
• Generates User-Programmable Control 
Signals (Horizontal Sync, Vertical Sync, and 
Blanking) Which Support a Broad Range of 
Raster-Scan Display Systems with Varying 
Resolutions and Scan Rates 

• Provides Memory Refresh at User 
Programmable Rates 

e When Combined with the TMS4161 VRAM, 
Memory Availability to the Host is Virtually 
Unlimited, Since Display Access and 
Dynamic RAM Refresh Require Less than 
Six Percent of the Memory Bandwidth 

• Directly Drives up to 64 TMS4161 VRAMs 
or Conventional DRAM Memories with No 
External Buffering 

• Synchronizes to an External Video Source, 
Which Allows Superimposing of an Image 
upon an Externally Generated Source 

• Independent Video and System Clocks Al
low the Video System and the Host Proces
sor to Run Asynchronously 

• Supports Both Interlaced and Noninterlaced 
Displays 

• Interfaces Easily to a Wide Variety of 
Microprocessors (8, 16, 20, and 32-Bit Data 
Bus Widths) 

• Can Be Configured to Support Dot Rates 
from 5 MHz up to 130 MHz, When Used in 
Conjunction with the TMS4161 

description 

Vee 10 

RS1 11 

RSO 12 

cs 13 

RAS3 14 

RAS2 15 

RAS1 16 

RASO 17 

Vss 18 
CASHI 19 

CASLO 20 

BLANK 21 

VSYNC 22 
HSYNC 23 

VIDCLK 24 

INT 25 

ROY/HOLD 26 
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FN PACKAGE 

(TOP VIEWI 

9 8 7 6 5 4 3 2 1 6867666564636261 

60 RA7 

59 RAB 

58 w 
57 TR/QE 
56 RESET 
55 R/W 

54 CAO 
53 CA1 

52 vss 
51 CA2 

50 CA3 
49 CA4 

48 CA5 
47 CA6 

46 CA7 

45 CAB 

44 Vee 

• X-Y Mode Supports Processors with Limited 
Addressing Range and More Efficient 
Drawing Algorithms 

• 21 Address Bits Directly Access a 2 Mega
word Address Space with Arbitrary Word 
Width 

• 10 MHz Clock Rate 

The high-performance Video System Controller (VSC) has been developed to control the video display and 
main memory subsystems of a bit-mapped graphics system. A monolithic NMOS device, the VSC controls 
the TMS4161 Multiport Video RAM (VRAM) and 256K Multiport Video RAM, as well as the conventional 
64K and 256K dynamic RAMs. 

Most delays caused by conflicts with display update functions are eliminated by the VSC. The host is 
relieved of system memory control, the video memory refresh, and VRAM internal shift register reload 
for bit-mapped displays. 

Highly programmable, the VSC supports a broad range of raster-scan display systems with various 
resolutions and scan rates. 

The VSC performs four major functions: 

1) Allows the host virtually unimpeded access to VRAMs, directly (host direct) or indirectly (X-Y) 
2) Automatically generates the DRAM-refresh cycles needed to maintain data stored within the DRAMs 
3) Performs display-update cycles needed to periodically load new video data into the VRAM shift registers 
4) Generates sync and blanking signals necessary for monitor control. 

All VSC inputs and outputs are TTL compatible. The VSC is guaranteed for operation from 0 °C to 70 °C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform 
to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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typical system block diagram 
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NAME PIN 

MAS-MAO 65-68, 

2-6 

RAS-RAO 59-64, 

7-9 

CAB-CAO 45-51, 

53,54 

RS1,RSO 11, 12 

CEH 29 

CEL 28 

ALE 31 

R/W 55 

INT 25 

07-DO 43-36 

ROY/HOLD 26 

HOLDACK 27 

cs 13 

FS2-FSO 34-32 

1/0 

0 

I 

I 

I 

I 

I 

I 

I 

0 

1/0 

0 

I 

I 

I 

TABLE 1. PIN DESCRIPTIONS 

TMS34061 
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DESCRIPTION 

Memory Address. These memory address outputs are multiplexed address lines designed to interface 

directly to TMS4161 VRAMs, as well as conventional DRAMs. MAO is the LSB. 

Row Address. These address inputs are multiplexed to memory address pins MAS-MAO during row 

address time when a host-initiated memory access cycle is executed. For host-initiated shift register-

transfer cycles, these inputs are multiplexed to MAS-MAO during column address time. RAO is the LSB. 

Column Address. These address inputs are multiplexed to memory address pins MAS-MAO during column 

address time when a host-initiated memory access cycle is executed. For a host-initiated shift register-

transfer cycle, these inputs are multiplexed to MAS-MAO during row address time. CAO is the LSB. 

Row Address Strobe Selects. During host-direct cycles and shift register transfer cycles, these signals 

determine which of the four row address strobes, RAS3-RASO, is driven active low. If extended RAS mode 

is enabled, these inputs are ignored. 

Column Address Enable High. An active low from this signal enables CASHI during a host-initiated 

memory cycle. 

Column Address Enable Low. An active low from this signal enables CASLO during a host-initiated 

memory access cycle. CEL also strobes data into the internal registers during register write cycles and 

enables register data onto 07-DO during register read cycles. 

Address Latch Enable. The high-to-low transition of ALE latches the CS, RAS-RAO, CAB-CAO, RS 1-RSO, 

and FS2-FSO inputs and is interpreted by the VSC as a command from the host to initiate the cycle 

specified by the values latched at these inputs. 

Read/Write. During a host initiated memory cycle or internal register access, R/W determines the direction 

of data transfer (high for read, low for write). By appropriately controlling the state of the R/W 

input, the system is allowed to execute the following cycles: read, write, early write, or read-modify-write. 

Interrupt Request. The interrupt-request output indicates that an interrupt condition previously enabled 

by the host processor has occurred. INT will remain active until the host processor initiates a read 

of the Status Register. 

Data Bus. The host accesses the internal registers of the VSC through this 8-bit bidirectional data bus. 

Each host accessible register within the VSC must be accessed one byte at a time via 07-DO. DO is 

the LSB. 

Ready or Hold. The operation and timing of ROY /HOLD is defined by two control bits contained in Control 

Register 2. ROY/HOLD can be configured to operate in "ready," "wait," or "hold" modes to 

accommodate various host processor interfaces. 

Hold Acknowledge. When the VSC is configured in hold/hold acknowledge mode, the host issues a 

handshaking signal by driving HOLDACK low. The VSC can perform an internally requested cycle (display 

update or DRAM refresh) in this mode only when a handshaking acknowledgment has been received. 

HOLDACK is also used to configure the active level of ROY/HOLD at system power up. 

Chip Select. This input operates as a master chip select. Before any host-initiated access involving 

the VSC can begin, CS must be active low. 

Function Select. The three-bit function select code input on FS2-FSO indicates the type of cycle requested 

by the host processor. 
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TABLE 1. PIN DESCRIPTIONS (CONCLUDED) 

NAME PIN 1/0 DESCRIPTION 

SYSCLK 30 I System Clock. This input is used to generate the timing of signals output to the memory, and the timing 

of the INT and the ROY /HOLD signals output to the host. All host interface signals input to the VSC 

must be synchronous to SYSCLK. 

RESET 56 I Reset. An active-low RESET places the VSC in a known initial state. While RESET is low, the internal 

registers are forced to their default values, and all VRAM control outputs are forced to their inactive 

levels. RESET should be driven low when power is first applied and remain low for at least 1 ms. 

RAS3-RASO 14-17 0 Row Address Strobes. These active-low outputs are designed to drive the RAS inputs on both the 

TMS4161 VRAM and conventional DRAMs. During display update and refresh cycles, all four RAS 

outputs are driven active low in the default mode of operation. 

CASHI 19 0 Column Address Strobe High. This active-low output is designed to directly drive the CAS inputs on 

both the TMS4161 VRAM and conventional DRAMs. During memory cycles initiated by the host, CASHI 

becomes active only .after the CEH input is driven active low. 

CASLO 20 0 Column Address Strobe Low. The operation of CASLO is similar to that of CASHI, as described above, 

except that CASLO is enabled by an active low on CEL rather than CEH. 

w 58 0 Write Control. This signal is used to drive the W inputs on both the TMS4161 VRAM and conventional 

DRAMs. W is driven active low during write cycles requested by the host. 

TR/QE 57 0 Shift Register Transfer and Output Enable. The TR/QE output directly drives the TR/QE inputs on the 

TMS4161 VRAM. Signals used to enable shift register transfer cycles and VRAM output buffers during 

read cycles are multiplexed over this single pin. 

BLANK 21 0 Video Blanking. The BLANK output is used to disable video data to the CRT monitor. BLANK is driven 

active low during both horizontal and vertical blanking intervals. 

HSY NC 23 1/0 Horizontal Sync. HSYNC generates the horizontal sync pulses used to control a CRT monitor. It operates 

as an output, except when the external sync mode is enabled. 

VSYNC 22 1/0 Vertical Sync. VSYNC generates the vertical sync pulses used to control a CRT monitor and operates 

as an output, except when the external sync mode is enabled. 

VIDCLK 24 I Video Clock. The video input clock drives the logic within the VSC chip that is responsible for generating 

the timing for the sync and blanking signals. VIDCLK also drives the logic responsible for generating 

internal requests for display update and VRAM refresh cycles. 

Vee 10, 44 5-volt supply input. 

Vss 1, 18, Ground. 

35, 52 
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programmable registers 

TMS34061 
VIDEO SYSTEM CONTROLLER 

The programmable registers in the TMS34061 allow configuration of the CRT timings, system CPU interface, 
and X-Y address parameters. Most of these registers contain bits that are not currently implemented; these 
bits are designated in the following tables by an "X." To maintain compatibility with future device upgrades, 
a logical zero should be written to these bits. 

TABLE 2. VIDEO TIMING REGISTERS 

UPPER BYTE LOWER BYTE ADDRESS 
REGISTER NAME DESCRIPTION 

CA1 = 1 CA1 = 0 CA6-CA2 

Horizontal XXXXAAAA AAAAAAAA 00000 Identifies the end of horizontal sync interval. Contents = 
End Sync horizontal sync width - 1 VIDCLK unit 

Horizontal XXXXAAAA AAAAAAAA 00001 Identifies the end of horizontal blank interval. Contents = 
End Blank horizontal sync width + horizontal back porch - 1 VIDCLK unit 

Horizontal XXXXAAAA AAAAAAAA 00010 Identifies the start of horizontal blank interval. Contents = 
Start Blank horizontal sync width + horizontal back porch + horizontal active 

screen - 1 VIDCLK unit 

Horizontal XXXXAAAA AAAAAAAA 00011 Identifies the start of horizontal sync interval. Contents = 
Total total line time - 1 VIDCLK unit 

Vertical XXXXAAAA AAAAAAAA 00100 Identifies the end of vertical sync interval. Contents = vertical sync 

End Sync width - 1 horizontal total units 

Vertical XXXXAAAA AAAAAAAA 00101 Identifies the end of vertical blanking interval. Contents = vertical 

End Blank sync width + vertical back porch - 1 

Vertical XXXXAAAA AAAAAAAA 00110 Identifies the start of vertical blank interval. Contents = vertical 

Start Blank sync + vertical back porch + vertical active - 1 horizontal total 

units 

Vertical XXXXAAAA AAAAAAAA 00111 Identifies the start of vertical sync interval. Contents = number 

Total of horizontal lines - 1 horizontal total units. 

NOTE: "A" = active register bit, "X" = bit not implemented. 

I+- END SYNC 

-+I !+- END BLANK 

~!•,...-----BLANK START----• 

FIGURE 1. SYNC AND BLANK RELATIONSHIP 
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The following equations show the derivation of the various parameters required to initialize the VSC 
to interface to any CRT monitor: 

Horizontal End Sync = Horizontal Sync Width - 1 
Horizontal End Blank = Horizontal Sync Width + Horizontal Back Porch 1 
Horizontal Start Blank = Horizontal Sync Width + Horizontal Back Porch 

+ Horizontal Active Screen - 1 
Horizontal Total = Total Line Time - 1 
Vertical End Sync = Vertical Sync Width - 1 
Vertical End Blank = Vertical Sync Width + Vertical Back Porch - 1 
Vertical Start Blank = Vertical Sync Width + Vertical Back Porch + Vertical Active Screen - 1 
Vertical Total = Number of Horizontal Lines - 1 

All horizontal timing parameters are in VIDCLK unit, and all vertical timing parameters are in 
horizontal line time units. 

TABLE 3. CPU INTERFACE REGISTERS 

UPPER BYTE LOWER BYTE ADDRESS 
REGISTER NAME 

CA6-CA2 
DESCRIPTION 

CA1 = 1 CA1 = 0 

Control XAAAAAAA AAAXAAAA 01011 Controls the behavior of host interface signals, the timing of 

Register 1 display-update cycles, the enabling of interrupt requests, the 

Control XAAAAAAA AAAAAAAA 01100 frequency of DRAM-refresh cycles, and the configuration of video 

Register 2 timing signals 

TABLE 4. CONTROL REGISTER 1 BIT DEFINITIONS TABLE 5. CONTROL REGISTER 2 BIT DEFINITIONS 

BITS NAME BITS NAME 

B3-BO Line Count Limit B1-BO Extended RAS-Mode Select Bits 

B4 Reserved B5-B2 RAS Overrides 

B5 Display-Update Inhibit B6 Extended RAS Mode 

B6 Display-Update Direction B7 X-Y Address Pointer RAS Mode 

B7 Display-Update RAS Mode B10-B8 Wait State Limit 

B8 External Sync Enable B12-B11 ROY /ROI[) Mode Select 

B9 Interlace Enable B13 Blank Entire Display 

B10 Vertical Interrupt Enable B14 Early ROY Enable 

B11 Error Interrupt Enable B15 Reserved 

B12-B14 Refresh Burst Length 

B15 Reserved 

TABLE 6. STATUS REGISTER 

UPPER BYTE LOWER BYTE ADDRESS 
REGISTER NAME DESCRIPTION 

CA1 = 1 CA1 = 0 CA6-CA2 

Status xxxxxxxx XXXXXAAA 01101 An error condition or vertical interrupt has occurred 
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REGISTER NAME 
UPPER BYTE 

CA1 = 1 

Vertical XXXXAAAA 

Interrupt 

REGISTER NAME 
UPPER BYTE 

CA1 = 1 

Display XXXXAAAA 

Address 

Display xxxxxxxx 
Update 

Display XXXXAAAA 

Start 

REGISTER NAME 
UPPER BYTE 

CA1 = 1 

X-Y Address AAAAAAAA 

X-Y Offset XXXXAAAA 

address multiplexer 

TMS34061 
VIDEO SYSTEM CONTROLLER 

TABLE 7. STATUS REGISTER BIT DEFINITIONS 

BITS NAME 

BO Vertical Interrupt 

81 Display Error 

82 Refresh Error 

TABLE 8. VERTICAL INTERRUPT REGISTER 

LOWER BYTE ADDRESS 
DESCRIPTION 

CA1 = 0 CA6-CA2 

AAAAAAAA 01010 Generates a vertical interrupt when contents are equal to 

Vertical Counter 

TABLE 9. CRT CONTROL REGISTERS 

LOWER BYTE ADDRESS 
DESCRIPTION 

CA1 = 0 CA6-CA2 

AAAAAAAA 10000 Contains the address to be output during the next automatic 

display-update cycle 

XXXXAAAA 01000 Contains the value by which the display address is incremented 

AAAAAAAA 01001 Specifies the memory location to be displayed at the upper left 

of the screen 

TABLE 10. X-Y REGISTERS 

LOWER BYTE ADDRESS 

CA1 = 0 CA6-CA2 
DESCRIPTION 

AAAAAAAA 01111 Contains address for host-indirect memory accesses 

AAAAAAAA 01110 Defines the boundary between the X-Y portions of the X-Y Address 

Register and contains the initial value of the two RAS-select bits 

and the two independent multiplexed address bits 

The address multiplexer provides the Multiport VRAM array with row, column, and internal addresses at 
the proper times. Its inputs are from the host system, the display address register, the X-Y indirect 
address register, and the DRAM refresh address counter. The specific source of the address is controlled 
by the arbiter, and the RA or CA portion of the address is controlled by the memory cycle generator. 
Eighteen multiplexed address signals are provided by the 9-bit MA address outputs. The address multiplexer 
directly drives inputs for up to 64 TMS4161 Multiport VRAM devices or conventional dynamic RAM devices 
of up to 256K bits. 
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DRAM refresh counters 

Programmable DRAM refresh cycles allow the VSC to relieve the host of refresh burden. The refresh burst 
length is determined by bits 14-12 in Control Register 1. These three bits output a binary number from 
000 to 111 which indicates the number of DRAM refresh cycles, from 0 to 7 per horizontal line. This binary 
number is then counted by the Refresh Burst Counter (host inaccessible). The Refresh Burst Counter outputs 
a 9-bit row address to the Address Multiplexers during DRAM refresh cycles, while the Memory 
Cycle Generator increments the DRAM Refresh Register (host inaccessible) to the next 9-bit row address 
to be output. 

X-Y address capability 

X-Y addressing is particularly useful when the linear addressing range of the host is insufficient to provide 
proper access of all pixels on the screen. The contents of the X-Y registers replace the RA and CA outputs 
as source of the memory address. A 4-bit code on inputs CA4-CA 1 determines address adjustment 
(increment, decrement, clear, no change). X-Y capability relieves the host from calculating the address 
of the next pixel to be modified. 

arbiter 

The arbiter determines whether the host processor, the video shift-register reload logic, or the dynamic
RAM refresh logic can access the memory or start a reload or refresh cycle. Since the display and refresh 
functions of the VSC normally use less than six percent of the available memory cycles, the arbiter usually 
grants immediate memory access to the host. When a conflict arises, the arbiter grants priority as follows: 

1) Any cycle in progress 
2) A display update cycle (internally granted request) 
3) A DRAM-refresh cycle that has been delayed for more than 1 /2 horizontal line 
4) Any host-requested cycle 
5) DRAM-refresh cycle. 

memory cycle generator 

Various memory cycles requested by the arbiter are performed by the Memory Cycle Generator, which 
also provides the DRAM array with the RAS, CAS, TR/OE, and W signals. It controls the multiplexer during 
all cycles in order to meet the address and control line-setup and hold requirements. Cycles generated: 

• Host-requested cycles 
- Read 
- Write 
- Early write 
- Read-modify-write 
- Memory-to-shift register 
- Shift register-to-memory 

• Delayed host-requested cycles 
• Internally requested shift register transfer 
• Internally requested refresh cycle 

CRT control 

The VSC generates the HSYNC, VSYNC, and BLANK signals used to drive a CRT monitor in a bit-mapped 
graphics system. These signals are synchronous to the Video Input Clock (VIDCLK). HSYNC, VSYNC, and 
BLANK are programmed through eight host accessible video timing registers, which are easily configured 
to accommodate a variety of display resolutions and CRT monitors in either interlaced or non-interlaced 
modes. Two additional registers, clocked by VIDCLK, maintain the current horizontal and vertical counts. 
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The values in these two counters are compared with the values in the eight video timing registers to 
determine the limits of the sync and blanking intervals. Programmed synchronization of external sync signals 
allows the vse to superimpose an image upon an externally generated video source. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Supply voltage, Vee (see Note 1) ................................................ 7 V 
Input voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3 V to 7 V 
Off-state output voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 2 V to 7 V 
Operating free-air temperature range ....................................... 0 °e to 70 °e 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 65 °e to 150°e 

t Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss· 

recommended operating conditions t 

MIN NOM MAX UNIT 

Vee Supply voltage 4.75 5.25 v 
Vss Supply voltage 0 v 
V1H High-level input voltage 2 v 
Vfl Low-level input voltage 0.8 v 

IOH High-level output current 
VSYNC, HSYNC, BLANK 

INT, ROY/HOLD, 07-DO 
-370 µA 

IOL Low-level output current 
VSYNC, HSYNC, BLANK, 

INT, ROY/HOLD, 07-DO 
3.2 mA 

TA Operating free-air temperature 0 70 oc 

tease temperature must be maintained below 95 °C. RoJA = 46.4 °C/W; RoJC = 11.1 °C/W. 

electrical characteristics over recommended free-air temperature range 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VoH High-level output voltage Vcc=MIN, 'OH =MAX 2.4 v 
Vol Low-level output voltage Vee= MAX, IQL =MAX 0.4 v 

Vcc=MAX 200 275 mA 
ice Supply current 

Vcc=MAX, Tc=95°C, tcsc=MAX 170 200 mA 

} Vo =2.4 V 20 
lo High-impedance output current Vcc=MAX 

Vo =0.4 V -20 
µA 

,, Input current v1=Vss to Vee ±20 µA 

RAS3-RASO, CASLO, CASHI, 
350 

Output loading MAO-MA8, TR/OE pF 

w 670 

TEXAS. 
INSTRUMENTS 

POST OFFICE BOX 1443 e HOUSTON, TEXAS 77001 

9 



10 

TMS34061 
VIDEO SYSTEM CONTROLLER 

system clock timing parameters 

PARAMETER MIN MAX UNIT 

tcsc SYSCLK clock period 100 500 ns 

tw(SCH) SYSCLK clock high pulse duration 45 246 ns 

tw(SCL) SYSCLK clock low pulse duration 45 246 ns 

NOTES: 2. SYSCLK frequency must be greater than one-half the VIDCLK frequency. 
3. All switching characteristics are measured between the maximum low level and the minimum high level using the 10 percent 

and the 90 percent points. 

memory and host interface timing parameters 

PARAMETER MIN MAX UNIT 

tw(RSTL) Reset active (low) pulse duration 1 ms 

th(RSTH-ALEH) 
Reset wait period after a reset low-to-high transition pulse and prior to the first 

1 
host-requested memory cycle 

ms 

tsu(ALE-SCH) Setup time of ALE low or high to SYSCLK no longer low (Note 4) 20 ns 

th(SCH-ALE) Hold time of ALE low or high after SYSCLK high (Note 4) 10 ns 

tw(ALEH) Pulse duration of ALE high 40 ns 

tsu(CE-SCHl Setup time of CEL or CEH low or high to SYSCLK no longer low (Note 4) 20 ns 

th(SCH-CE) Hold time of CEL or CEH low or high after SYSCLK high (Note 4) 10 ns 

tsu (ADDR-ALEL) Setup time of RA, CA, RS, or CS input valid before ALE no longer high 35 ns 

th (ALEL-ADDR) Hold time of RA, CA, FS, RS, or 'CS input valid after ALE low 10 ns 

td(SCH-RMA)H 
Delay from SYSCLK high to row memory address valid, host initiated memory 

75 
cycle (Note 5) 

ns 

th(SCH-RMA) Hold time of row address valid after SYSCLK no longer low t 10 60 ns 

td(SCH-CMA) Delay from SYSCLK high to column memory address valid (Note 5) 20 75 ns 

th(ALEH-CMA) Hold time of column memory address valid after ALE 0 ns 

td(SCL-RASL) Delay from SYSCLK low to RAS low (Note 5) t 20 70 ns 

t<!!ALEH-RASH) Delay from ALE high to RAS high (Note 5) 20 70 ns 

td(SCH-RASH) 
Delay from SYSCLK high to RAS high in display update and DRAM 

20 70 
refresh (Note 5) 

ns 

td (ALEL-RDYL) Delay from ALE low to ROY /HOLD at "not ready" level 35 ns 

td(SCL-RDYH) Delay from SYSCLK low to ROY/HOLD at "ready" level (Note 6) 70 ns 

td(SCH-RDYH) Delay from SYSCLK high to ROY/HOLD at "ready" level (Note 6) 70 ns 

tRow address hold time guaranteed by th(RMA) parameter. 
NOTES: 4. ALE, CEH, and CEL inputs are synchronous to SYSCLK and must meet the required setup and hold times specified with respect 

to each SYSCLK low-to-high transition in order to guarantee correct operation. 
5. This timing is based on a load circuit equivalent to 64 TMS4161 VRAMS being driven by the VSC. Each of the following 

outputs drive a 350-pF capacitance to Vss: MAS-MAO, CASLO, CASH!, RAS3-RASO, TR/OE. The W output drives a 670-pF 
capacitance to ground. All other outputs drive a 560-ohm resistor tied to a 2.2-volt source with a 100 pF capacitance load 
tied to Vss· 

6. All references made to the ROY /HOLD signal in the timing spec assumes an active high level. 
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memory and host interface timing parameters (continued) 

PARAMETER MIN MAX UNIT 

td (ALEH-RDYZ) 
Delay from ALE no longer low to ROY /HOLD high-impedance level starting from 

40 ns 
ROY /HOLD (Note 6) 

td(SCL-CASL) Delay from SYSCLK low to CAS low to CASLO or CASHI (Note 5) 20 75 ns 

td(ALEH-CASH) Delay from ALE, CEH, or CEL high to CASLO or CASHI (Note 5) 20 60 ns 

td(SCL-TRL) Delay from SYSCLK low to TR/QE low (Note 5) 20 75 ns 

td(ALEH-TRH) Delay from ALE, CEH or CEL high to TR/QE high (Note 5) 20 60 ns 

td(SCH-WL)HX Delay from SYSCLK high to W low (Note 5). host direct or X-Y indirect cycle 20 85 ns 

td(ALEH-WH) Delay from ALE high to W high (Note 5) 20 80 ns 

td(RWL-WL) Delay from R/W low to W low (Note 5) 20 85 ns 

td(RWH-WH) Delay from R/W high to W high (Note 5) 20 85 ns 

td(SCH-WL)SR 
Delay from SYSCLK high to W or TR/QE low, shift register transfer cycles 

20 85 ns 
(Note 5) 

th(ALEL-CELH) Hold time of CEL high after ALE no longer high, register cycle 0 ns 

th(CELH-ALEL) Hold time of ALE low after CEL no longer low, register cycle 0 ns 

tsu(RW-CELL) Setup time of R/W valid to CEL no longer high, register cycle 30 ns 

th(CELH-RW) Hold time of R/W valid after CEL high, register cycle 10 ns 

td(CELL-D) Delay time from CEL low to 07-DO valid all but status, register cycle 30 130 ns 

td(SCH-D) 
Data valid after next SYSCLK rising edge following CEL low for 

130 ns 
status read cycle only 

td(CELH-DZ) Delay from CEL high to 07-DO high impedance, register cycle 105 ns 

td(CELL-RDYH) Delay from CEL low to ROY/HOLD "ready" level, register cycle (Note 6) 70 ns 

tsu(D-CELH) Setup time of 07-DO valid to CEL no longer low, register write 60 ns 

th(CELH-0) Hold time of 07-DO valid after CEL high, register write 10 nss 

tsu(RWL-CELH) Setup time of R/W low to CEL no longer low, register write 80 ns 

td(RWL-DZ) Delay from R/W low to 07-DO high impedance, register read-modify-write 105 ns 

td(SCH-RMA)D 
Delay from SYSCLK high to row memory address valid, display update cycle 

70 ns 
(Note 5) 

t(SCH-CMA) 
Hold time of column address valid after SYSCLK no longer low, display 

0 ns 
update cycle (Note 5) 

td(SCH-CASH) Delay from SYSCLK high to CAS high (Note 5) 20 70 ns 

td (SCH-TRL) Delay from SYSCLK high to TR/OE low, display-update cycle (Note 5) 20 65 ns 

td(SCL-TRH) Delay from SYSCLK high to TR/QE high, display-update cycle (Note 5) 20 75 ns 

tRow address hold time guaranteed by th(RMA) parameter. 
NOTES: 4. ALE, CEH, and CEL inputs are synchronous to SYSCLK and must meet the required setup and hold times specified with respect 

to each SYSCLK low-to-high transition in order to guarantee correct operation. 
5. This timing is based on a load circuit equivalent to 64 TMS4161 VRAMS being driven by the VSC. Each of the following 

outputs drive a 350-pF capacitance to Vss: MAB-MAO, CASLO, CASHI, RAS3-RASO, TR/QE. The W output drives a 670-pF 
capacitance to ground. All other outputs drive a 560-ohm resistor tied to a 2.2-volt source with a 100 pF capacitance load 
tied to Vss· 

6. All references made to the ROY/HOLD signal in the timing spec assumes an active high level. 

TEXAS. 
INSTRUMENTS 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

memory and host interface timing parameters (concluded) 

PARAMETER MIN MAX UNIT 

td(SCH-WL) Delay from SYSCLK high to W low, display-update cycle (Note 5) 20 85 ns 

td(SCH-WH) Delay from SYSCLK high to W high, display-update cycle (Note 5) 20 85 ns 

th(CASL-TRL) Hold time of TR/QE low after CAs no longer high 75 ns 

tsu (TRH-RASH) Setup time of TR/QE high before RAS no longer low 15 ns 

td(SCH-RDY) Delay from SYSCLK high to ROY/HOLD valid (hold model 75 ns 

th(SCH-HA) Hold time of valid HOLDACK after SYSCLK high, hold mode only (Note 4) 10 ns 

tsu(HA-SCH) 
Setup time of HOLDACK low or high before SYSCLK no longer low, 

20 ns 
hold mode only (Note 4) 

td(SCH-INT) Delay from SYSCLK high to INT low or high 55 ns 

tsu(RMA) Row memory address setup before RAS no longer high 0 ns 

tsu(CMA) Column memory address setup before CAS no longer high 0 ns 

tsu(TR) 
W or TR/QE setup time before RAS no longer high, shift register transfer, 

0 
display update 

ns 

th(RMA) Row memory address hold time from RAS low 35 ns 

tsu(HA-RSTH) Setup of HOLDACK prior to RESET going high, ready and wait modes only 50 ns 

th(RSTH-HA) Hold time of HOLDACK after RESET high, ready and wait modes only 50 ns 

t Row address hold time guaranteed by th(RMA) parameter. 
NOTES: 4. ALE, CEH, and CEI: inputs are synchronous to SYSCLK and must meet the required setup and hold times specified with respect 

to each SYSCLK low-to-high transition in order to guarantee correct operation. 
5. This timing is based on a load circuit equivalent to 64 TMS4161 VRAMS being driven by the VSC. Each of the following 

outputs drive a 350-pF capacitance to Vss: MAB-MAO, CASLO, CASHI, RAS3-RASO, TR/QE. The W output drives a 670-pF 
capacitance to ground. All other outputs drive a 560-ohm resistor tied to a 2.2-volt source with a 100 pF capacitance load 
tied to Vss· 

6. All references made to the ROY /HOLD signal in the timing spec assumes an active high level. 

system clock timing 

SYSCLK 

reset timing 

ALE 

1-t 9Ji!1 tw(RSTLI 
~~~--' ..-~~~~~~~~-x ___ t 

, , 
th(RSTH-ALEHI I I j4 , , 

TEXAS .. 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

host direct or X-Y indirect cycle timing 

SYSCLK 
I 
I 

~ tw(ALEHI 
tsu(ALE-SCHI I 

' 
ALE 

th(SCH-ALEI I 
I 
I 

I ~ 

I 
tsu(CE-SCHI 

I 

CEL, CEH I I 
I 
14 RS1, RSO. 
I 

CAS-CAO. 
RAS-RAO, =x FS2-FSO, 
B ' 

MAS-MAO COLUMN ADDRESS 

I tsu(CMAI Ill 
I I 

td(ALEH-RASHI 

RAS 
I 
I 
I td(SCL-RASLI I 
I I I t 1,. td(ALEH-RDYZI 1,. 
I I I d(SCL-RDYHI I I 
II Ill I td(ALEL-RDYL) I 

ROY/HOLD -Hl-Z I I I I (READY) I (NOT READY) Hl-Z-
I I I 

I I I I td(ALEH-CASHI ~ .i 
I I td(~CL-CASLI 1111 I~ I 

I I I 

lf CASHI, I I I ~ I 
I I I I CASLO I I 

~ I 
td(SCL-TRLI I IJt I I 

I I I ~ ~ I I 

i 
td(ALEH-TRHI 

TR/QE td(SCH-WLIHX 14 ~ I l I I 
I 

~ 
I 14 
~ td(ALEH-WH" 

R/W td(RWL-WLI I I 
I 

(WRITE CYCLE) I I 
I 

I I 
I I I 

x td(RWH-WHI M 

" 
w 
(WRITE CYCLE) 

TEXAS .. 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

shift-register-transfer cycle timing 

SYSCLK 

ALE 

CEL, CEH 

RS1, RSO, 
CAB-CAO, 
RAB-RAO, 
FS2-FSO, 
cs 
MAB-MAO* 

ROY/HOLD 
(OWAITI 

W, 
TR/QE 

tsu(IRMAl-14----+1 I I i tsu(CMAI I I 

1 11 1 ~w 1 I td(ALEH-RASH'H---

' 11 I I\" th(RMAI : I /I 

td(SCL-RASLI -J+.-----.! I j td(ALEH-RDYZl w 
I i i td(SCL-RDYHI t-1-' I I I 

- Hl-Z I ~! (NOT ~EADY) I ~ t i'READYI I ~ Hl-Z -

!+--+i- td(ALEL-RDYLI I d(A~EH-CASHI H 
I I 1 I 64-td(SCL-CASLI 1,__ __ 

td(SCH-WLISR 1. .i I '\ : J 
L .1 I L •• I ~tsu(TRI td(SCL-TCHI~ I 

I I I ) ) 

~I _ I 

*During a shift-register cycle the nine bits of address input on CAB-CAO. are output on MAS-MAO at row address time, and the nine bits 
of address input on RAS-RAO are output on MAS-MAO at column address time. This multiplexing of the row and column addresses is 
intended to reduce memory address map requirement. 

TEXAS "'1 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

register read cycle timing 

SYSCLK 

ALE 

CA6-CA1, 
FS2-FSO, 
cs 

R/W 
(READ) 

07-DO 
(READ) 

ROY/HOLD 
(OWAITI 

ROY/HOLD 
(1 WAIT) 

1/ l l I I I\_ 
--,---td-(CELL-DI !• : ti td(CELH-DZI l• tj l 

l i td(SCH-DI ~ ~I I 
- Hl-Z - VALID DATA ~-1 +I -- Hl-Z 

I I I I I . 
I 1+---+1-td(ALEL-RDYL} . ! td(ALEH-RDVZl...l+-+I 
I I I '4------+L td(CELL-RDYHI I I 

- ~1-Z : i I l I t I \L Hl-Z 
I I td(ALEL-RDYLI · ! d(ALEH-RDYZI *l 
I ~ i+----tltd(SCH-RDYHI I I 

- ~1-Z I i. l I l \L Hl-Z 

I I 
-+I '4- td(SCH-INTI j.--+f-td(SCH-INTI 

~~ 11-----

TEXAS. 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

register write cycle timing 

SYSCLK 

ALE 

CA6-CA1, 
FS3-FSO, 
cs 

R/W 
(WRITE! 

07-DO 
(WRITE) 

ROY/HOLD 
IOWAIT) 

ROY/HOLD 
11 WAIT) 

I I 
h ~hlSCH~ALEI 11 tsulALE-SCHl1 

---~!I!.-~ tsu(ALE-SCHI . I tw(ALEH)j;•~=~-
1 I I 1 th(SCH-ALEI~ 

I 'I . ; ' I r-+J-1 isu(ADDR-ALELI I I I I I 1 
1 ii 11 I I I I 

I I I• •1 th(ALEL-ADDRI I I , I 

J( VALID ~iit:*x~~ 
th(SCl:l-CE)-+I 141- 11 I -;+[~ 

~ I •1 th(ALEL-CELHI I th(CELH-ALEL) 
I I• •I tsulCE-SCHI I 1 I 
I I th(SCH-CEI I •I th(CELH-RWI 

____ I_ H su(RW-CELL) I I 

I \~ 1 I tsu(RWL-CELHI I 11r--
I ~ I I I I -t-
11 I I th(CELH-Dl 1

1
• •I I 

I I · I I I 
I I I tsu(D-CELHI_.! j+I- I I 

~:~VALID DATA™ ...... ..,.._., 

~ td(ALEL-RDYLI td(ALEH-RDYZ) *---.! 
I I I ' ' I I 
I I i.--.J- td(CELL-RDYHI I I 

- Hl-Z I I t I I ~ Hl-Z 
L -~ ! ' ~IALEH-RDYZI h r-r td(ALEL-RDYL) I I I I 

I i l4 •I td(SCH-RDYHI I i 
- Hl-Z I :\. (NOT READ~) T !READY) \i. Hl-Z 

TEXAS 'II> 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

register read-modify-write cycle timing 

SYSCLK 

ALE 

CA6-CA1, 
FS2-FSO, 
cs 

R/W 
(READ) 

07-DO 
IREADI 

ROY/HOLD 
IOWAITI 

ROY/HOLD 
11 WAIT) 

i+-+} tsu(ADDR-ALEL) I tw(ALEHI I• •1 

I ! i· ·I th(ALEL-ADDRI ! ! ! I ! 
~ VALID ~"~S~:'y'~~~~"~ 

th(SCH-CEI -+1 14;, • • M""("'01""~~ 14'""" tsu(CE-SCHI 
-----th(ALEL-CELH) I I I 

I 14 •i tsu(CE-SCHI I I ..i:----T-1----
1 I th(SCH-CEI I I . 
I ~ su(RW-CELLI I ~h!CELH-ALELI 
I I tsu(RWL-CELHI 1• •I I I 1 I 

I j 1 I ~I thlCELH-Rw\ I. 1 :~ 
' . I I I I ! ;, 

----td-ICELL-DI I• •I I th(CELH-DI ,. •• I 

I I td(RWL-DZlbJ -+j 1+-tsu(D-CELH.-1 __ _ 

- Hl-Z : I ; tDATA OUT )H1-z{ DATA IN ~l'----
i.-.+l td(ALEL-RDYLI td(ALEH-RDYZl~ 
I I 1. ·I td(CELL-RDYHI ! I 

- Hl-Z I I ' I i I \j. Hl-Z 
I \ . I I I 
!+--+!- td(ALEL-RDYL) td(ALEH-RDYZI ~ 
I I 1 I I I 
I I I• •I td(SCH-RDYHI I I 

- Hl-Z . ' ' I "" Hl-Z 

TEXAS -1/} 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

display-update cycle timing 

----- DISPLAY-UPDATE CYCLE -----

SYSCLK 

MAS-MAO 

w 

---1 ii ii 
td(SCH-RMAID-lt---+1 I i+-+.- td(SCH-CMAI 11 

! I I I H th(SCH-RMAI 11 
____ t_su.-IR_M_A..;.1 14 I i.I I j• •' tsu(CMAI 11 

XROW ADDREss.)C COLUMN ADDRESS r 
----... ,--' I I I t ~1~ 

ldlSCL-RASLI-!+-+.! I I I h(SCH-.CMAI........, I i+--t{l4 ~ th(~MAI I ld(SCH-RASH) TV 
11 I I I I I I 

I I I I I I I I td(SCL-CASLI 14 i•I td(SCH-CASHI --J4-t+l 
: '\1 , 11rl 

I 14 'I tsulTRI -\- I I I 
I I I I I I 
I+--+!- td(SCH-TRLI td(SCL-TRHl~ie 91 tsu(TRH-RASHI 

-----:--\ : th(CASL-TRLI ~ ~1 : I 
I I I 
if--+f- td(SCH-WLI td(SCH-WHI -t+-+I ------'t •I tsulTRI r 

DRAM-refresh cycle timing 

---- DRAM REFRESH CYCLE ----... 

I 
"'--.11 I I 

H td(SCH-RMAID I 

SYSCLK 

! I i Hth(SCH-RMAI 
MAS-MAO ---,N-V_A_Ll __ D_ .... .)tff ow ADDRES~r-----,N-V_A_L_ID _____ _ 

td(SCL-RASLl-J+--+l ~ td(SCH-RASHI -+I 1+-
1 I I I I I 

tsulRMAI I• •I I• •I thlRMAI I ________ 1_.....,\I 1j:---
\ I ! 

hold/hold acknowledge timing 

SYSCLK 

ROY/HOLD 

HOLDACK 

I I ,__ __ ..._ _____ __, I I 
I 
I I 

I I 
tsulHA-SCHl-M---+ll 

I I 
th( SCH-HAI ry;,.....----

!f---+t th(SCH-HAI 
I I !+--.i.. tsulHA-SCHI 

11 I ---, 
TEXAS~ 

INSTRUMENTS 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

video interface timing parameters 

The timing parameters for VSC video interface signals are presented below. This interface includes the 
following VSC pins: VIDCLK(video input clock), BLANK (blanking), HSYNC (horizontal sync, bidirectional) 
and VSYNC (vertical sync, bidirectional). HSYNC and VSYNC are inputs only if external sync mode is 
enabled; if not, they are outputs. 

video interface signals timing parameters 

PARAMETER MIN MAX UNIT 

tcvc Period of input clock VIDCLK (Note 7) 155 500 ns 

tw(VCH) Pulse duration of VIDCLK high 73 246 ns 

tw(VCL) Pulse duration of VIDCLK low 73 246 ns 

td(VCH-Vl) Delay from VIDCLK high to sync low or blanking output low 20 80 ns 

td(VCH-VH) Delay from VIDCLK high to sync or blanking output high 20 80 ns 

tsu(XS-VCH) Setup time of external sync low or high VIDCLK no longer low (Note 8) 20 ns 

th(VCH-XS) Hold time of external sync low or high after VIDCLK high (Note 8) 15 ns 

NOTES: 7. If HTOTAL-HSBLANK is equal to 1, then the VIDCLK frequency must be less than 4 MHz. If HTOTAL-HSBLANK is equal to 
or greater than 2, then the VIDCLK frequency can operate up to a maximum of 6.5 MHz. 

8. Specified setup and hold times on asynchronous inputs are required only to guarantee recognition at indicated clock edge. 

video clock input timing 

VIDCLK 

output signal timing 

VIDCLK 

~. 
VSYNC 
(OUTPUTS) 

i.-1•--- tcvc ---•I 
I I 
i.-1•--___,.,.._, tw(VCHI I 

111 ___ ...:I ..-1•-----1ll,,_i tw(VCLI 
I I, 

_Ii '--X I \.....__ ___ / 

I I I+--"'- td(VCH-VHI I I I I 
~ td(VCH-VLI I I 

~~~1--..\l. I ~r~~~~~~-
111 I H td(VCH-VH) 

I I '4---t td(VCH-VLI I I 
~~---x ! ,,__~~~~~ 

TEXAS .. 
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TMS34061 
VIDEO SYSTEM CONTROLLER 

external sync input timing 

NOTES: 

A c D 
' 

VIDCLK I 
I tsu(XS-VCH 14 •I t I tsu(XS-VCHI 14 •! 

HSYNC. l4 'h(VCH-XSI 
I 

I I I 
VSYNC th(VCH-XSI 14 f UN PUTS I 

I 

(NOTE 9) (NOTE 10) 

9. If the falling edge of the sync signal occurs more than 10 ns past VIDCLK edge A, and at least 20 ns before edge B, the 
transition will be detected at edge B rather than at edge A. 

10. If the rising edge of the sync signal occurs more than 10 ns past VIDCLK edge C, and at least 20 ns before edge D, the 
transition will be detected at edge D rather than at edge C. 

TEXAS. 
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1,27 (0.050) x 45 ° 
NOM 

TMS34061 
VIDEO SYSTEM CONTROLLER 

MECHANICAL DATA 

14----1-4,78 (0.188) 
4,06 (0.160) 

1. 14 (0.045) 
0,63 (0.025) 

----2.41 (0.095! MIN 

0,46 (0.018) 
0,36 (0.014) 

~~~~~OOITT~123456789 

24,28 (0.956) , _______ 24, 13 (0.950) ________ _ 

25,27 (0.995) 
--------24,59 (0.968) ---------t~ 

J_ 

25,27 (0.995) 
24,59 (0.968) 

L 1.35 (0.053) 
1,19 (0.047) 

3°NOM 
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(88) 22-12-66; Rennes, 23-25 Rue du Puits Mauger, 
35100 Rennes, (99) 31-54-86; Toulouse Sales Office, 
Le Peripole-2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44-18-19; Marseille Sales Office, 
Noilly Paradis-146 Rue Paradis, 13006 Marseille, 
(91) 37-25-30. .,, 

TEXAS 
INSTRUMENTS 

Creating useful products 
and services for you 

GERMANY (Fad. Republic of Garmany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
D-8050 Freising, 8161 +80-4591; Kurfuerstendamm 
1951196, D-1000 Berlin 15, 30+882-7365; Ill, Hagen 
43/Kibbelstrasse, .19, D-4300 Essen, 201-24250; 
Frankfurter Allee 6-8, D-6236 Eschborm 1, 
06196 + 8070; Hamburgerstrasse 11, D-2000 Hamburg 
76, 040+220-1154, Kirchhorsterstrasse 2, D-3000 
Hannover 51, 511 +648021; Maybachstrabe 11, 
D-7302 Ostlildern 2-Nelingen, 711 +547001; 
Mixikoring 19, D-2000 Hamburg 60, 40+637+0061; 
Postlach 1309, Roonstrasse 16, D-5400 Koblenz, 
261 +35044. 

HONG KONG(+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 
1 831311. 

ITALY: Texas Instruments Semiconduttori Italia Spa: 
Viale Delle Scienze, 1, 02015 Cittaducale (Rieti), 
Italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6+9003241; Viale 
Europa, 38·44, 20093 Cologno Monzese (Milano), 
2 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 
11 774545; Via J. Barozzi 6, 40100 Bologna, Italy, 51 
355851. 

JAPAN: Texas Instruments Asia Lid.: 4F Aoyama 
Fuji Bldg., 6-12, Kita Aoyama 3·Chome, Minato-ku, 
Tokyo, Japan 107, 3-498-2111; Osaka Branch, SF, 
Nissho lwai Bldg., 30 lmabashi 3- Chome, 
Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya 
Branch, 7F Daini Toyota West Bldg., 10-27, Meieki 
4-Chome, Nakamura·ku Nagoya, Japan 
450, 52·583-8691. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bldg., Yuksam-Dong, Gangnam·ku, 
135 Seoul, Korea, 2+462-8001. 

MEXICO: Texas Instruments de Mexico S.A.: Mexico 
City, AV Reforms No. 450 - 10th Floor, Mexico, 
D.F., 06600, S·+ 514-3003. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Bullewijk) 1100 CB Amsterdam, 
Zuid-Oost, Holland 20 + 5602911. 

NORWAY: Texas Instruments Norway AIS: PB106, 
Reistad 131, Oslo 1, Norway, (2) 155090. 

PHILIPPINES: Texas Instruments Asia Lid.: 14th 
Floor, Ba- Lepanto Bldg., 8747 Paseo de Roxas, 
Makati, Metro Manila, Philippines, 2 + 8188987. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico 
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 

SINGAPORE(+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia Ltd.: 12 Lorong 
Bakar Batu, Unit 01·02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747·2255. 

SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 16, 11458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 • 235480. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 
1·740 2220. 

TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 71 Sung-Kiang Road, Taipei, 
Taiwan, Republic of China, 2 + 521-9321. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61+442·7162. 
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TI Sales Offices TI Distributors· 
ALABAMA: Huntsville (205) 837-7530. 

ARIZONA: Phoenix (602) 995· 1007; 
Tucson (602) 624-3276. 

CALIFORNIA: Irvine (714) 660-8187; 
Sacramento (916) 929-1521; 
San Diego (619) 278-9601; 
Santa Clara (408) 980-9000; 
Torrance (213) 217-7010; 
Woodland Hills (818) 704-7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074. 

FLORIDA: Ft. Lauderdale (305) 973-8502; 
Maitland (305) 660-4600; Tampa (813) 870-6420. 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Heights (312) 640-2925. 

INDIANA: Ft. Wayne (219) 424-5174; 
Indianapolis (317) 248·8555. 

IOWA: Cedar Rapids (319) 395·9550. 

MARYLAND: Baltimore (301) 944·8600. 

MASSACHUSETTS: Waltham (617) 895·9100. 

MICHIGAN: Farmington Hills (313) 553·1500; 
Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828·9300. 

MISSOURI: Kansas City (816) 523·2500; 
St. Louis (314) 569-7600. 

NEW JERSEY: lselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463·9291; 
Endicott (607) 754·3900; Melville (516) 454-6600; 
Pittsford (716) 385-6770; 
Poughkeepsie (914) 473·2900. 

NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876·2725. 

OHIO: Beachwood (216) 464-6100; 
Dayton (513) 258-3877. 

OKLAHOMA: Tulsa (918) 250·0633. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Ft. Washington (215) 643-6450; 
Coraopolis (412) 771-8550. 

PUERTO RICO: Halo Rey (809) 753·8700 

TEXAS: Austin (512) 250-7655; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496·1779. 

UTAH:- Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849·1400. 

\'l(ASHINGTON: Redmond (206) 881-3080. 

WISCONSIN: Brookfield (414) 785-7140. 

CANADA: Nepean, Ontario (613) 726-1970; 
Richmond Hill, Ontario (416) 884·9181; 
St. Laurent, Quebec (514) 334-3635. 

TI Regional 
Technology Centers 
CALIFORNIA: Irvine (714) 660·8140, 

· Santa Clara (408) 748·2220. 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS: Arlington Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895·9197. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 

Printed in U.S.A. 

Tl AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
Diplomat Electronics 
Gen_eral Radio Supply Company 
Graham Electronics 
Harrison Equipment Co. 
International Electronics 
JACO Electronics 
Kierulff Electronics 
LCOMP, Incorporated 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Time Electronics 
R.V. Weatherford Co. 
Wyle Laboratories 

Tl AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 
ITT Multicomponents 
L.A. Varah, Ltd. 

Tl AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLV
Rochester Electronics, Inc. 
Wakefield, Massachusetts 
(617) 245·2941 

ALABAMA: Arrow (205) 882·2730; 
Kierulff (205) 883-6070; Marshall (205) 881·9235. 

ARIZONA: Arrow (602) 968-4800; 
Kierulff (602) 243-4101; Marshall (602) 968-6181; 
Wyle (602) 866·2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow (818) 701-7500, (714) 838-5422; 
Kierulff (213) 725-0325, (714) 731-5711, (714) 220·6300; 
Marshall (818) 999-5001, (818) 442-7204, 
(714) 660·0951; R.V. Weatherford (714) 634·9600, 
(213) 849·3451, Wyle (213) 322-8100, (818) 880·9001, 
(714) 863-9953; Sacramento: Arrow (916) 925·7456; 
Marshall (916) 635-9700; 
Wyle (916) 638-5282; San Diego: Arrow 
(619) 565-4800; Kierulff (619) 278·2112; 
Marshall (619) 578-9600; Wyle (619) 565-9171; 
San Francisco Bay Area: Arrow (408) 745-6600; 
(415) 487-4600; Kierulff (408) 971 ·2600; 
Marshall (408) 943-4600; Wyle (408) 727-2500; 

COLORADO: Arrow (303) 696-1111; 
Kierulff (303) 790-4444; Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; 
Diplomat (203) 797-9674; Kierulff (203) 265-1115; 
Marshall (203) 265-3822; Mllgray (203) 795-0714. 

FLORIDA: Ft. Lauderdale: Arrow (305) 429-8200; 
Diplomat (305) 974-8700; Kierulff (305) 486·4004; 
Orlando: Arrow (305) 725-1480; 
Milgray (305) 647·5747; Tampa: 
Arrow (813) 576-8995; Diplomat (813) 443·4514; 
Kierulff (813) 576-1966. 

• TEXAS 
INSTRUMENTS 

Creating useful products 
and services for you. 

GEORGIA: Arrow (404) 449-8252; 
Kierulff (404) 447-5252; Marshall (404) 923-5750. 

ILLINOIS: Arrow (312) 397-3440; 
Diplomat (312) 595-1000; Kierulff (312) 250-0500; 
Marshall (312) 490-0155; Newark (312) 784-5100. 

INDIANA: Indianapolis: Arrow (317) 243·9353; 
Graham (317) 634-8202; Marshall (317) 297-0483; 
Ft. Wayne: Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230. 

KANSAS: Kansas City: Marshall (913) 492-3121; 
Wichita: LCOMP (316) 265·9507. 

MARYLAND: Arrow (301) 995-0003; 
Diplomat (301) 995-1226; Kierulff (301) 636·5800; 
Milgray (301) 793-3993; Marshall (301) 840·9450. 

MASSACHUSETTS: Arrow (617) 933-8130; 
Diplomat (617) 935-6611; Kierulff (617) 667·8331; 
Marshall (617) 272-8200; Time (617) 532-6200. 

MICHIGAN: Detroit: Arrow (313) 971-8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; 
Kierulff (612) 941-7500; Marshall (612) 559·2211. 

MISSOURI: Kansas City: LCOMP (816) 221·2400; 
St. Louis: Arrow (314) 567-6888; 
Kierulff (314) 739·0855. 

NEW HAMPSHIRE: Arrow (603) 668-6968. 

NEW JERSEY: Arrow (201) 575·5300, (609) 596·8000; 
Diplomat (201) 785-1830; 
General Radio (609) 964-8560; Kierulff (201) 575-6750; 
(609) 235-1444; Marshall (201) 882-0320, 
(609) 234-9100; Milgray (609) 983-5010. 

NEW MEXICO: Arrow (505) 243-4566; 
International Electronics (505) 345-8127. 

NEW YORK: Long Island: Arrow (516) 231-1000; 
Diplomat (516) 454-6400; JACO (516) 273-5500; 
Marshall (516) 273-2053; Milgray (516) 420-9800; 
Rochester: (716) 427-0300; 
Marshall (716) 235·7620; 
Syracuse: Arrow (315) 652·1000; 
Diplomat (315) 652-5000; Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876-3132, 
(919) 725-8711; Kierulff (919) 872-8410; 
Marshall (919) 878-9882. 

OHIO: Cincinnati: Graham (513) 772-1661; 
Cleveland: Arrow (216) 248·3990; 
Kierulff (216) 587·6558; Marshall (216) 248·1788. 
Columbus: Arrow (614) 885-8362; 
Dayton: Arrow (513) 435-5563; Graham (513) 435-8660; 
Kierulff (513) 439·0045; Marshall (513) 236-8088. 

OKLAHOMA: Arrow (918) 665-7700; 
Kierulff (918) 252-7537. 

OREGON: Arrow (503) 684-1690; 
Kierulff (503) 641-9153; Wyle (503) 640-6000; 
Marshall (503) 644-5050. 

PENNSYLVANIA: Arrow (412) 856·7000, 
(215) 928-1800; General Radio (215) 922-7037. 

RHODE ISLAND: Arrow (401) 431-0980 

TEXAS: Austin: Arrow (512) 835·4180; 
Kierulff (512) 835·2090; Marshall (512) 837·1991; 
Wyle (512) 834-9957; Dallas: Arrow (214) 380-6464; 
International Electronics (214) 233-9323; 
Kierulff (214) 343-2400; Marshall (214) 233-5200; 
Wyle (214) 235-9953; 
El Paso: International Electronics (915) 598-3406; 
Houston: Arrow (713) 530-4700; 
Marshall (713) 789-6600; 
Harrison Equipment (713) 879-2600; 
Kierulff (713) 530-7030; Wyle (713) 879-9953. 

UTAH: Diplomat (801) 486-4134; 
Kierulff (801) 973-6913; Wyle (801) 974-9953. 

WASHINGTON: Arrow (206) 643-4800; 
Kierulff (206) 575-4420; Wyle (206) 453-8300; 
Marshall (206) 747·9100. 

WISCONSIN: Arrow (414) 792-0150; Kierulff 
(414) 784-8160. 

CANADA: Calgary: Future (403) 235-5325; Varah 
(403) 255-9550; Edmonton: Future (403) 486-0974; 
Varah (403) 437-2755; Montreal: Arrow Canada 
(514) 735-5511; Future (514) 694-7710; ITT 
Multicomponents (514) 735-1177; Nova Scotia: Varah 
(902) 465-2322; Ottawa: Arrow Canada (613) 226·6903; 
Future (613) 820-8313; ITT Multicomponents 
(613) 226-7406; Varah (613) 726-8884; Quebec City: 
Arrow Canada (418) 687-4231; Toronto: Arrow Canada 
(416) 661-0220; Future (416) 638·4771; ITT 
Multicomponents (416) 736-1144; Varah 
(416) 842·8484; Vancouver: Future (604) 438·5545; 
Varah (604) 873-3211; Winnipeg: Varah (204) 633-61~ 
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