D, and Vou 44 - - \" V=5V
Low-level output voltage 0SCour Vo - - 0.4 \"
High-impedance _ _ =GNDto8V
Cut off current Do lore 11 HA 0\7“, <Vp,<8V
low -1.0 - - mA
Output current (E))g:gp t Do and
o lo 1.0 - - mA
Analog switch ON resistance Ron - 25 - Q
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TEST CIRCUIT
(FOR MEASURING PRESCALER INPUT SENSITIVITY)

Ve =5V V,=6V

et 4 |
1000 LS
oG ,_"I l |l F
[

50Q ;
8 76 5 43 21

——Vcc=5V

9 10 11 12 13 14 15 16

¢ L |

Oscilloscope

7nrrnnT
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APPLICATION EXAMPLE
Output
rLPF I {vco i
]
o | From
controller
]
ps |t |t [Bisw|Fc |LE DataIClock 7K £ 47K
1 15 14 13 12 11 10 9 i
MB1513

5 6 7 8

1 2 3 4
0SC, 0SCos| Ve  |Vee |Do Jrsuo [o Ifi
[I 1
]
X tal V| sV 1000 p
;); c, ;J; C,

0.1 u;;

Ve, Vex : Maximum 8V
C,,C, : Depend on the crystal parameters
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PACKAGE DIMENSIONS

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

| 089(2.25)MAX
(MOUNTING HEIGHT)
+010 40.25
e 400* 010 (10.16* -85 ) —» 1002(0.05)MIN

(STAND OFF HEIGHT)

HAAAHAA
.307+.016
O)DEX 'Zogi.o1(27.80i0.40) 268 ig,‘, g (6.80 :g gg)
B: (5.3020.30)
M "y l
H H H H EHE H_ _ r — | .020%.008

("~ (0.5010.20)

~°5°(‘-27L, l_ ” 018+.004 1 G090 006 +902 (g 15+0.05
T M oas 10.10) .005(0.13) @ —o01 (®-15 502
“pn i— Details of A" part _i T Details of “B"_pa—n_-i
T .016(0‘40)= .006(0.15)=
1
€”=”=”=”=”=”'=I. r'=|. I% IR |
" vl | I - |
e e - p——
ERNEI= o |
=
SR 1y J ) .oos(o.zo): : .008(0.20) :
.007(0.18) 4 007(0.18)
le— .350(8.89) REF ——» T MAX | MAX |
.027(0.68) l | | 0270s8) :
Lo e MAX L _ MAX _ 1
Dimensions in
©1991 FUJITSU LIMITED F16015S-2C inches (milimeters)
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16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M04)

e 770+0%8 (1955020) > 15°MAX
e I B e W =)
INDEX-1 . T T
244+010  -300(7.62)
i‘ ©20t025) 7

woex2 T LT LT LT LT LT LT —

+012
039§ 060012 010%.002
(o.ggjg~3°) (0.25+0.05)

(1.52 jg~3°)

172(4.36)MAX

.118(3.00)MIN

.100(2.54)
VP .020(0.51)MIN

.050(1.27) 0184003
MAX (0.4620.08)

Dimensions in

©1991 FUJITSU LIMITED D16033S-2C inches (millimeters)
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DATA SHEET

MB1504/MB1504H/MB1504L
SERIAL INPUT PLL FREQUENCY SYNTHESIZER |

SERIAL INPUT PLL FREQUENCY SYNTHESIZER
WITH 520MHz PRESCALER

The Fujitsu MB1504/MB1504H/MB1504L, utilizing BI-CMOS technology, is a single chip
serial input PLL frequency synthesizer with pulse-swallow function.

The MB1504 series contain a 520MHz two modulus prescaler that can select either 32/33 or
64/65 divide ratio; control signal generator; 16-bit shift register; 15-bit latch; programmable
reference divider (binary 14-bit programmable reference counter); 1-bit switch counter;
phase comparator with phase inverse function; charge pump; crystal oscillator; 19-bit shift
register; 18-bit latch; programmable divider (binary 7-bit swallow counter and binary 11-bit
programmable counter).

PLASTIC PACKAGE

The MB1504 operates on a low supply voltage (3V typ) and consumes low power (30mW at DIP-16P-M04

520MHz).
MB1504 Product Line

Ve Voltage | VooeVoltage | Lock up time Eﬁgﬁm ut gl\?xr;‘:ﬂ?g\zrrem '()m{ﬁvghrrem
MB1504 8V max 8.5V max Middle speed Middle Middie Middle
MB1504H | 10V max 10.0V max | High speed Low High Low
MB1504L | 8V max 8.5V max Low speed High Low High
. . PLASTIC PACKAGE
o High operating frequency: fi max=520MHz (Vin mn=0.20V5.p) EPT-16P-M06
® On-chip prescaler
® Low power supply voltage: 2.7V to 5.5V (3.0V typ)
e Low power supply consumption: 30mW (3.0V, 520MHz operation)
e Serial input 18-bit programmable divider consisting of: PIN ASSIGNMENT

© Binary 7-bit swallow counter (Divide ratio: 0 to 127)
o Binary 11-bit programmable counter (Divide ratio: 16 to 2047)
® Serial input 15-bit programmable reference divider consisting of:

© Binary 14-bit programmable reference counter (Divide ratio: 8 to 16383) 0SCm E ~J E oR
© 1-bit switch counter (SW) Sets divide ratio of prescaler
@ 2types of phase detector output 08Cour E E oP
© On-chip charge pump (Bipolar type) A E E fo
© Output for external charge pump D
e Wide operating temperature: Ta=—40°C to +85°C Ves é (TOP VIEW) % .
Do|5 12| FC
ABSOLUTE MAXIMUM RATINGS (see NOTE) . L_G_J- EI E
Rating Symbol Condition Value Unit
w[7] 10] Data
Vee -0.5t0 +7.0 \ . E E Clock
Power Supply Voltage Veu MB1504H Voo 10 12.0 v )
Vp, Ve MB1504/1504L | Ve to 10.0
Output Voltage Vour —0.510 Ve +0.5 v
. \ MB1504H 05t 11.0 Vv
Open-crain Output Vooe.Voger | MB1504/1504L| 051090 T deics ot iy o peec ho e gl
Output Current lour +10 mA over, itis Iadvised l'ha\ normal precautions be taken 1o
avoid application of any voltage higher than maximum
Storage Temperature TSTG —55t0 +125 °C rated voltages to this high impedance circuit.

NOTE: Permanent device dama?:e may occur if the above Absolute Maximum
Ratings are exceeded. Functional operation should be restricted to the
conditions as detailed in the operational sections of this data sheet. Exposure to
at:ﬁcﬂgf}; maximum rating conditions for extended periods may affect device
reliability.

Copyright® 1990 by FUJITSU LIMITED
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MB1504H
MB1504L

Veo

GND

MB1504/MB1504H/MB1504L BLOCK DIAGRAM

17T

LE

Crystal
osc...@ stal
Cn'cuut

S —

f o Prescaler
" Circuit

e e e e e e e b
16-Bit Shift Register
‘I 16-Bit Shift Register I
15-Bit Latch =@ b
| 16-Bit Latch | @ Fc
C— 4
l——-@ LD
Programmable .‘|
Reference Divider | 2R
H Phase
glnfary 14- Bét 1-bit i Comparator
t
eference Counter | sW _.@ oP
S 4
re——— - ————
19-Bit Shift Register {
. | "‘@ Ve
19-Bit Shift Register | | Charge
L_ J] Pump
LTI mOL
r— —A
18-Bit Latch !
7-Bit Latch 11-Bit Latch |
Ll J1 ] |
— 14 ) fe

OO

Programmable Divider

Dag._. Control
1-Bit Latch

!

Binary 7-Bit

Binary 11-Bit
Swallow Counter

p————t—a

Programmable Counter

QY F R ——

Control Circuit
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MB1504H
MB1504L

PIN DESCRIPTIONS

Pin No. Pin Name | VO Descriptions
1 OSCn I | Oscillator input.
2 OSCour O | Oscillator output.
A crystal is placed between OSCiy and OSCour.
3 Ve — | Power supply input for charge pump.
4 Vee — | Power supply voltage input.
5 D o Charge pump output.
° Phase characteristic can be inversed depending upon FC input.
6 GND — | Ground.
Phase comparator output.
7 LD O | This pin outputs high when the phase is locked. While the phase difference of f, and f; exists, the output
level goes low.
8 f ] Prescaler input.
" The connection with an external VCO should be an AC connection.
9 Clock | Clock input for 19-bit shift register and 16-bit shift register.
Each rising edge of the clock shifts one bit of data into the shift registers.
Serial data of binary code input.
10 Data \ The last bit of the data is a control bit. The last data bit specifies which latch is activated.
When the last bit is high level and LE is high-level, data is transferred to 15-bit latch.
When the last bit is low level and LE is high level, data is transferred to 18-bit latch.
Load enable input (with internal pull up resistor).
11 LE | | When LE is high level (or open), data stored in the shift register is transferred to latch depending on the
control data.
Phase selecting input of phase comparator (with internal pull up resistor). When FC is low level,
12 FC (e] e .
charge pump and phase detector characteristics can be inversed.
13 f o Monitor pin of phase comparator input.
' Itis the same as programmable reference divider output.
14 § o Monitor pin of phase comparator input.
" Itis the same as programmable divider output.
15 oP O | Outputs for external charge pump.
16 2R O | Phase characteristics can be inversed depending on FC input.

2P pin is an N-channel open-drain output.
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MB1504
MB1504H
MB1504L

FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is input using Data pin, Clock pin and LE pin, The 15-bit programmable reference divider and 18-bit programmable divider are
‘ controlled respectively.

On rising edge of the clock shifts one bit of the data into the internal shift registers.

When load enable (LE) s high level (or open), data stored in shift resisters is transferred to 15-bit latch or 18-bit latch depending upon the control bit
level.

~ Control data "H" ; Data is transferred into 15-bit latch.
Control data “L" ; Data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is shown below.

Data input

Last data input Control bit Divide ratio of prescaler setting bit First data input
_1 I r— LSB MSB l 1—

S|S|S|S|s|sS|sSs|]s|s]s]|]s]|s
c sSW
1 2 3 4 5 6 7 8 9 |10} 11 ]12)13] 14

&————— Divide ratio of programmable reference counter setting bits ——————8=

@ 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

Dri::icc”e s|{s|sis|{s|sls|sf{s}]s]|s|s|s]s
R 1413121110l o]|8|7]6]s5]a|ls]2]1
8 ofolojolojo]oflo}lo]Jojt]jo]o]o
9 ojojo]Jojolo]Jofo]JoJo|1]o|o]1
. el o]l o]l ool ol o]l oeloeloe]loeloe]ol]e

16383 | 1ttt e

Divide ratio less than 8 is prohibited.
Divide ratio R: 8 to 16383

SW: Divide ratio of prescaler setting bit.
SW="H" 32
SW="L":

S to Sy4: Divide ratio of programmable reference counter setting bits (8 to 16383)
C: Control bit (Control bit is set to high.)
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FUNCTIONAL DESCRIPTIONS

PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown below.

. Data input
Last data input Control bit First data input
r LsB MsB —‘ 1
c S|S|SsS|s|S|s|Ss|Ss]|]Ss|S|Ss|Ss|Ss]|]s|s]|]s]|s]|s
1 2 3 4 5 6 7 8 9 1011} 12| 13| 14| 15| 16| 17| 18
«— Divide ratio of swallow counter _ 1 Divide ratio of programmable counter
setting bits setting bits
@ 7-BIT SWALLOW COUNTER DIVIDE RATIO @ 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO
Dvide | gl s|s|s|s|s]s Dvide | s s|s|s|s|s|[s|s|s|s]|s
ratio ratio
A 7 6 5 4 3 2 1 N 18|17} 16} 15| 14| 13| 12| 11 ] 10| 9 8
0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 17 0 0 0 0 0 0 1 0 0 0 1
L] L] L] L] L] L] L] L] . . . . . . . . L L] . .
127 1 1 1 1 1 1 1 2047 1 1 1 1 1 1 1 1 1 1 1
Divide ratio A : O to 127 Divide ratio less than 16 is prohibited.
Divide ratio N : 16 to 2047

Ssto Sy :  Divide ratio of programmable counter senin% bits (16 to 2047)
S;t0S; : Divide ratio of swallow counter setting bits (0 to 127)

C: Control bit (Control bit is set to low.)

Dara is input from MSB data.
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MB1504L

o f1IfL

SERIAL DATA INPUT TIMING
Data  S18-MsB X S17 o s1o) s9 tTT s1=LsB X C: Control bit
*(SW) (S14) (S8)] (S7) (St1) (C: Control bit)
r

I

.

4 t2 ts t
ts
t—ts> 1ps
On the n'singaedge of the clock shifts one bit of the data into the shift registers.
Parenthsis data is used for setting the divide ratio of the programmable reference divider.
PHASE CHARACTERISTICS
VCO CHARACTERISTICS

FC pin (pin 12) is provided to inverse the phase comparator characteristics.
The characteristics of internal charge pump output (Do), phase detector
outputs (@R, 2P) can be inversed depending upon FC input data. Outputs are

shown below.
FC=H (or open) FC=L
Do 2R eP Do 2R oP
fi>fy H L L L H Z
fi<tp L H z H L L
=fo Z L z 4 L z
Note: Z=(High impedance)

Depending upon VCO characteristics, FC pin should be set accordingly:
When VCO characteristics are like () , FC should be set high or open circuit;
When VCO characteristics are like@ , FC should be set Low.
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MB1504H
MB1504L
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Valve Unit
Min Typ Max
Vee 27 3.0 55 v
Power Supply Voltage Veu MB1504H Vee 10.0
'
Ve,V MB1504L Vee 85
Voorn MB1504H Vee 10.0
Open-drain Output \"
VOOP» VOOPL mg} Ssg:L VCC 85
Input Voltage Vi GND Vee \
Operating temperature Ta —40 +85 °C
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ELECTRICAL CHARACTERISTICS

(Vee=2.7 to 5.5V, Ta=—40 to +85°C)

Value
Parameter Pin Name Symbol Condition Unit
Min Typ Max
Power Supply Current Vee lec "1 — 10 — mA
fin fin 2 10 — 520 MHz
Operating Frequency g
OSCi fosc — 12 20 MHz
Vi Vee=2.7 ~ 4.0V -10 — 6 dBm
fin
Input Sensitivity Vinz Vee=4.0 ~ 5.5V -4 — 6 dBm
OSCi Vin 05 — — Ve.p
High-level Input Voltage Except Vin 07xVee| — - v
fn and —
Low-level input Voltage OSCiw Vi — — ]0.3xVee v
High-level Input Current Data, ™ — 1.0 — pA
Low-level Input Current Clock I — -10 - pA
OSCw In — +50 - HA
Input Current
LE, FC e —_ —60 — HA
High-level Output Voltage Except Von 24 — — Vv
Do and Vee=3.0V
Low-level Output Voltage OSCour Vo — — 0.4 v
N-channel Open-drain _
Cutoff Current oP lorr Voo S Vp< 8V - 1.1 pA
High-level Output Current Except low -1.0 — — mA
Do and
Low-level Output Current OSCour low 1.0 — — mA
Voc=3v
Iookn MB1504H Vou 12V, To=26°C =22 45 — mA
High-level Output Current loon MB1504 Veo=3V -05 -20 —_ mA
oo | MB1504L | VP=8Y. Ta=25°C o5 | 11| 22| ma
Do
Vee=3V
looLn MB1504H Voe12V, T,=25°C 22 6.0 — mA
Low-level Output Current loo MB1504 Vee=3V 15 6.0 - mA
lbow | MB1S04L | VP=6Y: Ta=25°C 45 | 120 — | ma
Leakage Current Do, 2P D, Voo=3V — 1.0
9 o. oz Vp=12V, T,=25°C : HA

Note:
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*1 Vee=3.0V, fin=520MHz, tosc=12MHz crystal.

Inputs are grounded except fi, and outputs are open.
*2 Input coupling capacitor 1000pF is connected.



MB1504

MB1504H
MB1504L
CHARGE PUMP CHARACTERISTICS
@ MB1504/MB1504H @ MB1504L
o Ve 9- Ve
- <
3.6kQ = 10kQ 12kQ = 10kQ
Do Do
24.8kQ 12kQ
— A ———t
T 20k T 10k
® GND L GND
LOCK UP TIME MEASUREMENT
[ 1Vidiv | ]
10ns/div
Low unlock condition — Lock (533MHz) High unlock condition — Lock (518MHz)
b1 \\
s N X
maisos 4" | A \-\
Vs MB1504L
\
/,/ RNEPaS
DO PIN OUTPUT CURRENT CURVES (TYPICAL)
Vou vs. lon Voo vs. loy
S 8.0 < < S 20
>g >6' MB1504
.;% ‘ ;.:’ MB1504H MB1504L
5 MB1504L. \ K]
- 1} =
5 70 MB1s0a_| | MB1504H 3 10
5 ‘ 8
3 |
e
6.0 0.0
0 -1 -2 -3 —4 -5 0 10 20
High-level Output Current lon (MA) Low-level Output Current lo. (MA)
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Do PIN OUTPUT WAVEFORM AT LOCK CONDITION

Output Waveform
[ 1V/div| ]
100ns/div
MB1504
y 1
MB1504H ]
PR R [ R R U I PR
MB1504L [_
RO PR [ R S5 QU N P
P
ae--q--b-A--F--F-4--}--
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MB1504 ;
MB1504H ]

|

MB1504L
PHASE CHARACTERISTICS (Af vs. Do OUTPUT ENERGY)
150
P4
e
7/
100 // L7
s VvV
y/4
50 e B4
4
/D4
; /
E 7/
< 0
2 100 0 60 40 20 0 40 60 80
by
-50
"
——— MB1504H ',4"’
-100 — — MB1504 —=1
— - — MB1504L / p i
d
/ .
~150 =z
Time Af (ns)
V,
10k ’ A\ (+) Energy
Do Tox Oscilloscope
Veo=Ve=3.0V
finsfosc=12MHz
f,=fe=46.9kHz J () Energy
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INPUT SENSITIVITY
Input Sensitivity vs. Input Frequency (Supply Voltage Dependence)
10 N
_ Guaranteed
& Operating Area \\\\
| T 0} Vec=4.0~55V +H
; ;‘ | |
PN Vee=2.7V~4.0V PR/
% -1~V
e
(§ 0 B — 1— / /\ vcc=2.7v
é’ // L] )
_30 Vcc=4.0V
- \
1 Vee=5.5V
Ta=25°C Vee Vo
03 04 05 06 07 08 09 10 11 12 ot ):::
Ingut Fi fin (GH 1000F Il LML
nput Frequency fin (GHz) E}-ﬂ'—l II ;J;[ ;.' ;;]'
500 |
8 7 6 5 4 32 1

9 10 11 12 13 1415 16

W o

Input Sensitivity vs. Input Frequency (Temperature Dependence)

10
- Guaranteed \ TA=25°C
& Operating Area \ N *
T 0 | Vec=4.0~5.5V “ )
o | | )
2 Vee=2.7V~4.0V !
2 } ri
£ -10 T ,'
=2 TA.=—40°C 4
2 a=—40 .~ T=+85°C
3 0 \ L=~
- — -
3 P
= ‘¢!’
-30
Vee=30V v v
Xtal
03 04 05 06 07 08 09 10 1.1 1.2 011 o
1000pF incank
Input Frequency fin (GHz) PG ._.l sl I R R
500 I
87 654 321

9 10 11 12 13 1415 16

N o
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INPUT IMPEDANCE

[}

1%

i

Heses
|

TEST CIRCUIT

lor) Measurement

Do Pin Output Current (low,

Do € lo.

—_—

Ve

T T

Vee

!

OSC
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Lock up Time Measurement

fin Do
MB1504 > LPF > vco
LUJ Controlier
12.8MHz (Divide ratio Oscilloscope (10MQ, 10pF)
|_setting)
LPF Circuit
1kQ 4kQ 4kQ
to VCO
1kQ
0.1uF 1uF
10pF
Vee=3V, Ve=8V
fvco=Low unlock condition —— Step to Lock condition (533MHz)
fvco=High unlock condition —— Step to Lock condition (518MHz)

Phase Characteristics Measurement

Veo Ve
0SCin Do 10k
p 6 bmm———— }— ——————
1
ke Oscilloscope
MB1504 fr (10MQ, 10pF)
fin
p.¢6 bDmm @@ ——————
fp

Vee=3V, Vp=3V
Af=fr—fp
Energy (En)=Vat
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MB1504H j
MB1504L :
i
|
}
TYPICAL APPLICATION EXAMPLE !
|
Vex(6V, !
eEY) l OUTPUT
] LPF VCO >
Charge Pump Selection
O (Internal or external)
12kQ
FROM
CONTROLLER
12kQ -0
10kQ
0
9—O
@R | | & | Fc LE | Data | Clock Farke FTako
16 15 14 13 12 11 10 9
MB1504
1 2 3 4 5 6 7 8
OSCour| OSCw Ve Vee Do GND LD fin
D 1
1
Xtal 1000pF Vec(3V)
6V 3V
o =« LT T
;; ; 0.ApFes O LOCK DET.
;; o.omF; 10kQ
Vp, Vex @ 8V max.
C4, C> : Depends on crystal oscillator
LE,FC : With internal pull up resistor
oP : Open drain output
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

(Case No. : DIP-16P-M04)

7701 3% (19557329

woex-1 1 00 1 0 1 09

.244+.010 .300(7.62)
(6.20+0.25) TYP

INDEX-2 TTLI0] ‘ e
+.012 +.012
19%%-0 0609 .010+.002
(0,9918‘30; (1521330 (0.25£0.05)
I\ 172(4.36) MAX
ae
T - .118(3.00) MIN
.050(1.27) | 1100(2.54) 018+.003 |
MAX ! T Tve "0.46+0.08) .020(0.51) MIN

©1988 FUIITSU LIMITED D160338-2C

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

16-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-16P-M06)

089(2.25) MAX
[SEATED HEIGHT)
=400 Gog10.15 " B33~
.002(0.05) MIN
+— (STAND OFF)
AAAAAR { ‘
3071.016
INDEX (7.80+0.40) +.016 +0.40,
i 209+ 012 268 _ 008680 20!
o g ||(5.30+0.30)

o
|

3l R o

. F (0.50+0.20)
050(1.27) 018 +.004, 4H- 6+.002 +0.05
{®]#.005(0.73) ™ 00676011015~ 002!
™ 02570.10) ] ¢.005(0.13) M 001 0.02

Details of “A” part | | Details of “B” part |

A | 016(0.40), | 006(0.15) |

— 0 ) v |

L , 3 ol i

[ T [ !

d N1 | Y . .008(0.20) |

=Tooamror] X .008(0.20) | | i

~=1.004(0.10) ! .007(0.18) ‘| E voo';f).(ta) :

AX !

~ 350(8.89) REF —— . »029"(0163) 1 E 027(0.68)

: ! '

! MAX ] MAX

~ Dimensions in
€:1990 FUNTSY LIMITED F16015S-2C ot

inches (millimeters)
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Edition 1.0

DATA SHEET —/————

(o8
FUJITSU

MB1505

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

LOW POWER SERIAL INPUT PLL
SYNTHESIZER WITH 600MHz PRESCALER

The Fujitsu MB1505, utilizing BI-CMOS technology, is a single chip serial input
PLL synthesizer with pulse-swallow function.

The MB1505 contains a 600MH;, two modulus prescaler that can select of either
32/33 or 64/65 divide ratio, control signal generator, 16-bit shift register, 15-bit
latch, programmable reference divider (binary 14-bit programmable reference
counter), 1-bit switch counter, phase comparator with phase conversion function,
charge pump, crystal oscillator, 19-bit shift register, 18-bit latch, programmable
divider (binary 7-bit swallow counter and binary 11-bit programmable counter) and
analog switch to speed up lock up time.

It operates supply voltage of 5V typ. and achieves very low supply current of 6mA
typ. realized through the use of Fujitsu Advanced Process Technology.

o High operating frequency: fw uax=600MH; (Viy un=—4dBm)
o Pulse swallow function: 32/33 or 64/65
o Low supply current: lcc=6mA typ.
« Serial input 18-bit programmable divider consisting of:
o Binary 7-bit swallow counter: 0 to 63
O Binary 11-bit programmable counter: 16 to 2047
e Serial input 15-bit programmable reference divider consisting of:
o Binary 14-bit programmable reference counter: 8 to 16383
o 1-bit switch counter (SW) sets divide ratio of prescaler
« On-chip analog switch achieves fast lock up time
« 2types of phase detector output
o On-chip charge pump (Bipolar type)
© Output for external charge pump
o Wide operating temperature: —40°C to +85°C
« 16-pin Plastic DIP Package (Suffix : —P)
16-pin Plastic Flat Package (Suffix : ~PF)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Power Supply Voltage z:c —\?j: :07‘;) YI
Output Voltage Vour -0.5 10 Ve +0.5 \
Open-drain Voltage Voor -0.510 0.8 Vv
Qutput Current lour +10 mA
Storage Temperature Tsta -55 to +125 °C

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

oscw [1] 1] 2R
0SCour [2] [15] 2P

Ve E E four

v
ee [4] Top View |3 BISW
Do [5] 129 FC

GND [§] [11] LE
Lo 7] 10] Data
fa [8] 9] Clock

NOTE: Permanent device damage may occur if the above Absolute Maxi-
mum Ratings are exceeded. Functional operation should be restricted
to the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Copyright® 1990 by FUJITSU LIMITED

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. How-
ever, it is advised that normal precautions be taken to
avoid application of any voitage higher than maximum
rated voltages to this high impedance circuit.
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MB1505 BLOCK DIAGRAM

reeeT e — il
:r— PHASE = I:—'ga
OSCm@——} } 16-BIT SHIFT REGISTER : COMPARATOR
CRYSTAL 16-BIT SHIFT | — 1
CRYSTAL —H BIT SHIFT REGISTER | ‘ @
w —— s o
opP
0SCour RITTIETYYIY Y A
15-BIT LATCH MONITOR
| o
" | 15-BIT LATCH { o] SHANSH =@fou'r
NIy __ . —_ | Sy
PROGRAMMABLE REFERENCE | som
DIVIDER BISW
Vee [
BINARY 14-BIT skt Do P LE

REFERENCE COUNTER |w} |

____________ T —@FC

r——%— "1

Do

GND

o
____________ |

" B
CONTROL
| 19-BIT SHIFT REGISTER TBIT ,__. Data

»—H 19-BIT SHIFT REGISTER I

ITHINITHINIL. - (5) ce

18-BIT LATCH

LD

206 @@Gf

; U] 7-8ir Latck |[11-8iT LatcH|

ITOTETO

i e . C__|ALERI i PRiOGRAMMABLE DIVID'ER }
|| enarvz-eiT JfeiNary 1iair ]|
] swaLLow PROGRAMMABLE |-+
| [LCOUNTER COUNTER H
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PIN DESCRIPTION

Pin No.

Pin Name

o

Description

1
2

OSCw
OSCour

Oscillator input.
Oscillator output.
A crystal is placed between OSCy and OSCoyr.

3

Ve

Power supply input for charge pump and analog switch.

VCC

Power supply voltage input.

Do

Charge pump output.
The characteristics of charge pump is reversed depending upon FC input.

GND

Ground.

LD

Phase comparator output.
Normally this pin outputs high level. While the phase difference of f, and f, exists, this
pin outputs low level.

fn

Prescaler input.
The connection with an external VCO should be AC connection.

Clock

Clock input for 19-bit shift register and 16-bit shift register.
On rising edge of the clock shifts one bit of data into the shift registers.

Data

Binary serial data input.

The last bit of the data is a control bit which specified destination of shift registers.
When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans-
ferred to 18-bit latch.

LE

Load enable input (with internal pull up resistor).

When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected
to BISW pin because internal analog switch becomes ON state.

FC

Phse select input of phase comparator (with internal pull up resistor).

When FC is low level, the characteristics of charge pump, phase comparator is re-
versed.

FC input signal is also used to control f., pin (test pin) output level, f, or f,.

BISW

Analog switch output.
Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE
pin is high level), this pin outputs internal charge pump state.

14

Minitor pin of phase comparator input.

fou Pin OUtputs either programmable reference divider output (f,) or programmable di-
vider output (f,) depending upon FC pin input level.

FC=H: It is the same as f, output level.

FC=L: lt is the same as f, output level.

15
16

P
2R

oo

Outputs for external charge pump.
The characteristics are reversed according to FC input.

QP pin is N-channel open drain output.

3-69




MB1505

FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable
reference divider and 18-bit programmable divider, respectively.

Binary serial data is input to Data pin.

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open,
stored data is transferred into latch depending upon the control bit. '

Control data "H” data is transferred into 15-bit latch.

Control data "L” data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is
shown below.

Control bit Divide ratio of prescaler setting bit
I ‘— LsB MSB —¥ I

Cls|Ss|SsS|sSs}|s}|Ss|s|{s|{S|{S]|]S]S|S|sSs|s
1123456789 ]|10[11{12[13[14]| W

|‘—— Divide ratio of programmable reference counter setting bit ———"

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

%\;ig: s{s|s|{s|s|s|s|s|{s|s|s|{s]|s]s
R 1413121110l 9|8 |7 |6]|5|a]a|2]1
8 o|lofo]Joflo|loflojo|lo]o|1|o]ofo
9 ojlofo|lofo]lo|lo]Jo|lo]o|l1]ofo]H1

6383 | 1|1t

NOTES: Divide ratio less than 8 is prohibited.
Divide ratio: 8 to 16383
SW:This bit selects divide ratio of prescaler.
SW=H :32/33
SW=L :64/65
S1 to S14: These bits select divide ratio of programmable reference divider.
C: Control bit (sets as high level).
Data is input from MSB side.

PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown following page.
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Control bit |
| r LSB MSB —‘ |

c|Ss|S|SsS|S|{S|S|S|S|S|S|S|S|S|{S]s]|]S}|S|s ;
112(3|4|5| 6|7 |89 |10[11]12]13| 14|15} 16} 17| 18 |

Divide ratio of swallow _+_ Divide ratio of programmable .|
counter counter
setting bit setting bit ‘
7-BIT SWALLOW COUNTER DIVIDE RATIO

Dvide | s | sls|s|s|s|s
Ratio
A 7le6|stala]lz]n
0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1
L] . [ ] . L] o Ll o
63 0 1 1 1 1 1 1

NOTE: Divide ratio: 0 to 63
S7 should be set to zero

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO

Dvide | s|s|{s|s|s|s]|s|{s|s
Ratio
N 1811716 1514|1312 11| 10| 9| 8

16 oJojojojoyjofn1 ojof|of1

17 ofojofofojoftfofojoyf1

. . . 3 . . . 3 3 . . .

2047 1 1 1 1 1 1 1 1 1 1 1

NOTES: Divide ratio less than 16 is prohibited.
Divide ratio: 16 to 2047
S1 to S7: Swallow counter divide ratio setting bit. (0 to 63)
S8 to S18: Programmable counter divide ratio setting bit. (16 to 2047)
C: Control bit {sets as low level).
Data is input from MSB side.

PULSE SWALLOW FUNCTION

fuco= [(PxN)+A] xfosc+R
fvco: Output frequency of external voltage controlled oscillator (VCO)
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A: Preset divide ratio of binary 7-bit swallow counter (0<A<63, A<N)
fosc: Output frequency of the external reference frequency oscillator
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383)
P: Preset modulus of external dual modulus prescaler (32 or 64)
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SERIAL DATA INPUT TIMING

t —ts21us
Data _S18-MSBXS17 .. S10§S9 .. __S1=LsBX _C:CONTROLBIT
(W) | (514) s8) | (s7) (S1)  (C:CONTROLBIT)
Clock 1 1
’ I
t,—™ pe— ‘2_. ta—. fe— t‘—.
- AR

NOTES: Parenthesis data is used for setting divide ratio of programmable refer
On rising edge of clock shifts one bit of data in the shift register.

PHASE CHARACTERISTICS

ence divider.

- VCO CHARACTERISTICS

FC pin is provided to change phase characteristics of phase
comparator. Characteristics of internal charge pump output level (Do),
phase comparator output level (2R, 2P) are reversed depending upon
FC pin input level. Also, monitor pin (f..) output level of phase
comparator is controlled by FC pin input level. The relation between
outputs (Do, 2R, 2P) and FC input level are shown below.

FC=H or open FC=L

Do|eR| 2P| fort | Do | eR| P | four

VCO OUTPUT FREQUENCY

f>fy HiLliL]p@® [LIHLZ] G

fi<ty LI{HZ| & [H]L{LI®

VCO INPUT VOLTAGE —*

=ty ziLlzlwiz|lolz]| d

Note: Z=(High impedance)
Depending upon VCO characteristics, FC pin should be set accordingly:

When VCO characteristics are like @), FC should be set High or open circuit;
When VCO characteristics are like @, FC should be set Low.
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0]
_I—Ii [ [ '
oo -eee A e e B athbte B AR NN s
f>fo f=fy fi<fp fi<ty fi<f,

NOTES: Phase difference detection range: ~2n to +2n
Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band.
When t>f; or f.<f,, spike might not appear depending upon charge pump characteristics.

ANALOG SWITCH

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) to be
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state.

LE=H (Changing the divide ratio of internal prescaler) : Analog switch=ON
LE=L (Normal operating mode) : Analog switch=OFF

LPF time constant is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing.
Thus, lock up time is decreased, that is, fast lock up time is achieved.

CHARGE PUMP

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max

Vee 45 5.0 55 v
Power Supply Voltage

Ve Vee Ve 8.0 Vv
Input Voltage ) GND Vee \'
Operating Temperature Ta -40 85 °C
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ELECTRICAL CHARACTERISTICS

' Parameter Symbol Condition Value Unit
¥ Min Typ Max n
Power Supply Current lec Note 1 6.0 mA
fin fin Note 2 10 600 MHz
Operating Frequency
OSCw fosc 12 20 MHz
fin % -4 6 dBm
Input Sensitivity
OSCw Vosc 05 Vep
High-level Input Voltage Except fi, Vin Veex0.7 v
Low-level Input Voltage and OSCw Vi Veex0.3 Y
High-level Input Current Data hw 1.0 HA
Low-level Input Current Clock he -1.0 uA
OSCuw losc +50 HA
Input Current
LE, FC le -60 pA
High-level Output Current Except Do Vonu Vee=5V 4.4 \Y
Low-level Output Current and OSCour Vou 0.4 v
N-channel Open Drain Ve=V¢c to 8V
Cutoff Current Do, 2P lore | V/pop=GND to 8V 1 HA
! -1.0 mA
Output Current Er):gegts% >
out o 1.0 mA
Analog Switch On Resistor Ron 25 Q

NOTE 1: f,,=600MHz, OSC\=12MHz, Vcc=5V. Inputs are grounded and outputs are open.
NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected.
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TEST CIRCUIT

Hr V=5V

0.1pF _L_‘ r X'tal

V,=6V

1000,F
PeG l
500
8

ﬂ ]; _r_-*{ﬂh*—%

7
L
5 4 3 2 1

MB1505

10 11 12 13 14 15 16

-

Ao

O Oscilloscope
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TYPICAL APPLICATION EXAMPLE

OUTPUT

T ey

Vex(6V) l

Charge Pump
O Selection
(Internal or
external)
FROM
CONTROLLER
o}
O
—0

@R |@P |t |BISW |FC LE |Data |Clock iﬂk 47k
16 15 14 13 12 11 10 9

MB1505

1 2 3 4 5 6 7 8

OSCy | OSCour| Vs Vee Do GND (LD

(¢ I

X'tal 1000p Voo(SV)

C —=C, J.,_-T
.

O LOCKDET

10k

Ve, Vex : 8V max.
C,, C, : Depends on crystal oscillator
LE,FC : With internal pull up resistor

@P  : Open drain output
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(Case No. : DIP-16P-M04)

- 770" 99811955 7339 - -y \
/+15'MAX
et S e 0 e Wl e e e o o -
; ! !
N 244+.010 .300(7.62)
(6.20+0 25) TYP
: i
INDEX-2 V“r————————— ———— ———. L gy T
o e M o
+ +
l» 038t § 060’ § 0103 002
10.98 %939 (152%930) {0.25+0.05)

{.l 72(4.36) MAX

%1 18(3.00) MIN

050(1.27) ! .100(2.54) 018+ .003
max 7 TYP {0.46£0.08) 020(0.51) MIN
Dimensions in
©1988 FUJITSU LIMITED D160335-2C

inches (millimeters)
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16-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-16P-M02)

| .089(2.25) MAX
+.010 +0.25 | (SEATED HEIGHT)
—a00* 01010157525 i
| 002005 MiN
H H H H H H T 1 (STAND OFF)
! .‘l_—(‘
307+.016 -
INDEX (7.80+£0.40) +.016 +0.40
209+.012 268_ 508(6-80_0 30!
o (5.30+0.30) i

.050(1.27)

TYP

L

©1988 FUNITSU LIMITED F16005S-4C

HEHHH
_Lorex 000 e

(0.45+0.10)

020+ .008

‘ (0.50+0.20)
+.002 +0.05
.006_7001(0 15_002)

r
Details of A" part

| !
| .008(0.20)!
I

e

! ]

.
1
i
' 7.020(0.50) |
! |
!
:

.007(0.18)

.350(8.89) REF —=|

' MAX
| 027(0.68)
! “MAX

~ Dimensions in
inches (millimeters)
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Edition 3.0 FU] lTSU

MB1507
SERIAL INPUT PLL FREQUENCY SYNTHESIZER

SERIAL INPUT PLL FREQUENCY SYNTHESIZER
WITH 2.0GHz PRESCALER

The Fujitsu MB1507 is a single chip serial input PLL frequency synthesizer designed for BS
tuner and cellular telephone applications.

It contains a 2.0 GHz dual modulus prescaler which enables pulse swallow function, and an
analog switch to speed up lock up time.

It operates supply voltage of 5.0V typ. and dissipates 18mA typ. of current realized through
the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology.

® High operating frequency: fiy max=2.0GHz (Vin mn=—4dBm)
e Pulse swallow function: 128/129 or 256/257
© Low supply current: lcc=18mA typ.
® Serial input 19-bit programmable divider consisting of:

© Binary 8-bit swallow counter: 0 to 255

© Binary 11-bit programmable counter: 16 to 2047 PLASTIC PACKAGE
® Serial input 15-bit programmable reference divider consisting of: FPT-16P-M06

© Binary 14-bit programmable reference counter: 8 to 16383
o 1-bit switch counter (SW) sets divide ration of prescaler

® On-chip analog switch achieves fast lock up time
® Two types of phase detector output PIN ASSIGNMENT
o On-chip charge pump (Bipolar type)
O Output for external charge pump
e Wide operating temperature: —40°C to +85°C
® 16-pin Plastic Flat Package (Suffix: —-PF)

0SCi E o E] 2R
0SCayr E [15] oo
Ve E E four
veo [4]

TOP VIEW
ABSOLUTE MAXIMUM RATINGS (see NOTE) oo 5] 2] Fc
Rating Symbol Value Unit an [ [11] e
Vi —0.51t0 +7.0 \" |7 10| Data
Power Supply Voltage = E j
Ve Vee 10 10.0 v w 2] 3] Clock
Output Voltage Vour ~0.51t0 Vcc +0.5 Vv
Open-drain Voltage Voor -0.51t0 8.0 \"
Output Current lour +10 mA
Storage Temperature Tsta -55to +125 °C
NOTE: Permanent device dama?:e may occur if the above Absolute Maximum This device contains circuitry 10 protect the inputs against
Ratings are exceeded. Functional operation should be restricted to the damage due to high static voltages or electric fields. How-
conditions as detailed in the operational sections of this data sheet. Exposure to ever, it is advised that normal precautions be taken to
absolute maximum rating conditions for extended periods may affect device avoid application of any voltage higher than maximum
reliability. rated voltages to this high impedance circuit.

Copyright® 1991 FUJITSU LIMITED
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MB1507 BLOCK DIAGRAM

—_—— -
OSCm@_* 16-BIT SHIFT REGISTER

CRYSTAL —li-l 16-BIT SHIFT REGISTERJ

S TTTTTTTF 1Y M (e

MONITOR
15-BIT LATCH HEGUENGY

v @ | 15-BIT LATCH | ol SHANGING =@fw,
.

PHASE
COMPARATOR

- —_—— ANALOG
EETTTIITTINTY ——— | Ao
| PROGRAMMABLE REFERENCE | BUMP
DIVIDER BISW
Voo | | f
BINARY 14-BIT s Do LE

REFERENCE COUNTER W

1
| ]
!. ____________ 4 _@FC

r b
CONTROL
LD | 20-BIT SHIFT REGISTER o '_. Data

| LATCH
»-—H 20-BIT SHIFT REGISTER |
[

IHTOITOIL () oic

19-BIT LATCH

|s-mirLaTcH "11-B|T LatcH|

L .4
ETTTITTYRTTRRYY N
i CALERI 1 PROGRANMABLE DVIDER

|

1{ BINARY&-BIT |[BINARY 11-BIT
1] swa

|

|

I
PROGRAMMABLE -
COUNTER COl
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PIN DESCRIPTION |

Pin No. Pin Name vo Description
1 OSCw | Oscillator input. ;
2 OSCour O | Oscillator output.
A crystal is placed between OSC,y and OSCoyr.
3 Ve - Power supply input for charge pump and analog switch.
4 Vee — | Power supply voltage input.
5 Do o Charge pump output.

The characteristics of charge pump are reversed depending upon FC input.

6 GND — | Ground.

Phase comparator output.
7 LD O | Normally the output level is high level. While the phase difference of f; and f; exists, the output be-
comes low level.

Prescaler input.
The connection with VCO should be AC connection.

Clock input for 20-bit shift register and 16-bit shift register.

® Clock : Each rising edge of the clock shifts one bit of data into shift registers

Binary serial data input.

The last bit of the data is a control bit which specified destination of shift registers. When this bit is
10 Data I | high level and LE is high level, the data stored in shift register is transferred to 15-bit latch. When
this bit is low level and LE is high level, the data is transferred to 19-bit latch.

Load enable input (with pull up resistor).

1" LE I | When LE is high or open, the data stored in shift register is transferred into latch depending upon
the control bit. At the time, internal charge pump output to be connected to BISW pin because inter-
nal analog switch becomes ON state.

Phase select input of phase comparator (with pull up resistor).
12 FC ! When FC is low level, the characteristics of charge pump, phase comparator are reversed.
FC pin input signal controls .. pin (test pin) output level, f; or f,.

Analog switch output. )
13 BISW O | Usually BISW pin is set at high-impedance state. When internal analog switch in ON (LE pin is set
at high level), this pin outputs internal charge pump output.

Monitor pin of phase comparator input.

fo Pin outputs programmable reference divider output (f,) or programmable divider output (f;) de-
14 four O | pending upon FC pin input level.

FC=H: Itis the same as f, output level.

FC=L: Itis the same as f; output level.

15 P
16 2R

Outputs for external charge pump.
The characteristics are reversed according to FC input.
@P pin is N-channel open drain output.

[e}e]
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FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial datainput is achieved by three i mputs such as Data pin, Clock pin and LE pin. Serial datainput controls 15-bit programmable reference divider
and 19-bit prog ble divider, resp ly.

Binary serial data is input to Data pin.

Each rising edge of the clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or

open, stored data is transferred into latch depending upon the control bit.

Control data "H" data is transferred into 15-bit latch.

Control data "L data is transferred into 19-bit latch.

THE DIVIDE RATIO SETTING

fveo=[(MxN)+A]xfosc+R
fveo: Output frequency of external voltage controlled oscillator (VCO)
M:  Preset modulus of external dual modulus prescaler (128 or 256)
N:  Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A:  Preset divide ratio of binary 8-bit swallow counter (0<A<255, A<N)

fosc: Output frequency of the external reference frequency oscillator
R:  Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383)

PROGRAMMABLE REFERENCE DIVIDER
Progi ble reft divider ists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is shown below.

Control bit Divide ratio of prescaler setting bit
| — LSB msB —3 |

C|S|]s|Ss|s]|s|s|]s|s|s|s|s|s]|]s]|s|s
112134156 )7 8|9 ]|1011]12/13]|]14]W

l‘——— Divide ratio of programmable reference counter setting bit —-l

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

Dvide |' s|s|s|s|{s|s|s|sjs|s|s|s|s]s
Ratio
R 14| 131 12| 11 10 9 8 7 6 5 4 3 2 1
8 oJolojo]Jo]Jo|lo]Jo]Jo|lo|1]o]o]o
9 olojo]JojJo|lofo]J]o|lolo]|]1]o]|o]:1
L] . . L] L] L] L] L] . L] L] . . L] .
16383 | 1 | 1|1t

NOTES: Divide ratio less than 8 is prohibited.
Divide ratio: 8 to 16383
SW: This bit selects divide ratio of prescaler.
SW=H :128/129
SW=L :256/257
S1 to S14: These bits select divide ratio of programmable reference divider.
C: Control bit (sets as high level).
Data is input from MSB side.
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PROGRAMMABLE DIVIDER

Programmable divider consists of 20-bit shift register, 19-bit latch, 8-bit swallow counter and 11-bit programmable counter.
Serial 20-bit data format is shown below.

Control bit
LsB MsB
I i _ 13

Cls|Ss|SsS|Ss|SsS|s|s|S|]s|s|s|s|s|s|s|s]|s|s]|s

1 2 3 4 5 6 7 8 9 10|11} 12| 13| 14] 15| 16| 17| 18 19
Divide ratio of swallow counter .l. Divide ratio of prog ble counter =I]

setting bit setting bit

8-BIT SWALLOW COUNTER DIVIDE RATIO

Dvide | s|s|[s|[s|s|s]|s]|s
Ratio

A s|7]|els|ala]|2]1

0 ojlolofolofofolo

1 ololoflo]ofjo]|oln

L] L] L] L] L] L] . . [ ]

285 [ 1]l

NOTE: Divide ratio: O to 255

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO

Dvide | s s|s|s|s|s|s|s|s]|s
Ratio
N 19181716 15]14] 13| 12] 1110 9

16 [ ] 0 0 0 0 1 ojlo0ojoO0o]o

17 0 o]|]o 0}o0 0 1 0 o}l o 1

2047 1 1 1 1 1 1 1 1 1 1 1

NOTES: Divide ratio less than 16 is prohibited.
Divide ratio: 16 to 2047
S1 to S8: Swallow counter divide ratio setting bit. (0 to 255)
S9 to S19: Programmable counter divide ratio setting bit. (16 to 2047)
C: Control bit (sets to low level).
Data is input from MSB side.
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SERIAL DATA INPUT TIMING
t, b b, b, 121Hs
| Data  S19-MSB X S18 :: St j*rsw :: s1-LsBX  C: CONTROL BIT
(SW) | (S14) sn | (s (1) (C: CONTROL BIT)
Clock £ 4 y
LE -|
-y o Pt o 3> e L_
) % 4
ts—

NOTES: The data noted in parenthesis is used for setting divide ratio of programmable reference divider.
On rising edge of clock, one bit of data shifts into the shift register.

PHASE CHARACTERISTICS
VCO POLARITY

FC pin is provided to change phase polarity of phase comparator. Characteris-
tics of internal charge pump output level (Do), phase comparator output level
(2R, 2P) are reversed depending upon FC pin input level. Also, monitor pin (fou)
output level of phase comparator is controlled by FC pin input level.

>

(&)

z

w

2

FC=H or open FC=L g

[

Do @R| 2P| fon | Dol 2R | 2P | fou 5

[N

tof, HlLtlolwm loiu]z] ¢ '(:)3

o

=f, zlolzlwmlzlo]z] @ Q
ity tlulzlwlalo]o] @

VCO INPUT VOLTAGE —»

Note:  Z=(High impedance)

Depending upon VCO polarity, FC pin should be set accordingly:
When VCO polarity are like (1) , FC should be set High or open circuit;
When VCO polarity are like @ , FC should be set Low.
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PHASE DETECTOR OUTPUT WAVEFORM (FC=High)

-] | I Lt Lt
|

° L I

I
|

f>fe fe=ty fi<ty fi<fo fi<fp

rror

NOTES: Phase difference detection range: —2x to +21t
\?vpike appearance depends on charge pump characteristics. Also, the spike is outputin order to diminish dead band.
hen f,>f; or f<f,, spike might not appear depending upon charge pump characteristics.

ANALOG SWITCH

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) is connected to BISW pin.
When the analog switch is OFF, BI-SW pin is set to high-impedance state.

LE Analog Switch
H(Changing the divide ratio of internal prescaler) ON
L(Normal operating mode) OFF

When an analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL channel switching.

CHARGE PUMP
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max

Vee 45 50 55 v
Power Supply Voltage

Ve Vee —_ 8.0 \"
Input Voltage Vi GND — Vee \
Operating Temperature Ta —40 — 85 °C

HANDLING PRECAUTIONS

® This device should be transported and stored in anti-static containers.

o This is a static-sensitive device; take proper anti-ESD p tions. E that p el and equipment are properly grounded. Cover
workbenches with grounded conductive mats.

® Always turn the power supply off before inserting or removing the device from its socket.
® Protect leads with a conductive sheet when handling or transporting PC boards with devices.
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ELECTRICAL CHARACTERISTICS

Value
Parameter Symbol Condition Unit
Min Typ Max
Power Supply Current lee Note 1 — 18.0 250 mA
fn fin Note 2 10 —_ 2000 MHz
Operating Frequency
OSCw fosc — — 12 20 MHz
fo Vin 50Q -4 — 6 dBm
Input Sensitivity
OSCw Vosc —_ 05 — — Vep
High-level Input Voltage Vin _ Veex0.7 — — \
Except fin
Low-level Input Voltage | 249%™ |y, _ — - Voox0.3 v
High-level Input Current ™ _ — 1.0 — pA
Data
Low-level Input Current Clock h _ — -1.0 — KA
OSCn losc _ — +50 — KA
Input Current
LE, FC le - — -60 — HA
High-level Output Current Vou 44 — — \
Except Do Vee=5V
and OSCour o=
Low-level Output Current Voo — — 0.4 \
High Impedance 2 Vp=Vcc to 8V _ _
Cutoff Current Do, oP fore Voor=GND to 8V 1 WA
Excent . lon _ -1.0 — — mA
Output Current xcept Do
and OSCour o _ 10 _ _ mA
Analog Switch On Resistance Rown - — 25 — Q

NOTE 1: £,=2.0GHz, fosc =12MHz X'tal Vcc=5V. Inputs are grounded and outputs are open.
NOTE 2: AC coupling. Minimum operating frequency is measured with a capacitor 1000sF.
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TEST CIRCUIT (Prescaler Input Sensitivity)

- Voc=5V V,=6V

ol
7

1000,F
PeG I___I 7; | ;
50Q |
8 7 6 5 4 3 2 1

MB1507

9 10 11 12 13 14 15 16

T1 ] P
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TYPICAL APPLICATION EXAMPLE

Vex(6V]
- 1 ouTPUT
LPF I‘-—I vco I——"—’
Charge Pump
O Selection
12k (Internal or
external)
FROM
CONTROLLER
12k 0
10k
O
9—O0
@R oP four BISW FC LE Data Clock 47k 47k
16 15 14 13 12 11 10 9
MB1507
1 2 3 4 5 6 7 8
OSCw | OSCour| Ve Vee Do GND LD fn
D 1
I
X'tal 1000p Vec(5V)
eV 5V
Cy C, _j 0-] ‘
33k
0ip—— O LOCK
DETECTOR
0.01p 10k

Ve, Vex : 8V max.

C,, C, : Depends on crystal oscillator
LE,FC : With pull up resistor

P : Open drain output
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PACKAGE DIMENSIONS

16-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-16P-M06)

AfAAAR

+.010 +0.25
(—400F 010110157925,

307+.016
INDEX (7.80+0.40)
209+ .01
8" ||(5.30+0.30)
/"‘\
H v
obd ol
.050(1.27) .018+.004
TYP (0.45t0.10)m' $005073)

.004(0.10)
.350(8.89) REF

©1990 FUNTSU LIMITED F16015S-2¢

|
1
|
i
|
t
|
'
1
'
i
i
i
"
"

1
i

1 1

!

016(0.40), 1 006(0.15) |

' :

e

= n .008(0.20) |

008(0.20) | | i

007(0.18) ! ': 'W;f:’;s’ 5

MAX !

0270068 | ! 027(0.68) |

: MAX s MAX |

.089(2.25) MAX
(MOUNTING HEIGHT)

.002(0.05) MIN

J_|(STAND OFF HEIGHT)

+.016 5 50+0.40
2687 :318(6.8020.50)

.020+.008

__”. (0.50+0.20)
+.002 +0.05
00655701 5 0.02

Details of “A” part | |

Dimensions in
inches (millimeters)
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DATA SHEET

MB1508

o)
FUJITSU

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

SERIAL INPUT PLL FREQUENCY SYNTHESIZER
ON CHIP 2.5GHz PRESCALER

The Fujitsu MB1508 on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase
Locked Loop) frequency synthesizer with pulse swallow function. Itis well suited for BS tuner,
CATV system, and TV tuner applications.

It operates supply voltage of 5.0V typ. and dissipates 16mA typ. of current realized through the
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology.

e Power supply voltage: Vcc = 4.5 to 5.5V

® High operating frequency: fn = 2. 5GHz (Vin = —-4dBm)

e 2.5GHz dual modulus prescaler: P = 256/272, 512/528

® Low power supply current: fcc = 16mA typ.

®© Programmable reference divider consisting of:
Binary 2-bit programmable reference counter (R = 256, 512, 1024, 2048)

® Programmable divider consisting of:

Binary 5-bit swallow counter (A = 0 to 31)

Binary 12-bit programmable counter (N = 32 to 4095)
® Wide operating temperature: Ta = —40 to +85°C
® Plastic 20-pin flat package (Suffix: -PF)

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Power Supply Voltage Vee —05t70 \
Output Voltage Vo 0.5 to Vec +0.5 v
Output Current lo +10 mA
Storage Temperature Tste —55t0 +125 °C

PLASTIC PACKAGE
FPT-20P-MO1
PIN ASSIGNMENT
et 20 ]Jw
e[ 2 19 four
Data[ |3 18[] Ve
Clock [ ] 4 171 ta
Ve[ 5 top 16[_]GND2
oscw[ |6 VEW s 7
oscon[]7 14[] Bet
GaND[] 8 13{] Bc2
D.,,l'j 9 12| ] 8c3
D[] 10 11 ] Bcs

1 :

NOTE: Permanent device damage may occur if the above Ab Rati
are exceeded. Functional operation should be restricted to the conditions as
detailed in the operational sections of this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Copyright ©1991 by FUJITSU LIMITED

This device contains circuitry to pvotea the inputs against
hi . However,

g’
K1s. Saised thet normal precautions bo. taken 1o avoid
application of any voltage higher than maximum rated

voltages to this high impedance circuit.
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four

Veea

MB1508 BLOCK DIAGRAM

[2]

fo

LD fin ND2 BC1 BC2 BC3 BC4
ce"-a ® ® @
Decoder/Driver
P |
—1 (P=256/272,512/528)
£
four
Control Circuit Monitor Frequency
Selector
FC
5-bit Swallow | | 12-bit Programmable fo I
counter counter Phase
(A=0~31) (N=32~4095) Detector
N f i
”1 5 12| 4 “2 [
——»|  2¢bitlatch |
| Reference Counter
@ V| (R-256,512,1024,2048)
24-bit Shift Register Charge Pum
l ] Crystal 9 i
Oscillator
Schmitt Schmitt | | Schmitt ]u
Trigger Trigger Trigger
1 & ®
®@ © © ©®© O ©® ©® ®
FC LE Data Clock Vee OSCin OSCout

GND1 Do

Doz

3-92




MB1508

PIN DESCRIPTIONS

Phase select input pin of the phase detector. This pin involves an internal pull up resistor.

1 FC I When this pin is low, ch istics of the charge pump and phase detector can be reversed. This
input also selects fouy pin output level, either fr or fp. See Functional Description section,
Phase Detector Characteristics.
2 LE | Load enable input pin. This pin involves a schmitt trigger circuit.
When this pin is high, the data stored in the shift register is transferred into the latch.
3 Data i Serial data of binary code input pin. This pin involves a schmitt trigger circuit.
4 Clock | Clock input pin of the 24—bit shift register. This pin involves a schmitt trigger circuit.
Each rising edge of the clock shifts one bit of data into the shift register.
5 Veer - PLL power supply voltage input pin.
6 OSCi | Oscillator input pin.
7 OSCour o Oscillator output pin.
A crystal is connected between OSC pin and OSCour pin.
8 GND1 - PLL ground pin.
9 Dot [e] Charge pump output pins.
10 Doz (o] Phase characteristics can be reversed depending upon FC pin input level.
11 BC4 o] Band switching output pins. (Open—collector output)
12 BC3 [} Output is controlled by a band bit data, individually.
13 BC2 o BCX-bit=H : BCX output transistor is ON.
14 BC1 BCX-bit=L : BCX output transistor is OFF.
(X=1104)
15 I | Complementary input pin of fi. Please connect to GND through a capacitor.
16 GND2 - Prescaler ground pin.
17 fin | Prescaler input pin,
This signal is AC coupled.
18 Veea - Prescaler power supply voltage input pin.
19 four o Monitor pin of the phase detector input.
four pin outputs either of the programmable reference divider output frequency fr or programmable
divider output frequency fp depending upon the FC pin input level.
FC pin fout output signal
H fr
L fp
20 LD o Phase detector output pin.

Normally this pin outputs high. While the phase difference between fr and fp exists, this pin outputs
low.
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FUNCTIONAL DESCRIPTIONS

DIVIDE RATIO SETTING

Divide ratio can be set using the following equation:

fveo = {(P X N) + (16 x A)} x fosc + R

fveo: Output frequency of an external voltage controlled oscillator (VCO)
P:  Preset divide ratio of an internal dual modulus prescaler (256 or 512)

N:  Preset divide ratio of binary 12-bit programmable counter (32 to 4095)
A:  Preset divide ratio of binary 5-bit swallow counter (0 to 31)

fosc: Reference oscillator frequency

R: Preset divide ratio of reference counter (256,512,1024,2048)

SERIAL DATA I NPUT
Each rising edge of the clock shifts one bit of data into the shift register.

When the loaa enable is high, the data stored in the shift register is transferred to the latch.

The data format of 24 bits is shown below.

r— LSB

=" Data Input Flow

MSB——l

AlAlALAJAIN|IN]ININ]IN]N|N]N]NIJN NI S|R|JR]IB}|B|B]|B
1 2 3 4 5 1 2 3 4 5 6 71819 101112 WJl1 2|C cl|cC Cc
4 3 2 1
le ole | ole |
I Divide ratio of swallow L Divide ratio of programmable 1 ! Band switch L
counter setting bit counter setting bit setting bit
Divide ratio of prescaler setting bit
Divide ratio of reference counter setting bit
5-bit swallow counter divide ratio (A1 to A5)
Divide ratio A A A A A
A 5 4 3 2 1
0 0 0 0 0 0
1 0 0 0 0 1
2 0 0 0 1 0
31 1 1 1 1 1
12-bit programmable counter divide ratio (N1 to N12)
Divide ratio N N N N N N N N N N N N
12 11 10 9 8 7 6 5 4 3 2 1
32 0 0 0 0 0 1 0 0 0 0 0
33 0 0 0 0 0 1 0 0 0 0 1
34 0 0 0 [ 0 1 0 0 0 1 0
4095 1 1 1 1 1 1 1 1 1 1 1 1
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FUNCTIONAL DESCRIPTIONS

Reference counter divide ratio (R1 to R2)

Divide ratio R R
R 2 1

256 0 0
512 0 1
1024 1 0
2048 1 1

Prescaler divide ratio (SW)

When divide ratio of prescaler setting bit is high, divide ratio of 256/272 is selected.
When divide ratio of prescaler setting bit is low, divide ratio of 512/528 is selected.

Band Switch Setting (BC1 to BC4)

When band switch setting bit is high, output is ON.
When band switch setting bit is low, output is OFF.

SERIAL DATA INPUT TIMING

b te, s, b, ts 2 Tps

'

Data BC1 BC2 SWYN12 A2 Al
a (MsB) /i A (LSB)
: eee X .o

' L]

' 1]

N 1]

' L

N 1]

! : ﬂ
.

Clock e .ot .o} !

L L L : . . .
' : ! Vo , | |
' ' ' f
. 1] L) N L ' '
i -ea : . o — :

LE : ' [} N } : : [
- ‘e to-nd s — —
iy . . ' [

L} .
. .

Note: Each rising edge of the clock shifts one bit of data into the shift register.
When LE is high, the data stored in the shift register is transferred into the latch.
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PHASE DETECTOR CHARACTERISTICS

FC pin selects the phase of the phase detector. Phase characteristics (charge pump output) can be reversed depending upon the FC pin
input level. Monitor pin (fout) output level is selected by the FC pin input level as well.

FC = H (or open) FC=L
Dot , Dee fout Dot, D2 fout
fr>fp H L
Outputs programmable Outputs programmable
fr=1fp Y4 reference divider output 4 divider output
fr<tp L frequency fr. H frequency fp.
Note:
2:  High-impedance VCO POLARITY
Depending upon the VCO polarity, FC pin should be set ac-
cordingly.
When VCO polarity is like 1,
FC should be set high or open.
" When VCO polarity is like 2, VCO Output
FC shouid be set low. Frequency

VCO Input Voltage —»

PHASE DETECTOR WAVEFORM

fr

o 7]

o L

(FC=1) l ______,_l_____ -
Dot , Doz z

fr>fp fr="fp

L
e e e
T

fr<fp

"I_"'l.__

fr<fp fr<fp

Note: Phase difference detection range : -2 to +2n
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY)

——

[

L

1000p I rl:_l 0.1p
k-

, T

50Q 20 19 18 17 16 15 14 13 12 1
MB1508
1 2 3 4 5 6 7 8 9 10
().1;.L"'I I

RECOMMENDED OPERATING CONDITIONS

Power Supply Voitage Vee 45 5.0 55

Input Voltage Vi GND - Vee

Operating Temperature Ta —40 - +85 °C
HANDLING PRECAUTIONS

« This device should be transported and stored in anti-static containers.

 This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work-
benches with grounded conductive mats.

* Always turn the power supply off before inserting or removing the device from its socket.
» Protect leads with a conductive sheet when handling or transporting PC boards with devices.
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ELECTRICAL CHARACTERISTICS

Power Supply Current lec Note1 - 16.0 - mA
fa fin Note2 10 - 2500
Operating Frequency MHz
OSCm fosc - - 4 10
2300 to 2500MHz -4 - [
fn Vfin 1900 to 2300MHz -7 - 6 dBm
Input Sensitivity
10 to 1900MHz -10 - 6
OSCn Vosc - 0.5 - - Vpp
High—level | Voltay Vi - Veex0.7+0.4 - -
igh—level Input ge Except fn W ccX0.7+ v
Low-level Input Voltage and OSCw Vi - - - Veex0.3-0.4
High—level Input Current Data, Im - - 1.0 -
Clock,
E I - - -1.0 -
Low-level Input Current pA
FC here - - -60 -
Input Current OSCw liosc - - 50 -
High—level Output Voltage Von Vee = 5.0V 4.4 - -
Except Do \
Low-level Output Voltage Vou - - - 0.4
High—-impedance Cutoff Do1,Doz2 _
Current BC1to BC4 lore - - 11 KA
High-level Output Current low - -1.0 - -
Except Do mA
Low-level Output Current loL - 1.0 - -
Withstand Output Voitage BC1to BC4 Vs - - - 12 v

Note1: f,=2.5GHz, OSCw=4.0MHz, V..=5.0V. Input pins are grounded and output pins are open.

Note2: AC coupling. Minimum operating frequency is measured with a capacitor 1000pF.
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MB1508 APPLICATION CIRCUIT

TUNER Vr

BC1 BC2 - BC3 BC4

12v

2
—r
._'

- 1000p

r 1000p
0.1 p’I ’I 47K

ILD Ifout Ve | fin |GND2|fn |BCt |Bc2 |Bc3 | Bca

MB1508
1 2 3 4 5 6 7 8 9 10
33v
lFC LE Data | Clock |Veer  |OSCin OSCoutJ'GNDl Dos Doz ¥
5V
Cry W
o stal
O An C1 [o?
From o— | I I J; 2 I—_
controller
ﬁ

C1, C2 :depends on the crystal oscillator.
FC : with internal pull up resistor.
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PACKAGE DIMENSIONS

.050(1.27)
TYP

20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-MO01)

+.010 +0.25
5007 008(12.70 335~

INDEX

1
.307+.016
(7.80+0.40)

.018+.004
(0.4520.10)

BHHBBBE

[B]4.005(0.13) @

A

Y
AAAFEE

([ .004(0.10) ]

re—450(11.43) REF —=f

©1990 FUJITSU LIMITED F20003S-5C

.089(2.25) MAX
(MOUNTING HEIGHT)

.002(0.05) MIN
(STAND OFF HEIGHT)

= 0060011015 _0.02

.020(0.50)
.007(0.18)

MAX |
.027(0.68)
MAX !

M
+.016(5 g +0.40
2687°308(6.8070.50)
.020+.008
(0.50+0.20)
+.002,0 15+0.08

)

Dimensions in
inches (millimeters)
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FUJITSU

MB1509

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER
WITH 400MHz PRESCALER

The Fuijitsu MB1509 is a 400 MHz dual serial input PLL (Phase Locked Loop) frequencysizer
synthesizer designed for cordless telephone application.

The MB1509 has two PLL circuits on a single chip: one for transmit and the other for reception.
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains
a high sensitivity charge pump for faster lock up time.

The MB1509 incorporates two 400 MHz dual modulus prescalers to enable implemention of a
pulse swallow function.

It operates supply voltage of 3.0V typ. and dissipates 8mA typ. of current realized through the
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology.

e High operating frequency: fin = 400MHz

e Low power supply voltage: Vec = 2.7 to 5.5V

® Low power supply current: lcc = 8mA typ, @3V.
e Wide operating temperature: Ta = —40 to 85°C

e Two charge pumps
Low sensitivity charge pump for transmit
High sensitivity charge pump for reception

® Plastic 20-pin dual in line package (Suffix: -P)
Plastic 20-pin flat package (Suffix: -PF)

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Vee -05t07.0
Power Supply Voltage \
Ve Vee to 10.0
Output Voltage Vour —0.5 to Vec +0.5 \"
Output Current lour +10 mA
Storage Temperature Tsta -551t0 +125 °C

PLASTIC PACKAGE
DIP-20P-M02

PLASTIC PACKAGE
FPT-20P-M01

PIN ASSIGNMENT

GND[: 1 20 [T] Clock
osc.Nl: 2 19[] Data
oscom[____ 3 18] LE
fine [ 4 17 ] fin
Ver L 15  Top 16 Vece
fr: o VEW e
w7 14 :_l LD,
ve [ ]8 13 Vee
D[ |9 12[7] D2
Bs, [] 10 11[Jes

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings
are exceeded. Functional operation should be restricted to the conditions as
detailed in the operational sections of this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Copyright ©1991 by FUJITSU LIMITED

This device contains circuitry to protect the inputs against
damage due 10 high static voltages or electric fields. However,
it is advised that normal precautions be taken to avoid
application of any voltage higher than maximum rated
voltages to this high impedance circuit.
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MB1509 BLOCK DIAGRAM
011 D1 1
4 -9
r J r1Tt-tn
| ] |
| | | |
| | | |
J1E il
(\
) d
| | | |
| | charge | | | charge ]
| Pump ' l Pump l
| | | |
41 d4 10
=" | =" |
fp
‘ Phase ' monitor I Phase l (1
| Detector | output | Detector | =
] | selector | |
I I ! I
| T 1 T | I |
| 7 | t
| | g — |
: | ! I
ITRANS‘MT l : RECEP- '
SECTION | TION |
| » | | secTion ]
! o I | B I
-bil inary
| Program- | | 11-bit 1
| [ mable ] ] ] Program- ]
Counter mable
| — | | g Counter |
: | = |
| |
| | |
| I Retference | :
| 0-bit Counter | 20-bit
tatch I | ee | Jatch |
| ' R | 1
: 1 | : 1 |
| 1
| | | |
e
| Binary | | pinary & |
| 7-bit | | 7-bit .
| bad Swallow | __ l - Swallow Latch 23-bit shift
i Counter l | Counter Selec- register
tor
| | | T |
| I I R B .
: : = oNT
: : :
|
| | | |
Crystal
| | Osgilla\or | |
d | | | |
) — | IO ) Y R T |
| | B3 | | Circuit Circuit | § Circuit
| | | |
L J L J
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BLOCK DESCRIPTIONS
TRANSMIT/RECEPTION BLOCK

.

20-bit latch

Programmable divider consisting of:

Binary 7-bit swallow counter (Divide ratio: 0 to 127)

Binary 11-bit programmable counter (Divide ratio: 16 to 2047)
Phase detector with phase polarity change function

400MHz dual modulus prescaler (Divide ratio: 32/33, 64/65)

Charge pump

COMMON BLOCK

23-bit shift register

Programmable divider consisting of:

Reference counter (Divide ratio: 512, 1024)

(Divide frequency = 25kHz, 12.5kHz (Crystal oscillator frequency = 12.8MHz)
Crystal oscillator

fp monitor output selector

Latch selector

Schmitt circuits

Analog switches
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PIN DESCRIPTIONS

1 GND Ground.
2 OSCiv Oscillator input pin.
3 OSCour Oscillator output pin.
A crystal is connected between OSCi pin and OSCour pin.
4 fin Prescaler input pin of transmit section.
The connection with VCO should be AC connection.
5 Veer Power supply voltage input pin of transmit section.
When power is OFF, latched data of transmit section is cancelled.
6 fr Monitor pin for programmable reference divider output.
7 LD1 Lock detect signal output pin of transmit section.
Condition LD pin output level
Lock H
Unlock L
8 Vey Power supply voltage input for charge pump and analog switch of transmit section.
9 Dot Charge pump output pin of transmit section.
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting.
10 BS1 Analog switch output pin of transmit section.
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin.
11 BS2 Analog switch output pin of reception section.
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin.
12 Doz Charge pump output pin of reception section.
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting.
13 Ve2 Power supply voltage input for charge pump and analog switch of reception section.
14 LD2 Lock detect signal output pin of reception section.
Condition LD pin output level
Lock H
Unlock L
15 fp Monitor pin for programmable divider output.
This pin outputs divided frequency of transmit section or reception section depending upon FP bit
setting.
FP bit Output
H Transmit section (fp1)
L Reception section (fp2)

3-104




MB1509

PIN DESCRIPTIONS (Continued)

16 Veez - Power supply voltage input pin for reception section, programmable reference divider, shift register, |
and crystal oscillator. |
When power is OFF, latched data of reception section and reference counter is cancelled.

17 finz | Prescaler input pin of reception section.
The connection with VCO should be AC connection.

18 LE | Load enable input pin. This pin involves a schmitt trigger circuit.

When this pin is high, the data stored in the shift register is transferred into the latch depending on a
control data.

At this moment, charge pump output signal is output from BS pin since internal analog swith be-
comes ON.

19 Data [ Serial data input pin of 23-bit shift register. This pin involves a schmitt trigger circuit.
The stored data in the shift register is transferred to either transmit section or reception section de-
pending upon a control data.

Control bit data The destination of data
H Latch of transmit section
L Latch of reception section
20 Clock | Clock input pin of 23-bit shift register. This pin involves a schmitt trigger circuit.

Each rising edge of the clock shifts one bit of data into the shift register.

FUNCTIONAL DESCRIPTIONS

The divide ratio can be calculated using the following equation:
fveo = {(M x N) + A} X fosc + R (A < N)

fvco: Output frequency of external voltage controlled oscillator (VCO)

M: Preset divide ratio of dual modulus prescaler (32 or 64)

N:  Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A:  Preset divide ratio of binary 7-bit swallow counter (0< A < 127)

fosc: Reference oscillator frequency

R: Preset divide ratio of reference counter (512 or 1024)
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FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data is input using three pins: Data pin, Clock pin, and LE pin. Programmable divider of transmit section and programmable divider of

reception section are controlled individually.
Serial data of binary data is input into Data pin.

‘ Each rising edge of the clock shifts one bit of serial data into the shift register. When load enable sngnal |s high, the data stored in thegister is

shift register is transferred to either the latch of the transmit section or the latch of the

P n, dep

i Control data Destination of serial data
H Latch of transmit section

! L Latch of reception section

|

SHIFT REGISTER CONFIGURATION

ding upon the control  bit data setting.

Control bit
Ls8 Data Flow —» NiSB
1 2 3 4 5 6 7 8 9 10|11} 12113141516 |17 | 18119 ]| 20| 21 |22 | 23
Fy{P]F Al A A A N| N]|N N N
N C 1 2 3 4 5 6 3 4 5 6 8 9 10 11
‘ F E
N1to N11 : Divide ratio of the programmable counter setting bit (16 to 2047)
A1to A7 : Divide ratio of the swallow counter setting bit (0 to 127)
FC : Phase control bit of the phase detector
PRE : Divide ratio of the prescaler setting bit (32/33 or 64/65)
FP : Output of the programmable divider control bit (fp1 or fp2)
REF : Divide ratio of the reference counter setting bit (512 to 1024)
CNT : Control bit
SERIAL DATA INPUT TIMING
ot 2, t3, b, ts 2 1us
. .ee : cww
Data N11= MSBX N10 N1 A7 REF = LSBXC: Control bit
! .o ! -w
L} L}
1] )
RINRIER] )
1] L}
Clock _4-‘—;—{]_ ' : ' : i
' [ [ [ o M
[ ' ) ' N
[ ' ' ' '
N ! ' ' ' I_l
LE Ty .- N Y .- : " 0 O
- -ty Lt — o !
to0 ' ' P
!5 L} L]

Each rising edge of the clock shifts one bit of data into the shift register.
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING

Divide | N N N N N N N N N N N
Rato | 11 | 10 | o 8 7 6 4 3
(N)
16 0 0 0 0 0 0 1 0 0 0 0

17 0 0 [¢] 0 0 0 1 0 0 0 1

2047 1 1 1 1 1 1 1 1 1 1 1

Note: Divide ratio less than 16 is prohibited.
Divide ratio (N) range = 16 to 2047

BINARY 7-BIT SWALLOW COUNTER DATA SETTING

Divide A A A A A A A

Ratio 7 6 5 4 3 2 1
(A)

0 0 0 0 0 0 0 0

1 0 0 0 0 0 (] 1

127 1 1 1 1 1 1 1

Note: Divide ratio (A) range = 0 to 127

PRE : DIVIDE RATIO (P) OF THE PRESCALER SETTING BIT
H =32/33
L = 64/65

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT
H =512 (fr = 25.0 kHz)
L = 1024 (fr = 12.5 kHz)

FP . OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT
H = fp pin (15 pin) outputs programmable divider output frequency (fp1) of transmit section.
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section.

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR
Output of charge pump is selected by FC pin.

FC=H | FC=L
fr >fp H L
fr=1p 4 4
fr<fp L H
VCO Polarity @ ®
VCO Output
Note:Z = High-impedance Frequency

Depending upon the VCO polarity, FC bit should be set.

VCO Input Voltage —»
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PHASE DETECTOR OUTPUT WAVEFORM

-

(FC bit = High)
Dllz'rl' """ II""'I;l'L """" J[ """ JI """ JI"___
(FC bit = Low)

e et e S

Note: e Phase difference detection range = —2= to +2n

« LD output becomes low when phase difference is tw or more.
LD output becomes high when phase difference less than tw is reperated 3 times or more.
(e. g. tw =625 to 1250 ns, foscin = 12.8 MHz)

» Spike apperance depends on the charge pump characteristics. The spike is output to diminish the dead band.
 When fr > fp or fr < fp, spike might not generate depending upon the VCO characteristics.
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ANALOG SWITCH

ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON, BS1, BS2 pin
output the charge pump output (Do1, Dez). When analog switch is OFF, BS pin is set to high impedance.

Control data = L
Divide ratio of reception section is set

Control data = H
Divide ratio of transmit section is set

LE=H LE=L LE=H LE=L
Analog switch of transmit section ON OFF OFF OFF
Analog switch of reception section OFF OFF ON OFF

When an analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL
channel switching.

CHARGE PUMP

-
]
1

& LPF-1 LPF-2 Veo
L]
1

(CONTROL SIGNAL) _—_|

-
:
1
ANALOG SW  HS
1
1
1
:
4

Power Supply Voltage

Ve Vee - 8.0 \
Input Voltage Vin GND - Vee \%
Operating Temperature Ta —40 - +85 °C

HANDLING PRECAUTIONS

» This device should be transported and stored in anti-static containers.

« This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work-
benches with grounded conductive mats.

* Always turn the power supply off before inserting or removing the device from its socket.
» Protect leads with a conductive sheet when handling or transporting PC boards with devices.
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ELECTRICAL CHARACTERISTICS

| lect Reception section is active. - 4.0 -
Power Supply Currentx . . § mA
loc Transmit/reception section _ 8.0 120
are active.
fin1 P = 64/65 10 - 400
fin
Operating Frequency+* fin2 P =3233 10 - 200 MHz
OSCw fosc - 12.8 20
Vee =2.7 to 4.0V, 50Q -10 - 0
fin Vfin dBm
Input Sensitivity Vee =4.0 to 5.5V, 50Q -4 - 2
OSCn Vosc 0.5 - - Ver
High—level Input Voltage Except fin Vin Veex0.7+0.4 - - v
Low-level Input Voltage and OSCi Vi - - Veex0.3-0.4
High—level Input Current Data, I - 1.0 -
Clock
Low-level Input Current LE I - -1.0 - RA
Input Current OSCw lose - +50 -
High—level Output Voltage Von Vee = 3.0V 2.2 - -
Except Do Vv
Low-level Output Voltage and OSCour |y, - - 0.4
gl?rl:;r{npedance Cutoff Do lorr Ve = Vee to 8.0V - - 1.1 RA
! -1.0 - _
Except Do o
and OSCour oL 1.0 _ -
lon Ve =6V - -1 -
Output Current Dot mA
lou Vee =3V - 12 -
lon Vp =6V - -3 -
Doz
lou Vee =3V - 6 -
Analog Switch ON Resistance Ron - 50 - Q

Notes: *: fin = 400MHz, OSCi.= 12.8MHz, Vet = Veez = 3.0V. The remaining input pins are grounded and output pins are open.
**x. AC coupling. Minimum operating frequency is measured with capacitor 1000pF.
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST)

GND

fp
QO Oscilloscope
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APPLICATION EXAMPLE

Sitpm——l vo |— wr |—
|

From 1000pF 0.1pF
Controller I

Lock Detector

3V

——E—O—EO—E
Clock Data LE finz Veez fp LD Ve De2 BS:
MB1509
GND  OSCw OSCour fins Veer fr LDy Vey Dot BS,
0 G6)>—0) 7 G) 9 ®

Xﬁa‘ 3V T 6V
Cc2
Iy

C1

-

Lock Detector

Qutput
<—-—| vco l——l LPF l————

Note: Vei, Vez :8 V max.
C1,C2 :depends on the crystal oscillator.
Clock, Data, LE :involve the schmitt circuit.
When input pins are open, please insert the pull down/up resistor individually to prevent the oscillation.
Xtal 112.8MHz
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PACKAGE DIMENSIONS

20-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-20P-M02)

(0.25+0.05)

9707 908124.647329)
woex1 L[ I M M ool ‘
2441010
(6.200.25)
D O .300(7.62)
TYP
woexs 1 04 LI I LT LI LI LI LI L]
L.o:w_‘é”z } 0501912
" (0867939 (1277939,
172(4.36) MAX
'
! 118(3.00) MIN
.050(1.27)_| | 1100(2.54) 018+.003 1020(0.51) MIN
MAX ' CTYP (0.46:£0.08)

©1988 FUJITSU LIMITED D20003S-3C

Dimensions in
inches (millimeters)

3-113




MB1509

PACKAGE DIMENSIONS (Continued)

20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-M01)

.089(2.25) MAX

?‘ TMOUNTING HEIGHT)
' +.010 +0.25, :
\ 500" 60g(12.70_ 020! .002(0.05) MIN
(STAND OFF HEIGHT)
.307+.016 nn
INDEX (7.80+0.40)
209:.012 2687:31%6.8018:39)
(5.30+0.30)
)
IHEHEHEHEEH 020:+.008
(0.50+0.20)
050(1.27) 018004 o oe T ) L
— B4.005(013) @ .
TP [GA5L0.ToN2 £00510.19 @ —t 0069920157 3:35)
a { Details of A part |
4 A ' 008(0.20)!
\Vm il i ! ;
. ) |
[T 0040101 ] L
i 020050} |
.450(11.43) REF —= ! .007(0.18) |
! MAX |
! 027(0.68)
i MAX !
| S RN |

©1990 FUJITSU LIMITED F20003S-5C

Dimensions in
inches (millimeters)
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MB1511

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

SERIAL INPUT PLL FREQUENCY
SYNTHESIZER WITH 1.1GHz PRESCALER

The Fujitsu MB1511 is a single chip serial input PLL frequency synthesizer
designed for VHF tuner and cellular telephone applications.

It contains a 1.1 GH; dual modulus prescaler which enables pulse swallow
function, and an analog switch to speed up lock up time.

It operates supply voltage of 3.0V typ. and dissipates 7mA typ. of current realized
through the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology.

The MB1511 is housed in SSOP package, this enables high integration.

Low power supply voltage: V¢c=2.7 to 5.5V

High operating frequency: fwmax=1.1GHz (Vi mn=—10dBm)

Pulse swallow function: 64/65 or 128/129

Low supply current: lec=7mA typ.

Serial input 18-bit programmable divider consisting of:

o Binary 7-bit swallow counter: 0 to 127

© Binary 11-bit programmable counter: 16 to 2047

e Serial input 15-bit programmable reference divider consisting of:
© Binary 14-bit programmable reference counter: 8 to 16383
© 1-bit switch counter (SW) sets divide ratio of prescaler

* On-chip analog switch achieves fast lock up time

e 2types of phase detector output

© On-chip charge pump (Bipolar type)

© Output for external charge pump

Wide operating temperature: —40°C to +85°C

o 20-pin Plastic Shrink Small Outline Package (Suffix: — PFV)

e o o o o

ABSOLUTE MAXIMUM RATINGS (See NOTE)

&

PLASTIC PACKAGE
FPT-20P-M03

PIN ASSIGNMENT

2R
NC
®P
four
BISW
FC

0osCw [
Ne []
0SCour [
Ve [

Veo [

Do [

.16
Top View
15

(¢]
1
2
3
4
5
6
7
8
9

NOTE: Permanent device damage may occur if the above Absolute Maxi-
mum Ratings are exceeded. Functional operation should be restricted
to the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Copyright® 1991 by FUJITSU LIMITED

Rating Symbol Value Unit GND E LE
v e 70 v LD |: Data
Power Supply Voltage < — 0+ ne [ NC
Ve Ve to 10.0 \
t. [J10 Clock
Output Voltage Vour —0.510 Vec +0.5 \
Open-drain Voltage Voor —051t00.8 v
Output Current lour +10 mA
This device contains circuitry to protect the lnpv:lelliis aga&nsl
Storage Temperature Tsre -551t0 +125 °C mﬁ::&@%:ﬂﬂfnﬂ‘;f:ﬂ&? t;': ‘taken to ™
avoid application of any voltage higher than maximum

rated voltages to this high impedance circuit.
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MB1511 BLOCK DIAGRAM

ICRYSTAL
IOSCILLATOR

@®

[

IOIOITOIL

18-BIT LATCH

7-BIT LATCH "11-BIT Latch]

TTTIYIRERTRENYS

r__

fin G PRESCALERI

PROGRAMMABLE DIVIDER
[ [}
BINARY 7-BIT BINARY 11-BIT
SWALLOW PROGRAMMABLE
COUNTER COUNTER

16-BIT SHIFT REGISTER A RATOR 20)oR
—l 16817 SHIFT REGISTER |
- - @P
RTTTIRTYETYY I
AT T
CHANGI
| 15-BIT LATCH 1 SHANGING =@ four
RTTTITTIITTT I —— | amee
| PROGRAMMABLE REFERENGE | CHAR:
DIVIDER | G BISW
BINARY 14-BIT s Do LE
REFERENCE COUNTER jw] |
b e e e e a “@ FC
]
—————
: 19-BIT SHIFT REGISTER C%INTROL __@ Data
LATCH
H 19-BIT SHIFT REGISTER
el |
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PIN DESCRIPTION

Pin No. Pin Name Vo Description
1 OSCw | | Oscillator input.
3 OSCour O | Oscillator output.
A crystal is placed between OSCy and OSCouyr.
4 Ve — | Power supply input for charge pump and analog switch.
5 Vee — | Power supply voltage input.
6 D o Charge pump output.
° The characteristics of charge pump is reversed depending upon FC input.
7 GND — | Ground.
Phase comparator output.
8 LD O | Normally this pin outputs high level. While the phase difference of f, and f, exists, this
pin outputs low level.
10 i I Prescaler input.
N The connection with an external VCO should be AC connection.
1 Clock i Clock input for 19-bit shift register and 16-bit shift register.

On rising edge of the clock shifts one bit of data into the shift registers.

Binary serial data input.

The last bit of the data is a control bit which specified destination of shift registers.

13 Data | When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15-bit latch. When this bit is low level'and LE is high level, the data is trans-
ferred to 18-bit latch.

Load enable input (with internal pull up resistor).

14 LE I When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output is connected to

BISW pin because internal analog switch becomes ON state.

Phase select input of phase comparator (with internal pull up resistor).

When FC is low level, the characteristics of charge pump, phase comparator is re-
15 FC I versed.
FC input signal controls .. pin (test pin) output level, , or f,.
Analog switch output.
16 BISW O | Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE

pin is high level), this pin outputs internal charge pump output.

Minitor pin of phase comparator input.

fu Pin outputs either programmable reference divider output (f,) or programmable di-
17 four O | vider output (f;) depending upon FC pin input level.

FC=H: It is the same as f, output level.

FC=L: It is the same as f;, output level.

18 oP O | Outputs for external charge pump.
20 2R O | The characteristics are reversed according to FC input.
2P pin is N-channel open drain output.
2,9 _
1219 NC No connection.
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FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable
reference divider and 18-bit programmable divider, respectively.

Binary serial data is input to Data pin.

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open
stored data is transferred into latch depending upon the control bit.

Control data "H” data is transferred into 15-bit latch.

Control data "L” data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit dataformat is
shown below.

Control bit Divide ratio of prescaler setting bit
l r— LSB MSB —1 |

Cl{s|Ss|s|s|s|s|s|S|s|s|js|s|s]|Ss]|s
112{8|4|65]|6|7|8]|9]|10[11]12{13| 14| W

|'— Divide ratio of programmable reference counter setting bit —'I

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

Divide | s|s|s|{s|s|s|s|s|s|s|s|s]|s]|s
Rgtlo

8 0 ofojofofojJojJojofo]1 ool o

9 ojojojojfojofofo}jojolfr1 o101

. L] L] L] L] L] L] L] . . . . . L4 .

LLSi:Ac T N N U T T Y O T I O A A A [ O O N O

NOTES: Divide ratio less than 8 is prohibited.
Divide ratio: 8 to 16383
W: This bit selects divide ratio of prescaler.
SW=H :64/65
SW=L :128/129
S1 to S14: These bits select divide ratio of programmable reference divider.
C: Control bit (sets as high level).
Data is input from MSB side.

PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown following page.
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|
|
|
4
i
|
i
i

Control bit
I {— LSB MSB —‘

C|S|S|[S|S|S|[S|Ss|S|S|Ss]|]S|S|Ss|S|s|Ss]|]s]|s
112 3|]4|5|6]|]7]|8]9|10|11]12]13|14|15]16] 17| 18

Divide ratio of swallow _+_____ Divide ratio of programmable _.I
counter counter
setting bit setting bit
7-BIT SWALLOW COUNTER DIVIDE RATIO

Dvide | s | s1s|s|s|s|s
Ratio
A 7]lels]ala]2]fn

0 ojojojojojo}o

1 ojojofojojoj1

. L . L] . L L4 L]

127 1 tl1]p1]1111]1

NOTE: Divide ratio: 0to 127

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO

Dvide | s|s|s|s|s|{s|s|s|s]|s|s
Ratio
N 18 17| 16{ 15| 14| 13| 12| 11| 10| 9| 8

16 ojojojoflo}jo]1 ojojoj1t

17 ojofojJojJofoj1]Joflo]oO}1

L L] L] . ° . L] L] L] L] L] L]

2047 LU [ T U T T T N Y I O A O |

NOTES: Divide ratio less than 16 is prohibited.
Divide ratio: 16 to 2047
S1 to S7: Swallow counter divide ratio setting bit. (0 to 127)
S8 to S18: Programmable counter divide ratio setting bit. (16 to 2047)
C: Control bit (sets as low level).
Data is input from MSB side.

PULSE SWALLOW FUNCTION

The divide ratio is set using the following equation.
fvco= [MXN)+A] xfosc+R
fveo: Output frequency of external voltage controlled oscillator (VCO)
M: Preset modulus of external dual modulus prescaler (64 or 128)
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N)
fosc: Output frequency of the external reference frequency oscillator
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383)
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Data

Clock

LE

t, to, 15, 1y, ts 21ps

SERIAL DATA INPUT TIMING

S18-MsBYS17 - s1o*sg - _s1-tsef__c:CONTROLBIT
“SW) | (S14) s8) | (7 (s1) C: CONTROL BIT)
4
t'—. p— tz—— pt— t@ et — r— t‘
7 t;' L

NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider.
On rising edge of clock shifts one bit of data in the shift register.

PHASE CHARACTERISTICS

FC pin is provided to change phase characteristics of phase
comparator. Characteristics of internal charge pump output level (Do),
phase comparator output level (2R, 2P) are reversed depending upon
FC pin input level. Also, monitor pin (f.) output level of phase
comparator is controlled by FC pin input level. The relation between
outputs (Do, 2R, 2P) and FC input level are shown below.

FC=H or open FC=L
Do|eR| eP| for | Do ] eR | aP | four
f>fp HiL|L]@® |L]IH]Z]| ()
fi<tp LIH}|Z}) @& |H|L]L] ()
fi=f, ZiL|lzZz|l@® | ZL]Z] ()

Note: Z=(High impedance)

Depending upon VCO characteristics, FC pin should be set accordingly:

VCO CHARACTERISTICS

VCO OUTPUT FREQUENCY

VCO INPUT VOLTAGE —*

When VCO characteristics are like (), FC should be set High or open circuit;
When VCO characteristics are like @, FC should be set Low.
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a a A

f

S B T I T ‘

o] 1 L

L]
tof, fut, it futy <t

D'”'Flll Z'l_lf'L_i"'l M1
<,

NOTES: Phase difference detection range: -2z to +2n

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band.

When f>f; or f.<f,, spike might not appear depending upon charge pump characteristics.

ANALOG SWITCH

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) is

connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state.

LE Analog Switch
H (Changing the divide ratio of intermal prescaler) ON
L (Normal operating mode) OFF

When an analog switchis inserted between LP1and LP2, faster lock up times is achieved to reduce LPF time constant during PLL channal switching.

------------------ .: DO
1]
CHARGE PUMP  |—¢ (‘p LPF-1 LPF-2
R .
ANALOG sw |-HBEW

Q
Q
Z
-
b3
(o]
-
1)
0]
z
>
-
-

i

D I I e I R 4

vco
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RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max

Vee 27 3.0 55 v
Power Supply Voltage

Ve Vee _ 8.0 v
Input Voltage v GND — Vee \
Operating Temperature Ta —40 — 85 °C

HANDLING PRECAUTIONS

o This device should be transported and stored in anti-static containers.

« This is static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly
grounded. Cover workbenches with grounded conductive mats.

* Always turn the power supply off befer inserting or removing the device from its socket.
* Protect leads with a conductive sheet when handing or transporting PC boards with devices.
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ELECTRICAL CHARACTERISTICS

Parameter Symbol Condition Value Unit
4 Min Typ Max
Power Supply Current lec Note 1 7.0 mA
fin fin Note 2 10 1100 MHz
Operating Frequency
OSCy fosc 12 20 MHz
fint Vi Vee=4.0 to 5.5V —4 6 dBm
Input Sensitivity [ Vi | Voo=2.7 0 4.0V —10 6
OSCy Vosc 0.5 Ver
High-level Input Voltage Except fi, Vi Veex0.7 \"
Low-level Input Voltage and OSCw Vi Veex0.3 v
High-level Input Current Data ™ 1.0 HA
Low-level Input Current Clock b -1.0 HA
OSCuw losc 150 pA
Input Current
LE, FC he -60 uA
High-level Output Current Except Do Vou Vee=3V 2.2 \
Low-level Output Current and OSCour Vou 0.4 \"
N-channel Open Drain
Cutott Gorrot Do, @P lore | VoosVe<8Y 1.1 WA
lo -1.0 mA
Output Current s:gegtS% -
M o 1.0 mA
Analog Switch On Resistance Roxn 50 Q

NOTE 1: f,=1.1GHz, OSCy=12MHz, V.=3V. Inputs are grounded and outputs are open.
NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor 1000pF.
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TEST CIRCUIT

=1 Vec=3V

p
X'tal

V,=8V

OAuF'I:_*
1000 I Hh—
- |_1 ﬂ == I ==
soa 109 8 7 6 5 2 321

111213 14 15 16 17 181920

arowar

O Oscilloscope
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TYPICAL APPLICATION EXAMPLE

Vex(6V) l

OUTPUT

LPF vco
Charge Pump
O Selection
12k (Internal or
external)
FROM
CONTROLLER
12k O
10k
0
9—O

20 19 18 17 16 15 14 13 12 11

MB1511

1 2 3 4 5 6 7 8 9 10

2R oP four BISW |FC LE Data | Clock i47k 47k

o

OSCy |OSCour| Vs Vee Do GND |LD l t

[

X'tal 1000p

6V 3V

;C. ;Cz

V;, Vex : 8V max.
C, G, : Depends on crystal oscillator
LE,FC : With internal pull up resistor

@P  : Open drain output

Ves(5V)

10k

O LOCK DET
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PACKAGE DIMENSIONS

20-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-20P-M03)
.MgtAOOB
+gozl:) (MOUNTING HEIGHT)
(125 470
*.256+.004
(650£0.10) ~ [ o] .004(0.10)
RARAAARARA
.252+.008
I (6.40+0.20)
INDEX + .213(5.40) NOM
A ~
ARLELRLL —
+.004
.0256:+.0047 009~ 002 0067 8830.15% 883
0.65+0.12] +0.10,
( ) 02273 08) o 1
| Details of “A" part |
| 004+ .004 1
i STAND OFF
! 01020101 " ANBG !
|
imimimlnlninln : :
| |
230(5.85) ! 1020+ .008 !
REF \ (0.50+0.20) |
10 to 10° |
| |
. —J
Dimensions in
©1991 FUNTSU LIMITED F200128-2C # ! This dimension does not include resin protrusion. inches (millimeters)

3-126



July 1990
Edition 1.0

DATA SHEET —/———M—

(o8
FUJITSU

MB1512

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

LOW POWER SERIAL INPUT PLL SYNTHESIZER
WITH 1.1GHz PRESCALER

The Fujitsu MB1512, utilizing BI-CMOS technology, is a single chip serial input
PLL synthesizer with pulse-swallow function.

The MB1512 contains a 1.1 GH, two modulus prescaler that can select of either
64/65 or 128/129 divide ratio, control signal generator, 16-bit shift register, 15-bit
latch, programmable reference divider (binary 14-bit programmable reference
counter), 1-bit switch counter, phase comparator with phase conversion function,
charge pump, crystal oscillator, 19-bit shift register, 18-bit latch, programmable
divider (binary 7-bit swallow counter and binary 11-bit programmable counter) and
analog switch to speed up lock up time.

It operates supply voltage of 5V typ. and achieves very low supply current of 8mA
typ. realized through the use of Fujitsu Advanced Process Technology.

High operating frequency: f,, yax=1.1GH; (V\\ yw=—10dBm)
Pulse swallow function: 64/65 or 128/129

Power supply voltage: V.=4.5 to 5.5V

Low supply current: l..=8mA typ.

® & o o o

S
| @\@%
e

PLASTIC PACKAGE

Serial input 18-bit programmable divider consisting of: FPT-20P-M03
© Binary 7-bit swallow counter: 0 to 127
o Binary 11-bit programmable counter: 16 to 2047
o Serial input 15-bit programmable reference divider consisting of:
O Binary 14-bit programmable reference counter: 8 to 16383 PIN ASSIGNMENT
o 1-bit switch counter (SW) sets divide ratio of prescaler
¢ On-chip analog switch achieves fast lock up time
o 2types of phase detector output )
o On-chip charge pump (Bipolar type) 0sc, []1 20[] 2R
© Output for external charge pump NC
* Wide operating temperature: —40°C to +85°C NC E 2 19
e 20-pin Plastic Shrink Small Outline Package OSCqyr E 3 18[] 2P
AR 17 four
Voo E 5 ooV 1g["] BISW
D EG op |ew15 FC
ABSOLUTE MAXIMUM RATINGS (See NOTE) ° LE
Rating Symbol Value Unit GND E 7 4 D
V, -0.510 +7.0 \ LDEB 13:' o
Power Supply Voltage ad D0+ NCc[]o 12 NC
Ve V¢ 10 10.0 Vv ¢ [:10 113 Clock
Output Voltage Vour -0.5t0 V¢ +0.5 i}
Open-drain Voltage Voor -0.51t0 0.8 Vv
Output Current lour +10 mA P ——
p— - < e A e Do SO,
orage Temperature ste -5510 +125 ever, it is advised that normal precautions be taken 1o

NOTE: Permanent device damz:}ge may occur if the above Absolute Maxi-
mum Ratings are exceeded. Functional operation should be restricted
to the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Copyright® 1990 by FUJITSU LIMITED

avoid application of any voltage higher than maximum
rated voltages to this high impedance circuit.
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OSCiw ®_‘

MB1512 BLOCK DIAGRAM

-1
16-BIT SHIFT REGISTER {

ICRYSTAL
JOSCILLATOR

oscwf@-———--
v;@

I
-

[

PHASE
COMPARATOR

-®

o)

o

Slfom

—@Fc

P—H 19-BIT SHIFT REGISTER I

[

IHTOITOINI

18-BIT LATCH

| 787 Latch [[11-8im LaTon]
L -
AU
RAMM I

" @ PHESC_1ALER| : PROGRAMMABLE DVID‘ER }
i [ enary7ar J[eINaRY 118 ||
1| swalow PROGRAMMABLE |+
| L_CounTeR COUNTER £

| FO,

CONTROL CIRCUIT

16-BIT SHIFT REGISTER I I
TRINITeI——
] BITLATCH | MONITOR
1] FREQUENCY
| 15-BIT LATCH : SHANGING
RInIgI Switen
f PROGRAMMABLE REFEEET]EE] SHARGE
j DVIDER i
,
1 BINARY 14-BIT st Dot LE
| | REFERENCE COUNTER [w} |
| T
N —— 4
[ ]
| 19-BIT SHIFT REGISTER ?gf‘TTROL
LATCH

)‘—@ Data
———@ Clock
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PIN DESCRIPTION

Pin No. Pin Name Vo Description
1 OSC,, I | Oscillator input.
3 OSCour O | Oscillator output.

A crystal is placed between OSC,, and OSC,,;.

4 Ve — | Power supply input for charge pump and analog switch.
5 Vee — | Power supply voltage input.
6 D o Charge pump output.
o The characteristics of charge pump is reversed depending upon FC input.
7 GND - | Ground.
Phase comparator output.
8 LD O | Normally this pin outputs high level. While the phase difference of f, and f, exists, this
pin outputs low level.
9 NC - | No connection.
10 t I Prescaler input.
N The connection with an external VCO should be AC connection.
11 Clock | Clock input for 19-bit shift register and 16-bit shift register.
On rising edge of the clock shifts one bit of data into the shift registers.
12 NC - | No connection.

Binary serial data input.

The last bit of the data is a control bit which specified destination of shift registers.

13 Data | | When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans-
ferred to 18-bit latch.

Load enable input (with internal pull up resistor).

14 LE | When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected

to BISW pin because internal analog switch becomes ON state.

Phse select input of phase comparator (with internal pull up resistor).

When FC is low level, the characteristics of charge pump, phase comparator is re-
15 FC ! versed.
FC input signal is also used to control {,, pin (test pin) output level, f, or f,.

Analog switch output.
16 BISW O | Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE
pin is high level), this pin outputs internal charge pump state.

Minitor pin of phase comparator input.

f.. Pin outputs either programmable reference divider output (f) or programmable di-
17 four O | vider output (f,) depending upon FC pin input level.

FC=H: It is the same as f, output level.

FC=L: It is the same as f, output level.

18 oP O | Outputs for external charge pump.

20 2R O | The characteristics are reversed according to FC input.
@P pin is N-channel open drain output.

129 NC - | No connection.
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FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable
reference divider and 18-bit programmable divider, respectively.

Binary serial data is input to Data pin.

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open,
stored data is transferred into latch depending upon the control bit.

Control data "H" data is transferred into 15-bit latch.
Control data "L” data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data formatis

shown below.
Control bit Divide ratio of prescaler setting bit
I r— LsB8 MSB _l |
cC|s|Ss|s|S]S]|sS S|S|S|{s|S|[Ss]|sSs]|s
112 3|45 6|7|8]9]10]11]12113[14}| W
I!— Divide ratio of programmable reference counter setting bit ——-l
14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO
%":3: S|s|s|s|s|[s|s|s|s|s|s|s]|s]|s
R 1411312 11j10| 9| 8] 7| 6| 5] 4] 3|2 1
8 0 ojojojojojojojojo 1 o0j0]oO
9 ojojojojojojojojojo}jt1jojoj1
° L] L] L] . L] L] L] L] L] L] o L] L] L]
16383 [ 1 {1 |1 |t (1}t ]ttt 1)1t

NOTES: Divide ratio less than 8 is prohibited.

PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown following page.
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Divide ratio: 8 to 16383
SW:This bit sel76cgs divide ratio of prescaler.

=H :64,
SW=L :128/129

S1to S14: These bits select divide ratio of programmable reference divider.

C: Control bit (sets as high level).

Data is input from MSB side.
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Control bit
I r— LSB MSB —1
C|]s|S|S|S|S|S|Ss|S|S|Ss|Ss|S|SsS|S|S|S|S]|SsS
1123|456 7]|8|9]10]11]12]13]14|15]| 16| 17} 18
Divide ratio of swallow . I . Divide ratio of programmable . I
counter counter
setting bit setting bit
7-BIT SWALLOW COUNTER DIVIDE RATIO
Dvide | g|s|s|s|s|s]|s
Ratio
A 71654321
0 [0} ojo0}]0 0 0 0
1 0 0 0 0 0 0 1
L] L] L L] L] L3 * *
127 1 1 1 1 1 1 1
NOTE: Divide ratio: 0to 127
11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO
Dvide | sl s|s|s|s|{s|[s|{S]s]|s]|s
Ratio
N 18| 17| 16| 15| 14| 13{ 12| 11| 10| 9 8
16 oo 0|0 0 ] 1 0 010 1
17 0 0 o}jo 0of|o 1 0 of| o0 1
L] L] L] L] L] . . L] L] L] L] L]
2047 1 1 1 1 1 1 1 1 1 1 1
NOTES: Divide ratio less than 16 is prohibited.
Divide ratio: 16 to 2047
S1 to 87: Swallow counter divide ratio setting bit. (0 to 127)
S8 to S18: Programmable counter divide ratio setting bit. (16 to 2047)
C: Control bit (sets as low level).
Data is input from MSB side.
PULSE SWALLOW FUNCTION
fvco= [(PXN)+A] xfosc+R

vco: Output frequency of external voltage controlled oscillator (VCO)
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N)
fosc: Output frequency of the external reference frequency oscillator

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383)
P: Preset modulus of external dual modulus prescaler (64 or 128)
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Data

Clock

LE

SERIAL DATA INPUT TIMING

t, —t21us
518-MSBYS17 ) s1o*sg "7 s1-1sB{_ C: CONTROL BIT
SW) | (514) S8) | (57) (1) (C: CONTROL BIT)
4
t-» e T R t—>| o 1, ‘-H;_
t

NOTES: Parenthesis data is used for setting divide ratio of pr

On rising edge of clock shifts one bit of data in the shift register.

PHASE CHARACTERISTICS

FC pin is provided to change phase characteristics of phase
comparator. Characteristics of internal charge pump output level (D),

rammable reference divider.

VCO CHARACTERISTICS

phase comparator output level (,R, ,P) are reversed depending upon >
FC pin input level. Also, monitor pin (f,,) output level of phase 2
comparator is controlled by FC pin input level. The relation between ‘-_*-,‘
outputs (Do, 4R, zP) and FC input level are shown below. 8
£
'_.
- 2
FC=H or open FC=L a
2
Do R EP fwl Do ER EP fwt 8
i, Hivlolw|cfnlz]w S
VCO INPUT VOLTAG
fif, tiulz| @ |nlo]||w COIN E—
f=f, ZlL|z|d& | Z|L1zZ]®

Note:

Z=(High impedance)

Depending upon VCO characteristics, FC pin should be set accordingly:
When VCO characteristics are Iike@, FC should be set High or open circuit;
When VCO characteristics are like @), FC should be set Low.
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O I R O R

Lt

f<f

3 <lp

H [

TP
f<t

P

NOTES: Phase difference detection range: —2r to +2n

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band.
When f>f, or f.<f,, spike might not appear depending upon charge pump characteristics.

ANALOG SWITCH

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (D,) to be
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state.

LE=H (Changing the divide ratio of internal prescaler) : Analog switch=ON

LE=L (Normal operating mode)

: Analog switch=OFF

LPF time constant is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing.

Thus, lock up time is decreased, that is, fast lock up time is achieved.

"""""""""""" p D,
.CHARGE PUMP ' l LPF-1 |I LPF-2 Veo
tecocccacanaca= "
ANALOG SW ¢BISW
]
)
--_-QCS'.N.TE‘P.L_SICE'!A.L.L.E).—._——]__._ ...... ;
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Vee 45 5.0 55 %
Power Supply Voltage
Ve Vee Ve 8.0 v
Input Voltage ' GND Vee v
Operating Temperature T, —40 85 °C
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ELECTRICAL CHARACTERISTICS

Parameter Symbol Condition Vale Unit
¥ Min Typ Max n
Power Supply Current lec Note 1 8.0 mA
! f, f, Note 2 10 1100 MHz
‘ Operating Frequency
0SC,, fosc 12 20 MHz
fn Vi, -10 6 dBm
Input Sensitivity
OSC,, Vose 0.5 Vee
High-level Input Voltage Except f Vi Vecx0.7 \
Low-level Input Voltage and OSCy, A Veox0.3 v
High-level Input Current Data I 1.0 HA
Low-level Input Current Clock " -1.0 HA
0OSC,, lose +50 pA
Input Current
LE, FC le -60 pA
High-level Output Current Except D, Vou V=5V 4.4 v
o
Low-level Output Current and OSCour Vo 0.4 v
N-channel Open Drain
Cutoft Current Do, 2P fore VecsVes8Y 1.1 HA
I -1.0 mA
Output Current E::geg'sgf’ s
ot B 1.0 mA
Analog Switch On Resistor Ron 25 Q

NOTE 1: f =1.1GHz, OSC,=12MHz, V..=5V. Inputs are grounded and outputs are open.
NOTE 2: Ac coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected.
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TEST CIRCUIT

= Ve =5V V=6V

0.1uF _L._' ( Xtal
Hh—
7

1000,F
P |_| r‘;_l =
50Q 1
109 8 7 6 5 4 321

111213 14 15 16 17 181920

7J7 7J7 747 L O Oscilloscope

3-135



MB1512

TYPICAL APPLICATION EXAMPLE

Vex(6V) l

Charge Pump
O Selection
(Internal or
external) :
FROM
CONTROLLER
le]
O
9—o

2R |@P four BISW |FC LE Data |Clock 47k 47k
20 19 18 17 16 15 14 13 12 1

O LOCK DET

MB1512
12 3 4 5 6 7 8 9 10
OSCy |OSCop|V, Vee |Do GND |LD ‘
in
D 1
I
Xtal 1000p Veo(5V)
6V 5V
o =c LT {T
B &

10k

; 0.01p
o

C,, C, : Depends on crystal oscillator
LE,FC : With internal pull up resistor
@P  : Open drain output

V,, Vi : 8V max.
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PACKAGE DIMENSIONS

20-LEAD PLASTIC FLAT PACKAGE
(Case No.: FPT-20P-M03)

+.008
0493

+0.20
(1252570
- 256+.004

©50:0 10 (S w0e016 ]

(SEATED HEIGHT)

262+ .008
(6.40+0.20) 213(5.40) NOM
INDEX *173+.004 21365
(4.40£0.10)
pn
LEL L L)) S— ™ L

+.004

.0256+.0047 009~ 602

0.650.12 +0.10
( ) 0227319 - 9
| Details of A" part |
I 004+ .004 i
! 0105010 (STAND OFF) :
: I
i |
| |
230(5.85) } 020+ 008 }
REF | (0.560+0.20) |
10 to 10’ |
! |
L —

Dimensions in

©1989 FUSITSU LIMITED F200128-2C * : This dimension does not include resin protrusion. inches (millimeters)
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September 1991

DATA SHEET

MB1513

Serial Input PLL Frequency Synthesizer

(o8
FUJITSU

The Fujitsu MB1513 s a serial input phase-locked loop (PLL)frequency synthesizer
with a pulse-swallow function. A stand-by mode is provided to limit power
consumption during intermittent operation.

The MB1513 is configured with a 1.1 GHz dual-modulus prescaler with a 128/129
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, program-
mable reference divider (binary 14-bit programmable reference counter), 1-bit
switch counter, phase comparator with phase conversion function, charge pump,
crystal oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary
7-bit swallow counter and binary 11-bit programmable counter), analog switches,
and intermittent operation control circuit that selects the operating or stand-by mode
depending on the power-save control input state (PS).

The MB1513 operates from a single +5 V supply. Fujitsu's advanced technology
achieves an lgc of 8 mA, typical. The stand-by mode current consumption is just

100 pA.
¢ High operating frequency: fiy = 1.1 GHz (Viy = =10 dBm)

® Pulse-swallow function: high-speed dual-modulus prescaler with 128/129
divide ratio

e Low supply current: lcc = 8 mA typ. at 5 V
e Powaer-saving stand-by mode: 100 pA typ.
e Serial input, 18-bit programmable divider consisting of:
Binary 7-bit swallow counter: 0 to 127
Binary 11-bit programmable counter: 16 to 2,047
e Serial input, 15-bit programmable reference divider consisting of binary 14-bit

programmable reference counter: 8 to 16,383 1-bit switch counter sets
prescaler divide ratio

FPT-20P-M03

Pin Assignment

e On-chip analog switch for fast lock-up
e On-chip charge pump minimizes system component count oscw[] 4 20 [1PS
* Wide operating temperature range: —40 to +85 °C o] P 19 [INC
o Plastic 20-pin shrink small outline package (Suffix: PFV) 0SCour [ » 18 [1fa
veld 4 17 [Jfe
ABSOLUTE MAXIMUM RATINGS Vee O 5 16 [1BiSW
Parameter Symbol Value Unit Dol e 15 IFC
Supply Voltage Voo 0910+70 v GT-E E : :: giﬂ
Ve Vee € Vp < 10.0 v ned s = Fne
Output Voltage Vour -0.5to Vg +0.5 Vv w1 « DIcK
Output Current lout +10 mA
Storage Temperature Tsta -55t0 +125 °C

Note: Permanent device damage may occur if absolute maximum ratings are ex-
ceeded. Functional operation should be restricted to the conditions as de-
tailed in the operation sections of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may affect device reliability.

© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc.

This device contains circuitry to protect the inputs against

damsae due to high static voltages or electric fields. However, it
is advised that normal precautions be taken to avoid application
of any vonaoa higher than maximum rated voltages to this high

impedance circuit.
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BLOCK DIAGRAM

b e
OSCw 16-bit shift register To lock
-|" 16-bit shift register I o Phase
Oscillator | PS1 P v fa
JITOITOIL !
0SCout | 15-bit latch
{ 15-bit latch | DIRA
v JITOITOIL Phase char-
° | Programmable | changing cir- From phase
reference divider | 1 cuit comparator
1 Binay 145t [s]
ce g J PS1 pump 19 BiSW
PS1
Intermittent —(u? FC
operation
From charge control circuit
pump
Do C}
Schmitt 4
From c @) LE
GND (® phase | tigger |
comparator
LD @ L::: ;::3:‘ 19-bit shift register pr—
o 19-bit shift register | o;rﬁ:gl | trigger l @ Data
latch
JITOILOITOILE -
18-bit latch Schmit
J{ 7-vittatch ] [11-bitlatch] ) Clock
PSt AALOITOITOITE
Programmable divider |
Pre- : i
scaler l l l
SW ] | output
Binary 7-bit| |Binary 11-bit
fin C)—&scaler Io-— swallow | | programma-
PS1 counter ble counter
Mc | |

Control circuit
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PIN DESCRIPTION

1 OSsC, | Programmable reference divider input
Oscillator input
An external crystal is connected to this pin

2 NC - No connection
3 0SCoir | O Oscillator output
An external crystal is connected to this pin
\' - Power supply input for charge pump and analog switch
5 Ve - Power supply
6 Do (o] Charge pump output
The phase of charge pump is reversed depending on FC input
7 GND - Ground
8 LD (o] Phase comparator output
The output level is high when LD is locked. The output level is low when LD is unlocked
NC - No connection
10 i 1 Prescaler input
An external VCO should be AC-coupled to this pin
11 Clock I Clock input for 19-bit and 16-bit shift registers

One bit of data is shifted into the registers on the rising edge of the clock
Schmitt trigger circuit is involved

12 NC - No connection

13 Data | Binary serial data input

The last bit of the data is a control bit

When the control bit is high, data is transmitted to the 15-bit latch
When the control bit is low, data is transmitted to the 18-bit latch
Schmitt trigger circuit is involved

14 LE | Load enable signal input

When LE is high, the contents of the shift register are transferred to a latch, depending on the
control bit in the serial data. At the same time, an internal analog switch turns on and the
output of the internal charge pump is connected to the BiSW pin

Schmitt trigger circuit is involved

15 FC | Phase select input of phase comparator (with internal pull-up resistor)
When FC is low, the characteristics of charge pump and phase comparator are reversed
FC input signal is also used to control the f,, pin (test pin) of fg or f

16 BiSW o Analog switch output
Usually, BiSW is in the high-impedance state. When the switch is on (LE is high), the charge
pump is connected to the BiSW pin

17 fo o] Programmable counter output monitor pin
18 fa (0] Reference counter output monitor pin

19 NC - No connection

20 PS | Power save signal input

Set low when the system is operating (Never use pin 20 as it is opened)
PS = High : Operation mode
PS =Low : Stand-by mode
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FUNCTION DESCRIPTIONS

Pulse swallow function
The divide ratio can be calculated using the following equation:

fuco =[(MXN) + Al x fosc + R (A< N)

: Output frequency of external voltage controlled oscillator (VCO)

N  : Preset divide ratio of binary 11-bit programmable counter (16 to 2,047)

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127)

: Output frequency of the reference frequency oscillator

: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383)
M : Preset divide ratio of prescaler (128)

Serial data input
Serial data is input using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit

programmable divider separately.

Binary serial data is input to the Data pin.
One bit of data is shifted into the internal shift registers on the rising edge of the clock. When the load enable pin is high or open,

stored data is latched, depending on the control as follows:

Control data Destination of serial data
H 15 bit latch
L 18 bit latch

(a) Programmable reference divider ratio
The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The 16-bit serial data format is

shown below:

= Direction of data shift

Control bit Divide ratio setting bit for prescaler
| r—— LSB MSB —1 I
S

S|S|S|S|S|S|S|S|S|Ss|S]|S}|S
2131451617 |8]9|10]11}12]13] 14 |SW

Divide ratio setting bit for programmable reference counter
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« 14-bit programmable reference counter divide ratio

9 0 0 0 0 0 0 0 0 0 0 1 0 0 1
. . . . . . . . . . . . . . .
16383 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(Divide ratio = 8 to 16,383)

Notes: 1. Divide ratios less than 8 are prohibited.
2. SW: This bit selects the divide ratio of the prescaler
SW Low: 128 or 129
(SW must be always be low.)

3. S1to S14: These bits select the divide ratio of the programmable reference counter (8 to 16,383).
4. C: Control bit: Set high.
5. Input data MSB first.

(b) Programmable divider divide ratio

The programmable divider consists of a 19-bit shift register, an 18-bit latch, a 7-bit swallow counter, and an 11-bit
programmable counter. The 19-bit serial data format is shown below:

———— Direction of data shift

'(.)ggtrol bit MSB
[ -

S|S|S|S|s|SsS|SsS|S|S|Ss|s|Ss|S|s|Ss]|S|S]|s
2134516789 |10]1112[13]|14|15]|16| 17|18

Divide ratio setting bit for Divide ratio setting bit for programmable counter
swallow counter
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e 7-bit swallow counter divide ratio

L]

11-bit programmable counter divide ratio

1 ojofofojo]o 1 17 ojojofjojojo 1 ojo]o 1
. . . . . . . . . . . . . . . . . . . .
127 1 1 1 1 1 1 1 2047 1 1 1 1 1 1 1 1 1 1 1

(Divide ratio = 0 to 127)

Notes:

. C: Control bit: (Set low)
. Input data MSB first.

A WON =

Serial data input timing
e t (2 1ps): Data setup time

t, (= 1us) : Data hold time

t, (2 1pus) : LE setup time to the rising edge of last clock

(Divide ratio = 16 to 2,047)

. Divide ratios less than 16 are prohibited for 11-bit programmable counter.
. S11to S7: These bits select the divide ratio of swallow counter (0 to 127).
. S8to S18: These bits select the divide ratio of programmable counter (16 to 2,047).

t; (2 1us) : Clock pulse width
ts (2 1ps) : LE pulse width

Si8="\ y S1=\/"C: Control bit
Data MSB ' S17 ) S10 . S9 . LSBX ontrol bi
(SW) (*1)5 (814) (S8) E (S7) (S1)  (C: Control bit)
Clock ' .
1 - [} -
1 [
1 ' ’ ) [ '
[ ' ) ) [} )
1 t ) ’ [} )
LE v ' ) ') ' | |

Note:

*1: Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected.
One bit of data is shifted into the shift register on the rising edge of the clock.
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Intermittent operation

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to its necessity. If device
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined phase
relationship between the reference frequency (f;) and the comparison frequency (f;) and frequency lock is lost.

To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly
correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set high, the circuit
enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is explained below:

e Operating mode (PS = High)

Al circuits are operating, and PLL operation is normal. B
o Stand-by mode (PS = Low)

Circuits that do not affect operation are powered-down to save power.

The current in the power save state is typically 100 pA.

At this time, the levels of D, and LD are the same as when the PLL is locked.

Since D, is placed in the high-impedance state and the input voltage of the voltage-controlled oscillator (VCO) is set to the

voltage in the operating mode (when locked) by the time constant of the low-pass filter, the frequency output from the VCO (f,,)

is kept at the locking frequency.

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the
phase of the reference and comparison frequencies to limit power consumption.
The device must be set in the stand-by mode (PS = low) when it is powered up.

Relationship between FC input and phase characteristics

The FC pin controls the phase characteristics of the phase comparator. The internal charge pump output level (D,) is reversed
depending on the FC pin input level. The relationship between the FC input level and D, is shown below:

fa>fe
f,<f, L H
fa =t Z(*1) : Z(+1)

*1: High impedance

When designing a synthesizer, the FC pin setting depends on the VCO characteristics.

@
N Ve
AN e

*: When the VCO characteristics are similar to VCO \\ //

@, set FC high or open. output NG T

x

*: When the VCO characteristics are similar to frequency // \\

@, set FC low. // \\

e N\
7 AN ®

VCO input voltage —»
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Phase comparator output waveform (FC = High)

LI S Y YO T T T I I
O T I Y AN T T Y N Y I
LD | l
H H
P JIZ_J—L """ ll"l_f' """ R 1l """" k
: L [
fa=ts fa>fo fa="to fa<fs fa="fp fa="fo fa=1o
Notes: 1. Phase difference detection range: —2n to +2n
. Spike appearance depends on the charge pump characteristics. The spike is output to diminish dead
band.
. When f, > f, or f; < f,, spike might not appear, depending on the charge pump characteristics.
. LD is low when the phase difference is two or more. LD is high when the phase difference is two or less
for three or more continuous cycles (when f,s.,, = 12.8 MHz, tw = 625 to 1,250 ns).
Analog switch

The LE signal turns the analog switch on or off. When the analog switch is turned on, the charge pump output (D,
the BiSW pin. When it is turned off, the BiSW pin is in the high-impedance state.

When LE = high (when the divide ratio of the internal divider is changed): Analog switch = on
When LE = low (normal operating mode): Analog switch = off

The LPF time constant can be decreased by inserting an analog switch between LPF1 and LPF2. This decreases the lock-up time

when the PLL channel is changed.

) is output through

{ LPF-2 I——I vco I

i
CHP —+
L

|
(Control signal LE) JI
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RECOMMENDED OPERATING CONDITIONS

Voo 45 5.0 55 v
Supply voltage

Ve Vee$Vp<8.0 v
Input voltage v, GND - Vee \
Operating temperature Ta —40 - +85 oG

Notes: To protect against damage by electrostatic discharge, note the following handling precautions:

Store and transport devices in conductive containers.

|

Use properly grounded workstations, tools, and equipment.

Tumn off power before inserting or removing this device from a socket.

~ When handling PC boards on which devices are mounted, protect leads of the device using conductive sheet.
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ELECTRICAL CHARACTERISTICS

V\gt& lf-'l" = V1 R GHz,VOISCm =
_ 1 z, =5.0V. Inputs
Supply current lec 8.0 mA are at Vc:;nd outputs are
open
With f,, = 1.1 GHz, OSC,, =
12 MHz, Vo, = 5.0 V. The
Stand-by current IPS - 100 - HA | PSpinisgrounded, remain-
ing inputs are at V., and
outputs are open
AC coupling. The minimum
operating frequency is
. fw fu 10 - 1100 MHz | oasured with a 100-pF
Operating frequency capacitor connected
OSCy fosc - 12 20 MHz
f Viw -10 - 6 dBm
Input sensitivity
OSC, Vase 0.5 - - Vp-p
High-level input volt: Vv, Vee X 0.7 - - v
gh-evel ine! age Exceptf,and | " wX
Low-level input voltage OSCy V. - - Ve x 0.3 v
High-level input current by - 1.0 - HA
Data Clock LE
I - -1.0 - pA
Low-level input current
FC lee - -60 - A
Input current OSC, losc - 150 - pA
High-level output voltage Except D, and Vou 4.4 - - \ Vee=5V
(]
Low-level output voltage 0SCour Vo - - 0.4 \"
High-impedance _ _ Voo=GNDto 8V
Cut off current Do lore 11 HA n\(l)‘,c <V,<8V
low -1.0 - - mA
Output current gxscgpt D, and
ouT lot 1.0 - - mA
Analog switch ON resistance Ron - 25 - Q
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TEST CIRCUIT
(FOR MEASURING PRESCALER INPUT SENSITIVITY)

108 7 65 4 3 1
— V=5V

11 13 14 15 17 18 19 20

¢ L |

Oscilloscope

wrnmnr
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APPLICATION EXAMPLE

From
controller|

O
PS ltn |t |Bisw|rc [LE |Data ICIock £ 7Kk 2 47K

20 19 18 17 16 15 14 13 12 1

MB1513
1 2 3 4 5 6 7 8 9 10
0SC, 0SCon| Ve |Vee | Do J'GND |LD l_f,_,.l
t—i— '
I
X tal 6V |5V 1000 p
L =L,

h o h oy

Vi, Vex @ Maximum 8 V

1»C, : Depend on the crystal parameters

o

3-150




MB1513

PACKAGE DIMENSIONS

20-LEAD PLASTIC FLAT PACKAGE

(CASE No.: FPT-20P-M03)

* 256+.004
(6.50+0.10)
ARARAAAAAS
252+.008
INDEX (6.40%0.20)
/ *173%.004
(4.40%0.10)

004
.0256+.0047 009005
LI il
(0.65£0.12) 0221219
230(5.85)
REF

*:This dimension does not include resin protruction.

©1991 FUJITSU LIMITED F20012S-2C

. l
LT T —

+.008
049 "'504

213(5.40)

' JENL— A

T +002 1o 15+0.05
*u“‘ 006 Z001 (0-152962)

Details of "A” part
.004+.004
(0.10+0.10)

.020+.008
0°t010° (0.50£0.20)

| 520 (MOUNTING HEIGHT)
(1.2525%0)
[ 7] .004(0.10)

(STAND OFF

NOM

HEIGHT)

Dimensions in
inches (millimeters)
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May 1991 &
Edition 1.0 FUJITSU

MB1518
SERIAL INPUT PLL FREQUENCY SYNTHESIZER

SERIAL INPUT PLL FREQUENCY SYNTHESIZER
ON CHIP 2.5GHz PRESCALER

The Fujitsu MB1518 on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase
Locked Loop) frequency synthesizer with pulse swallow function. Itis well suited for BS tuner,
CATV system applications.

it operates supply voltage of 5.0V typ. and dissipates 16mA typ. of current realized through the
use of Fujitsu's unique U-ESBIC Bi-CMOS technology.

o Power supply voltage: Vec = 4.5 to 5.5V PLASTIC PACKAGE
FPT-16P-M06

* High operating frequency: f = 2.5GHz (Vi = —4dBm)

® 2.5GHz dual modulus prescaler: P = 512/528

® Low power supply current: lcc = 16mA typ.
PIN ASSIGNMENT
e Programmable reference divider : R = 512

® Programmable divider consisting of:
Binary 5-bit swallow counter (A = 0 to 31)
Binary 9-bit programmable counter (N = 32 to 511)

® Wide operating temperature: Ta = —40 to +85°C LE Ej 1 16 j LD
® Plastic 16-pin flat package (Suffix: —PF
P package ( ) paa[] 2 15 [] four

Clock[] 3 14 Veer
Ve []4  top 13[ ]t

ABSOLUTE MAXIMUM RATINGS (see NOTE) OSCmE 5 VIEW 12 :] GND2
0SCour d 6 "W
Power Supply Voltage Vee -05107.0 v GND1 : 7 10 j FC
Output Voltage Vo 0.5 to Vec +0.5 v Dot q 8 9] b
Output Current lo +10 mA
Storage Temperature Tsta -55t0 +125 °C
NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings This device contains circuitry to protect the inputs against
are exceeded. Functional operation should be restricted to the conditions as damage due to high static vohages or electric fields. However,
detailed in the operational sections of this data sheet. Exposure to absolute t is advised that normal precautions be taken to avoid

application of any voltage higher than maximum rated

maximum rating conditions for extended periods may affect device reliability. voltages to this high impedance Gircuit.

Copyright ©1991 by FUJITSU LIMITED
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Veez

MB1518 BLOCK DIAGRAM

fin GND2
3

Prescaler
— (P=512/528)

Control Circuit

Counter

5-bit Swallow | | 9-bit Programmable

Counter

(A=0~31) (N=32~511)

PANAN

5 9

—

14-bit latch I

PN

[ 14-bit Shift Register |

Schmitt Schmitt
Trigger Trigger

Schmitt
Trigger

T
® ©

LE Data

?
®

Clock Veer

fo FC Doz

four

Monitor Frequency

Selector

FC

o —l

Phase
Detector

I

OSCin

Reference Counter
(R=512)

Crystal
Oscillator

L

6
OSCout

GND1

Charge Pump l

®

Dot
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PIN DESCRIPTIONS

1 LE | Load enable input pin. This pin involves a schmitt trigger circuit.
When this pin is high, the data stored in the shift register is transferred into the latch.

2 Data I Serial data of binary code input pin. This pin involves a schmitt trigger circuit.

3 Clock | Clock input pin of the 14-bit shift register. This pin involves a schmitt trigger circuit.
On rising edge of the clock shifts one bit of the data into the shift register.

4 Veer - PLL power supply voltage input pin.

5 OSCinv | Oscillator input pin.

6 0OSCour (o) Oscillator output pin.
A crystal is connected between OSCi pin and OSCour pin.

7 GND1 - PLL ground pin.

8 Dos (o] Charge pump output pins.

9 Doz o Phase characteristics can be reversed depending upon FC pin input level.

10 FC ! Phase select input pin of the phase detector. This pin involves an internal pull up resistor.
When this pin is low, characteristics of the charge pump and phase detector can be reversed. This
input also selects four pin output level, either fr or fp. Please see on page 6.

1 fa I Complementary input pin of f. Please connect to GND through a capacitor.

12 GND2 - Prescaler ground pin.

13 fin I Prescaler input pin,
This signal is input with AC coupled.

14 Vee2 - Prescaler power supply voltage input pin.

15 four o Monitor pin of the phase detector input.
four pin outputs either of the programmable reference divider output frequency fr or programmable
divider output frequency fp depending upon the FC pin input level.

FC pin fout output signal
H fr
L fp

16 LD o Phase detector output pin.
Normally this pin outputs high. While the phase difference between fr and fp exists, this pin outputs
low.
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FUNCTIONAL DESCRIPTIONS

DIVIDE RATIO SETTING

Divide ratio can be set using the following equation:

fveo = {(P x N) + (16 x A)} x fosc + R
Output frequency of an external voltage controlled oscillator (VCO)
Preset divide ratio of an internal dual modulus prescaler (512)
Preset divide ratio of binary 9-bit programmable counter (32 to 511)
Preset divide ratio of binary 5-bit swallow counter (0 to 31)
Reference oscillator frequency

fvco:
P:
N:
A
fosc:

R:

SERIAL DATA | NPUT

Preset divide ratio of reference counter (512)

On rising edge of the clock shifts one bit of the data into the shift register.
When the load enable is high, the data stored in the shift register is transferred to the latch.

14 bit of serial data formit is shown below.

{—' LsB

~———————  Data Input Flow

MsB __&

A A A N N N N N N N N
1 2 5 1 3 4 5 6 7 8 9
le ole |
I Divide ratio of swallow I Divide ratio of programmable —I
counter setting bit counter setting bit
5-bit swallow counter divide ratio (A1 to A5)
Divide ratio A A A A A
A 5 4 3 2 1
0 0 0 0 0 0
1 0 0 0 0 1
2 0 0 0 1 0
31 1 1 1 1 1
9-bit programmable counter divide ratio (N1 to N9)
Divide ratio N N N N N N N N N
9 8 7 6 5 4 3 2 1
32 0 0 0 1 0 0 0 0 0
33 0 0 0 1 0 0 0 0 1
34 0 0 0 1 0 0 0 1 0
511 1 1 1 1 1 1 1 1 1
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SERIAL DATA INPUT TIMING

Data

Clock

LE

tr 2, b3, U, ts 2 1ps

ne W Ne
(MsB) /i

1]
N1 Y As a2V A
(LSB)

o 0 [ '

v ' ' ] '

T ' ! "o '

Vo . R

- ' . ’

— : ! L '

: [} = . °° vy . '

e - sl e l—a

‘s ' ' ' ! .
'

Note: On rising edge of the clock shifts one bit of the data into the shift register.
When LE is high, the data stored the shift register is transferred into the latch.
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PHASE DETECTOR CHARACTERISTICS

FC pin selects the phase of the phase detector. Phase characteristics (chage pump output) can be reversed depending upon the FC pin
input level. Monitor pin (fout) output level is selected by the FC pin input level as well.

FC = H (or open) FC=L
Dot , D fout Do1, Doz fout
fi H L
r>f Outputs programmable Outputs programmable
fr=fp Y4 reference divider output 4 divider output
fr<fp L frequency fr. H frequency fp.
Note:
Z: ngh-lmpedance VCO POLARITY
Depending upon the VCO polarity, FC pin should be set ac-
cordingly.
When VCO polarity is like 1,
FC should be set high or open.
When VCO polarity is like 2, VCO Output
FC should be set low. Frequency

VCO Input Voltage —»

PHASE DETECTOR WAVEFORM

o]
> 1

!
U
o J-'_ -------- T —
R | e s Bl sl o

fr>fp fr="fp fr<fp fr<fp fr<fp

__I
T

J
1]

Note: Phase difference detection range : -2 to +2n

Spike shape depends on the charge pump characteristics.
The spike is output to diminish the dead band.
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY)

1000p I ;F—l 1000p
[

P.G I

_ Frequency
counter

50Q

MB1518
1 2 3 4 5 6 7 8

0

o
i

RECOMMENDED OPERATING CONDITIONS

Power Supply Voltage Vee 45 50 55

Input Voltage Vi GND - Vee

Operating Temperature Ta —~40 - +85 °C
HANDLING PRECAUTIONS

e This device should be transported and stored in anti-static containers.

« This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work-
benches with grounded conductive mats.

« Always turn the power supply off before inserting or removing the device from its socket.
 Protect leads with a conductive sheet when handling or transporting PC boards with devices.
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ELECTRICAL CHARACTERISTICS

\‘ Power Supply Current fec Note1t - 16.0 - mA
fon fin Note2 10 - 2500
Operating Frequency MHz
OSCw fosc - - 4 10
2300 to 2500MHz -4 - 6
fin Vfin 1900 to 2300MHz -7 - 6 dBm
Input Sensitivity
10 to 1900MHz ~10 - 6
OSCw Vosc - 0.5 - - Vep
i | - Vi .7+0.4 - -
High—evel Input Voltage Exceptfn Vin 'ccX0.7+0. v
Low-level Input Voltage and OSCw Vo - - - | Veox0.3-0.4
High—level Input Current Data, lm - - 1.0 -
Clock,
LE I - - -1.0 -
Low-level Input Current pA
FC lire - - -60 -
Input Current OSCw liose - - 50 -
High—level Output Voltage Vo Vee = 5.0V 4.4 - -
Except Do \
Low-level Output Voltage Vo - - - 04
High—impedance Cutoff
anem P Do1,Doz lorr - - - 1.1 pA
High-level Output Current lon - -1.0 - -
Except Do mA
Low-level Output Current lou - 1.0 - -

Note1: fin=2.5GHz, OSCin=4.0MHz, Vc=5.0V. Input pins are grounded and output pins are open.
Note2: AC coupling. Minimum operating frequency is measured with a capacitor 1000pF.
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MB1518 APPLICATION CIRCUIT

vco

Vr

Lock Det. <——

33v

— W
——

LD fout | Vecz | fin FC Doz
16 15 14 13 12 10 9
MB1518
1 2 3 4 5 6 7 8
LE Data | Clock | Veer JOSCin {OSCout] GND1 | Dos
5V X'tal
o 0.1u Ci C
Fom o | 3o &
controller

Ci, C2 : depends on the crystal oscillator.

FC

: with internal pull up resistor.

3—,\
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PACKAGE DIMENSIONS

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M06)

Bbd

.050(1.27)

TTE — |

.018+.004

TYP

(

& i 3
0.45xo,1o)E::l‘” $.005(0.13) &

( [.004(0.10)

.350(8.89) REF

©1990 FUJITSU LIMITED F160158-2C

.089(2.25) MAX

+.010 +0.25,
=400 0g(10.16 7 5 551~
1.307101 6 g
INDEX (7.80+0.40) +
1209+.012 -268_
~g 11(5.30+0.30)

(MOUNTING HEIGHT)

.002(0.05) MIN
J)_|(STAND OFF HEIGHT)

016 5 gn+0.40
:008!6-80__¢ 20!

1 .020+.008

——(0.50£0.20)
JL 0061092 15+0.05,

Details of “A” part |

.016(0.40) :
L1

1

:
1

i
1
.008(0.20) |
007(0.18) !
1

Il

I

I

MAX
.027(0.68)
MAX

.001 —0.02

.007(0.18)
MAX
.027(0.68)
MAX

1
1
1
1
1
:
1
.008(0.20) |
1
]
1
]
1
1
]
:
1
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MB1519

O
FUJITSU

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER
WITH 600MHz PRESCALER

The Fujitsu MB1519 is a 600MHz dual serial input PLL (Phase Locked) frequency synthesizer
designed for cellular telephone and cordless telephone applications.

The MB1519 has two PLL circuits on a single chip: one for transmit and the other for reception.
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains
a high sensitivity charge pump for faster fock up time.

600 MHz dual modulus prescalers are on chip and enables a pulse swallow function.

It operates supply voltage of 3.0V typ. and dissipates 11mA typ. of current realized through the
use of Fujitsu's unique U-ESBIC Bi-CMOS technology.

© High operating frequency: fin = 600MHz

o Low power supply voltage: Vec = 2.7 to 5.5V

® Low power supply current: lcc = 11mA typ, @3V.
® Wide operating temperature: Ta = —40 to 85°C

® Two charge pumps
Low sensitivity charge pump for transmit
High sensitivity charge pump for reception

¢ Plastic 20-pin dual in line package (Suffix: -P)
Plastic 20-pin flat package (Suffix: -PF)

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Vee 05170
Power Supply Voltage v
Ve Vee to 10.0
Output Voltage Vour —0.5t0 Vec +0.5 v
QOutput Current lour +10 mA
Storage Temperature Tste -551t0 +125 °C

PLASTIC PACKAGE
DIP-20P-M02

PLASTIC PACKAGE
FPT-20P-MO1

PIN ASSIGNMENT

enp [
osew[ ]
0sCour[]
finy E:
Veer [
[
[

Ver [

Do [

es: [

TOP
VIEW

[ ] Clock
: Data
] LE
[ fine
] Veee
s
[] 0.
] Ve
;] Doz

BS:

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings
are exceeded. Functional operation should be restricted to the conditions as
detailed in the operational sections of this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliabiity.

Copyright ©1991 by FUJITSU LIMITED

Thh dovioe contains circuitry to protect the Inputs agaml

to
tis advised thagl normal pfoemmons be taken (c avold
higher than maximum rated

application of

voltage

any
voltages 1o this high impedance circuit.
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MB1519 BLOCK DIAGRAM
(-3
r r
| | |
| | |
| [ |
| | |
i | :
|
| | Charge | | Charge
| | P I Pum |
|
I I I
— J 11
r "
| 1K I
Phase monitor Phase (1
| Detector output | Detector ?
| selector ]
|
| t 1 ¥
| J
| [E =
{TRANSMlT | : RECEP-
SECTION | TION
| | } SECTiON
| ron | | Bl
i inar,
| Program- | | 11—bily
| mable | ] 1 Program-
Counter mable
| g | | prm— Counter
| | |
|
| |
| } Reference |
20-bit Counter - [20-bit
| Jiatch [ e | flatch
= | | 1024) { |
|
l l I I
-
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| | |
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BLOCK DESCRIPTIONS
TRANSMIT/RECEPTION BLOCK

.

20-bit latch

Programmable divider consisting of:

Binary 7-bit swallow counter (Divide ratio: 0 to 127)

Binary 11-bit programmable counter (Divide ratio: 16 to 2047)
Phase detector with phase polarity change function

600MHz dual modulus prescaler (Divide ratio: 64/65)

Charge pump

COMMON BLOCK

L]

23-bit shift register

Programmable divider consisting of:

Reference counter (Divide ratio: 512, 1024)

(Divide frequency = 25kHz, 12.5kHz (Crystal oscillator frequency = 12.8MHz)
Crystal oscillator

fp monitor output selector

Latch selector

Schmitt circuits

Analog switches
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PIN DESCRIPTIONS

1 GND - Ground.
2 OSCi | Oscillator input pin.
3 OSCour o Oscillator output pin.
A crystal is connected between OSCiy pin and OSCour pin.
4 finy [ Prescaler input pin of transmit section.
The connection with VCO should be AC connection.
5 Veet - Power supply voltage input pin of transmit section.
When power is OFF, latched data of transmit section is cancelled.
6 fr o Monitor pin for programmable reference divider output.
7 LD1 o Lock detect signal output pin of transmit section.
Condition LD pin output level
Lock H
Unlock L
8 Vb1 - Power supply voltage input for charge pump and analog switch of transmit section.
9 Do1 o Charge pump output pin of transmit section.
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting.
10 BS1 (o] Analog switch output pin of transmit section.
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin.
11 BS2 o Analog switch output pin of reception section.
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin.
12 Doz o Charge pump output pin of reception section.
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting.
13 Vez - Power supply voltage input for charge pump and analog switch of reception section.
14 LD2 o Lock detect signal output pin of reception section.
Condition LD pin output level
Lock H
Unlock L
15 fp o Monitor pin for programmable divider output.
This pin outputs divided frequency of transmit section or reception section depending upon FP bit
setting.
FP bit Qutput
H Transmit section (fp1)
L Reception section (fp2)
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PIN DESCRIPTIONS (Continued)

16 Veea - Power supply voltage input pin for reception section, programmable reference divider, shift register,
and crystal oscillator.
When power is OFF, latched data of reception section and reference counter is cancelled.

17 fin2 | Prescaler input pin of reception section.
The connection with VCO should be AC conneciton.

18 LE | Load enable input pin. This pin involves a schmitt trigger circuit.

When this pin is high, the data stored in the shift register is transferred into the latch depending on a
control data.

At this moment, charge pump output signal is output from BS pin since internal analog swith be-
comes ON.

19 Data | Serial data input pin of 23-bit shift register. This pin involves a schmitt trigger circuit.
The stored data in the shift register is transferred to either transmit section or reception section de-
pending upon a control data.

Control bit data The destination of data
H Latch of transmit section
L Latch of reception section
20 Clock | Clock input pin of 23-bit shift register. This pin involves a schmitt trigger circuit.

On rising edge of the clock shifts one bit of data into the shift register.

FUNCTIONAL DESCRIPTIONS

The divide ratio can be calculated using the following equation:
fveo = {(M X N) + A} xfosc +R (A< N)

fvco: Output frequency of external voltage controlled ocillator (VCO)
Preset divide ratio of dual modulus prescaler (64)
Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
Preset divide ratio of binary 7-bit swallow counter (0< A < 127)

fosc: Reference oscillator frequency

R: Preset divide ratio of reference counter (512 or 1024)

3-167



MB1519
FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data is input using three pins, Data pin, Clock pin, and LE pin. Programmable divider of transmit section and programmable divider of
reception section are controlled individually.

Serial data of binary data is input into Data pin.

On rising edge of clock shifts one bit of serial data into the shift register. When load enable signal is high, the data stored in the shift register is
transferred to either the latch of transmit section or the latch of reception section depending upon the control bit data setting.

Control data Destination of serial data
H Latch of transmit section
L Latch of reception section

SHIFT REGISTER CONFIGURATION
Control bit

LSB Data Flow —» MsSB

¥ t

1 2 3 4 5 6 7 8 9 |Jt10]l 11|12 1314|1516 17| 18|19 ]| 20} 2122 |23

N1toN11 : Divide ratio of the programmable counter setting bit (16 to 2047)
A1to A7 : Divide ratio of the swallow counter setting bit (0 to 127)

FC : Phase control bit of the phase detector
DMY : Dummy bit (sets to low)
FP : Output of the programmable divider control bit (fp1 or fp2)
REF : Divide ratio of the reference counter setting bit (512 to 1024)
CNT : Control bit

SERIAL DATA INPUT TIMING

ot t3, s, ts2 1us

N11 = MSBx x REF = LSBXC: Control bit
'

1 g .ﬂ '
o ' [ '
L [ [ [
] ' [ v ! [
i : L - H
LE TR "' .- T \ "
- -—t e
e ' ' : :
ts —i—ig—

On rising edge of the clock shifts one bit of the data into the shift register.
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING

Divide | N N N N N N N N N N N
Rato [ 11 | 10 | 9 8 7 6 5 4 2
(N)
16 0 0 0 0 0 0 1 0 0 0 0

17 0 [ 0 0 0 ] 1 0 0 0 1

-

2047 1 1 1 1 1 1 1 1 1 1 1

Note: Divide ratio less than 16 is prohibited.
Divide ratio (N) range = 16 to 2047

BINARY 7-BIT SWALLOW COUNTER DATA SETTING

Divide [ A | A A A A A | A

Ratio 716 5 4 3 2 1
(A)

0 o | o 0o | o 0 0 0

1 0o | o0 0 0 0 0 1

127 1 1 1 1 1 1 1

Note: Divide ratio (A) range = 0 to 127

DMY : DUMMY BIT INPUT
This bit is set to low in operation.

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT
H =512 (fr = 25.0 kHz)
L = 1024 (fr = 12.5 kHz)

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT
H = fp pin (15 pin) outputs programmable divider output frequency (fp1) of transmit section.
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section.

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR
Output of charge pump is selected by FC pin.

FC=H | FC=L
fr >fp H L
fr=1p V4 z
fr<fp L H
VCO Polarity ® @
VCO Output
Note:Z = High-impedance Frequency

Depending upon the VCO poratity, FC bit should be set.

VCO Input Voltage —»
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PHASE DETECTOR OUTPUT WAVEFORM

L
|

LD

(FC bit = High)
H

DlIz'rl' """ II""'I;I'L """ Jf """ JI

(FC bit = Low)

e s S

Note:

3-170

« Phase difference detection range = —2x to +2xn

« LD output becomes low when phase difference is tw or more.

LD output becomes high when phase difference less than tw is reperated 3 times or more.
(e. g. tw = 625 to 1250 ns, foscin = 12.8 MHz)

o When fr > fp or fr < fp, spike might not generate depending up the VCO characteristics.

« Spike apperance depends on the charge pump characteristics. The spike is output to diminish the dead band.
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ANALOG SWITCH

ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON, BS1, BS2 pin |
output the charge pump output (Do1, Dez). When analog switch is OFF, BS pin is set to high impedance. |
|
|

Control data = H Control data = L
Divide ratio of transmit section is set Divide ratio of reception section is set
LE=H LE=L LE=H LE=L
Analog switch of transmit section ON OFF OFF OFF
Analog switch of reception section OFF OFF ON OFF

When aanalog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constantduring PLL channel switching.

CHARGE PUMP & LPF-1 LPF-2 Veo
1
.

ANALOGSW  |HD

1
] ’
(CONTROL SIGNALE) .

Vee 2.7 3.0 55 Vv Veer = Veez
Power Supply Voltage

Ve Vee - 8.0
Input Voltage Vi GND - Vee
Operating Temperature Ta ~40 - +85 °C

HANDLING PRECAUTIONS

o This device should be transported and stored in anti-static containers.

« This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work-
benches with grounded conductive mats.

o Always turn the power supply off before inserting or removing the device from its socket.
» Protect leads with a conductive sheet when handling or transporting PC boards with devices.
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ELECTRICAL CHARACTERISTICS

\ lect Reception section is active. - 55 -
Power Supply Current* . | i mA
Transmit/reception section _ _
lecz " 11.0
are active.
fin fin 10 - 600
Operating Frequency** MHz
OSCiv fosc - 12.8 20
Vee = 2.7 to 4.0V, 50Q -8 - [¢]
fin Vfin dBm
Input Sensitivity Vee = 4.0 to 5.5V, 50Q —-4 - 2
OSCi Vosc 05 - - Ver
High-level Input Voltage Except fin Vin Veex0.7+0.4 - - v
Low-level Input Voltage and OSCw Vi - - Veex0.3-0.4
High—level Input Current Data, I - 1.0 -
Clock
LE I - -1.0 -
Low-level Input Current pA
FC lrc - -60 -
Input Current OsCw losc - 150 -
High—level Output Voltag V, Vee = 3.0V 2.2 - -
igh—level Output Voltage Except Do oH cc v
Low-level Output Voltage and OSCour VoL - - 0.4
High-impedance Cutoff Do, | Vp = Vec to 8.0V _ _ 11 iy
Current oP OFF Voor = GND to 8.0V :
-1.0 - —
Except Do lou
and OSCour o 10 B _
lon Ve =6V - -1 -
Qutput Current Dot mA
lou Vee = 3V - 12 -
lon Ve =6V - -3 -
DO2
lou Vee =3V - 6 -
Analog Switch ON Resistance Ron - 25 - Q

Notes: x: fin = 600MHz, OSCin = 12.8MHz, Vcet = Vece = 3.0V. The remaining input pins are grounded and output pins are open.
*+. AC coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected.

3-172



MB1519

TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST)

GND

QO Oscilloscope

3-173



MB1519

APPLICATION EXAMPLE

| Su—tpm———[ vco |—| LPF l———
|

Lock D

o
From

oO—
Controller {

Clock  Data LE finz Veea fp LDz Ve De2 BS:

MB1519
GND OSCw OSCour fins Veer fr LDy Vi Dot BS:
D @—@—GD—
6V

Lock Detector

].1000pF >
|
= L e e J—

Note: Ve1, Ve2 18 V max.
C1,C2 :depends on the crystal oscillator.
Clock, Data, LE :involve the schmitt circuit.
When input pins are open, please insert the pull down/up resistor individually to prevent the oscillation.
X'tal :12.8MHz
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MB1519
20-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-20P-M02)
sro" BBaea’923
R I O ok I e O o s Al I s O s R O %%’5"’“‘"
244% 010
(6.20+0.25)
D O .300(7.62)
INDEX-2 LI LTI LJ LT LT L] S
‘ 0347012 ‘ 0507912 010+.002
'—(o.eetg-”) 127703, (0.25+0.05)
= % 172(4.36) MAX
.118(3.00) MIN
.050(1.27) -100(2.54) _l L :018+.003 1020(0.51) MIN
MAX TYP "(0.46+0.08)
Dimensions in
©1988 FUJITSU LIMITED D20003S-3C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

—~ 500+-010

.008'

AAAAAAAAAA

20-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-20P-MO01)

.089(2.25) MAX

+0.25
(12.70+3-28)—

INDEX

307+.016
(7.80+0.40)

.209+.012
(5.30+0.30)
|

.050(1.27)

L

(SEATED HEIGHT)

.002(0.05) MIN
(STAND OFF)

dHbHE

.020+.008

TYP

.018+.004
(0_4510_10,5_'_:@“/ #.005(0.13) —

“A" ————

©1990 FUJITSU LIMITED F20003S-5C

|- 0na+-002,0 15+
0067 -38%(0.157F

" Details of “A” part |

1
N : :
|| ; ooqe2on
| !
[=]"004(0.10) ] ! |
i 1020(0.50) |
he—.450(11.43) REF —f ! .007(0.18) |
! MAX |
! 027(0.68) |
L MAX ]

+.016 +0.40,
-268_°00g(6.80_55¢)

{0.50+0.20)

0405)
0.02:

Dimensions in
inches (millimeters)
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Section 4

Single-Chip VCOs/Prescalers — At a Glance

Maximum Divide Supply
Page Device Frequency Ratio Iec Vee
4-3 MBS51 1 GHz 1280r129 16 mA (typ) 5V (typ)

NOTE: The MB551 is available in an 8-pin Plastic FPT package.
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June 1991

DATA SHEET

MB551
1 GHz Dual Modulus Prescaler

[e®)
FUJITSU

The Fujitsu MB551 is a dual modulus prescaler with low supply current and aVCO
(voltage controlled oscillator). It is used in a frequency synthesizer in the 1 GHz
region.

The MB551 contains a Colpitts oscillator with a grounded base capacitor, an
open-collector output buffer amplifier, a prescaler interface circuit, and a dual
modulus prescaler that can select divide ratios of 128 or 129.

The VCO oscillator section can be constructed with external components such as a
capacitor, dieletric oscillator (resonator), and variable capacitor.

The on-chip VCO and prescaler are connected on internal control circuit. Thus, the
influence caused by carrier to noise by deviation of prescaler input load is
suppressed.

The MB551 operates on a supply voltage of 5 V typical and has a 16 mA supply
current typical.

o Oscillator frequency: 1 GHz max. o Signal to noise ratio: 45 dB typ.

o Low supply current: lec = 16 mA (BW = 0.3 to 3 kHz, 3 kHz Dev,
typ. 1 kHz tone)

. ?y:cil!ator output voltage: 0 dBm o Stable oscillator output

e Carrier to noise ratio: * Supply voltage dependence:
70 dB typ. (Af = 50 kHz, +200 kHz/V typ.
BW = 15 kHz o
65 dB typ. (Af = 25 kHz e Frequency stability: 35 ppm/°C
BW = 15 kHz (Referenced to 25°C)

e Pulse swallow method: Divide
ratio of 128 or 129

e Prescaler output contains
termination circuit: V1 = 1.6 Vp—p @ Plastic 8-pin flat package:

e Load regulation: +2 MHz
VSWR = 2 typ.

typ. Suffix -PF
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Ratings Unit

Supply Voltage Vee -0.510+7.0 \
Oscillator Transistor Vg DC voltage is not input from
Base, Emitter Input Voltage Ve outside.

Inﬂut Voltage for MC and

ouT (3, 4 pins) Vp1 -0.5t0 Vcc +0.5 v
Input Voltage for fyco and C

(16 pins) veo Vs VoS Vpa<470 |V
Input Current lp +10 mA
Storage Temperature Tsta —5510 +125 °C

Note: Permanent device damage may occur if absolute maximum ratings
are exceeded. Functional operation should be restricted to the condi-
tions as detailed in the operation sections of this data shest. Expo-
sure to absolute maximum rating conditions for extended periods
may affect device reliability.

© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc.

Plastic Package
FPT-08P-M01

Pin Assignment

5] GND
Voo [2) 1opview [ E

Mc [3] 6]
out [3] 5]

fveo [1

Cc
B

Pin assignment to be determined

This device contains circuitry to protect the inputs against
damage due to high static votages or electric fields. However, it

precautions be taken to avoid application
of any voltage higher than maximum rated voltages to this high
impedance circuit.
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Figure 1. MB551 Equivalent Circuit

Circuit

/IMOPF 3pF

0.5 pF

250 pFJ; Fa
] Sa

I

50 pF
Ll

D XQ D XQ D XQ
F1 F2 F3

ref
35pF | D XQ| |

I_oxo_l _on_l I.on_l | [oxa Do—oow

F5 Fé F7 F8

caQ caQ c Q c Q]

PIN DESCRIPTIONS
Pin No. Symbol [7[e] Description
1 fvco (o) Voitage controlled oscillator output
2 Vee - Supply voltage input, +5V
3 MC 1 Modulus control input
4 out o Prescaler output
5 B - Oscillator transistor base pin
6 - Oscillator transistor collector pin
7 E - Oscillator transistor emitter pin
8 GND - Ground
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MB551
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 45 5.0 55 \"
External Variable Capacitor Control Voltage Vr 1.5 4.5 \
Operating Temperature Ta -40 +85 °C
Prescaler Output Load C, 8 pF
VCO ELECTRICAL CHARACTERISTICS1:2
Value
Parameter Symbol Condition Min Typ Max Unit
Oscillator Frequency fosc -TBD- 900 MHz
Oscillator output Poyr ~To be supplied— 0 dBm
Carrier to Noise Ratio C/N Af=25kHz, BW=15kHz 65 dB
. 5 . BW = 0.3 — 3kHz, 3kHz Dev.
Signal to Noise Ratio SN Tone 1kHz 45 dB
Fundamental to
1st Harmonic Ratio SP-1 -10 8
Frequency Stabili Af, Ta=-40-85°C 35 m/°C
quency o ! Referenced to 25°C PP
Supply Deviation Ay Vec = 5V #10% +100 kHz/V
Conversion Gain Aosc Control range: 1.5 — 4.5V 43 MHzV
Load Regulation Vswa = 2.0 All phase + MHz
9 Alswn Referenced to 50 Q 2

Notes: !These values depend on external components.
ese values are measured under the test circuit shown in Figure 2.
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PRESCALER ELECTRICAL CHARACTERISTICS

Value
Parameter Symbol ) Condition Min Typ Max Unit
Supply Current lec ' ' 16.0 mA
Output Amplitude Vour Internal termination 1.0 1.6 Vp—p
resistor is used.
Load capacitor is
less than 8 pF.
Input Frequency fin Minimum value is 10 900 MHz
measured with input
coupling capacitor
1000 pF.
Input Signal Amplitude Vin -4 6 dBm
High-level Input Voltage Viu 2.0 \"
for MC
Low-level Input Voltage Vi 0.8 \
for MC '
High-level Input [ ) 0.4 mA
Current for MC
Low-level Input M » -0.2 mA
Current for MC
Modulus Setup Time teeT 16 26 ns
DUAL MODULUS FUNCTION
128 129
] [ ] ' ] ]
. [ ] . [ ]
1 ] ' [] []
64
I &4 64 I """"""" | 64 I l
' 4”' _--"---’ “\ ,"‘ .n“-‘-
out PRSPPI * o et
N 'l . s -
|64|64|64|64| | I I | I | | I64|64I65|64|65|64|64| |
. ) ) L}
) 1 L} [}
1 ) ) 1]
) L L )
T E—
M ' '
1 L
. L}
. L} L} L
— e———
vofteer 0 votser 0

Notes: 'When MC is high, divide ratio of 128 is selected.
2When MC is low, divide ratio of 129 is selected.
(Viw =2.0 Vmin., V. = 0.8 Vmax.)
SWhen divide ratio of 129 is selected, positive pulse is added by 1 to 65.
4The typical setup time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio.




MB551
Figure 2. Test Circuit Example-|
2pF 82 nH
12 3 o VT

. L]
1SV164 1l 1
1500 MHz J_ 51pF 0.01 uF
4pF ,J; ,J;

— A —
1'17__ 20pF
GND |E c B J;
8 7 6 5
22 nH [] 390Q MBSS1

1 2 3 4

51pF J; Output 208F ytwe Voo mMe four High-impedance prober

(50 Q) L—ﬁ—l—O M (Sampling scope)
56 nH 4

0.01 uF

iy

Voo (+5V) © - 20 pF 51 pF

20 ij[; 20 pFI% ,j_'; 0.01 uF

Notes: Variable capacitor ISV164 (NEC)
Chip condenser UMK316C, UMK212C, UCN103C Series (Taiyo Yuden)
Chip coil LQN2A Series (Murata)

Dielectric Oscillator DRRO6OUE (Murata)




MB551

Figure 3. Test Circuit Example-ll

3pF 82 nH

| o VT
1
= 4pF ,J; ,J;

22nHL

51 pF,j;[_q

e

390 Q

15pF 2pF 3pF

nr—n——l |——n—»8—%

eND |E c 20pF

8 7 6 5

MBS551

1 2 3 4

20 pF
Outputo—f fro Voo Me IfoLo High-impedance prober

(50Q)

_[—]_——1—0 M (Sampling scope)
56 nH 0.01 uF
& &

Ve (+5V) ©

20 pFIjE 20 pFi /j; 0.01 uF

20 pF 51 pF

Notes: Variable capacitor
Chip condenser

Chip coil

Dielectric Oscillator

ISV164 (NEC)

UMK316C, UMK212C, UCN103C Series (Taiyo Yuden)
LQN2A Series (Murata)

DRRO60UE (Murata)




MB551

(Parts List)
C1 :1pF
Cc2 1 2pF
C3 : 3pF
C4 : 4pF
Cc5 : 2pF
Cé : 20pF
c7 :51pF
c8 : 20pF
Cc9 : 20pF
C10  :51pF
C11t  :20pF
Ci2 :51pF
C13  :20pF
C14  :51pF

Fig. 4 - RECOMMENDED PRINT CIRCUIT BOARD PATTERN

(Taiyo Yuden UMK212C) C15 : 0.01pF (Film condenser)
(Taiyo Yuden UCN103C) C16 : 0.01pF (Film condenser)
(Taiyo Yuden UMK212C) C17 : 0.01uF (Film condenser)
(Taiyo Yuden UMK212C)

(Taiyo Yuden UMK212C)

(Taiyo Yuden UMK316C) R1  :390Q (Rohm MCR25)
(Taiyo Yuden UMK212C)

(Taiyo Yuden UMK316C)

(Taiyo Yuden UMK316C) L1 :22nH  (Murata LQN2A)
(Taiyo Yuden UMK212C) L2  :56nH  (Murata LQN2A)
(Taiyo Yuden UMK316C) L3 :82nH  (Murata LON2A)
(Taiyo Yuden UMK212C)

(Taiyo Yuden UMK316C)

(Taiyo Yuden UMK212C) VD : 1SV164 (NEC)

Dielectric oscillator : (Murata DRR060 Serise, 1.5GHz)

Dielectric
Oscillator

4-9
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TYPICAL CHARACTERISTICS CURVES

Fig. 5 - Supply Current vs. Supply Voltage

H
~ 20.0
_8 TA = 25°C
E /
w
3 /
o
2 -t
(&4
>
i & Typ-16ma
o
2
» 150
45 50 55

SUPPLY VOLTAGE Vec (V)

Fig. 6 — Oscillator Waveform (Span = 50kHz)

]

3

o

2

o -30

o \ 839.5MHz
: —40 +1.4dBm
5 \

E / \

=

o]

-70

FREQUENCY
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(TEST CIRCUIT - 1, RECOMMENDED PRINTED CIRCUIT BOARD USED)

Fig. 7 - Conversion Gain

OSCILLATOR FREQUENCY fosc (MHz)

. -
855 //

//A o6 4 MMV
J A

1.0 20 3.0 4.0 5.0

Vee = 5.0V
Ta=25°C

VARIABLE CAPACITOR CONTROL VOLTAGE Vy (V)

Fig. 8 - Supply Voitage Dependence

OSCILLATOR FREQUENCY fosc (MHz)

o
a
L4
&

g
3

/A‘m/c-u

30MHZV

856.00

855.75 1

/V

855.50

Vr =25V

45

50 5.5
SUPPLY VOLTAGE Vcc (V)

Ta=25°C
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MB551

(TEST CIRCUIT — I, RECOMMENDED PRINTED CIRCUIT BOARD USED)

Fig. 9 - C/N, S/N vs. Variable Capacitor Control Voltage

) SIN

T 80 -

S [ il ST P
o CIN(AA 50KH?,

[= o

g

w ——

g [ ——

z CIN(A 25kHz) P
'9 60

4

w

o

S =

S

1.0

20 3.0 4.0

50

SIGNAL TO NOISE RATIO S/N (dB)

Vee = 5.0V
Ta = 25°C

VARIABLE CAPACITOR CONTROL VOLTAGE V1 (V)

Fig. 10 - Supply Voltage Dependence

g, "

r4 - w - Y T
S

0 SokHz

> oNnA
g

) -

[e]

z CNAB | P
O 0

P

w

T

%

o 50

45

5.0
SUPPLY VOLTAGE Vcc (V)

55

50

40

SIGNAL TO NOISE RATIO S/N (dB)

Vr =25V
Ta =25°C
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MB551

Fig. 11— Prescaler Input Sensitivity Curve (Supply Voltage Dependence)  (Ta = 25°)

MINIMUM INPUT SIGNAL AMPLITUDE Vin (dBm)

+20

Vec = 4.5V

INPUT FREQUENCY Fin (GHz)

06 10 14 18
INPUT FREQUENCY Fin (GHz)
Fig. 12— Prescaler Input Sensitivity Curve (Temperature Dependence)  (Vcc = 5V))
€
2 +20
£
= Ta= —40°C
% 410 A
e
= \
& \
s o0 -
< |
= /] Ta= +25°C
& -0 va
g Taw 4»85’(‘\/ (
7
2 »
20 >
: A== —
2 —bm
= -30 =
4
s
06 10 14 18
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(TEST CIRCUIT - 1)
Fig. 13 — Conversion Gain

860
N
I
z //
R
> /
)
2
Z /|
g 845
w
x /Atm = 7.5MH2V
g /
[
s
=3
3 /
830 |— Ve = 5.0V
Ta=25°C
1.0 20 3.0 40 5.0
VARIABLE CAPACITOR CONTROL VOLTAGE V¢ (V)
Fig. 14— C/N, S/N vs. Variable Capacitor Control Voltage
& g
2 0 5 z
g @
' 2
o]
= 7 SIN b3
E e - e e ate - - g
7} - Q
[}
4 o
o 60 CIN(A 25KHz) 40 K
<
& ]
o 7]
i 4
g 50 Vee = 5.0V
Ta=25°C

1.0 20 3.0 40 5.0
VARIABLE CAPACITOR CONTROL VOLTAGE Vr (V)
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Figure 15. Application Example

2pF
LPF |
— ISV164 1500
MHz
Vu o= 4pF
,J_" agokQ VeelBV)
_VpX (5V) VVVV 1 5'1:
210 I’ i
C, 12kQ S 1pF 2pF| 3pF 20pF
1 W Insasanapy
— Vee 12kQ °f eho| E| ¢ |8
C, (5 V) Y ) 8 7 6 5
—ll 0osg T @T 10kQ
l Vsg lin s, |97 ¢R MBSS1
16 15 14 13 12 11 10 9 1 2 3 4
f ' M|
MB87001A Loca oi‘l’PF vee | e o
freq.
1 2 3 4 5 6 7 8 \7
Voo (5 V cc
CC(I) Vop |ClocRDatal LE | fin | M |LD ID Voo (8V) S8 b
| Voo a n o J
0.047 - ':=10 ) ! L 1000pF
3 100 20pIF;|; ,J;o.m ulEj;zo oF T
"V‘V‘V
Clock O—¢ 33kQ Bot:k-
Data © et.
0 pF == 10 kQ
LE O 1000 pl II'
e < <&
E -
i dh
47 KQ 47 KQ 47KQ
Note: C1and C2 depend on crystal oscillator.
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PACKAGE DIMENSIONS

4-16

8-LEAD PLASTIC FLAT PACKAGE

(Case No.
LT —

: FPT-8P-MO1)

089 (2.26) MAX_
(SEATED HEIGHT)

002 (0.05) MIN
(STAND OFF)
016 .‘ ~—|

+016 ¢ 004040
268”008 (6807920

1020 + .008
(0.50  0.20)

+.002 o 15 +0.05
=006+ 302 (0.15 *00%)

Dimensions in
inches (mikimeters)




Section 5
Piezoelectric Devices — At a Glance

Page Device Description Ran190 Optlon.

5-3 FS5CB Series ~ SAW-Bandpass Filter 700-1000 MHz 8-pin Lcc
517 M2 Series VCO (D100) 4-30 MHz 14-pin  DIP
525 M2 Series VCO (D300) 4-30 MHz 16-pin  SIP
5-35 M3 Series VCO (D001) 50-300 MHz 16-pin  DIP
5-39 M3 Series VCO (D101) 50-300 MHz 14-pin  DIP
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F5CB Series
Piezoelectric Filters

SAW-BPF, 700 MHz to 1000 MHz

The F5 series are wide bandpass filters for use in the 700 MHz to 1000 MHz range.
The F5 series uses a single lithium tantalate piezoelectric crystal (LiTaO3) that has a
high electromechanical coupling coefficient. The LiTaO; also provides wide
bandwidths and exceptional stability. Fujitsu’s exclusive mounting technique makes
the F5 series very compact and surface mountable. The F5 is suitable for use in
handheld phones.

e Considerably smaller and lighter than the ceramic filter (volume and weight
are reduced by 1/30)

e Surface mount package (SMT)

e Wide variety of bandwidths

© Low insertion loss

o High power rating: 0.2 W guaranteed
e 8-pad ceramic package (LCC)

ABSOLUTE MAXIMUM RATINGS

(Bottom View)

® ® O

Note: Permanent device damage may occur if absolute maximum ratings are
exceeded. Functional operation should be restricted to the conditions
as detailed in the operation sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

© 1991 by FUJITSU LIMITED

Parameter Symbol Ratings Unit — — _
Operating Temperature Ta -30t0 70 °C
Storage Temperature Tsta —40to 100 °C \
Maximum Input Level Pw 200 mwW ® O
Frequency Range 700 to 1000 MHz Pin No. Pin Name Description
1 GND Ground Pin
RECOMMENDED OPERATING CONDITIONS 2 N Input Pin_
3 GND Ground Pin
Parameter Symbol Ratings Unit 4 GND Ground Pin
Operating Temperature Ta -301t0 70 °C 5 GND Ground Pin
6 ouT Output Pin
7 GND Ground Pin
8 GND Ground Pin

This device contains circuitry to protect the inputs against damage
due to high static voltages or electric fields. However, it is advised that
normal precautions be taken to avoid application of any voltage higher

than maximum rated voltages to this high impedance circuit.
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FscB Series

STANDARD FREQUENCIES
Number Model System Use* Centelihlmaguency Ba(nng'\-:'vzl;lth
1 F5CB-836M50-G201 | AMPS/EAMPS Tx 836.5 25
2 F5CB-881M50-G201 | AMPS/EAMPS Rx 881.5 25
3 F5CB-888M50-G201 | ETACS Tx 888.5 33
4 F5CB-933M50-G202 | ETACS Rx 933.5 33
5 F5CB-902M50-G201 | NMT Tx 902.5 25
6 F5CB-947M50-G201 | NMT Rx 947.5 25
7 F5CB-911M50-G201 | NTACS Tx 911.5 27
8 F5CB-856M50-G201 | NTACS Rx 856.5 27
*Tx = Transmitter; Rx = Receiver
TEST CIRCUIT
i i
Ly L2

© 606

ONONO;

Each value is changed according to specification
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F5CB Series

ELECTRICAL CHARACTERISTICS - EXAMPLES

Example 1. AMPS Specification (Tx)
Part Number F5CB-836M50-G201

T =—30 1o 70°C

Rating
Item Symbol Condition Minimum Typlcal Maximum Unit
Insertion Loss I 824 to 849 MHz — 35 4.2 dB
In-band Ripple 824 to 849 MHz — 1.0 1.5 dB
Absolute DC to 800 MHz 20 25 — dB
Out-of-band 869 to 894 MHz 20 25 — dB
Attenuation
894 to 3000 MHz 15 20 —_ dB
In-band VSWR 824 to 849 MHz — 1.7 2.0
C, 7 —_ pF
Matching Constants L S — nH
C, 6 — pF
L 1 — nF
Example 2. AMPS Specification (Rx)
Part Number F5CB-881M50-G201
a=-3010 70°C
Rating
Item Symbol Condition Minimum Typical Maximum Unit
Insertion Loss I 869 to 894 MHz — — 45 dB
In-band Ripple 824 to 849 MHz — — 15 dB
DC to 824 MHz 20 — — dB
824 to 849 MHz 20 —_ —_ dB
Aosolute d 917 10 939 MHz 18 — — dB
Attenuation 947 to 1049 MHz 30 - — dB
1049 to 3000 MHz 15 — —_ dB
In-band VSWR 869 to 894 MHz — 1.8 2.0
Cy 6 —_ pF
Matching Constants Ly 7 — nH
C, 7 —_ pF
L 9 — nF
Continued on next page
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F5CB Series

ELECTRICAL CHARACTERISTICS — EXAMPLES (Continued)

Example 3. ETACS Specification (Tx)

Part Number F5CB-888M50-G201
T, =-3010 70°C
Rating
Item Symbol Condition Minimum Typical Maximum Unit
Insertion Loss I 872 to 900 MHz —_ 4.5 5.0 dB
900 to 905 MHz —_ 5.5 6.5 dB
In-band Ripple 872 to 905 MHz —_ — 25 dB
DC to 847 MHz 20 25 — dB
847 to 860 MHz 8 12 — dB
Aosolte 917 10 920 MHz 10 13 — dB
Attenuation 920 to 922 MHz 13 15 — dB
922 to 950 MHz 20 23 —_ dB
962 to 995 MHz 30 33 —_ dB
995 to 3000 MHz 15 20 — dB
In-band VSWR 872 to 905 MHz —_ 2.0 2.5
C, 7 — pF
L, 7 — nH
Matching Constants
C, 6 — pF
L 9 — nF
Continued on next page



F5CB Series

ELECTRICAL CHARACTERISTICS — EXAMPLES (Continued)
Example 4. ETACS Specification (Rx)

Part Number F5CB-933M50-G201
Ta=-3010 70°C
Rating
item Symbol Condition Minimum Typical Maximum Unit
Insertion Loss I 917 to 947 MHz - 45 5.0 dB
947 to 950 MHz —_ 55 6.5 dB
In-band Ripple 917 to 950 MHz - 1.0 25 dB
DC to 872 MHz 20 25 — dB
872 to 900 MHz 15 18 — dB
900 to 902 MHz 13 15 — dB
Absolute 902 to 905 MHz 8 13 — dB
ool band 962 10 965 MHz 10 15 — dB
965 to 970 MHz 15 18 — dB
970 to 995 MHz 20 25 — dB
1005 to 1040 MHz 30 33 —_
1040 to 3000 MHz 15 20 —
In-band VSWR 917 to 950 MHz — 20 25
Cy 6 — pF
Matching Constants L 6 — nH
C, 7 — pF
Lo 8 — nF
Example 5. NMT Specification (Tx)
Part Number FSCB-902M50-G201
Ta=-30t0 70°C
Rating
Item Symbol Condition Minimum Typical Maximum Unit
Insertion Loss I 890 t0 915 MHz — 4.0 45 dB
In-band Ripple 890 to 915 MHz — 1.3 2.0 dB
DC to 850 MHz 20 25 —_ dB
850 to 870 MHz 15 22 — dB
gbufg"gt:an y 935 to 960 MHz 20 28 — dB
Attenuation 1012 to 1058 MHz 30 33 — dB
1058 to 3000 MHz 15 20 — dB
In-band VSWR 890 to 915 MHz — 15 2.0
C, 5 — pF
Matching Constants Lt 5 — nH
C, 6 — pF
Lz 9 — nF
Continued on next page
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F5CB Series

ELECTRICAL CHARACTERISTICS — EXAMPLES (Continued)

Example 6. NMT Specification (Rx)

Part Number F5CB-947M50-G201

Ta=-3010 70°C
Rating
Item Symbol Condition Minimum Typical Maximum Unit
Insertion Loss I 935 to 960 MHz — 4.0 4.5 dB
In-band Ripple 935 to 960 MHz — 1.3 2.0 dB
DC to 890 MHz 20 25 — dB
890 to 915 MHz 18 22 — dB
Absolute 980 to 1005 MHz 18 30 — dB
Qut-of-band 101210 1058 MHz 28 a2 — dB
1089 to 1115 MHz 30 32 - dB
1115 to 3000 MHz 15 20 — dB
In-band VSWR 935 to 960 MHz — 1.5 2.0
Cy — . — 6 — pF
Matching Constants L — - 6 - nH
C, — — 7 — pF
L, — — 9 — nF
Example 7. NTACS Specification (Ty)
Part Number F5CB-911M50-G201
T.=-30to 70°C
Specification
Parameter Symbol Condition Minimum Typical Maximum Unit
Insertion Loss IL 898-925 MHz — 4.0 4.5 dB
In-band Ripple 898-925 MHz — 1.5 2.0 dB
DC-815 MHz 25 27 — dB
Absolute 815-870 MHz 22 25 — dB
Out-of-Band 1008-1100 MHz 30 33 — dB
Attenuation 1100-3000 MHz 15 20 —_ dB
In-band VSWR 898-925 MHz — 1.8 2.0
Cy — — 6 —_ pF
Matching Constants Ly — — 7 — nH
C. — — 5 — pF
Lo — — 10 — nH
Continued on next page



F5CB Series

ELECTRICAL CHARACTERISTICS — EXAMPLES (Continued)

Example 8. NTACS Specification (Ry) \
Part Number F5CB-856M50-G201

Ta =-30to0 70°C

Specification

Parameter Symbol Condition Minimum Typical Maximum Unit
Insertion Loss I 843-870 MHz — 4.0 4.5 dB
In-band Ripple 843-870 MHz — 15 2.0 dB
DC-814 MHz 22 25 — dB

Absolute 898-935 MHz 22 25 — dB
Out-of-Band 935-1100 MHz 30 33 — dB
Attenuation 1100-3000 MHz 15 20 — dB

In-band VSWR 843-870 MHz _ 1.8 2.0

Cy — — 7 — pF

Matching Constants Ly — — 8 —_ nH
Cy — — 7 — pF

L, — — 9 — nH




F5CB Series

Below is an example of the AMPS-Tx filter input and output characteristics with compensating L&C components.

Input with L and C in 50 Q environment

Output with L and C in 50 Q environment

CH1 Sy 1UFS 2: 22.746Q 4.4521Q 43.383 pF
AMPS TX 824.000 000 MHz

2: 78.0860Q
Cor
Del 2.9805Q
849 MHz
Hid
CENTER  835.000 000 MHz SPAN 200.000 000 MHz

CHI S44 1UFS 2: 51.789Q 4.2305Q 793.05 pF
AMPS TX
Cor
Del
Hid
CENTER  835.000 000 MHz SPAN 200.000 000 MHz

F5CB-836M50-G201
CH1 Spq logMAG 5dB/  REFOdB 1:-3.6053 dB
ﬁ—q\m 24.00{) 000 MHz
o L
Hid ’I \\
v | I
/ \{ Y
A\ A
1\
CENTER  835.000 000 MHz SPAN 200.000 000 MHz
F5CB-836M50-G201
CH1 Spq log MAG  5dB/ REF 0dB 1:-3.6053 dB
AT
Cor { 2\ 2: 35565 dB
Del 849 MHz _|

Hid

R s Y

|t

N
U\|

CENTER  835.000 000 MHz

SPAN 200.000 000 MHz
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F5CB Series

PART NUMBER DESIGNATION

Deslignation Example
FscB - 0OODOOO -cOO00O -0

0) ® 6

@ Frequency Designation: ~ Specifiesthe nominalfrequency in six alphanumeric characters. Enter M (for MHz)

at the decimal point. Refer to STANDARD FREQUENCIES. Example: For an
836.5 MHz device, the frequency designation would show “836M50.”

Serial Number: Specifies a number from 201 to 299 (with 201 as the standard)

Packaging (Reeled tape) Designation Contents
T 1K pcs/reel
R 3K pes/reel

5-11




F5CB Series

PACKAGE DIMENSIONS

5.0(0.197)

RO.2
(0.008) | 4.4(0.173) |

Y \ 3

4.8 max. (0.189)
|

> ﬁ 5.0 (0.197)

RO.4 X
©ote) r
[

|
D I._I ﬂ 1.5 max. (0.059)
® 6 6
J I:I I\_/I Ij \ 1.27 (0.050)
(3&,2, 2.16(0.085) | 1.27 T
‘E l E@ ____10‘6 (0.024)
K 1.27 (0.050)
[/

I 1.27 | 1.27

(0.050)  (0.050)

Unit: mm (inches)
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F5CB Series

PACKAGE MARKING

Fujitsu Logo Frequency

.......

Serial No. > 1' s U 2 E ( Lot No.

-------
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F5CB Series

PACKAGING: Reel Type
1. Reel Dimension
Unit: mm (inches’
M I
W,
2 10.5 (0.079 10.020)
13.0 +0.2 (0.512 +0.008)
- - - N
2110.8 (0.827 +£0.031)
R 1.0 (0.039)
W,
Designation A N w, W
250 80 12442
-T (9.843) (3.150) (0.488 13979) 18.4 or less (0.724)
330 80 12412

-R (12.972) (3.150) (0.488 1309 18.4 or less (0.724)

2. Package Style
reel side Pulling side
. .
1 Pin (Index)
Pulling side




F5CB Series

PACKAGING: Reel Type (Continued)

3. Tape Dimension

Unit: mm (inches

e 4.0+0.1 (0.157 +0.004)
2.00.1 (0.079 +0.004)

1.7520.1
$1.5 21 (0.059 3004 0.3 (0.012) *”* (o 069 +0.004)

A\ 74

-©- 00— 19 -6-0 - 6-6—0-0-0— —
{ 55+01(0217+01)
5.45 +0.1
(0.215 +0.004)4—P +—- o- __‘4%_ b1 1+9 - 120+03
Q_ I (0472+0012)

5.45+0.1

(0.21540,004) (0.3150.004)

{ ¢ 1.6 (0.063)

8.0+0.1




F5CB Series
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M2 Series (D100)
Piezoelectric Device
(Voltage Controlled Oscillator)

The M2 series (D100) voltage controlled oscillators (VCO) operate in the frequency
range of 4 to 30 MHz.

The M2 series VCOs use a single LiTaOj, (lithium tantalate) piezoelectric crystal with
a high electromechanical coupling coefficient for stable and wide variable frequency
width.

e Wider variable frequency width than quartz crystals: +0.2% or more

e High stability (100 times more stable than LC configuration)

e Excellent carrier noise ratio

e Hermetically sealed in a metal case for high reliability in severe

X - Metal Case
environmental conditions DIP-14
e Compatible with 14-pin DIP IC packages (Bottom View)
ABSOLUTE MAXIMUM RATINGS iy 5
7
Parameter Symbol Ratings Unit
Power Supply Voltage Vee -0.5t07.0 \
Input Control Voltage Vin -0.5t0 10 v
Q 14 80
Output Voltage Vour —0.510 Vgc +0.5 v
Output Current lour +25 mA
Operating Temperature Ta -30to +85 °C [Terminal No.|[Terminal Name Description
Storage Temperature Tsta -40 to +100 °C 1 Ving ﬁgﬁ?‘%{;{;‘:ﬁaﬂe
Oscillation Frequency Range 410 30 MHz 7 GND Grounding Terminal
8 v, Oscillation Output
our Terminal
RECOMMENDED OPERATING CONDITIONS Fy—p—
14 Vee Terminal
Parameter Symbol _ Ratings Unit
Power Supply Voltage Vee 4.7510 5.25 \
Input Control Voltage Vin 0.5t05.0 Vv
Operating Temperature Ta ~3010 +85 °c This device contains circuitry to protect the inputs

Note: Permanent device damage may occur if absolute maximum ratings are
exceeded. Functional operation should be restricted to the conditions
as detailed in the operation sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

© 1990 by FUJITSU LIMITED

against damage due to high static voltages or electric
fields. However, it is advised that normal precautions
be taken to avoid application of any voltage higher

than maximum rated voltages to this high impedance

circuit.
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M2 Series (D100)

STANDARD FREQUENCIES

8.192 MHz 14.318 MHz 17.734 MHz 21.053 MHz 25.175 MHz

9.408 MHz 16.000 MHz 18.432 MHz 21.477 MHz 27.338 MHz

11.290 MHz 16.257 MHz 18.816 MHz 22.579 MHz 28.224 MHz

11.580 MHz 16.384 MHz 20.480 MHz 24.576 MHz 28.636 MHz

12.288 MHz 16.934 MHz
ELECTRICAL CHARACTERISTICS
DC Characteristics

Ratings
Item Symbol Condition Minimum | Maximum | Unit
Output Level Vour See the measuring circuit diagram 0.5 —_ Vpp
Power Supply Current lec Load open —_ 15 mA
Measuring Circuit Diagram
Vee
T Output
M)
/ -L
;l/: C_=22pF +3pF
(Cy is the value including the measurement probe and the jig capacitance.)
AC Characteristics
Ratings
Item Symbol | Condition | Minimum | Maximum | Unit Remarks
fosc V|N =25V -0.05 +0.05 %
Oscillation Frequency fu V=45V +0.15 — % | Nominal frequency reference
f Vn=05V — -0.15 % |Vec=5V, T,=25°C
Frequency Voltage Stability Af, Voo xg - g;g x -200 200 ppm |5 Vreference, Viy =25V
- Vin=05V 25°C reference —10° to 70°C,

Frequency Temperature Stability | Af, T, V=45V 500 500 ppm T, =25°C
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M2 Series (D100)

STANDARD CHARACTERISTICS: i
Part Number: M2DA-8M1920-D100

Control Voltage and Oscillation Frequency

- =

3,000 "
2,000

1,000 .
0 ]

y — ]

~1,000

-2,000 0

~-3,000

Oscillation frequency change (ppm)

0 05 1.0 1.5 20 25 3.0 35 4.0 45 5.0
Control Voltage (V)

Temperature Characteristics
800
700
600
500
400
300

O
200 |
100 S !
0 S O
-100
-200
-300
-400

-500
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

Temperature (°C)

Vn=25V

Oscillation frequency change (ppm)

Power Supply Voltage Characteristics
2,000
1,500

VIN =25V

1,000
500

0
-500
-1,000

-1,500

-2,000
4.50 475 5.00 5.26 5.50
Power Supply Voltage (V)

Oscillation frequency change (ppm)
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M2 Series (D100)

STANDARD CHARACTERISTICS:

Part Number: M2DA-12M288-D100

5-20

Control Voltage and Oscillation Frequency

Oscillation frequency change (ppm)

5,000

4,000

3,000

2,000

1,000

]

Ve

-1,000

,,.4>/

~2,000 O-

b
g

—4,000

-5,000
0

05 1.0

Temperature Characteristics

Oscillation frequency change (ppm)

Power Supply Voltage Characteristics

Oscillation frequency change (ppm)

20 25 30
Control Voltage (V)

35

4.0

45 5.0

Viy=25V

800

700

0 —_|

-40 -30 -20 -10

10 20 30
Temperature (°C)

70 80 90

V=25V

-1,500
—2,000

4.50

4.75

5.00
Power Supply Voltage (V)

525

5.50



M2 Series (D100)

STANDARD CHARACTERISTICS:
Part Number: M2DA-28M636-D100

Control Voltage and Oscillation Frequency
5,000

4,000
3,000
2,000

1,000 ——

0 e

~1,000
—2,000
-3,000
~4,000
-5,000

0

Oscillation frequency change (ppm)

05 1.0 1.5 2.0 25 3.0 35 40 45 5.0

Control Volt \')
Temperature Characteristics ntrol Voltage (V)

800
700

600 o
500
400 //
300
200
100 —
0 —0
100
200
300
400
_50

Vn=25V

Oscillation frequency change (ppm)

0—40—30—20—100102030405060708090
Temperature (°C)

Power Supply Voltage Characteristics

2,000

1,500

Vn=25V

1,000
500

0
-500
-1,000

-1,500

Oscillation frequency change (ppm)

—2,000

4.50 475 5.25 5.50

5.00
Power Supply Voltage (V)
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M2 Series (D100)

Oscillation Spectrum

CARRIER NOISE RATIO OF VCO
REF 10.0 dBm ATT 10dB MKR  12.288000 MHz

10d8

0 dBm

SPAN

6.0 kHz

[
g

PBW

100 Hz

UBW

100 Hz

[\
TR
JHR
/\

[SUV S PN

SWP3s SPAN5.0kHz CENTER 12.288000 MHz

Output signal purity (C/N ratio)

APPLICATION CIRCUIT EXAMPLES
Example 1. Connection to CMOS

Vee

@

(¢}
® ®
M2 Series ® (Reference value) ® M2 Series ®
(D100) C= 2010100 pF (D100)

P

R= 1MQ 0]
IC = 74HCO04

® 0]
74CU04 etc. Vin I
GND GND

Vee
o

our © outr ©C

C= 2010100 pF
Ry=Rp=10kQ
IC = 74HC04 etc.

Example 2. Connection to LS TTL (or CMOS)

Vee
—0 O
2 R
ouTt
J———O————o————————o
M2 Series (Reference value)
(D100) R=68010820Q

O] O]
Vg——l TiGND
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M2 Series (D100)

PART NUMBERING SYSTEM
[Part Number Example]

M20A-000000 -o000

O] ®

@ Frequency designation: Designates the nominal frequency in six alphanumeric
characters. M indicates the decimal point in MHz.

Frequency Designation Frequency Designation
8.192 MHz 8M1920 18.432 MHz 18M432
9.408 MHz 9M4080 18.816 MHz 18M816
11.290 MHz 11M290 20.480 MHz 20M480
11.580 MHz 11M580 21.053 MHz 21M053
12.288 MHz 12M288 21.477 MHz 21M477
14.318 MHz 14M318 22.579 MHz 22M579
16.000 MHz 16M000 24.576 MHz 24M576
16.257 MHz 16M257 25.175 MHz 25M175
16.384 MHz 16M384 27.338 MHz 27M338
16.934 MHz 16M934 28.224 MHz 28M224
17.734 MHz 17M734 28.636 MHz 28M636

@ Serial Number (of the Series):
Standard: 100
Non-standard products: 001 to 099

MARKING
Company Symbol Nominal Frequency
/ /
L
!
- V-12M288
D100 20X010
I: January
Terminal No. 1 Lot number
Month of manufacture
Year of manufacture X: October
Y: November
Z: December
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M2 Series (D100)

DIMENSIONS

(Top)

(Side)
20.8 max. (0.819)

(Bottom)
15.2 (0.598)
o1 7 ) o
e <+ |gl8
+ S M
4 + |2 ¢
(o 14 8 o 8

18.3 (0.720)
08
s
7
e
e
$0.5 (0.020)
50

Units: mm (in.)
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October 1990

DATA SHEET —/—/—————

M2 Series (D300)
Piezoelectric Device
(Voltage Controlled Oscillator)

P
FUJITSU

The M2 series (D300) voltage controlled oscillators (VCO) operate in the frequency
range of 4 to 30 MHz. The M2 series VCOs use a single LiTaOj (lithium tantalate)
piezoelectriccrystal with a high electromechanical coupling coefficient for stable and
wide variable frequency width.

This module incorporates three VCOs for the three sampling frequencies used in
digital audio equipment (32, 44.1, and 48 kHz). The frequencies are selected by
external signals.

e Clock replay in response to three sampling frequencies (32, 44.1 and
48 kHz), is contained in one module

e Wider variable frequency width than in quartz crystals: +0.1% or more

e Excellent stability for signal noise reproduced by high quality of the lithium
tantalate

e 100 times more stable than VCOs of LC and TTL-IC configuration
o Three sampling frequencies controlled at CMOS logic level
e S|P packaged for high-density mounting of devices

e Compatible with the Electronic Industry Association of Japan (EIAJ) digital
VO Standard Type |l éoonsumer digital audio equipment), Level |
(high-resolution mode) and Level |l (standard resolution mode)

Metal Case
SIP-16

(Front View)

M=
15 | Fo

wfpF—="

13— arp
12 E—— onp
n E——= oD
10 =—— cND

=W
8 N
ABSOLUTE MAXIMUM RATINGS T = oo
6 f——= anD
——— GND
Parameter Symbol Ratings Unit f E—=aw
Power Supply Voltage Vee -0.5107.0 v i — ;zﬂr
Input Control Voltage Vin —0.5t0 10 \' 1 Voo
Output Voltage Vour -0.5to Ve +0.5 v Terminal Terminal Description
No. Name
Qutput Current lour +25 mA 1,16 Voc | Power Supply Terminal
Operating Temperature Ta -3010 +85 °C 3 Vour _|Output Terminal
Control Volta,
Storage Temperature Ts1e —40 to +100 °C 8 Vin In?;u;oTemng?
Negative value of current means that the current flows from the device. g: :65'1 ? 17,2’13 onp | Grounding Terminal?
Frequency Switching
RECOMMENDED OPERATING CONDITIONS 14 FI | Terminaf
Frequency Switchi
Parameter Symbol Ratings Unit 15 FO | qomieal "
1 The GND terminal and the V¢c terminals are not
Power Supply Voltage Vee 4.75105.25 \ dinside the module S0 bé sure o route
Input Control Voltage Vin 0.5105.0 v them on the PC board.
" 2 The F1 and FO bits switch the oscillation frequen-
Operating Temperature Ta 2010 +70 °C cies. The F1 and FO bits are equivalent to bits 25

Note: Permanent device damage may occur if absolute maximum ratings are
exceeded. Functional operation should be restricted to the conditions
as detailed in the operation sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

© 1990 by FUJITSU LIMITED

and 24 of the EIAJ Digital /O Standard.

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields. However, it is advised that normal precautions
be taken to avoid application of any voltage higher
than maximum rated voltages to this high impedance

circuit.
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M2 Series (D300)

STANDARD COMBINATION OF FREQUENCIES

fo1 (L) 8.192 MHz 32kHz x 256
Type A (n = 256) foo (M) 11.290 MHz 44.1 kHz x 256
fos (H) © 12.288 MHz 48 kHz x 256
for (L) 12.288 MHz 32KkHz x 384
Type B (n = 384) fon (M) 16.934 MHz 44.1 kHz x 384
foa (H) 18.432 MHz 48 KHz x 384
for (L) 16.384 MHz 32kHz x 512
Type C (n = 512) foz (M) 22,579 MHz 44.1 kHz x 512
foa (H) 24.576 MHz 48KkHz x 512

SWITCHING BIT DESIGNATION

F1 FO Osclllation Frequency
H H for (L): 32kHz x n
L L foo (M): 44.1 kHz x n
H L fos (H): 48 kHz x n
L H Stop

Note: n =256, 384,512

BLOCK DIAGRAM

" O—
Frequency
Switch
a ),
GND 1

MQ

ey

Oscillation
Stage

Vour

GND 3

O
Y1
RENIE
4
—
©

GND 1

©
OJO.
OO
O ®
@

GND 2

GND 3

:
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M2 Series (D300)

ELECTRICAL CHARACTERISTICS

DC Characteristics
Ratings
Item Symbol Condition Minimum Normal Maximum | Unit
Output Voltage H Vou lok=—20pA | Vec-0.5 5.0 — \
L VoL loL = 20 pA — 0.0 0.5 v
Power Supply Current lec Not Loaded — 4.6 15 mA
Measuring Circuit Diagram
Vec
lec
1 16
3
out KO
GND GND GND GND GND GND GND GND GND Fi Fo Vec
AMA— ég
14 | 15 $—MWA—
Of (o] ,
AC Characteristics
Ratings
Item Symbol | Condition | Minimum | Maximum | Unit Remarks
Oscillation Frequency One fus Vin=45V | 1.0015fy, — MHz
fLe V|N =05V —_ 0.9985fy, MHz
Oscillation Frequency Two fo Vin=4.5V | 1.0015f;, — MHz | Nominal frequency Fo reference
sz Vn=05V -_ 0.9985f02 MHz
Oscillation Frequency Three fus Vin=45V | 1.0015f — MHz
s V=05V —_ 0.9985fp, MHz
Frequency Voltage Stability Af (Veg \{8%23\7/5 -100 100 ppm | 5V reference, Viy=0.5,4.5V
Frequency Temperature =-20to
Stgimy cy lemp Af (T, *20°C -500 500 ppm | 25°C reference Viy = 0.5,4.5V
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M2 Series (D300)

STANDARD CHARACTERISTICS
1A. Control Voltage and Oscillation Frequency Changes

Part Number: M2SC-12M288-D300

5-28

Oscillation frequency change (%)

Oscillation frequency change (%)

Oscillation frequency change (%)

05

Oscillation Freq

uency: L

04

03
0.2

)/

0.1
0

8.192 MHz

-0.1

-0.2
o]

-03 /?/

-0.4 l
-0.5

o
-
o

05

2.0 3.0
Control Voltage (V)

40

Oscillation Freq

5.0

uency: M

04

03

0.2

0.1

-0.1

11.290 MHz

-0.2 —

03
o—

-04 | |
-05

0 1.0

05

20 3.0
Control Voltage (V)

4.0

Oscillation Freq

5.0

uency: H

04

03

b

0.2

A

}/

S

0.1

112.288 MHz

-0.1

-0.2

o

-03 /Q/

04 ¢
-05 (]: |

1.0

20 3.0
Control Voltage (V)

4.0

5.0



M2 Series (D300)

STANDARD CHARACTERISTICS
1B. Control Voltage and Oscillation Frequency Changes

Part Number: M2SC-18M432-D300

Oscillation frequency change (%) Oscillation frequency change (%)

Oscillation frequency change (%)

Oscillation Freq

uency: L

05

04

03

=

0.2

0.1
0

12.288 MHz

-0.1

-0.2

.3
- 0/7

-0.4 [

-0.5 °

05

1.0

20 30
Control Voltage (V)

4.0

Oscillation Freq

5.0

uency: M

04

03

__—

0.2
0.1

-0.1

16.934 MHz

-0.2

-0.3

04 é[u
05

05

20 3.0
Control Voltage (V)

4.0

5.0

Oscillation Frequency: H

0.4

¥

03

/!

0.2
0.1

Y

-0.1

18.432 MHz

-0.2

-03

-0.4

-y

10

20 3.0
Control Voltage (V)

4.0

5.0
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M2 Series (D300)

STANDARD CHARACTERISTICS

1C. Control Voltage and Oscillation Frequency Changes
Part Number: M2SC-24M576-D300

05
04
0.3
0.2
0.1
]
-0.1
-0.2
03
-04
-05

Oscillation frequency change (%)

05
04
03
0.2
0.1

-0.1
-02
-03
-04
-05

Oscillation frequency change (%)

05
04
03
0.2
0.1

-0.1
-0.2
-03
-04
-05

Oscillation frequency change (%)
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Oscillation Frequency: L
]
—
L/< 16.384 MHz
]
St
5—
[} 1.0 2.0 3.0 40 5.0
Control Voltage (V)
Oscillation Frequency: M
0
—4 22,579 MHz
]
—
0 1.0 20 3.0 40 50
Control Voltage (V)
Oscillation Frequency: H
S
K
= — 24.576 MHz
e
r
0 1.0 20 30 4.0 5.0

Control Voltage (V)



M2 Series (D300)

2. Oscillation Spectrum
Part Number: M2SC-18M432-D300
Example of fy3 = 18.432 MHz

REF -10.0 dBm ATT 10 dB MKR  18.4334 MHz REF -10.0 dBm ATT 10dB MKR  18.43214 MHz

1048/ Z100d8m 1048/ | -10.2 dBm

SPAN SPAN

200 kHz I’ \\ 20 kHz! II \\

RBW T \ g&\)ﬂ / \\

3 kHz I Hz

VBW I VBW / \

3 kHz ’ 300 Hz , \

\J
SWP 100 ms  SPAN 200 kHz CENTER 18.434 MHz SWP 1.0s SPAN 20 kHz CENTER 18.4321 MHz
RBW = 3 kHz RBW = 300 Hz
SPAN = 200 kHz SPAN = 20 kHz
3. Frequency Switch Oscillation Startup Characteristics
The characteristics in the circuit below were measured with Vge = 5.0 V and Vg =5.0 V.
va © T Vee
Condition: Vgc=5.0V
VN=5.0V
Fo
PG M2SC-18M432-D300
Fy
Oscilloscope
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M2 Series (D300)

4. Frequency and Switching Oscillation Startup Characteristics
A. Condition: Stop — 12.288 MHz

100 +
90 2
¥ Stop —> 12.288 MHz
¥
2 V/div
2usidiv
B. Condition: Stop — 16.934 MHz
100 I
90 ko
¥ Stop — 16.934 MHz
2 V/div
2ls/div
C. Condition: Stop — 18.432 MHz
100 +
90 ES
I Stop — 18.432 MHz
B
¥
2 V/div
2us/div
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M2 Series (D300)

PART NUMBERING SYSTEM
[Part Number Example]

mesc-QO000aa -o 0oo

® ®

@ Frequency designation: Designates the highest frequency of the combined nominal frequency types in six alphanumeric
characters. M indicates the decimal point in MHz.

Frequency Designation
(12.288 MHz) | Type A: 12M288
(18.432 MHz) | Type B: 18M432
(24.576 MHz) | Type C: 24M576

Serial numbers of the series:
Standard for the M2 series (D300): D300

MARKING
Part Number
Company Symbol Indication Lot Indication
/
£
F V-12M288
- 8101
Terminal No. 1
DIMENSIONS

8.0 max. (0.315)

g

43.0 max. (1.693)

;
2
W
- v W mﬁf‘ 0.4 (0.016) 0.3(0.012)
1(0.039) 254 16

(0.100) (0.630)

Units: mm (in.)
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M2 Series (D300)
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October 1990 FU] lTSU

M3 Series (D001)
Piezoelectric Device
(Voltage Controlled Oscillator)

The M3 series voltage controlled oscillators (VCO) operate in the frequency range of
50 to 300 MHz. The M3 series VCOs use a single LiTaO; (lithium tantalate)
piezoelectric crystal with a high electromechanical coupling coefficient and a SAW
resonator that has an original configuration. The M3 series VCOs oscillate directly in
the VHF band up to 300 MHz, and have a wide variable frequency width and high
temperature stability.

e Direct oscillation at high frequencies: 50 to 300 MHz
e Wide variable frequency width: 800 ppm/V minimum (0.5 to 4.5 V)

* Superb temperature characteristics: Within 200 ppm (0 to 60°C)

e High-precision oscillation frequency, ready for use without adjustment Meéfrl’ (';‘gse
o High reliability due to hermetically sealed package
e High carrier noise ratio: —90 dB or less (12.5 kHz detuning, 8 kHz band) (Bottom View)
e Compact size: Compatible with 16-pin DIP IC packages
* Frequency offset by built-in offset terminal 6 C7) 8
e Three types of standard frequencies available
3 (o] [o}:]
ABSOLUTE MAXIMUM RATINGS 16
Parameter Symbol Ratings Unit
Power Supply Voltage Vee -0.5t07.0 v
Input Control Voltage Vin 0510 7.0 v I‘I’erminal No.|Terminal Name Description
1 Ving Offset Terminal
H o
Operating Temperature Ta 0 to 60 C 7 GND Grounding Terminal
Storage Temperature Tsta —40to 85 °C Oscillation Output
- ” - 8 Vour Terminal
Control Polarity Positive Polarity
— Power Supply
Oscillation Frequency Range 50 to 300 MHz o Vee Terminal
16 Vi Control Voltage
RECOMMENDED OPERATING CONDITIONS Input Terminal
Parameter Symbol Ratings Unit
Power Supply Voltage V, 5.0 \%
il g £ This device contains circuitry to protect the inputs
Input Control Voltage Vinz 0.5t04.5 \ against damage due to high static voltages or electric
) fields. However, it is advised that normal precautions
Operating Temperature Ta 0 to 60 °C be taken to avoid application of any voltage higher
than maximum rated voltages to this high impedance
circuit.

Note: Permanent device damage may occur if absolute maximum ratings are
exceeded. Functional operation should be restricted to the conditions
as detailed in the operation sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

© 1990 by FUJITSU LIMITED
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M3 Series (D001)

STANDARD FREQUENCIES
Frequency Application Part Number
74.25 MHz Professional HDTV M3DA-74M250-D001
97.2 MHz Transmission Standard HDTV M3DA-97M200-D001
115.52 MHz Broad-band ISDN M3DA-155M52-D001

ELECTRICAL CHARACTERISTICS

Ratings
: Maxi- -

Item Symbol | Condition | Minimum | Typical mum Unit Remarks
Oscillation Frequency Deviation Afy Vinz=25V -500 — +500 ppm | f, reference
Variable Width of Oscillation (fui-t) vne=05V
Frequency f, Vine=45V 800 - - ppmv
Temperature Stability of 25°C reference,
Oscillation Frequency Af(T) |Vwe=25V —200 - +200 pem T =010 60°C
Output Level Pour |Vin2e=25V 0 5 7 dBm |50 Q termination

- Vina=05V Vie=25V

Output Level Stability AP (VE) [yyo=45V -2 - +2 4B | oforence
Output Level Temperature 25°C referencs,
Stability AP (T.) |Vne=25V -2 — +2 dB T, = 010 60°C
Current Consumption lec — — — 30 mA
Oscillation Frequency Power Vee =5V refer-
Supply Voltage Fluctuation Af (Vee) |Vnz=25V -50 - +50 PPM 1 once, +5%

STANDARD CHARACTERISTICS

The examples below show characteristics of the M3 VCO devices at 155.52 MHz.
Example 1. Frequency Variable Characteristics

+0.3

+0.2

+0.1

Frequency Change Rate (%)
o

+0.3
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M3 Series (D001)

STANDARD CHARACTERISTICS (Continued)
Example 2. Temperature Characteristics

+250 —
+200 [—
+150 [—

+100 [~
+50 [~ /

Frequency Change Rate (ppm)
&
o
[

®
a
o
[

1 1 I I 1 1 1 1
-10 0 +10 +20 +30 +40 +50 +60 +70

Ambient Temperature (°C)

Example 3. Oscillation Spectrum

REF 10.0dBm ATT 1048 MKR 156.51955 MHz
1048

T
6.4 dBm

MARKER
155.51955MHz
6.4 dBm

RBW
300 Hz

vBw
1 kHz

SWP 3s SPAN 50 kHz CENTER 156.5200 MHz
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M3 Series (D001)

PART NUMBERING SYSTEM
(Part Number Example)

M3DA-000000 -o 000

0]

®

@ Frequency designation: Designates the nominal frequency in six alphanumeric characters. M indicates the decimal

point in MHz.
Frequency Designation
74.25 MHz 74M250
97.2 MHz 97M200
115.52 MHz 115M52

@ Serial Number (of the series):

Standard: 001

Non-standard products: 001 to 099

PACKAGE DIMENSIONS
(Top) (Bottom)
25.6 Mamimum
L (1.008) 17.78 + 0.5 (0.700 * 0.020)
2.54+0.5(0.100 +0.020)
€
§ @00 (o)) ON
R o oo ©
k] & 762105
- 0.300 1 0.020
82 | @0 000000 )
= J/
~ (Rear)
. &
(side) S
_ g +1
[
| 188
= A4 A\ — —~
gt | 8
3 =3
° 0
_._._4&5‘°~°2°) PO S .é'
S 5 e
S
+i
s
o
Units: mm (in.)

5-38




[e®)
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M3 Series (D101)
Piezoelectric Device

Modulator, 50 MHz to 300 MHz

These piezoelectric modulators feature direct oscillators (50 MHz to 300 MHz). The “
piezoelectric modulator uses a lithium tantalate piezoelectric single crystal (LiTaOj3) %
with a high electromechanical coupling coefficient. The piezoelectric modulator \@%
employs an exclusive SAW resonator. The piezoelectric modulator can be used in \@
direct modulation applications needing high modulation sensitivity and a high @
signal-to-noise ratio in the VHF band (up to 300 MHz). Q%
e High frequency direct modulation: 50 to 300 MHz
o High modulation sensitivity: 800 ppm/V min. (0.5 to 4.5 V)
e Excellent modulation distortion ratio: 40 dB max. (1 kHz to 1.75 kHz dev.)
e Excellent signal noise ratio: -50 dB max. Metf)f; ‘i:se
o Excellent temperature characteristic: +200 ppm max. (—20 to 70°)
Bottom View]
o Highly reliable hermetically sealed package ( )
e Compatible with 14-pin DIP IC packages
(o] 40 70
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Ratings Unit
Power Supply Voltage Vee -0.5107.0 V. O 14 80
ML Pin Input Voltage Va -0.51t0 10 v
MM Pin Input Voltage Viw 05170 v |[rerminat No.| Terminal Name Description
ML Pin Modulation Polarity Positive ) L Control Voltage
MM Pin Modulation Polarity Negative Input Terminal
4 MM Modulation Input
Operating Temperature Ta —20to +85 °C P
7 GND Grounding Terminal
O
Storage Temperature Tsta —40 to +100 C Osclation Output
8 Vour Terminal
RECOMMENDED OPERATING CONDITIONS 1 Voo Power Supply
ermin
Parameter Symbol Ratings Unit
Power Supply Voltage Vee 4.75105.25 \
ML Pin Input Voltage VL 25 Vv This device contains circuitry to protect the inputs
ge due to high static voltages or electric
Operating Temperature Ta —20to 70 °C fields. However, it is advised that normal precautions
be taken to avoid application of any voltage higher
. . . . than maximum rated voltages to this high impedance
Note: Permanent device damage may occur if absolute maximum ratings are circuit.
exceeded. Functional operation should be restricted to the conditions

as detailed in the operation sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

© 1990 by FUUITSU LIMITED
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M3 Series (D101)

STANDARD FREQUENCY
Standard Frequency Application Part Number
145.0 MHz Mobile Phone M3DA-145M00-D101

ELECTRICAL CHARACTERISTICS

(Voc =5.0V)
Ratings
ltem Symbol Condition Min. Typ. Max. Unit Remarks
Oscillation Fréquency Deviation Afy V=25V -300 — +300 ppm |f, reference
Variable Width of Oscillation 1) [vy =05V
Frequency f V=45V 800 - - ppm/V
Temperature Stability of 25°C reference,
Oscillation Frequency Af(T) VM =25V —200 - +200 pem- Ta=-2010 70°C
Output Level Pout V=25V -5 -3 -1 dBm |50 Q termination
- VuL =05V V=25V
Output Level Stability AP (Ve) |y =45V -2 — +2 dB | sference
Output Level Temperature 25°C reference,
Stability AP (T;) |Vm=25V -2 - +2 8 Ta=—-2010 70°C
Current Consumption lec — — — 10 mA
ilat +5% at Ve =5
Oscillation Frequency Power cc
Supply Voltage Fluctuation Af (Voo) |Vm=25V -50 - +50 ppm |V
reference
) |1.75 kHz DEV — — —40 dB
Modulation
Distortion 3.5 kHz DEV — — —40 dB |15kHz LPF
(1 KHz tone)
Modulation 5.0 kHz DEV — — —40 dB
Characteristic Signal to
Noise Ratio 1.75 kHz DEV — — 50 dB | 300103 kHz
Modulator
Input Impedancg 10 KQ
PART NUMBERING SYSTEM

Designation Example

M3DA-0000O00 -pO0O0

® ®

@ Frequency Designation:  The standard frequency is designated in six alphanumeric characters. Mis used to

@ Serial Number:

5-40

designate the decimal point in MHz. Refer to STANDARD FREQUENCY.
Example: 145.0 MHz device is designated as 145M00.

The serial number is assigned from 101 to 199 (with 101 as the standard).




M3 Series (D101)

PACKAGE MARKING
(Bottom View)
Fujtsu Log\o Part Number
< /
F
- SV-145M
D101 ]
| nd/e Lot number
X
PACKAGE DIMENSIONS
Units: mm (in.)
\ 15.2 (0.598) ,
[ | |
T TN
o1 4 70+
’16 13.1 max.
° (0.559) (0.516)
\© 14 | 8 © ) 5
20.8 max. (0.819)
18.3 (0.720)
50
(0.197)
6.3 '
(0.248)
_J ¢ 0.5 (0.020)
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M3 Series (D101)

SAW MODULATOR CHARACTERISTICS

M3DA-145M00-D101
item Rating Characteristics Remarks
Output Frequency 145.0 MHz 144.997 MHz ve=25V
Current Consumption 10 mA or less (with buffer) 7.3 mA
Output Level -3dBm +2 dB —-2.00 dBm ve=25V
Spurious Response Ratio Higher harmonic < 4 dB at 2 f, (290 MHz) -7.3dB
Power Supply | Within +50 ppm for 5 V £0.25 V X80 o
Frequency AFC-F-F ~789 ppm
Stability Characteristic | +550 ppm or more for 2.5V £1V +1016 ppm
Gmperature | Within £300 ppm for -35 10 +85 ot
At 25 +5°C, the AFC voltage for the output frequency 2501 V
AFC Voltage Versus Qutput | of 145 MHz is Vg =25 V+0.3V i
Frequency Characteristics At —20 +85°C, the AFC voltage for the output 2.476 V -20°C
frequency of 145 MHz is Ve = 2.5V 40.3 V 2459V +85°C
Modulation -28 dBm 3 dB (600 W)
o -26. 15 kHz LPF
Input Level | 4 k7 +3.5 kHz DEV* 26.1d8 ?
*
Modulation -35 dB or less 1 kHz (+1.75 kHz DE\Q —46 gg 15 kHz LPF
Distortion Ratio | ~30 dB or less 1 kHz (+3.5 kHz DEV) jg B
—20 dB or less 1 kHz (+5.0 kHz DEV)”
Modulation :
Characteristio| fiauaiof | < +1 dB/20 Hz 0 5 kHz +5 kHz DEV*
Ognal Noise | <-50 dB +1.75 kHz DEV* -55dB 300 to 3 kHz
"Adjust the control voltage for an oscillation frequency of 145 MHz for the modulation characteristic.
Test Circuit
Ve Vee Modulation
Analyzer
[ HP8901B
14 8
DUT
1 4 7 .
Audio Analyzer
‘L - HP8903B
600 Q I
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M30A-145M00-D101 MODULATION FREQUENCY CHARACTERISTICS

VA

/

AN

NO.38

I~
1K | T

100

10

Gain (dB)
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0

put Level
(dBm)

145.00 MHz

No. ES-38 0

-1
-2
-3
-1 ou
-5
s
-7
-8

SAW MODULATOR CHARACTERISTIC DATA

M3 Series (D101)
M3DA-145M00-D101

©
0 0 0 ' 0 0 ' 0 0 1 [ ' 0 0
0 0 0 ' 0 ' [ 0 0 0 [ 1 [ 0
B I I I I B R i i e I A SRR
. 1 0 0 [ ' ' [ 0 0 ' ' ' '
0 0 ' 0 0 0 ' 0 [ [ 0 ' [ 0
B R B R I AR A o B R e i IR AP I N
' 0 0 [ ' 0 0 0 0 ' [ ' ' '
0 0 0 0 0 0 ' ' 0 ' ' 0 ' [
ER R . 4cctectectcctonctc et B R JE I A
0 ' ' ' ' 0 ' 0 ' 0 ' 0
0 0 ' ' 0 ' [ 0 ' ' ' 0
-— - . 4 cctectectcctercrancran - R R Rl I IR SRS I 7-)
' ' 0 0 0 0 ' ' ' ' 0 [ 0
0 ' . ' 0 ' ' ' ' ' ' ' 0
.-+ - - 4 cctcctccrcctoncrcccran e PR R AR I I AR
0 [ ' 0 0 ' ' 0 [ ' 0 ' [
' . 0 0 . ' . [ t 0 ' [
- - ¢ emtectenct et ocnctonactnn=s PR R IR R I IR IR SRR [ '+]
0 ' ' ' ' ' 0 [ ' 1 ' [
0 ' ' 0 0 ' 0 ' ' 0 0 0
-+ - DR R IR I B PR R IR i I I SR
0 0 0 0 0 ' ' ' ' 1 0 ' 0
' 0 ' [ 0 ' 0 [ [ 0 1 [ 0
- - B T T e mtec cben csem=d
0 ' 0 0 ' 0 0 ' ' '
' 0 ' ' ' ' ' ' 0 '
--e - D R IR B I A I +
0 0 ' 0 0 ' 0 0 0 '
0 ' ' 0 ' 0 0 0 0 '
--4 - D R I I A I I AR Y -
' 0 ' ' 0 ' ' ' ' '
“r ' ' ' ' 0 0 0 0 '
- - P R AR I B e I IR .
0 0 0 0 0 ' 1 0 0 0
' ' 0 0 ' 0 0 ' 0 '
.- - L L I I I B I iR .
' ' ' 0 0 0 0 0 ' '
0 ' 0 1 g , 0 0 ' 0
-0 - D R I e L I A A A -
' [ ' 0 ' ' 0 0 0 '
0 ' ' 0 [ ' [ ' '
.- D I I R I R A R
0 0 ' ' 0 ' [ ' '
' 0 0 0 0 ' ' ' '
.- - D I I ST N ]
0 ' ' 0 0 0 ' 0 0
0 ' 0 0 0 0 ' ' '
o < o o
o o o o o

Zs
g8
g
2E¢

s
'

Oscillation

Control Voltage, V¢ (V)
V-F Characteristic
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SAW MODULATOR CHARACTERISTIC DATA (Continued)

M3DA-145M00-D101

No. ES-38 O

e - 4 e - 4= m 4 m - 4= 4 4= 4= 4 ==

e e 4 e = 4= 4= 4 == - 4= — 4= ==

B T T e T S

e

e e 4 m e 4= = e == b= = m == 4 = =

D T T T

e 4 == 4 e = 4 mm 4= 4 - 4= 4 - =

e e - = 4 m e 4 m e 4 4 m - 4 — - - =

B T I

R e S T

e 4 e m 4 m e 4 e 4 4 m 4 mm 4 m = 4o

U G

R T

R T T

A

F - - 4 - = - - - -

R T

F - - 4 - = - - - -

L - - 4 - - - - - -

f - - 4 - - - - e - -

S R

S

F - - 4 - - 4 - - - -

F - - 4 - - - - - -

2

1

Output Level
Fluctuation

0

(dB)

500

400

300

200

100

0

Oscillation
Frequency
Variation
(ppm)

-100

-200

-300

—400

-500

30 40 50 60 70 80 90

20
Temperature (°C)

Temperature Characteristic

10

-30 +20 -10

-40

100

B ik i D e i R

B e T i T i e R S
'

1

'

B il A T S O Tt I S N s

e e e b = mdm m mdmm mdh = = b= = mhm = b m = mhmm mhm - - —h = = =

e e e b e = 4o = mdm - md e - —d- = —4 = = b= = —h = = —dm — mh = = —k = - =

80

60

Variation
(ppm)

Frequency

-20

—40

-60

-80

©
I
-
o
-5
-
-
-G
S
wn
-
e
<
-
R
<
-
N
<
o
s
T

Supply Voltage (V)
Supply Voltage Fluctuation
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Cordless Telephone Integrated Circuits — At a Glance

Section 6

Package
Page Device Description Options
6-3 MB86460A  Modem with Internal Voice-Band Filters 48-pin Plastic FPT
6-25 MB87002 CMOS 1200 bps MSK Modem 16-pin Plastic DIP, FPT
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Telecommunications Data Book




May 1991 o~
Edition 1.0 FU]]TSU

DATA SHEET ——
MB&86460A
MODEM WITH INTERNAL VOICE-BAND FILTERS

CMOS MODEM CIRCUIT WITH INTERNAL VOICE-BAND
FILTERS FOR CORDLESS TELEPHONES

The MB86460 MSK (Minimum Shift Keying) modem IC contains a 1200-band MSK
modem and voice-band filters.

The voice-band filter consists of transmit and receive bandpass filters,
pre-emphasis/de-emphasis, and spl filters arranged in an SCF configuration. In
addition, a limiter circuit is included.

The MB86460 operates at low voltage (3.0 to 5.5 V) and is suitable for cordless
telephone applications.

® On-chip voice-band filters and 1200-band MSK modem

o Low supply voltage requirements (3.0 to 5.5 V)

° Wide operating temperature range (Ta = ~20°C to 70°C)

e Standby function for low power consumption

® MSK frame detection

e Frame synchronization selectable

® Full-duplex MSK modem

e Transmitireceive muting

e Externally adjustable receive and transmit gain PLASTIC PACKAGE

o Externally adjustable limiter level (FPT-48P-M02)

o Carrier/interference detection circuit

© The on-chip oscillator operates with 3.6864 or 3.456 MHz crystal (selectable).

® The on-chip serial interface reduces the number of signal lines

® CMOS /O interface PIN ASSIGNMENT

(TOP VIEW)
33
34
N o | orm o " v - A S ‘ 48 47 46 45 44 43 42 41 40 39 38 37 Jjj -
4 0 | AFm 20 0 | Cour 36 | RST 2 35 z
5 1| AFe 21 1 | DETW 37 | | oscw 3 o f
6 | o | 12Voour 2 | o | oETar 38 | o | oscow : =
7 1| 172 Voow 23 1| TEST 39 TOour 7 ) —
8 1 | co 24 || ™ 0 | - | oa : :: -
9 | o] co 25 | o | b 4 | - | 1 =
10 I | DEM: 26 [ DSTB 42 o | mop 25
" o | DEm. 27 1 DCK 43 - | Vooo
12 o | ExPw 28 I | ow a4 0 | LiMour
13 I | EXPour 29 [ FCL 45 1| um
14 0 | AFour 30 0 | FDour 46 0 | SAMPour
15 | 1 | nawew a | o | rex a7 | 1 | sawpw T el e damede
that normal precautions be taken to avoid application of any voltage
16 (o] RAMPour 32 o] RD 48 ¢} Sour higher than maximum rated voltages to this high impedance circuit.
Copyright® 1991 by FUJITSU LIMITED

6-3



hade gl A A o

MB86460A

PIN DESCRIPTION

19 Vooa Analog supply voltage (3.0 to 5.5 V).
Power 40 DG Digital ground
s:ip:‘psly 41 AG Analog ground
43 Vooo Digital supply voltage (3.0 Vt0 5.5 V). Vooo = Vooa is recommended.

2 COMPour Input from external compressor

Inverting input of the input transmit amplifier

5 AF The transmit input amplifier gain is adjusted by two external resistors, R1 and R2. R1is
connected to this pin and R2 connected between this pin and pin 4 (AFiz).

Input to the 1/2 Vppp generator. A 1 UF bypass capacitor is usually connected from

7 | 172 Voow this pin'to analog ground (pin 41)

Inverting input of the receive input amplifier

10 DEM; The receiver input amplifier gain is adjusted by two external resistors, R3 and R4. R3is
connected to this pin and R4 is connected between this pin and pin 11 (DEM,).
13 EXPour Input from external expander
15 RAMPw Inverting input of the receive summing amplifier
Reference voltage input to the tone detector. With this pin open, the reference voltage
21 | DETw level is 1/100 Voo

Input for pattern check mode selection

Inout oi When TEST is low, an internal pattern is loaded into the shift register on the rising edge
nputpins | o3 | TEST of DCK. When TEST is high, data at DIN is loaded into the shift register ans data in the
shift register is shifted out to Dour on the rising edge of DCK. This pin is pulled by up a
high resistance.

- Mode selection input. —

24 FM When F/M s low, the mode selection pattern is set and checked. When F/M is high, the
frame synchronization pattern is set and checked.

26 DSTB Input serial signal strobe. An input serial signal is validated on the rising edge of DSTB.
Input serial signal clock. Serial data at Dw is read in on the rising edge of DCK.
27 | DCK (When TEST is high)
28 Din Input for serial signals from the microprocessor
Frame detection latch clear input. When FCL is low, FDour goes low. This pin is pulled
29 FCL up by a high resistance. FCL is pulled low to pull FDour low after the frame
synchronization pattern is set.
33 SD MSK modem data input
Mutes transmit data to the MSK modem. A high on the SEND line enables data
35 SEND transmission.
36 RST Reset input. Alow on RST resets all circuits. This pin is pulled up by a high resistance.
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MB86460A

OSCu

37 Internal oscillator inputs.
38 OSCour A 3.6864 or 3.456 MHz crystal is connected between OSCw and OSCour.
Input pins Limiter level adjustment input. The limiter level is set to 0.05 Voo (V) when this pin is left
45 LiM open.
47 SAMPw Inverting input of the transmit summing amplifier
Input pin 8 CC. For demodulator external coupling capacitor. A 0.1 uF capacitor is connected between
Output pin 9 CCs CCs and CC..
Output pin 17 CC For tone detector input external coupling capacitor. A 0.1 pF capacitor is connected
Input pin 18 CC: between CC; and CC..
1 EMPour Pre-emphasis output
3 COMP;, Output to external compressor
Output of input transmit amplifier. The transmit input gain is adjusted with external
4 AFn. registors connected to this pin and pin 5 (AF).
Output of the 1/2 Voo reference. Internal circuit operation is referenced to the voltage on
6 1/2VDDour | this pin.
Output of receive input amplifier. The receive input amplifier gain is adjusted with
1 DEM, external resistors connected to this pin and pin 10 (DEM:).
12 EXPi Qutput to external expander
Output pins 14 AFour Output to external expander or de-emphasis
16 RAMPour Output of receive summing amplifier
Output of tone detector. An external 0.1 pF capacitor is connected from this pin to
20 Cour ground complete the internal primary LPF configuration.
Tone detector output. DETour is high when the input to the tone detector (rms value)
22 DETour exceeds the reference voltage.
Pattern check setting output
25 | Dour When TEST is high, the rising edge of DCK triggers output of the pattern.
Frame detection circuit output. FDour goes high when a signal matching the frame
30 | FDour synchronization pattern is output from RD after a reset.
31 RCK MSK modem receive clock output. RD data is output on the rising edge of RCK.
32 RD MSK modem receive data output
34 SCK MSK modem transmit clock output. SD data is read in on the rising edge of SCK.
39 TDour Test digital output
42 MOD Transmit output
44 LiMour Limiter output
46 SAMPour Output of the transmit summing amplifier
48 Sour MSK modulated signal output

6-5
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AFiNy

R

OSCour!
RST

Dw
DCK
os18
TEST
FM
Dour
Rs DEM1

DEM2

Prive R
clrc?:i:ly C CAN va
0. LU
OMPou, EMPour | Sour "\ SAMP_ ASAMPouz LIM__LiMour
- latter
lv;mu —1 P r___ Fm:llm Limiter s?lltev. A
AMP1 + 7AMP2 LPF2 3
—
fc= 10K fe=37K fe=10K Ic=3K fc=20K
R — 3 *
SD circuit Prefitter Pro- 0 Mute
2 lemphasis|
SEND TSWa i 3 12
swe J§wo Voo
fcx20K fc=10K fc= 20K
Timing
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P ircuif
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Serial |
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[
M Tone
- i te di
Prefitter era 1 vees 0/_ ! i o HPF4 Postthar
+ 1 LPFs | o
MP3 I_sm sw3
fc=20K fc=34K fc=023K fom0.1K c=023K fc=20K
&
EXPin  EXPour RAMPour
|4 Priv
Expander clrci%y Re
DTMF and tone signals

MOD

TDour
1/2VDDour

1/2DDw,, 1 uF

CCs
0.1uF
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DETour
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MB86460A

CIRCUIT FUNCTIONS

The MB86460 consists of the transmit filters, receive filters, MSK modulator, MSK demodulator, digital circuits, and tone detector.

1. Transmit filters

The input amplifier AMP1 controls the gain of the transmitted VF signal. Gain is adjusted with external resistors R1 and R2. The
input signal is then band-limited to 3.7 kHz or less by the transmit filter LPF1. The signal is then output at CMPw to an external
compressor. We recommend forming an RC filter using external resistor R1, and external capacitor C1.

The compressor output signal is input to filter HPF2 at CMPour for 6 dB/octave pre-emphasis. The pre-emphasis filter can be
bypassed externally.

The pre-emphasis filter output is brought out at EMPour to the external summing network of summing amplifier AMP2, where the
signal is summed with the MSK modulating signal. The signal then enters the limiter. The limiter level can be adjusted externally at
the LIM pin.

The output of the limiter is then band-limited to 3 kHz by splatter filter LPF2 and output at the MOD pin. the transmitted VF signal can
be muted externally.

2. Receive filters

Input amplifier AMP3 controls the gain of the received VF signal. Gain is adjusted by external resistors R3 and R4. The input signalis
then band-limited to 0.23 kHz to 3.4 kHz by receive filters LPF4 and HPF3. The signalthen enters filter LPF5, where the 6 dB/octave
pre-emphasis is removed. The de-emphasis filter can be bypassed externally.

The output of the de-emphasis filter is brought out to the EXP pin to an external expander. The expander output is then input to
summing amplifier AMP4, where the signal is summed with tone, DTMF, or other signal. The signal is then output at RAMPour. The
receive VF signal can be muted externally.

3. MSK modulator

In the MSK modulator, a 1200-Hz (data 1) or 1800-Hz (data 0) sine-wave signal is generated for data input to pin SD in
synchronization with transmit clock SCK. The MSK modulator signal then passes through pin Sour and enters summing amplifier
AMP2, where the signal is summed with the transmit VF signal.

4. MSK demodulator

The received MSK signal passes through receive input amplifier AMP3. The signal then enters BPF1, where frequencies other than
1200 and 1800 Hz are eliminated. The signal passes through waveform-shaping circuit 1 and is A/D converted. The signal then
enters the delay detector, where data is regenerated. The noise components in the regenerated data are filtered out by LPF3 and
then the signal enters waveform-shaping 2, where A/D conversion is done again.

The digital phase-locked loop (DPLL) circuit recovers receive clock RCK from the regenerated data signal and outputs the
regenerated data at the RD pin.

The MB86460 has a built-in frame-detection function for reducing microprocessor load. When the regenerated data output from pin
RD matches the frame synchronization pattern, FDour goes high. The frame synchronization pattern can be set externally.

5. Digital circuits

The digital circuits consist of the timing generator and serial interface. The timing generator generates basic clocks for the MSK
modulator and demodulator, transmit filters, and receive filters, and consists of a 3.6864-MHz crystal and an on-chip oscillator and
divider circuits.

The signal interface is used to set the standby mode, the bypass mode, and the frame synchronization pattern, and to enable or and
disable the transmit/receive mute function. These operations are microprocessor-controllable through serial signal lines D, DCK,
DSTB, and F/M.

6. Tone detector

The tone detector is used for interference or carrier detection during demodulation. The tone detector full-wave-rectifies the output of
the receive LPF or demodulator BPF, smoothes the signal, and compares it with the reference to check for interference or carrier
presence.

6-7




MB86460A

FUNCTION DESCRIPTIONS
1. Timing chart for the 1200-bps MSK modem
1. Modulation

2]
lw)
---Jo

- -———t

—
---{o

2. Demodulation

RST _I

DEM1

RD
RCK

3. Frame detection

FoL —l ﬂ——————— Frame synchronization pattern (selectable) —H‘ Receive data I—

o e[

ﬁ

L

FDour
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MB86460A

2. Limiter

VDD VDD
<2 - 025> Vi 2 - 0.25
LIM pin is open.

V V

5 —0B<UST4025 | Vi

-\,Ln 025 <V ﬁ oo Voo=5.0V

2 + 0. <Vi 2 + 0.,

VIJM > Vi VUM
Vum < Vi< Vi=Vuu Vi LIM pin = Vum
Voo — Vum < Vi Voo — Vum

3. Microprocessor interface (mode selection)

The serial interface selects the standby mode and mute mode.

® Data input timing (TEST is high, FiMis low)

ST TITO000000200

DSTB

i

D15: MSB

Do: LSB

The serial pattern is valid.
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MB86460A

FUNCTION DESCRIPTIONS

@ Data setting

Selects the standby mode.

See the standby mode.

§g]g;[§ the mute mggg,

| Seethemutemode, |

Selects the pre-emphasis/ See the pre-emphasis/
de-emphasis bypass mode.

de-emphasis bypass mode.
Selacts the compander bypass mode. | See the compander bypass mode.
ﬂ Selects the tone detector mode. See the tone detector mode.

Selects the crystal oscillator mode.

See the crystal oscillator mode.

[Selectsthetestmode, |

[Seethetestmode, |

On reset, D15 to D3, D1, and DO are set to 0, and D2 is set to 1.
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MB86460A

o Standby mode
(D2, D1, DO)

AMP1
Prefilter 1
LPF1
Postfilter 1

Prefilter 2

Voice-band
Transmit Oﬁ:,: HPF2

system Postfilter 2
AMP2
Limiter
LPF2
Postfilter 3
MODEM Modulator circuit
AMP3
Prefilter 3
LPF4
HPF3
Voice-band HPF4
filters

LPF5
Receive Posffilter 4
system

AMP4
Tone detector
BPF1
MSK Waveform-shaping circuit 1

MODEM LPF3
Waveform-shaping circuit 2
osc
1/2 Voo reference

DK XXX XX XXX XXX XXX XXX PX X IX X X X

Others

(elfellel[el{el el [e][e][o][e][e][e] (o) (c](c]c)(ch(c]c]k(c]c] c]c] ok e] o] o}

OO X[ x| X|x|O|O|0O|O|O|O|O|O|O|X[O|O|O|O0|O|O|OjO[O|O|O
XIO| X XXX XX XX XD [ | | [ [ I 1 X

O|O|O|O|O| O[O XX|X[X]|X|X]O[O XX [>X|X XXX |X|X|X|X]|Xx

O|O|O|O|O|O|O|O|O|O|O|O|O|O[O XXX XXX XX [X[|X[X]|x

x

O .... Active X ....Powered down
Note: During reset, mode M4 is set.
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MB86460A

FUNCTION DESCRIPTIONS

o Mute mode
(D4, D3)

Transmit mute selection

Active

Muted

SWo

Receive mute selection

Active

Muted

SW1

o Pre-emphasis/de-emphasis bypass mode

(Ds, D5)

Pre-emphasis bypass selection

Used

Bypassed

Sw2

De-emphasis bypass selection

Used

Bypassed

Sw3

o Compander bypass mode

(©7)

6-12

Compander bypass selection

Bypassed
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MB86460A

o Tone detector mode
(D8)

Interference Carrier
detection detection SWs

Tone detector mode selection

r—1 BPF1 + Demodulator

Tone
q o
Postfilter 3 detector

+
AMP3

‘— LPF4 » Receive filters

o Crystal oscillator mode
(D9)

Crystal oscillator mode selection 3.6864 MHz | 3.456 MHz

Note: The internal dividing ratio depends on the frequency of the crystal.

e Test mode
(D15 to D10)

~r “00” : Modulator (normal) Outout from
“01” : Waveform-shaping circuit 1 P

TDour
(In test mode)

Digital output selection “10 :Deley detector

“11” : Waveform-shaping circuit 2

Digital test selection Normal Test

Analog test selection Normal Test

don’t care For expansion

Note: In no-test (normal operation) mode, set D12 and D13 10 0.
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MB86460A

FUNCTION DESCRIPTIONS

4. Setting the frame synchronization pattern

The frame synchronization pattern is set via the serial interface pins. (16 bits)
For strobe, use DSTB and set F/M to high.

Data input timing (TEST is high, FMis high)

0008200000222 G

Do : LSB

DSTB I I

The pattern is loaded internally.
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MB86460A

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Supply voltage Voo Voo GND-0.3 - 7 \"
Input voltage Vin All input pins GND-0.3 - Voo+0.3 \
Output voltage Vour All output pins GND-0.3 - Voot+0.3 v
Output current lour All output pins -10 - 10 mA
Storage temperature ™ —40 - 125 °C

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional
operation should be restricted to the conditions as detailed in the operational sections of this data sheet.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Supply voltage Voo Voo 30" 5.0 55 v
Input voltage Vin All input pins 0 - Voo \"
Analog output load resistance R. All analog output pins 50 - - kQ
Analog output load capacitance | C. All analog output pins - - 30 pF
OSC pin load capacitance Cosc OSCuw, OSCour 20 30 50 pF
Operating temperature Ta =20 25 70 °C

* The MB86460A operates down to 2.7 V, but electrical characteristics are not guaranteed from 2.7 V10 3.0 V.
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MB86460A

ELECTRICAL CHARACTERISTICS

1. Transmit characteristics

Voo =3.0105.5V, Ta=—2010 70 °C

Input: =27 dBV, 1 kHz
Transmit gain 1 Tows | AFw—MOD Ri=Re Ro=Ry 7.0 9.0 110 | dB
With pre-emphasis.
Compander bypassed.
Input: -27 dBV, 1 kHz
Ri=Rx, Rs=R;
Transmit mute Twure AFn—-MOD With pre-emphasis. 45 - - dB
Compander bypassed.
Transmit muted.

Input: -27 dBV, 1 kHz

Transmit Ri =Rz, Rs =Ry
: signal-to-noise Ton AFw-MOD With pre-emphasis. 40 - - dB
i ratio Compander bypassed.
‘ﬂ Band: 50 Hz to 20 kHz
Transmit distortion Tso AFwi-MOD Same as above - - —40 dB
Input: —26 dBV, 1 kHz ‘
Receive gain Raan DEM—RAMPour Rs=R4, Rs = Rio -1.0 00 | 1.0 dB
With de-emphasis.
Compander bypassed.
Input: -18 dBV, 1 kHz
RS = Rl. Rﬂ = Rio
Receive mute Rwure DEMi—RAMPour With de-emphasis. 45 - - dB
Compander bypassed.

Receive muted.
Input: —18 dBV, 1 kHz

Receive Rs =R, Rs = Rio
signal-to-noise Rsm DEM:i~RAMPour With de-emphasis. 40 - - dB
ratio Compander bypassed.
Band: 50 Hz to 20 kHz
Receive distortion Rso DEM;—RAMPour Same as above - - —40 dB
Input: —27 dBV, 1 kHz
Transmit gain 2 Toamz | AFn—EMPour Ri=Re -1.0 0.0 1.0 | dB
With pre-emphasis.
Compander bypassed.
Transmit gain 3 Teama EMPour—MOD ::r;put’:q 27 dBV, 1 kHz 8.0 9.0 10.0 dB
5 = M7
Input: -27 dBV
Transmit frequency | T, AFxi-MOD Ri =R, Rs =Ry Shown in Figure 1.
characteristics With pre-emphasis.
Compander bypassed.
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MB86460A

Voo=3.0t055V, Ta

20 to 70 °C

Input: —26 dBV
Receive frequency | g, DEM,—RAMPour Ro=Ri Rs =Ry Shown in Figure 2.
characteristics With de-emphasis.

Compander bypassed.

Input: —18 dBV,
Demodulat

erocalr Bew | DEM—CCi 15 kHz -15 0 15 | B

BPF gain

Rs =R«

Input: —18 dBV,
Domodulator Law | CCeCCs 300 Hz - | -60 - | a8

gain
In test mode
0-300Hz - - -30.0
Demodulator Input: 900-1200Hz| -3.5 - -
BPF frequency Bra DEM;-CC; -18 dBV,|1200-1800Hz| -1.0 - - dB
characteristics Rs=Rs [1800-2100Hz| -3.5 - -
3000-5000Hz - - -30.0

Demodulator Input: —18 dBV,
LPF frequency Lea CC.—CCs In test mode - 800 - Hz
characteristics Reduced by 3 dB
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MB86460A

ELECTRICAL CHARACTERISTICS

. 2. DC characteristics

Voo =3.0105.5 V. Ta=-20t070°C

looo Standby mode 0 3 8 14 mA
Iopt Standby mode 1 2 6 11 mA
Supply current lop2 Voo Standby mode 2 1.5 5 85 mA
loos Standby mode 3 1.3 45 8.0 mA
loos Standby mode 4 0.1 1.0 2.0 mA
loos Standby mode 5 - 25 100 pA
- i - - 0. \Y
L?w level |.nput voltage Vi Al digital input pins 0 3 x Voo
High-level input voltage | Vi ~ 0.7 x Voo - Voo \
Low-level input current I SD, SEND, D Vi=0V -10 - 10 pA
High-level input current In DCK, DSTB, F/M Vi = Voo -10 - 10 pA
! Low-level output voltage | Vou low = 0.5 MA 0 - 0.2 x Voo \
All digital output pins
qn High-level output voltage | Vou ‘glial oulput pin low = =0.5 mA 0.8 x Voo - Voo Vv
‘ Pull-up resistance Rw RST, TEST - 50 100 200 kQ
Oscillation frequency | foss | OSCw, OSCour Mode 0 = 3.6854 ——— MHz
Mode 1 — 3.456 -
Analog input resistance 1| Ramt 1/2 VDDw - 50 100" 200 kQ
Ramza Operating S:;vze,;n\}his pin 25 50 100
Analog input resistance 2 DETw — t:’ - kQ
etween this pin
Rainzs At power down and ground 225 450 900
Rainsa Operating S:ct‘vqe/;nvthis pin 10 20 40
Analog input resistance 3 LIMw = kQ
Ramss At power down Batween this pin 90 180 360
and ground
AF 2, CMPy, EMPour,
Analog output load R. Sour, SAMPour, MOD, Between this pin 50 _ — kQ
resistance DEM;, LIMour, EXP, and 1/2 Voo
RAMPour
AFwz, CMPw, EMPour,
Analog output load Cu Sour, SAMPour, MOD, _ — - 100 pF
capacitance 1 DEM;, LIMour, EXPw,
RAMPour
Analog output load _ _ _
capacitance 2 Ce Cour 0.1 uF
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Voo =3.0t05.5V, Ta=-2010 70 °C

Analog input Via | CMPoyr - v, - Sve | v
voltage range 4 4
AFz, CMPw, EMPoyr,
Analog output Vor SAMPour, MOD, - A Voo - 3 Voo v
voltage range DEM,, EXPw, RAMPour, 4 4
LiMour
Vot Operating 0.16 x Voo | 0.2x Voo | 0.24 x Voo | Vs
Modulator output Viorz | Sour Operating 1/2Voo-0.3| 1/2Voo | 1/2Vors0.3| V
voltage Offset voltage
VMOT:‘ SEND ="L" 1/2VD|7-0.3 1/2VDD 1/2Voo+0.3 v
The LIM pin 1/2Voo 1/2Voo 1/2Voo
is open. +0.04Voo | +0.05Voo | +0.06Voo v
Limiter high voltage Vo SAMPour—LIMour 1/2Voo+0.8 | 1/2Voo+1.0 | 1/2Voo+1.2
LIMpin=Vou | X (1/2Voo— | X (1/2Voo— | X (1/2Voo— | V
Vum) Vun) Vun)
The LIM pin 1/2Voo 1/2Voo 1/2Voo
is open. -0.06Vop |-0.05Voo | —0.04Voo v
Limiter low voltage Vou SAMPour—LIMour 1/2Voo—1.2 | 1/2Voo—~1.0 | 1/2V00-0.8
LIM pin = Vum x (1/2Voo— | x (1/2Voo— | x (1/2Voo— v
Vuu) VUM) VUM)
The DETw
pin is 1 Voo 1 Voo 1 Voo Vims
Tone detection level | Voer | DETw Re=R( [P | 15 100 80
DETw pin 1/12.5x 1110x 1/8x
= Vor (1/2Voo-Vor) | (1/2Voo—Vor) [ (1/2Voo—Vor) [ Vime
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MB86460A

ELECTRICAL CHARACTERISTICS

3. AC characteristics

Voo =3.0t05.5 V, Ta=-20t0 70 °C

SCK delay time 1 tdser SCK - 0 150 417 us
SCK delay time 2 tdsco SCK - 417 570 834 us
SCK delay time 3 tdsca SCK - 0 150 417 us
FDO delay time 1 tdror FDour - 0 - 1 us
FDO delay time 2 tdro2 FDour - 0 - 1 us
SCK low width twis SCK - 390 417 444 us
SCK high width twis | SCK - 390 417 444 us
SEND setup time tsse SEND - 1 - - us
SEND hold time thse SEND - 1 - - us
SD setup time tsso SD - 1 - - us
SD hold time thso SD - 1 - - us
Sour delay time 1 tdsor Sour - 0 - 20 us
Sour delay time 2 tdso2 | Sour - (4] - 20 us
Sour delay time 3 tdsoa | Sour - 0 - 10 us
MSK input invalid time tdai DEM;, DEM: - 0 - 10 ms
Number of fetched bits | N - REM, DEM: - - 15 | bit
Demodulator delay time | tdso | RD 'I;EZ,V: % DEM. Nonoise | 1483 | 1900 | 2317 | s
1, . No noise
RD timimg tdro RD = -1 = 1 ps
RCK low width twa | RCK DM, DEM; Nonoise | 338 | 417 | 4% | us
RCK high width twwn | RCK SEZN}‘S DEM.Nonoise | 338 | 417 | 496 | us
RST low width tWic RST - 20 - - us
RST, SEND, SD,
Digital input rise time t Dw, DCK, DSTB, - - - 100 ns
TEST, FM
RST, SEND, SD,
Digital input fall time t Dw, DCK, DSTB, - - - 100 ns
TEST, FM
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Vop =3.0t05.5V, Ta=-2010 70 °C

D setup time tso D 100 ns
D hold time tho Dw 100 - ns
Strobe setup time tst DSTB 100 - ns
DCK low width W DCK 100 - ns
DCK period twwo | DCK 2 - us
Strobe low width tWir DSTB 100 - ns
= )
TEST setup time tste TEST 100 - ns
e — e
TEST hold time thre TEST 100 - ns
FM setup time 1SFm FM 100 - ns
F/M hold time thew | FIM 100 -~ ns
Dour delay time tdo Dour 0 1 ns
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TIMING CHART

® Msk modem timing

VH
RST ' TF_{
VIH T

SEN DVIL

VOH

SCK VOL

VIH
S0y

—-a- 1d:
—
Soutr

_-afl

DEM
DEM:

VOH
VOL,

VOH
RCK VoL

VOH q
FDouTV oL

RD

®© Serial interface timing

oiN 1 D15 D14 ><::§}< D1 X Do X
ot ) L\

two ol i i L ts
VIH
DSTBVlL u
tsTE] th
twar
=== VIH
TESTVIL T -I
thew

~ VIH
FIM 1L :x :x:
r“ﬂi =
VOH
DOUT, D15, D14 X X
VoL (D15) (D14) x . 2 ©1 (D0)
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MB86460A
TRANSMIT RECEIVE CHARACTERISTICS
Figure 1 Transmit frequency characteristics
-15.0
(3000Hz) ~10.5dB|(3500Hz)
oo /@Hz) \12dB/OCT
-5.0 / (6aB B
oo 6dB/OCT /7 (2500Hz \ (3000Hz)
A o \SSdB/OCT

5.0 >
Attenuation A /
(dB)
10.0 L~ [ 11508 (300H2) \

15.0
43 (100Hz) \

20.0 \
25.0 \
30.0

0.1 0.2 0.4 0.8 1.0 2.0 4.0 8.0 10.0
Frequency (kHz)

Figure 2 Recelive frequency characteristics

-15.0
(200H2) 13399 1oz
10.0 / X
—IPY 1208 (360Hz) N
10CT S12dBioCT \
5.0 /=75
' / ( (onn\
—4dB (300Hz) N ceocr
- ‘\
5.0 >
Attenuation adB 10.60B
@B 100 (2250% (3800H2)

12508\
3000Hz),

15.0 VdB/OCT
20.0 \

25.0

30.0
0.1 0.2 04 08 1.0 2.0 4.0 8.0 10.0

Frequency (kHz)
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DIMENSIONS

48-LEAD PLASTIC FLAT PACKAGE

(Case No. : FPT-48-M02)

677+.016
(17.20+0.40) ol
+.012
272004
@) (12001839 5
| |
— r——
— r——
— = m—|
— Fr——
— = am—]
p—
g INDEX —]
r——
— e
—d ! —
@ Ty
B
POV |t
.0315(0.80) ‘L,mz:ooz [ 00610.16) @ |
VP 030 £0.06) 21 -006(0.16] @
A
— A\
{__].0086(0.75) 071+.012
(1.80+0.30)

Details of “A” part

.106(2.70) MAX

(MOUNTING HEIGHT)
.002(0.05) MIN

(STAND OFF HEIGHT)

.346(8.80)
REF

|

.535+.016

(13.60+0.40)

+.002 +0.05
L o0s 0004(0-15_007)

F‘:‘ .024(0.60)

.006(0.15)

MAX

.020(0.50)

Dimensions in
inches (millimeters)
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November 1990 &
Edition 3.0 FU] lTSU

MB87002
1200 BPS MSK MODEM

1200 BPS MSK (Minimum Shift Keying) MODEM

The MB87002 is a 1200-bps CMOS minimum shift keying (MSK) single—chip
modem for multichannel access (MCA) and radio communication application.

Its operation at low supply voltages and low power consumption is especially
suitable for portable application.

o Data rate: 1200-bps
e Low power consumption (20 mW with 5 V power supply)

« Low supply voltage operation: 3.0to 5.5V (5 V typical)

PLASTIC PACKAGE
e On-—chip crystal oscillator: 3.6864 MHz (DIP-16P-M03)
* Switched—capacitor filter (SCF)
e Selectable timing regenerator pull-in characteristic (within 15 bits for
high-speed, and within 25 bits for low—speed operation)
e Low external component count
e TTL compatible inputs and outputs
PLASTIC PACKAGE
(FPT-16P-M03)
PIN ASSIGNMENT
ABSOLUTE MAXIMUM RATINGS (See NOTE) (TOP VIEW)
RTc[] 1 16 [] Voo
cLock[] 2 15 [ ] DATAIN
Power Supply Voltage | Voo Voo GND -03 7 0sC1 I: 3 14 :' SEND
Input Voltage Vin Allinput pins |GND -0.3 - Voo +03 | V osc2 E 4 13 :‘ RESET
. pATAOUT[] 5 12 [] BPFOUT
Output Voltage Vour All output pins |GND - 0.3 - Voo+03 | V MSKOUT E 6 1 :] DPLLC
Output Current lor | Alloutputpins | —10 - 10 |[mA BrrIN[] 7 10 ] TEST
eND[] 8 9[J 172 Voo
Storage Temperature Tste - -55 - 126 °C

NOTE: Permanent device damage may occur if the above Absolute Maximum e ovies e Shest i o T T st
Ratings are exceeded. Functional operation should be restricted 10 the | gamage due o highstatic votages or electric iekds. How
conditions as detailed in the operational sections of this data sheet. over. it is advisad that normal precautions be taken to
Exposure to absolute maximum rating conditions for extended periods may Ted vanages to this hiah impesance grout

affect device reliability.

Copyright® 1990 by FUJITSU LIMITED
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PIN DESCRIPTIONS

R/TC | Transmit-receive clock output control. When pulled high, the 1.2 kHz transmit clock is
output from the CLOCK pin and DATAOUT becomes low. When pulled low, the 1.2 kHz
receive clock is output from the CLOCK pin.

2 CLOCK [¢] Transmit—receive clock output pin. When R/TC pin is pulled high, 1.2 kHz transmit clock
is output. When R/TC pin is pulled low, the 1.2 kHz receive clock is output.

3 QOSC1 | Pin for external crystal (3.6864 MHz) connection.

4 0SC2 [¢] Pin for external crystal (3.6864 MHz) connection.

5 DATAOUT O Regenerated data output signal. :

6 MSKOUT O Modulated signal output pin. Voo/2 is output when the RESET pin is pulled low.

7 BPFIN 1 Demodulated signal input to the receive band—pass filter (BPF).

8 GND — Ground

9 1/2 Voo O Voo/2 reference voltage output

10 TEST | Test function control signal input. In the normal mode, this pin is pulled high or left open.
In the test mode, it is pulled low. In the test mode, the BPF IN pin directly accepts
Waveform Shaping I and receive LPF input signals, and the DATA IN pin directly accepts
Waveform Shaping II input signals. In this mode, the delay detection circuit signal is
output from BPFOUT and the receive LPF signal is output from MSKOUT.

11 DPLLC | DPLL pull-in time control signal input. When pulled low, high-speed operation is
selected. When pulled high, low—speed operation is selected.

12 BPFOUT [¢] Receive BPF output pin.

13 RESET | Device reset signal input. A low on this pin resets all circuits. Pulled high or left open to

: enable device operation.

14 SEND | Data transmit enable. With the reset high or open, transmit signals are output when this
pin is pulled low to high.

15 DATAIN | Transmit data input to the receive BPF.

16 Voo - Supply voltage pin (+3.0to +5.5 V).
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MB87002 BLOCK DIAGRAM

DATAIN

Modulator circuit
I (DAC)

Clock circuit for

SEND modulator
' O RITC

0sC1 l

0sC2 Lg—-—————-o CLOCK
RESET

Clock circuit for —l
TEST demodulator
Receive
[ ———— BPF BPFIN
i
Clock regenerating Waveform «) BPFOUT
DATAOUT DPLL Shaping I
Delay detection| | Waveform
DPLLC circuit Shaping 1
Receive
LPF

1/2 VoD reference circuit

Voo 1/2 Voo GND
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FUNCTIONAL DESCRIPTION

The timing generating section generates the clock signals required by the modulator and demodulator. The basic clock is generated
by an internal oscillator and external crystal (3.6864 MHz).

Modulator uses a programmable DAC with a 6 bit resistor string. The MSKOUT output is 1200 Hz for input 1 and 1800 Hz for input 0
synchronized with transmit clock. Before the transmit signal is output, a fixed level of 1/2 Voo is output by pulling the SEND pin low.
The demodulator is composed of a band—-pass filter (BPF), a delay detection circuit, a low—pass filter (LPF), and a digital
phase—locked loop (DPLL). The BPF removes noise components from the 1,200 Hz and 1,800 Hz receive signals from the BPFIN
pin and consists of a 10th-order Chebyshev switched—capacitor filter (SCF). The delay detection circuit, after conversion of the BPF
output from analog to digital in the waveform shaping circuit, regenerates data by delay detection. The noise components in the
regenerated data are removed by the LPF. The LPF is a third—order Butterworth filter and removes noise components of 800 Hz or
higher. The DPLL extracts the receive clock from the regenerated data. The regenerated data is output from the DATAOUT pin
synchronized with the receive clock. The DPLL has a tendency to degrade the bit error rate when the pull-in time is shortened. This
IC allows users to choose between two pull-in times. When the DPLLC pin is pulled low, the high—speed mode is selected. When
pulled high, the low—speed mode is selected.

The on—chip 1/2 Voo circuit supplies the reference voltage required by BPF, LPF, and waveform shaping circuits and reduces
external circuitry and component count.

NOTE: Devices consisting of mixed analog and digital signal processing circuits are usually difficult to test. The MB87002
incorporates a test circuit which simplifies independent testing of the BPF, delay detection circuit, LPF and DPLL.

RECOMMENDED OPERATING CONDITIONS

Power Supply Voltage Voo Voo 3.0 5.0 55 v
Input Voltage Vin Alt inbut pins 0 - Voo \
OSC1 Pin Load Capacitance Cosct 0scC1 25 - 50 pF
OSC2 Pin Load Capacitance Cosca 0sc2 25 - 50 p