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1 Introduction 
The TLC34076 Video Interface Palette (VIP) is designed to provide lower system cost with a higher level 
of integration by incorporating all the high-speed timing, synchronizing, and multiplexing logic usually 
associated with graphics systems into one device, thus greatly reducing chip count. Since all high-speed 
signals (excluding the clock source) are contained on-chip, RF noise considerations are simplified. 
Maximum flexibility is provided through the pixel multiplexing scheme, which allows for 32-, 16-, 8-, and 4-bit 
pixel buses to be accommodated without any circuit modification. This enables the system to be easily 
reconfigured for varying amounts of available video RAM. Data can be split into 1, 2, 4, or 8 bit-planes. The 
TLC34076 is software-compatible with the IMSG176l8 and Brooktree BT47618 color palettes. 

The TLC34076 VIP is pin-for-pin compatible with the TLC34075 VIP, but contains additional 24- and 16-bit 
true-color modes, as well as the ability to select Little- or Big-Endian data formats for the pixel bus frame 
buffer interface. 

The TLC34076 features a separate VGA bus that allows data from the feature connector of most 
VGA-supported personal computers to be fed directly into the palette without the need for external data 
multiplexing. This allows a replacement graphics board to remain downward compatible by utilizing the 
existing graphics circuitry often located on the motherboard. 

The 24- and 16-bit true-color modes that are provided allow bits of color information to be transferred directly 
from the pixel port to the DACs. Depending on which true-color mode is selected, an overlay function is 
provided using the remaining bits of the pixel bus. The 24-bit modes allow overlay with the eight remaining 
bits of the pixel bus, while the TARGA (5-5-5) 16-bit mode allows overlay with the one remaining bit of the 
divided pixel bus. 

The TLC34076 has a 256-by-24 color lookup table with triple 8-bit video DIA converters capable of directly 
driving a doubly terminated 75-Q line. Sync generation is incorporated on the green output channel. HSYNC 
and VSYNC are fed through the device and optionally inverted to indicate screen resolution to the monitor. 
A palette page register provides the additional bits of palette address when 1, 2, or 4 bit-planes are used. 
This allows the screen colors to be changed with only one MPU write cycle. 

Clocking is provided through one of four or five inputs (3 TIL- and either 1 ECL- or 2 TIL-compatible) and 
is software selectable. The video and shift clock outputs provide a software-selected divide ratio of the 
chosen clock input. 

The TLC34076 can be connected directly to the serial port of VRAM devices, eliminating the need for any 
discrete logic. Support for split shift register transfers is also provided. 

1.1 Features 
Versatile multiplexing interface allows lower pixel bus rate 
High level of integration to provide lower system cost and complexity 
Direct VGA pass-through capability 
Versatile Pixel Bus interface Supports Little- and Big-Endian Data Formats 
True-Color (direct-addressing) Modes Support Various 24- and 16-Bit Formats 
5-6-5 XGA Format Compatible 
5-5-5 TARGA Format Compatible 
Directly interfaces to TMS34010/TMS34020 and other graphics processors 

Triple 8-bit DIA converters 
85-, 110-, and 135-MHz versions 

256-word color palette RAM 
Palette page register 

On-chip voltage reference 
RS-343A-compatible outputs 
TIL-compatible inputs 
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Standard MPU interface 
Pixel word mask 

On-chip clock selection 
Directly interfaces to video RAM 

Supports split shift register transfers 
Software downward-compatible with INMOS IMSG176/8 and Brooktree BT476/8 color palettes 

TIGA 1M -software-standard compatible 

LinEPIC™ 1-µm CMOS process 

LinEPIC and TIGA are trademarks of Texas Instruments Incorporated. 
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1.3 Terminal Assignments 

11 10 9 8 7 6 5 4 3 2 1 84 83 82 81 80 79 78 77 76 75 
P17 12 • 
P16 13 
P15 14 
P14 15 
P13 16 
P12 17 
P11 18 
P10 19 
P9 20 
PB 21 
P7 22 
P6 23 
P5 24 
P4 25 
P3 26 
P2 27 
P1 28 
PO 29 

WR 30 
RD 31 

RSO 32 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 
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Cl) Cl) Cl) 
J: > LL 

Figure 1-2. Terminal Assignments 

1.4 Ordering Information 
TLC34076 - (X)XX FN 

Pixel clock frequency indicator 
MUST CONTAIN TWO OR THREE CHARACTERS: 

-85: 85-MHz pixel clock 
-11 O: 110-MHz pixel clock 
-135: 135-MHz pixel clock 

Package 
MUSTCO-N=TA_l_N_TW ___ O_L_E=TT--=E=R-S-:~~~~~~~~~~~~~~ 

FN: plastic, square, leaded chip carrier (formed leads) 
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1.5 Terminal Functions 
PIN NAME NO. 1/0 DESCRIPTION 

BLANK, 60,61 I Blanking inputs. Two blanking inputs are provided in order to remove any 
VGABLANK external multiplexing of the signals that may cause data and blank to skew. 

When the VGA pass-through mode is set in the mux control register, the 
VGABLANK input is used for blanking; otherwise, BLANK is used. 

CLK<0:2> 77, 76, 75 I Dot clock inputs. Any of the three clocks can be used to drive the dot clock 
at frequencies up to 135 MHz. When VGA pass-through mode is active, CLKO 
is used by default. 

CLK3,CLK3 74, 73 I Dual-mode dot clock input. This input is an ECL-compatible input, but a TTL 
clock may be used on either CLK3 or CLK3 if so selected in the input clock 
selection register. This input may be selected as the dot clock for any 
frequency of operation up to the device limit. It can also be used with a 
single-ended EGL clock source if the unused input is externally terminated to 
provide the proper common mode level. 

COMP 52 I Compensation input. This terminal provides compensation for the internal 
reference amplifier. A resistor (optional) and ceramic capacitor are required 
between this terminal and VDD· The resistor and capacitor must be as close 
to the device as possible to avoid noise pickup. Refer to Appendix B for more 
details. 

D<0:7> 36-43 110 MPU interface data bus. Used to transfer data in and out of the register map 
and palette/overlay RAM. 

FS ADJUST 51 I Full-scale adjustment pin. A resistor connected between this pin and ground 
controls the full-scale range of the DACs. 

GND 44, 54, Ground. All GND pins must be connected. The analog and digital GND pins 
56,80 are connected internally. 

HSYNCOUT, 46,47 0 Horizontal and vertical sync outputs of the true/complement gate mentioned 
VSYNCOUT in the HSYNC, VSYNC description below (see Section 2.8). 

HSYNC,VSYNC 58,59 I Horizontal and vertical sync inputs. These signals are used to generate the 
sync level on the green current output. They are active-low inputs for the 
normal modes and are passed through a true/complement gate. For the VGA 
pass-through mode, they are passed through to HSYNCOUT and 
VSYNCOUT without polarity change as specified by the control register (see 
Section 2.8). 

IOR, IOG, IOB 48,49,50 0 Analog current outputs. These outputs can drive a37.5-Q load directly (doubly 
terminated 75-Q line), thus eliminating the need for any external buffering. 

MUXOUT 63 0 MUX output control. This output pin is software programmable. It is set low 
to indicate to external devices that VGA pass-through mode is being used 
when the MUX control register value is set to 2Dh. If bit 7 of the general control 
register is set high after the mode is set, this output goes high. This pin is only 
used for external control; it affects no internal circuitry. 

P<0:31> 29-1, I Pixel input port. This port can be used in various modes as shown in the MUX 
84-82 control register. It is recommended that unused pins be tied to ground. It also 

supports Little/Big Endian data formats. All the unused pins must be tied to 
GND. 

RD 31 I Read strobe input. A low logic level on this pin initiates a read from the 
TLC34076 register map. Reads are performed asynchronously and are 
initiated on the falling edge of RD (see Figure 3-1). 
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PIN NAME NO. 1/0 DESCRIPTION 

RS<0:3> 32-35 I Register select inputs. These pins specify the location in the register map that 
is to be accessed, as shown in Table 2-1. 

SCLK 79 0 Shift clock output. This output is selected as a submultiple of the dot clock 
input. SCLK is gated off during blanking. 

SFLAG/NFLAG 62 I Split shift register transfer flag or nibble flag input. This pin has two functions. 
When the general control register bit 3 = O and bit 2 = 1, split shift register 
transfer function is enabled and a low-to-high transition on this pin during a 
blank sequence initiates an extra SCLK cycle to allow a split shift register 
transfer in the VRAMs. When the general control register bit 3 = 1 and 
bit 2 = 0, special nibble mode is enabled and this input is sampled at the falling 
edge of VCLK. A high value sampled indicates that the next SCLK rising edge 
should latch the high nibble of each byte of the pixel data bus; a low value 
sampled indicates that the low nibble of each byte of the pixel data bus should 
be latched (see Section 2.9). When the general control register bit 3 = 0 and 
bit 2 = 0, this pin is ignored. The condition of bit 3 = 1, bit 2 = 1 is not allowed, 
and device operation is unpredictable if they are so set. 

VCLK 78 0 Video clock output. User-programmable output for synchronization of the 
TLC34076 to a graphics processor. 

Voo 45, 55, Power. All Voo pins must be connected. The analog and digital Voo pins are 
57,81 connected internally. 

VGA<0:7> 65-72 I VGA pass-through bus. This bus can be selected as the pixel bus for VGA 
pass-through mode. It does not allow for any multiplexing. 

VREF 53 Voltage reference for OACs. An internal voltage reference of nominally 
1.235 Vis supplied in. A 0.1-µf ceramic capacitor between this terminal and 
GN 0 is recommended for noise filtering using eitherthe internal or an external 
reference voltage. The internal reference voltage can be overridden by an 
externally supplied voltage. The typical connection is shown in Appendix B. 

WR 30 I Write strobe input. A low logic level on this pin initiates a write to the TLC34076 
register map. Write transfers are asynchronous. The data written to the 
register map is latched on the rising edge of WR (see Figure 3-1). 

8/6 64 I OAC resolution selection. Thi.s pin is used to select the data bus width (8 or 
6 bits) forthe OACs and is provided to maintain compatibility with the INMOS 
IMSG176/8 color palette. When this pin is at a high logic level, 8-bit bus 
transfers are used, with 0<7> being the MSB and 0<0> the LSB. For 6-bit bus 
operation, while the color palette still has the 8-bit information, 0<5> shifts to 
the bit 7 position, 0<0> shifts to the bit 2 position, and the two LSBs are filled 
with zeros at the output MUX to the OAC. When read in the 6-bit mode, the 
palette-holding register zeroes out the two MSBs. 

NOTES: 1. Although leaving unused pins floating will not adversely affect device operation, tying unused pins to ground 
lowers power consumption and, thus, is recommended. 

2. All digital inputs and outputs are TTL-compatible, unless otherwise noted. 
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2 Detailed Description 
2.1 MPU Interface 
The processor interface is controlled via read and write strobes (RD, WR), four register select pins 
(RS<0:3>), and the 8/6 select pin. The 8/6 select pin is used to select between 8- or 6-bit operation and is 
provided in order to maintain compatibility with the IMSG176/8 color palette. This operation is carried out 
in order to utilize the maximum range of the DACs. 

The internal register map is shown in Table 2-1. The MPU interface operates asynchronously, with data 
transfers being synchronized by internal logic. All the register locations support read and write operations. 

Table 2-1. Internal Register Map 

RS3 RS2 RS1 RSO REGISTER ADDRESSED BY MPU 

L L L L Palette address register - write mode 

L L L H Color palette holding register 

L L H L Pixel read mask 

L L H H Palette address register - read mode 

L H L L Reserved 

L H L H Reserved 

L H H L Reserved 

L H H H Reserved 

H L L L General control register 

H L L H Input clock selection register 

H L H L Output clock selection register 

H L H H Mux control register 

H H L L Palette page register 

H H L H Reserved 

H H H L Test register 

H H H H Reset state 

2.2 Color Palette RAM 
The color palette RAM is addressed by two internal 8-bit registers, one for reading from the RAM and one 
for writing to the RAM. These registers are automatically incremented following a RAM transfer, allowing the 
entire palette to be read/written with only one access of the address register. When the address register 
increments beyond the last location in RAM, it is reset to the first location (address 0). Although all read and 
write accesses to the RAM are asynchronous to SCLK, VCLK, and the dot clock, they are performed within 
one dot clock and so do not cause any noticeable disturbance on the display. 

The color palette RAM is 24 bits wide for each location (8 bits each for red, green, and blue). If 6-bit mode 
is chosen (8/6 = low), the two MSBs are still written to the color palette RAM. However, if they are read back 
in the 6-bit mode, the two MSBs are set to Oto maintain compatibility with the IMSG176/8 and BT476/8 color 
palettes. The output MUX shifts the six LSBs to the six MSB positions, fills the two LSBs with Os, then feeds 
the eight bits to the DAC. With the 8/6 pin held low, data on the lowest six bits of the data bus are internally 
shifted up by two bits to occupy the upper six bits at the output MUX, and the bottom two bits are then zeroed. 
The test register and the ones accumulation register both take data before the output MUX to give the user 
the maximum flexibility. 

The color palette RAM access methodology is described in the following two sections and is fully compatible 
with the I MSG 176/8 and BT 4 76/8 color palettes. 
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2.2.1 Writing to the Color Palette RAM 
To load the color palette RAM, the MPU mustfirst write to the address register (write mode) with the address 
where the modification is to start. This action is followed by three successive writes to the palette-holding 
register with eight bits each of red, green, and blue data. After the blue data write cycle, the three bytes of 
color are concatenated into a 24-bit word and written to the color palette RAM location specified by the 
address register. The address register then increments to pointto the next color palette RAM location, which 
the MPU may modify by simply writing another sequence of red, green, and blue data bytes. A block of color 
values in consecutive locations may be written to by writing the start address and performing continuous 
red, green, and blue write cycles until the entire block has been written. 

2.2.2 Reading From the Color Palette RAM 
Reading from the color palette RAM is performed by writing the location to be read to the address register. 
This action initiates a transfer from the color palette RAM into the holding register followed by an increment 
of the address register. Three successive MPU reads from the holding register produce red, green, and blue 
color data (six or eight bits, depending on the 8/S mode) for the specified location. Following the blue read 
cycle, the contents of the color palette RAM at the address specified by the address register are copied into 
the holding register and ttie address register is again incremented. As with writing to the color palette RAM, 
a block of color values in consecutive locations may be read by writing the start address and performing 
continuous red, green, and blue read cycles until the entire block has been read. 

2.2.3 Palette Page Register 
The 8-bit palette page register provides high-speed color changing by removing the need for color palette 
RAM reloading. When using 1, 2, or 4 bit planes, the additional planes are provided by the palette page 
register; e.g., when using four bit planes, the pixel inputs specify the lower four bits of the color palette RAM 
address with the upper four bits being specified by the palette register. This provides the capability of 
selecting from 16 palette pages with only one chip access, thus allowing all the screen colors to be changed 
at the line frequency. A bit-to-bit correspondence is used; therefore, in the above configuration, palette page 
register bits 7 through 4 map onto color palette RAM address bits 7 through 4, respectively. This is listed 
in Table 2-2. 

Since there is only one bit of overlay data in the 5-5-5 True Color modes, the page register is used to fill the 
7 remaining MS B's (same as 1 Bit Plane in Table 2-2). All 8 bits need to be 0 in order to enable True Color. 

The additional bits from the palette page register are inserted before the read mask and hence, are subject 
to masking. 

Table 2-2. Allocation of Palette Page Register Bits 

NUMBER OF COLOR PALETTE RAM ADDRESS BITS 
BIT PLANES msb 

8 M M M 

4 P7 P6 PS 

2 P7 P6 PS 

1 P7 P6 PS 

Pn = nth bit from palette page register 
M = bit from pixel port 

M M 

P4 M 

P4 P3 

P4 P3 

2.3 Input/Output Clock Selection and Generation 

M M 

M M 

P2 M 

P2 P1 

lsb 

M 

M 

M 

M 

The TLC34076 provides a maximum of five clock inputs. Three are dedicated to TTL inputs; the other two 
can be selected as either one ECL input or two extra TTL inputs. The TTL and ECL inputs can be used for 
video rates up to 135 MHz. The dual-mode clock input (ECLJTTL) is primarily an ECL input but can be used 
as a TTL-compatible input if the input clock selection register is so programmed. The clock source used at 
power-up is CLKO; an alternative source can be selected by software during normal operation. This chosen 
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power-up is CLKO; an alternative source can be selected by software during normal operation. This chosen 
clock input is used unmodified as the dot clock (representing the pixel rate to the monitor). The device does, 
however, allow for user programming of the SCLK and VCLK outputs (shift and video clocks) via the output 
clock selection register. The input/output clock selection registers are shown in Tables 2-3, 2-4, and 2-5. 

The EGL input can be used as a differential or single-ended input. If the CLK3 input is used as a single-ended 
EGL input, the CLK3 input must be externally terminated to set the input common-mode signal level. This 
can be done with a simple resistor divider, as is the case with fully differential EGL. 

SCLK is designed to drive the VRAMs directly, and VCLK is designed to work with video control signals like 
BLANK and SYNC's. While SCLK and VCLK are designed as general-purpose shift clock and video clock, 
respectively, they also interface directly with the TMS340x0 GSP family directly. Even though SCLK and 
VCLK can be selected independently, there is still a relationship between the two as discussed below. Many 
system considerations hve been carefully covered in the design, leaving maximum freedom to the user. 

Internally, both SCLK and VCLK are generated from a common clock counter that increments on the rising 
edge of the DOTCLK. Therefore, when VCLK is enabled, it is in phase with SCLK (see Figure 2-1). 

The internal clock counter is initialized to value 0 any time the output clock-selection register (bits 5, 4, 2, 
1) are all set to 1 's. This provides a simple mechanism to synchronize multiple Video Interface Palettes, by 
providing a known phase relationship for the various system clocks. One can write directly to the Output 
Clock Selection Register to cause this to occur, or any of the various resets (POR, Hardware, Software-see 
section 1.5) will also cause the appropriate bits to be written and the counters to reset. It is up to the user 
to provide some means of disabling the dot-clock input to the part while this reset is occurring, if multiple parts 
are to be synchronized. 

Appendix A discusses the SCLK/VCLK relationship specific to the TMS340x0 GSP. 

DOTCLK 

VCLK 
(DOTCLK/4 

as an example) 

SCLK 
(DOTCLK/2 

as an example) 

3 
0 

0 

0 

0 

0 

1 

Figure 2-1. DOTCLKNCLK/SCLK Relationship 

Table 2-3. Input Clock Selection Register Format 

BITSf 
FUNCTION:!: 

2 1 0 

0 0 0 Select CLKO as clock sources 

0 0 1 Select CLK1 as clock source 

0 1 0 Select CLK2 as clock source 

0 1 1 Select CLK3 as TTL clock source 

1 0 0 Select CLK3 as TTL clock source 

0 0 0 Select CLK3 and CLK3 as ECL clock sources 

t Register bits 4, 5, 6, and 7 are don't care bits. 
:I: When the clock selection is altered, a minimum 30-ns delay is incurred before the 

new clocks are stabilized and running. 
§ CLKO is chosen at power-up to support the VGA pass-through mode. 

L 

2-3 



Table 2-4. Output Clock Selection Register Format 

BITSt 
FUNCTION:!: 

4 :I 2 

0 0 0 x x x VCLK frequency = DOTCLK frequency 

0 0 1 x x x VCLK frequency = DOTCLK frequency/2 

0 1 0 x x x VCLK frequency = DOTCLK frequency/4 

0 1 1 x x x VCLK frequency = DOTCLK frequency/8 

1 0 0 x x x VCLK frequency = DOTCLK frequency/16 

1 0 1 x x x VCLK frequency = DOTCLK frequency/32 

1 1 x x x x VCLK output held at logic high level (default condition)f 

x x x 0 0 0 SCLK frequency = DOTCLK frequency 

x x x 0 0 1 SCLK frequency = DOTCLK frequency/2 

x x x 0 1 0 SCLK frequency = DOTCLK frequency/4 

x x x 0 1 1 SCLK frequency = DOTCLK frequency/8 

x x x 1 0 0 SCLK frequency = DOTCLK frequency/16 

x x x 1 0 1 SCLK frequency = DOTCLK frequency/32 

x x x 1 1 x SCLK output held at logic level low (default condition)S 

t Register bits 6 and 7 are don't care bits. 
*When the clock selection is altered, a minimum 30-ns delay is incurred before the new clocks 

are stabilized and running. 
§These lines indicate the power-up conditions required to support the VGA pass-through mode. 

~ K 

BITS 
5 .. ,3'11 

000 

001 

010 

011 

100 

101 

Table 2-5. VCLK/SCLK Divide Ratio Selection 
(Output Clock Selection Register Value in Hex) 

BITS 
2 ••. o'll 000 001 010 011 

~ 1 2 4 8 
D 

e 

1 00 01 02 03 

2 08 09 QA OB 

4 10 11 12 13 

8 18 19 1A 1B 

16 20 21 22··· 23 

32 28 29 2A 2B 

'II Output clock selection register bits 

100 101 

16 32 

04 05 

oc OD 

14 15 

1C 1D 

24 25 

2C 20 

2.3.1 SCLK 

Data is latched inside the device on the rising edge of LOAD, which is basically the same as SCLK but not 
disabled during BLANK active period. Therefore, SCLK must be set as a function of the pixel bus width and 
the number of bit planes. SCLK can be selected as divisions of 1, 2, 4, 8, 16, or 32 of the dot clock. If SCLK 
is not used, the output is switched off and held low to protect against VRAM lock-up due to invalid SCLK 
frequencies. SCLK is also held low during the BLANK active period. The SCLK control timing has been 
designed to interface directly with the external system VRAM. The shift register in the system VRAM should 
be updated during the BLANK-active period. This allows the first SCLK out of BLANK to clock the VRAM 
and enable the first group of pixel data to appear on the pixel bus, as well as at the TLC34076 pixel input 
port. The second SCLK after BLANK latches the first group of pixel port data into the TLC34076 (see 
Figure 2-2). 
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The trailing edge of VCLK is used internally by the TLC34076 to sample and latch the BLANK input. When 
BLANK becomes active, SCLK is disabled as soon as possible. For example, if SCLK is high when the 
sampled BLANK goes low, SCLK is allowed to complete the clock cycle and return to the low state. SCLK 
will then be held low until the sampled BLANK signal goes high. At this time, SCLK will be enabled to clock 
the VRAM again. The TLC34076 video blanking circuitry is designed with sufficient pipeline delay to allow 
the internal sampled BLANK signal to align with the pipelined RGB data to the Video DACs. The logic 
described above works in situations where the SCLK period is shorter than, equal to, or longer than the VCLK 
period. 

When the VRAM split shift register operation is performed (see Figure 2-3), the SCLK timing is adjusted to 
work with the SFLAG input. Basically, the split shift register operation inserts an SCLK during the BLANK 
period. This causes the first group of pixel data to appear at the pixel port during BLANK. The first SCLK 
after BLANK then latches this data into the TLC34076. Figure 2-3 shows the case when the SSRT (split shift 
register transfer) function is enabled. When a rising edge occurs on the SFLAG input, one SCLK with a 
minimum of 15-ns pulse duration is generated after the specified delay. Since this is designed to meet VRAM 
timing requirements, the SSRT generated SCLK will replace the first SCLK in the regular shift register 
transfer case as previously described. Refer to section 2.9 for a detailed explanation of the SSRT function. 

The default divide ratio for SCLK is 1 :1, as used in Mode 0. 

Depending on the frequency relationship between SCLK and VCLK, their phase relationship could be 
critical. Please refer to Appendix C for a more detailed discussion. 

2.3.2 VCLK 
The VCLK frequency can be selected to be 1 /1, 1 /2, 1 /4, 1 /8, 1 /16, or 1 /32 of that of the dot clock, or it can 
be held at a high logic level. The default condition is for VCLK to be held at a high logic level. VCLK is not 
used in VGA pass-through mode. 

VCLK is used by a GSP or custom-designed control logic to generate control signals (BLANK, HSYNC, and 
VSYNC). As can be seen from Figures 2-2, 2-3, 2-4, and 2-5, since the control signals are sampled by 
VCLK, it is obvious that VCLK has to be enabled. 

VCLK 

BLANK 
at Input Pin 

LOAD 
(Internal Signal 
tor Data Laich) 

PIXEL DATA 
at Input Pin 

SCLK 

Last Group of Pixel Data 

NOTE: Either the SSRT function is disabled {general control register bit 2 = 0), or the SFLAG/NFLAG input is held low 
if the SSRT function is enabled {general control register bit 2 = 1 ). 

Figure 2-2. SCLKNCLK Control Timing (SSRT Disabled, 
SCLK Frequency = VCLK Frequency) 
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VCLK 

BLANK 
at Input Pin 

SFLAG/NFLAG 

LOAD 
(Internal Signal 
for Data Latch) 

PIXEL DATA 
at Input Pin 

SCLK 

SCLK Between Split Shift Register Transfer 
and Regular Shift Register Transfer 

NOTE:The SSRT function is enabled (general control register bit 2 = 1). 

VCLK 

BLANK 
at Input Pin 

LOAD 
(Internal Signal 
for Data Latch) 

PIXEL DATA 
at Input Pin 

SCLK 

Figure 2-3. SCLKNCLK Control Timing (SSRT Enabled, 
SCLK Frequency = VCLK Frequency) 

Last Group of Pixel Data 

Figure 2-4. SCLKNCLK Control Timing (SSRT Disabled, 
SCLK Frequency = 4 x VCLK Frequency) 

NOTE: Either the SSRT function is disabled (general control register bit 2 = 0). or the SFLAG/NFLAG input is held low 
if the SSRT function is enabled (general control register bit 2 = 1). 
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VCLK 

BLANK 
at Input Pin 

LOAD 
(Internal Signal 
for Data Latch) 

PIXEL DATA 
at Input Pin 

SCLK 

SCLK Between Split Shift Register 
and Regular Shift Register Transfer 

Figure 2-5. SCLKNCLK Control Timing (SSRT Enabled, 
SCLK Frequency = 4 x VCLK Frequency) 

2.4 Multiplexing Scheme 

The TLC34076 offers a highly versatile multiplexing scheme as illustrated in Table 2-6. The on-chip 
multiplexing allows the system to be reconfigured to the amount of RAM available. For example, if only 
256K bytes of memory are available, an 800-by-600 mode with 4 bit-planes (four bits per pixel) could be 
implemented using an 8-bit-wide pixel bus. If, at a later date, another 256K bytes are added to another eight 
bits of the pixel bus, the user has the option of using 8 bit-planes at the same resolution or 4 bit-planes at 
a 1024-by-768 resolution. When an additional 512K bytes are added to the remaining 16 bits of the pixel bus, 
the user has the option of 8 bit planes at 1024-by-768 or 4 bit planes at 1280 by 1024. All the above can be 
achieved without any hardware modification and without any increase in the speed of the pixel bus. 

2.4.1 VGA Pass-Through Mode 

Mode 0, the VGA pass-through mode, is used to emulate the VGA modes of most personal computers. The 
advantage of this mode is that the TLC34076 can take data presented on the feature connectors of most 
VGA-compatible PC systems into the device on a separate bus, thus requiring no external multiplexing. This 
feature is particularly useful for systems in which the existing graphics circuitry is on the motherboard. In 
this instance, it enables implementation of a drop-in graphics card that maintains compatibility with all 
existing software by using the on-board VGA circuitry but routing the emerging bit-plane data through the 
TLC34076. This is the default mode at power-up. When the VGA pass-through mode is selected after the 
device is powered up, the clock selection register, the general control register, and the pixel read mask 
register are set to their default states automatically. 

Since this mode is designed with the feature connector philosophy, all the timing is referenced to CLKO, 
which is used by default for VGA pass-through mode. For all the other normal modes, CLK <0:3> are the 
oscillator sources for DOTCLK, VCLK, and SCLK; all the data and control timing is referenced to SCLK. 
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2.4.2 Multiplexing Modes 
In addition to the VGA pass-through mode, there are four multiplexing modes available, all of which are 
referred to as normal modes. In each normal mode, a pixel bus width of 8, 16, or 32 bits may be used. Modes 
1, 2, and 3 also support a pixel bus width of 4 bits. Data should always be presented on the least significant 
bits of the pixel bus. For example, when a 16-bit-wide pixel bus is used and there are 8 bits per pixel, each 
8-bit pixel should be presented on P<0:7>. All the unused pixel bus pins should be connected to GND. 

Mode 1 uses a single bit plane to address the color palette. The pixel port bit is fed into bit O of the palette 
address, with the 7 high-order address bits being defined by the palette page register (see Section 2.2.3). 
This mode has uses in high-resolution monochrome applications such as desktop publishing. This mode 
allows the maximum amount of multiplexing (a 32:1 ratio), thus giving a pixel bus rate of only 4 MHz at a 
screen resolution of 1280 by 1024. Although only a single bit plane is used, alteration of the palette page 
register atthe line frequency allows 256 different colors to be displayed simultaneously with 2 colors per line. 

Mode 2 uses 2 bit-planes to address the color palette. The 2 bits are fed into the low-order address bits of 
the palette with the 6 high-order address bits being defined by the palette page register (see Section 2.2.3). 
This mode allows a maximum divide ratio of 16:1 on the pixel bus and is a 4-color alternative to mode 1. 

Mode 3 uses 4 bit-planes to address the color palette. The 4 bits are fed into the low-order address bits of 
the palette with the 4 high-order address bits being defined by the palette page register (see Section 2.2.3). 
This mode provides 16 pages of 16 colors and can be used at SCLK divide ratios of 1 to 8. 

Mode 4 uses 8 bit planes to address the color palette. Since all 8 bits of palette address are specified from 
the pixel port, the page register is not used. This mode allows dot-clock-to-SCLK ratios of 1 :1 (8-bit bus), 
2:1 (16-bit bus) or 4:1 (32-bit bus). Therefore, in a 32-bit configuration, a 1024-by-768 pixel screen can be 
implemented with an external data rate of only 16 MHz. 

All Normal multiplexing modes can support Little Endian (default) and Big Endian data formats at the pixel 
bus inputs (see section 2.6.1). 

2.4.3 Special-Nibble Mode 
Mode 5 is special nibble mode, which is enabled when the general control register SNM bit (bit 3) is set to 
1 and the general control register SSRT bit (bit 2) is set too (see Section 2.11 ). When special-nibble mode 
is enabled, it takes precedence over the other modes, and the mux control register setup is ignored. The 
SFLAG/NFLAG input is then used as a nibble flag to indicate which nibble of each byte holds the pixel data. 
Special-nibble mode is a variation of the 4-bit pixel mode with a 16-bit pixel width. All 32 inputs (PO through 
P31) are connected as 4 bytes, but the 16-bit data bus is composed of either the lower or upper nibble of 
each of the 4 bytes. For more detailed information, refer to Section 2.9.2. Since this mode uses 4 bit planes 
for each pixel, they are fed into the low-order address bits of the palette, with the 4 high-order address bits 
being defined by the palette page register (see Section 2.2.3). 

2.4.4 True-Color Modes 
Mode 6 is the true-color mode in which 24, 16, or 15 bits of data are transferred from the pixel port directly 
to the DACs, but with the same amount of pipeline delay as the overlay data and the control signals (BLANK 
and SYN Cs). Depending on which true-color mode is selected, overlay is provided by utillizing the remaining 
bits of the pixel bus to address the palette RAM (refer to Tables 2-6 and 2-7). This results in a 24-bit RAM 
output that is then used as overlay information to the DACs. When all of the overlay inputs are at logic 0, 
no overlay information is displayed. When a non-zero value is input, the color palette RAM is addressed and 
the resulting data is then fed through to the DACs and receives priority over the true-color data. 

Mode 6a is the TARGA compatible (5-5-5) true-color mode. In this 16-bit mode, there are 5 bits of RED, 5 
bits of GREEN, 5 bits of BLUE, and an additional overlay bit. Refer to Table 2-8 for the exact bit definitions. 

Mode 6b is the XGA compatible (5-6-5) true-color mode. This 16-bit mode has 5 bits of RED, 6 bits of 
GREEN, and 5 bits of BLUE data. The overlay function is not enabled in this mode. Refer to Table 2-8 for 
the exact bit definitions. 
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Mode 6c is a multiplexed version of mode 6a,, that allows two 16-bit TARGA-compatible words to be latched 
into the TLC34076 pixel port with one SCLK. In this mode, the 16-bit word latched on pixel port inputs PO-P15 
is executed first, while the word latched on P16-P31 is executed last. The user should program the SCLK 
divide ratio in the output-clock selection register to /2. Refer to Table 2-8 for the exact bit definitions. 

Mode 6d is a multiplexed version of mode 6b, that allows two 16-bit XGA-compatible words to be latched 
into the TLC34076 pixel port with one SCLK. In this mode, the 16-bit word latched on pixel port inputs PO-P15 
is executed first, while the word latched on P16-P31 is executed last. The user should program the SCLK 
divide ratio in the output-clock selection register to /2. Refer to Table 2-8 for the exact bit definitions. 

Mode 6e is a 24-bit true-color mode that features 8 bits of data for each color, as well as 8 bits of overlay 
information. The order in which the color and overlay fields appear in the 32-bit word are the reverse of 
mode 6f. Refer to Table 2-8 for the exact bit definitions. 

Mode 6f is the 24-bit true-color mode used on the TLC34076. It also features 8 bits of data for each color, 
as well as 8 bits of overlay information. Refer to Table 2-8 for the exact bit definitions. 

Since only 5 bits (6 bits for GREEN in Mode 6b and 6d) are provided for each color in the 16-bit true-color 
modes (6a-6d), the color data will be internally shifted by the TLC34076 to the 5 MSB positions (6 MSB 
positions for GREEN in Mode 6b and 6d) before being presented to the three color DACs. The remaining 
lower 3 bits (lower 2 bits for GREEN in Modes 6b and 6d) are then set to logic 0. 

When in true-color modes 6a or 6c, the internal palette-page register fills the remaining 7 MS B's of overlay 
data (see 1 .2.3). This occurs because, in these modes, there is only one bit of overlay information presented 
in the true-color word. In order to enable the true-color data to the DACs, all 8 overlay bits must be at logic 
0. This can be accomplished by either writing zeros to the internal Palette Page Register and the overlay 
bit, or by writing zeros to the internal Read Mask (see 2.4.6). 

When in true-color modes 6e or 6f, the data input only works in the 8-bit mode. In other words, if only 6 bits 
are to be used, the 2 LSB inputs for each color must be tied to GND. However, the palette, which is used 
by the overlay input, is still governed by 8/6-input pin and the output MUX will select 8-bits data or 6-bits data 
accordingly. The 8/6-input pin is also valid in the other 16-bit modes as well. 

Both Little( default) and Big Endian data formats are supported by the true-color modes (see section 2.6.1 
and Table 2-8 for more information). 

2.4.5 Multiplex Control Register 

The multiplexer is controlled via the 8-bit multiplex control register. The bit fields of the register are in 
Table 2-6 and Table 2-7. 

As an example of how to use Table 2-6, suppose that the design goals specify a system with eight data bits 
per pixel and the lowest possible SCLK rate. Table 2-6 shows that, for non-VGA-pass-through operation, 
only mode 4 supports an 8-bit pixel depth. The lowest-possible SCLK rate within mode 4 is 1 :4. This set of 
conditions is selected by writing the value 1 Eh to the mux control register. The pixel latching sequence 
column shows that, in this mode, P<7:0> should be connected to the earliest-displayed pixel plane, followed 
by P<15:8>, P<23:16>, and then P<31 :24> as the last displayed pixel plane. Assuming that VCLK is 
programmed as DOTCLK/4, Table 2-5 shows that the 1 :4 SCLK ratio is selected by writing the value 12h 
to the output clock selection register. The special nibble mode should also be disabled (see Sections 2.9.2 
and 2.11.2). 

When the mux control register is loaded with 2Dh, the TLC34076 enters the VGA pass-through mode (the 
same condition as the default power-up mode). Please refer to Section 2.5.4 for more details. 
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Table 2-6. Mode and Bus Width Selection 
DATA BITS PIXEL SCLK PIXEL 

MODE MUX CONTROL REGISTER BITSt PER BUS DIVIDE LATCHING 
PIXEL:!: WIDTH RATIO§ SEQUENCE'!! 

5 4 3 2 1 0 

o# 1 0 1 1 0 1 8 8 1 1) VGA<7:0> 

0 1 0 0 0 0 1 4 4 1) P<O> 
2) P<1 > 
3) P<2> 
4) P<3> 

0 1 0 0 0 1 1 8 8 1) P<O> 
2) P<1> 

8) P<7> 

1 0 1 0 0 1 0 1 16 16 1) P<O> 
2) P<1> 

16) P<15> 

0 1 0 0 1 1 1 32 32 1) P<O> 
2) P<1> 

32) P0<31 > 

0 1 0 1 0 0 2 4 2 1) P<1 :0> 
2) P<3:2> 

0 1 0 1 0 1 2 8 4 1) P<1 :0> 
2) P<3:2> 
3) P<5:4> 
4) P<7:6> 

2 0 1 0 1 1 0 2 16 8 1) P<1:0> 
2) P<3:2> 

8) P<015: 14> 

0 1 0 1 1 1 2 32 16 1) P<1:0> 
2) P<3:2> 

16) P0<31 :30> 

0 1 1 0 0 0 4 4 1 1) P<3:0> 

0 1 1 0 0 1 4 8 2 1) P<3:0> 
2) P<7:4> 

0 1 1 0 1 0 4 16 4 1) P<3:0> 
3 2) P<7:4> 

3) P<11 :8> 
4) P<15:12> 

0 1 1 0 1 1 4 32 8 1) P<3:0> 
2) P<7:4> 

8) P<031 :28> 
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DATA BITS PIXEL SCLK PIXEL 
MODE MUX CONTROL REGISTER BITSt PER BUS DIVIDE LATCHING 

PIXEL* WIDTH RATIO§ SEQUENCE~ 

5 4 3 2 1 0 

0 1 1 1 0 0 8 8 1 1) P<7:0> 

0 1 1 1 0 1 8 16 2 1) P<7:0> 
4 2) P<15:8> 

0 1 1 1 1 0 8 32 4 1) P<7:0> 
2) P<15:8> 
3) P<23:16> 
4) P<31 :24> 

0 1 1 1 1 1 4 16 4 ~ELAG = Q; 
1) P<3:0> 
2) P<11:8> 
3) P<19:16> 

5 4) P<27:24> 

~ELAG = 1· 
1) P<7:4> 
2) P<15:12> 
3) P<23:20> 
4) P<31:28> 

6 See Table 2-7 and Table 2-8 

t Bits 6 and 7 are don't care bits. 
:I: This is the number of bits of pixel port (or VGA port in mode 1) information used as color data for each displayed pixel, 

often referred to as the number of bit planes. This may be color palette address data (Modes 0-5) or DAC data 
(mode 6). 

§The SCLK divide ratio is the number used for the output clock selection register. It indicates the number of pixels per 
. bus load, or the number of pixels associated with each SCLK pulse. For example, with a 32-bit pixel bus width and 8 
bit planes, 4 pixels comprise each bus load. The SCLK divide ratio is not automatically set by mode selection, but must 
be written to the output clock selection register. 

~ For each operating mode, the pixel latching sequence indicates the sequence in which pixel port or VGA port data are 
latched into the device. The latching sequence is initiated by a rising edge on SCLK. For modes in which multiple groups 
of data are latched, the SCLK rising edge latches all the groups, and the pixel clock shifts them out starting with the 
low-numbered group. For example, in mode 3 with a 16-bit pixel bus width, the rising edge of SCLK latches all the data 
groups, and the pixel clock shifts them out in the order P<3:0>, P<7:4>, P<11 :8>, P<15: 12>. 

#Mode O is VGA pass-through mode. 
II Mode 6 is true color mode, in which 24 bits of color information are transferred directly from the pixel port to the DACs; 

overlay is implemented with the remaining 8 bits of the pixel bus. The distribution of pixel port data to the DACs is as 
follows: P<31 :24> are passed to the blue DAC, P<23:16> are passed to the green DAC, and P<15:8> are passed to 
the red DAC. P<7:0> are used to generate overlay data; this operation can be disabled by either grounding P<7:0> or 
by clearing the read mask (see Section 2.4.6). 

o Mode 5 is special nibble mode, the only mode in which the pixel bus width is not equal to the actual physical width, in 
bits, of the pixel bus. In this mode, the pixel bus is physically 32 bits wide; depending on the value of SFLAG/NFLAG, 
eitherthe upper or lower nibble of each of the four physical bytes is selected to comprise the 16 bits of pixel data (equal 
to four 4-bit pixels). 

NOTE: Although leaving unused pins floating will not adversely affect device operation, tying unused pins to ground lowers 
power consumption and, thus, is recommended. 
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Table 2-7. True-Color Mode 
DATA PIXEL SCLK OVERLAY PIXEL 

MODE MUX CONTROL REGISTER BITSt BITS PER BUS DIVIDE BITS PER LATCHING 
PIXEL:!: WIDTH RATIO§ PIXEL (4) SEQUENCEll 

5 4 3 2 1 0 

6 

6a 0 0 1 0 0 0 15 16 1 1 1) P<15:0> 

6b 0 0 1 0 0 1 16 16 1 N/A 1) P<15:0> 

6c 0 0 1 0 0 0 15 32 2 1 
1) P<15:0> 
2) P<31 :16> 

6d 0 0 1 0 1 1 16 32 2 N/A 
1) P<15:0> 
2) P<31 :16> 

6e 0 0 1 1 1 0 24 32 1 8 1) P<31:0> 

6f 0 0 1 1 0 1 24 32 1 8 1) P<31:0> 

t Bits 6 and 7 are don't care bits. 
:!: This is the number of bits of pixel port (or VGA port in mode 1) information used as color data for each displayed pixel, 

often referred to as the number of bit planes. This may be color palette address data (Modes 0-5) or DAC data 
(Mode 6). 

§The SCLK divide ratio is the number used for the output clock selection register. It indicates the number of pixels per 
bus load, or the number of pixels associated with each SCLK pulse. For example, with a 32-bit pixel bus width and 8 
bit planes, 4 pixels comprise each bus load. The SCLK divide ratio is not automatically set by mode selection, but must 
be written to the output clock selection register. 

11 For each operating mode, the pixel latching sequence indicates the sequence in which pixel port or VGA port data are 
latched into the device. The latching sequence is initiated by a rising edge on SCLK. For modes in which multiple groups 
of data are latched, the SCLK rising edge latches all the groups, and the pixel clock shifts them out starting with the 
low-numbered group. For example, in mode 6d with a 32-bit pixel bus width, the rising edge of SCLK latches all the data 
groups, and the pixel clock shifts them out in the order P<15:0>, P<31 :16>. 

#Mode 6 is true color mode, in which 24 bits of color information are transferred directly from the pixel port to the DACs; 
overlay is implemented with the remaining 8 bits of the pixel bus. The distribution of pixel port data to the DA Cs is as 
follows: P<31 :24> are passed to the.blue DAC, P<23:16> are passed to the green DAC, and P<15:8> are passed to 
the red DAC. P<7:0> are used to generate overlay data; this operation can be disabled by either grounding P<7:0> or 
by clearing the read mask (see Section 2.4.6). 

NOTE: Although leaving unused pins floating will not adversely affect device operation, tying unused pins to ground lowers 
power consumption and, thus, is recommended. 
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Table 2-8. True-Color Bit Definitions 

Little Endian 
Pixel Bus P31 P30 p2g P2B P27 P26 P2S P24 P23 P22 P21 P20 p1g P1B P17 P16 
Data Bus D31 D30 D2g D2B D27 D26 D2S D24 D23 D22 D21 D20 D1g D1B D17 D16 

a 
b 

c 0 R4 R3 R2 R1 RO G4 G3 G2 G1 GO B4 B3 B2 B1 BO 
d R4 R3 R2 R1 RO G5 G4 G3 G2 G1 GO B4 B3 B2 B1 BO 
e 07 06 05 04 03 02 01 00 R7 R6 R5 R4 R3 R2 R1 RO 
f B7 B6 B5 B4 B3 B2 B1 BO G7 G6 G5 G4 G3 G2 G1 GO 

Pixel Bus P1S P14 P13 P12 P11 P10 pg PB P7 P6 PS P4 P3 P2 P1 PO 
Data Bus D15 D14 D13 D12 D11 D10 Dg DB D7 D6 DS D4 D3 D2 D1 DO 

a 0 R4 R3 R2 R1 RO G4 G3 G2 G1 GO B4 B3 B2 B1 BO 
b R4 R3 R2 R1 RO G5 G4 G3 G2 G1 GO B4 B3 B2 B1 BO 
c 0 R4 R3 R2 R1 RO G4 G3 G2 G1 GO B4 B3 B2 B1 BO 
d R4 R3 R2 R1 RO G5 G4 G3 G2 G1 GO B4 B3 B2 B1 BO 
e G7 G6 G5 G4 G3 G2 G1 GO B7 B6 B5 B4 B3 B2 B1 BO 
f R7 R6 R5 R4 R3 R2 R1 RO 07 06 05 04 03 02 01 00 

Big Endian 
Pixel Bus P31 P30 P2g P2B P27 P26 P2S P24 P23 P22 P21 P20 P1g P1B P17 P16 
Data Bus DO D1 D2 D3 D4 DS D6 D7 DB Dg D10 D11 D12 D13 D14 D1S 

a 
b 

c BO B1 B2 B3 B4 GO G1 G2 G3 G4 RO R1 R2 R3 R4 0 
d BO B1 B2 B3 B4 GO G1 G2 G3 G4 G5 RO R1 R2 R3 R4 
e BO 81 B2 B3 B4 B5 B6 B7 GO G1 G2 G3 G4 G5 G6 G7 
f 00 01 02 03 04 05 06 07 RO R1 R2 R3 R4 R5 R6 R7 

Pixel Bus P1S P14 P13 P12 P11 P10 pg PB P7 P6 PS P4 P3 P2 P1 PO 
Data Bus D16 D17 D1B D1g D20 D21 D22 D23 D24 D2S D26 D27 D2B D2g D30 D31 

a BO B1 B2 B3 B4 GO G1 G2 G3 G4 RO R1 R2 R3 R4 0 
b BO B1 B2 B3 B4 GO G1 G2 G3 G4 G5 RO R1 R2 R3 R4 
c BO B1 B2 B3 B4 GO G1 G2 G3 G4 RO R1 R2 R3 R4 0 
d BO B1 B2 B3 B4 GO G1 G2 G3 G4 G5 RO R1 R2 R3 R4 
e RO R1 R2 R3 R4 R5 R6 R7 00 01 02 03 04 05 06 07 
f GO G1 G2 G3 G4 G5 G6 G7 BO B1 B2 B3 B4 B5 B6 B7 
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2.4.6 Read Masking 
The read mask register is used to enable or disable a pixel address bit from addressing the color palette 
RAM. Each palette address bit is logically ANDed with the corresponding bit from the read mask register 
before addressing the palette. This function is performed after the addition of the page register bits and, 
therefore, a zeroing of the read mask results in one unique palette location (location 0) and is not affected 
by the palette page register contents. 

Note also that the Read Mask can be used to zero the overlay data in the True Color modes. This is a handy 
way to disable overlay (enable True Color data to the DACs) for a whole screen. 

2.5 Reset 
There are three ways to reset the TLC34076: 

1. Power-on reset 
2. Hardware reset 
3. Software reset 

2.5.1 Power-On Reset 
There is a POR (Power-On Reset) circuit built into the TLC34076. This POR words at power-on only. Even 
though this circuitry is provided, it is still recommended for the user to design a hardware reset circuit to 
ensure the reset condition after power-up as described in section 2.5.2. 

Once the voltage is stabilized, the default condition for all registers is VGA mode. Note also that, when the 
TLC34076 is reset, the SCLK and VCLK counters are reset as well. See 2.3 and 2.5.4. 

2.5.2 Hardware Reset 
The TLC34076 resets whenever RS<3:0> = HHHH and a rising edge occurs on the WR input. The more 
rising WR edges occur, the more reliable the TLC34076 is reset. This scheme (bursting WR strobes until 
the power supply voltage stabilizes) is suggested at power-up if a hardware reset approach is used. 

The default reset condition is VGA mode, and the values for each register are shown in Section 2.5.4. Note 
also that, when the TLC34076 is reset, the SCLK and VCLK counters are reset. See Section 2.3. 

2.5.3 Software Reset 
Whenever the mux control register is set for VGA pass-through mode after power-up, all registers are 
initialized accordingly. Since VGA pass-through mode is the default condition at power-up and hardware 
reset, the act of selecting the VGA pass-through mode through programming the mux control register is 
viewed as a software reset. Therefore, whenever mux control register bits <5:0> are set to 2Dh, the 
TLC34076 initiates a software reset. This also resets the SCLK and VCLK counters (see 2.3). This is referred 
to as a software reset, since it is typically initiated by software, unlike POR or hardware resets. 

2.5.4 VGA Pass-Through Mode Default Conditions 
The value contained in each register after hardware or software reset is shown below: 

Mux control register: 2Dh 
Input clock selection register: OOh 
Output clock selection register: 3Fh 
Palette page register: OOh 
General control register: 03h 
Pixel read mask register: FFh 
Palette address register: xxh 
Palette holding register: xxh 
Test register: (Pointing to color palette red value) 

2.6 Frame Buffer Interface 
The TLC34076 provides two clock signals for controlling the frame buffer interf~ce: SCLK and VCLK. SCLK 
can be used to clock out data directly from the VRAM shift registers. Split shift register transfer functionality 
is also supported. VCLK is used to clock and synchronize control inputs like HSYNC, VSYNC, and BLANK. 
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The pixel data presented at the inputs is latched at the rising edge of SCLK in normal mode or the rising edge 
of CLKO in VGA pass-through mode. Control inputs HSYNC, VSYNC, and BLANK are sampled and latched 
at the falling edge ofVCLK in normal mode, while HSYNC, VSYNC, and VGABLANKare latched atthe rising 
edge of CLKO in VGA pass-through mode. Both data and control signals are lined up at the DAC outputs 
to the monitor through the internal pipeline delay, so external glue logic is not required. The outputs of the 
DACs are capable of directly driving a 37.5-Q load, as in the case of a doubly terminated 75-Q cable. See 
Figures 2-7 and 2-8 for nominal output levels. 

2.6.1 Little and Big Endian Modes 
The Frame Buffer Interface (pixel bus) supports both Little and Big Endian data formats for all normal 
multiplexing and True Color modes of operation. The data format mode select is controlled by General 
Control Register Bit6 (see2.11). When GCR bit6 is settoO (default), thentheformatissettothe Little Endian 
mode. When GCR bit 6 is set to 1, then the format is set to Big Endian mode. 

Note that, in a Big Endian mode design, the external VRAM data bus bits must be connected in reverse order 
to the TLC34076 pixel bus, i.e. 031 connected to PO, DO connected to P31, etc. This will ensure that the least 
significant channel always provides the first pixel to be displayed in the Normal multiplexing modes. 

2. 7 Analog Output Specifications 
The DAC outputs are controlled by current sources (three for IOG and two each for IOR and IOB) as shown 
in Figure 2-6. In the normal case, there is a 7.5-IRE difference between blank and black levels, which is 
shown in Figure 2-7. If a 0-IRE pedestal is desired, it can be selected by resetting bit4 of the general control 
register (see Section 2.11.3). The video output for a 0-IRE pedestal is shown in Figure 2-8. 

SYNC 
(IOG Only) 

G <0:7> 

IOG 

r-15pF 

Figure 2-6. Equivalent Circuit of the IOG Current Output 
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Green Red/Blue 
mA V mA V 

26.67 19.05 0.714 

92.5 IRE 

Black --llr-----------1------1'----------- 9.05 0.34 1.44 0.054 
7.5 IRE 

Blank --llr----------~-,---,r--"---------- 7.62 0.286 0 0 

40 IRE 

Sync 0 0 

Figure 2-7. 7.5-IRE, 8-Bit Composite Video Output 

Green Red/Blue 
mA V mA V 

White 25.24 0.95 17.62 0.66 

100 IRE 

Black/ 
Blank --c------------~-,--.---~--------- 7.62 0.286 0 0 

43 IRE 

Sync ---""'-------------~-~---------- 0 0 

Figure 2-8. 0-IRE, 8-Bit Composite Video Output 

NOTE: 75- Q doubly terminated load. VREF = 1.235 V, RsET = 523 Q. RS-343A levels and tolerances are assumed. 

A resistor (RsEr) is needed to connect the FS ADJUST pin to GND to control the magnitude of the full-scale 
video signal. The I RE relationships in Figures 2-7 and 2-8 are maintained regardless of the full-scale output 
current. 
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The relationship between RsET and the full-scale output current IOG is: 

RsET (Q) = K1 x VREF (V) I IOG (mA) 

The full-scale output current on IOR and JOB for a given RsET is: 

IOR, JOB (mA) = K2 x VREF MI RsET (Q) 

where K1 and K2 are defined as: 

IOG IOR,IOB 
PEDESTAL 8-BIT OUTPUT 6-BIT OUTPUT 8-BIT OUTPUT 6-BIT OUTPUT 

7.5-IRE K1=11,294 K1 = 11,206 K2 = 8,067 K2 = 7,979 

0-IRE K1 ~ 10,684 K1 = 10,600 K2 = 7,462 K2 = 7,374 

2.8 HSYNC, VSYNC, and BLANK 
For the normal modes, HSYNG and VSYNG are active-low pulses, and they are passed through 
true/complement gates to the HSYNGOUT and VSYNGOUT outputs. The output polarities of HSYNGOUT 
and VSYNGOUT can be programmed through the general control register. However, for the VGA 
pass-through mode, the polarities needed for monitors are already provided at the feature connector from 
which HSYNG and VSYNG are sourced, so the TLG34076 just passes HSYNG and VSYNG through to 
HSYNGOUT and VSYNGOUTwithout polarity change. As described in Section 2.3 and Figures 2-2 through 
2-5, the BLANK, HSYNG, and VSYNG inputs are sampled and latched on the falling edge of VGLK in the 
normal modes, and they are latched on the rising edge of the GLKO input in the VGA pass-through mode. 
Refer to Figure 3-2 for the detailed timing. 

The HSYNG and VSYNG inputs are used for both the VGA pass-through and normal modes. If the 
application uses both VGA pass-through and normal modes, an external multiplexer is needed to select 
HSYNG and VSYNG between VGA pass-through mode and normal mode. The MUXOUT signal is designed 
for this purpose (see Sections 2.10 and 2.11 ). 

The HSYNG, VSYNG, and BLANK signals have internal pipeline delays to align with the data at the DAG 
outputs. Due to the sample and latch timing delay, it is possible to have active SGLK pulses after the BLANK 
input becomes active. The relationship between VGLK and SGLK and the internal VGLK sample and latch 
delay need to be carefully reviewed and programmed. See Section 2.3 and Figures 2-2 and 2-3 for more 
details. 

As shown in Figure 2-6forthe IOG DAG output, active HSYNG and VSYNG signals turn off the sync current 
source (after the pipeline delay) independent of the BLANK signal level. In real applications, HSYNG and 
VSYNG should only be active (low) when BLANK is active (low). 

To alter the polarity of the HSYNGOUT and VSYNGOUT outputs in the normal modes, the MPU must set 
or clear the corresponding bits in the general control register (see Section 2.11.1 ). Again, these two bits affect 
only the normal modes, not the VGA pass-through mode. These bits default to 1. 

2.9 Split Shift Register Transfer VRAMs and Special Nibble Mode 
2.9.1 Split Shift Register Transfer VRAMs 
The TLG34076 directly supports split shift register transfer (SSRT) VRAMs. In order to allow the VRAMs 
to perform a split shift register transfer, an extra SGLK cycle must be inserted during the blank sequence. 
This is initiated when the SSRT enable bit (bit 2 in the general control register) is set to 1, the SNM bit (bit 3 
in the general control register) is reset to 0 (see Section 2.11), and a rising edge on the SFLAG/NFLAG input 
pin is detected. An SGLK pulse is generated within 20 ns of the rising edge of the SFLAG/NFLAG signal. 
A minimum 15-ns high logic level duration is provided to satisfy all of the -15 VRAM requirements. By 
controlling the SFLAG/NFLAG rise time, the delay time from the rising edge of the VRAM TRG signal to 
SGLK can be satisfied. The relationship between the SGLK, SFLAG/NFLAG, and BLANK signals is as 
follows: 
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SSRT Enable 
(General Control 

Register Bit 2) 

SF~Gm:~:------~_. ------------------
Figure 2-9. Relationship Between SFLAG/NFLAG, BLANK, and SCLK 

If SFLAG/NFLAG is designed as an R-S latch set by split shift register transfer timing and reset by BLANK 
going high, the delay from BLANK high to SFLAG/NFLAG low cannot exceed one-half of one SCLK cycle; 
otherwise, the SCLK generation logic may fail. 

If the SSRT function is enabled but SFLAG/NFLAG is held low, SCLK runs as if the SSRT function is 
disabled. The SFLAG/NFLAG input is not qualified by the BLANK signal and needs to be held low whenever 
an SSRT SCLK pulse is not desired. Refer to Section 2.3.1 and Figures 2-2 through 2-8 for more system 
details. 

2.9.2 Special Nibble Mode 
Special nibble mode is enabled when the SNM bit (bit 3 in the general control register) is set to 1 and the 
SSRT bit (bit 2 in the general control register) is reset to O (see Section 2.11). Special nibble mode provides 
a variation of the 4-bit pixel mode with a 16-bit bus width. While all 32 inputs (P<0:31 >)are connected as 
4 bytes, the 16-bit data bus is composed of the lower or upper nibble of each of the 4 bytes, depending on 
the level of the SFLAG/NFLAG input. The pixel data is distributed to 16-bit data bus as shown in Table 2-9. 

Table 2-9. Pixel Data Distribution in Special Nibble Mode 
SNM BIT= 1, SSRT BIT= 0 

SFLAG/NFLAG = 1 SFLAG/NFLAG = 0 

P<7:4> P<3:0> 
P<15:12> P<11 :8> 
P<23:20> P<19:16> 
P<31 :28> P<27:24> 

The SFLAG/NFLAG value is not latched by the TLC34076. Therefore, it should stay at the same level during 
the whole active display period, changing levels only during the BLANK signal active time. Refer to 
Figure 2-1 O, which is similar to Figure 2-2 except that the BLANK signal timing reference to SFLAG/NFLAG 
is explained. The SFLAG/NFLAG input has to meet the setup time and hold the data long enough to ensure 
that no pixel data is missed. 

Special nibble mode operates at the line frequency when BLANK is active. However, the typical application 
of this mode is double frame buffers with pixel data width of 4 bits. While one frame buffer is being displayed 
on the monitor, the other frame buffer can be used to accept new picture information. SFLAG/NFLAG is used 
to indicate which frame buffer is being displayed. 

SNM and SSRT must be mutually exclusive. Unpredictable operation occurs if both the SNM and SSRT bits 
are set to 1. The mux control register should be set up as shown in Table 2-6 (see Section 2.4.5). However, 
the SNM bit takes precedence over the other mux control register selections. In other words, if the mux 
control register is set up for another mode but special nibble mode is still enabled in the general control 
register, the input multiplex circuit takes whatever SCLK divide ratio the mux control register specifies and 
performs the nibble operation, causing operational failure. 
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During special nibble mode, the input mux circuit latches all 8-bit inputs but only passes on the specified 
nibble. The specified nibble is stored in the 4 LSBs of the next register pipe after the input latch, and the 
4 MSBs are zeroed in that register. The register pipe contents are then passed to the read mask block. With 
this structure, the palette page register still functions normally, providing good flexibility to users. 

If the general control register bit 3 = 0 and bit 2 = 0, both split shift register transfers and special nibble mode 
are disabled and the SFLAG/NFLAG input is ignored. 

VCLK 

BLANK 
(at Its Input pin) 

SFLAG/NFLAG 
Input __ ...,...,, 

1 
...._ ____ _, 

LOAD 

Sampled 
BLANK 

PIXEL DATA 

SCLK 

t CAUTION: 

: Latch Last Group 
I of Pixel Data 

,.--------"""" Last Group of Pixel Data 

Valid 

2nd 4th 
1st Group 3rd Group 5th 

Group Group Group 

If the data Is not held valid until SCLK and BLANK both go low, the last few pixels could be missed. 
:f: Setup time to next VCLK falling edge after BLANK high (must be met, otherwise the first pixel data 

could be missed). 

Figure 2-10. SFLAG/NFLAG Timing in Special Nibble Mode 

2.10 MUXOUT Output 
MUXOUT is a TTL-compatible output. It is software programmable and is used to control external devices. 
Its typical application is to select the HSYNC and VSYNC inputs between the VGA pass-through mode and 
the normal modes (see Section 2.8). This output is driven low at power-up or when VGA pass-through mode 
is selected; at any other time it can be programmed to the desired polarity via general control register bit 7. 

2. 11 General Control Register 
The general control register is used to control HSYNC and VSYNC polarity, split shift register transfer 
enabling, special nibble mode, Little/Big Endian mode, sync control, the ones accumulation clock source, 
and the VGA pass-through indicator. The bit field definitions are as follows: 
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Table 2-10. General Control Register Bit Functions 

GENERAL CONTROL REGISTER BIT FUNCTION 
7 6 5 4 3 2 1 0 

x x x x x x x 0 HSYNCOUT is active-low 

x x x x x x x 1 HSYNCOUT is active-high (default) 

x x x x x x 0 x VSYNCOUT is active-low 

x x x x x x 1 x VSYNCOUT is active-high (default) 

x x x x x 0 x x Disable split shift register transfer (default) 

x x x x 0 1 x x Enable split shift register transfer 

x x x x 0 x x x Disable special nibble mode (default) 

x x x x 1 0 x x Enable special nibble mode 

x x x 0 x x x x 0-IRE pedestal (default) 

x x x 1 x x x x 7.5-IRE pedestal 

x x 0 x x x x x Disable sync (default) 

x x 1 x x x x x Enable sync 

x 0 x x x x x x Little Endian mode (default) 

x 1 x x x x x x Big Endian mode 

0 x x x x x x x MUXOUT is low (default) 

1 x x x x x x x MUXOUT is high 

2.11.1 HSYNCOUT and VSYNCOUT (Bits 0 and 1) 
HSYNCOUT and VSYNCOUT polarity inversion is provided to allow indication to monitors of the current 
screen resolution. Since the polarities for VGA pass-through mode are provided at the feature connector, 
the inputs to the TLC34076 will have the right polarities for monitors already, so the TLC34076 just passes 
them through with pipeline delay (see Section 2.8). These two bits only work in the normal modes, and the 
input horizontal and vertical syncs are assumed to be active-low incoming pulses. These two bits default 
to the value 1 but can be changed by software. 

2.11.2 Split Shift Register Transfer Enable (SSRT) and Special Nibble Mode Enable 
(SNM) (Bits 2 and 3) 

See Section 2.9. 

2.11.3 Pedestal Enable Control (Bit 4) 
This bit specifies whether a 0- or 7.5-IRE blanking pedestal is to be generated on the video outputs. Having 
a 0-IRE blanking pedestal means that the black and blank levels are the same. 

0: 0-IRE pedestal (default) 
1: 7.5-IRE pedestal 

2.11.4 Sync Enable Control (Bit 5) 
This bit specifies whether or not SYNC information is to be output onto IOG. 

O: Disable sync (default) 
1 : Enable sync 

2.11.5 Little/Big Endlan Mode Control (Bit 6) 
This bit specifies either Little or Big Endian data format for the pixel bus Frame Buffer Interface (see 2.6.1). 

0: Little Endian (default) 
1 : Big Endian 
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2.11.6 MUXOUT (Bit 7) 

The MUXOUT bit indicates to external circuitry that the device is running in VGA pass-through mode. This 
bit does not affect the operation of the device (see Section 2.10). 

0: MUXOUT is low (default in VGA pass-through mode) 
1: MUXOUT is high 

2.12 Test Register 
There are three test functions provided in the TLC34076, and they are all controlled and monitored through 
the test register. They are data flow check, DAG analog test, and screen integrity test. 

The test register has two ports: one for a control word, accessed by writing to the register location, and one 
for the data word, accessed by reading from the register location. Depending on the channel written in the 
control word, the data read presents the information for that channel. 

The control word is three bits long and occupies D<2:0>. It specifies which of the eight channels to inspect. 
The following table and state machine diagrams show how each channel is addressed: 

Table 2-11. Test Mode Selection 
D2 D1 DO CHANNEL 

0 0 0 Color palette red value 

0 0 1 Color palette green value 

0 1 0 Color palette blue value 

0 1 1 Identification code 

1 0 0 Ones accumulation red value 

1 0 1 Ones accumulation green value 

1 1 0 Ones accumulation blue value 

1 1 1 Analog test 

ID code 

Red Blue 

RESET Blue 

DAC ANALOG TEST DATA FLOW CHECK SCREEN INTEGRITY TEST 

Figure 2-11. Test Register Control Word State Diagrams 
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2.12.1 Frame Buffer Data Flow Test 
The TLC34076 provides a means to check all the data entering the DAG {but before the output multiplexer 
8/6 shift). When accessing these color channels, the data entering the DACs should be kept constant for 
the entire MPU read cycle. This can be done either by slowing down the dot clock or ensuring that the data 
is constant for a sufficiently long series of pixels. The value read will be the data stored in the color palette 
location addressed by the data in the input MUX. The read operation causes a post-increment to point to 
the next color channel, and the post-increment of blue wraps back to red as shown in the preceding state 
diagram. For example, if D<2:0> is written as 001, then three successive reads are performed, the values 
read out are green, blue, and red in that sequence. 

2.12.2 Identification Code 
The ID code can be used as a software identification for different versions. The ID code in the TLC34076 
is static and can be read without consideration of the dot clock or video signals. In order to be user-friendly, 
the read postincrement applies to the ID register as well However, when the state machine falls into the color 
channel, it will not return to the ID code unless the user writes 011 {binary) to D2, D1, and DO again. Suppose 
the test register was first written as 011 (binary) in D2, D1, and DO. Then, when six successive reads are 
performed, the first value read is the ID, and the last value read is the GREEN. 

The ID value defined for the TLC34076 is 76 (HEX). 

2.12.3 Ones Accumulation Screen Integrity Test 
A technique called ones accumulation can be used to detect errors in fixed (not animated) screen displays. 
This type of error detection is useful for system checkout and field diagnostics. 

Each of the 256 24-bit words in the TLC34076 internal color palette RAM is composed of three bytes, one 
each for the red, green, and blue components of the word. When D<2:0> are programmed with the 
appropriate binary value (see Table 2-9), the TLC34076 monitors the corresponding color byte that is output 
by the color palette RAM. For example, if D<2:0> are programmed with the value 100, the TLC34076 
monitors the red byte. As the current frame is scanned, for each color palette RAM word accessed, the 
designated color byte is checked to see how many "1" bits it contains, and this number is added to a 
temporary accumulator {the entire byte is checked, even if 6-bit mode is selected). For example, if the 
designated color byte contains the value 41h {0100 0001), then the value 2 is added to the temporary 
accumulator, as 41 h contains two "1" bits. This process is continued until an entire frame has been scanned; 
the same color byte is monitored for the entire frame. The temporary accumulator truncates any overflow 
above the value 255. Due to circuit speed limitations, the ones accumulation is calculated at a speed of 
(DOTCLK frequency)/2. During the vertical retrace activated by a falling edge on the TLC34076 VSYNC 
input, the value in the temporary accumulator is transferred into the ones accumulation register, and then 
the temporary accumulator is reset to zero (NOTE: the ones accumulation register is updated only on the 
falling edge of VSYNC, not by any vertical sync pulses coded into the composite video signal). Before the 
next frame scan begins, the TLC34076 automatically changes the value in D<2:0> so that the ones 
accumulation performed during the next frame scan is for a different color byte (see the screen integrity test 
state diagram of Figure 2-11). As long as the screen display remains fixed, the ones accumulation value 
for a particular color byte should not change; if it does, an error has occurred. 

Since one's accumulation is calculated at DOTCLK/2 rate, there is uncertainty as to whether it will start its 
accumulation on an odd or even pixel. Regardless of whether the accumulation is performed on odd or even 
pixels, subsequent screens will be accumulated starting atthe same point every time, unless the part is reset 
or the DOTCLK source changes. 

2.12.4 Analog Test 
Analog test is used to compare the voltage amplitudes of the analog RGB outputs to each other and to a 
145-mV reference. This enables the MPU to determine whether the CRT monitor is connected to the analog 
RGB outputs or not and whether the DACs are functional. To perform an analog test, D<2:0> must be set 
to 111; D<7:4> are set as shown in Table 2-11. D<3> contains the result of the analog test. 
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Table 2-12. Test Register Bit Definitions for Analog Test 

BIT DEFINITION READ/WRITE 

D7: Red select R/W 

D6: Green select R/W 

D5: Blue select R/W 

D4: 145-mV reference select R/W 

D3: Result R 

Table 2-13. 0<7:4> Bit Coding for Analog Comparisons 

0<7:4> OPERATION IF D3 = 1 IF D3 = 0 

0000 Normal operation Don't care Don't care 

1010 Red DAC compared to blue DAC Red> blue Red< blue 

1001 Red DAC compared to 145-mV reference Red> 145 mV Red< 145 mV 

0110 Green DAC compared to blue DAC Green> blue Green< blue 

0101 Green DAC compared to 145-mV reference Green > 145 mV Green < 145 mV 

NOTE: All the outputs have to be terminated to compare the voltage. 

IORorlOG ~-D _QI D3 
IOB or 145 mV -

BLANK C 
(Internal Signal) 

Figure 2-12. Internal Comparator Circuitry for Analog Test 

The result of the analog comparison is strobed into 03 at the falling edge of an internal signal derived from 
the input BLANK signal. In order to have stable inputs to the comparator, the OAC should be set to a constant 
level between syncs. For normal operation, data flow check, and screen integrity test, 0<7:4> must be set 
to zero. 
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3 Electrical Specifications 
3.1 Absolute Maximum Ratings Over Operating Free-Air Temperature Range 

(Unless Otherwise Noted)t 
Supply voltage, Voo (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 V 
Input voltage range, V1 ••••••••••.•..•••••••••......••••.•.• -0.5 V to Voo + 0.5 V 
Analog output short-circuit duration to any power supply or common . . . . . . . . . unlimited 
Operating free-air temperature range. TA .............................. 0°C to 70°C 
Storage temperature range ...................................... -65°C to 150°C 
Junction temperature ..................................................... 175°C 
Case temperature for 10 seconds: FN package .............................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 1 O seconds ............... 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These 
are stress ratings only and functional operation of the device at these or any other conditions beyond those indicated 
under "recommended operating conditions" is not implied. Exposure to absolute-maximum-rated conditions for 
extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to the GND terminal. 

3.2 Recommended Operating Conditions 
MIN NOM MAX UNIT 

VDD Supply voltage 4.75 5 5.25 v 

VREF Reference voltage 1.15 1.235 1.26 v 

V1H High-level input voltage TILinputs 2.4 VDD + o.5 v 

V1L Low-level input voltge TIL inputs 0.8 v 

V1D Differential input voltage ECL inputs 0.6 6 v 
V1c Common mode input voltage ECL inputs 2.85 3.15 vDD-o.5 v 

RL Output load resistance 37.5 Q 

RSET FS ADJUST resistor 523 Q 

TA Operating free-air temperature 0 70 oc 
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3.3 Electrical Characteristics 
PARAMETER TEST CONDITIONS MIN TV Pt MAX UNIT 

VoH High-level output voltage loH =-800 µA 2.4 v 
0<0:7>, MUXOUT, VCLK loL = 3.2 mA 0.4 

VOL 
Low-level output 

HSYNCOUT, VSYNCOUT IOL = 15 mA 0.4 v voltage 
SCLK IOL = 18 mA 0.4 

High-level input TIL inputs V1=2.4 V 1 
l1H 

current ECL inputs V1=4V 1 
µA 

Low-level input TIL inputs V1=0.8 V -1 
l1L 

current ECL inputs V1=0.4 V -1 
µA 

TLC34076-85 450 

100 
Supply current, 

TLC34076-110 475 
pseudo-color mode 

TLC34076-135 Voo = 5V, 535 
mA 

TLC34076-85 See Note 2 475 

loo 
Supply current, 

TLC34076-110 475 
true color mode 

TLC34076-135 475 

loz High-impedance-state output currrent 10 µA 

Ci 
TILinputs f = 1 MHz, V1 = 2.4 V 4 

Input capacitance 
ECL inputs f = 1 MHz, V1 = 4 V 4 

pF 

t All typical values are at Voo = 5 V, TA = 25°C. 
NOTE 2: loo is measured with OOTCLK running at the maximum specified frequency, SCLK frequency = 

OOTCLK frequency/4, and the palette RAM loaded with full-range toggling patterns (OOh/OOh/FFh/FFh/OOh/ 
OOh/FFh/FFh/ ... ). Pseudo-color mode is also known as color indexing mode. 
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3.4 Operating Characteristics 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Resolution (each DAC) 
8/6 high 8 

bits 
8/6 low 6 

EL End-point linearity error 8/6 high 1 
LSB 

(each DAC) 8/6 low 1/4 

Eo Differential linearity error 8/6 high 1 
LSB 

(each DAC) 8/6 low 1/4 

Gray scale error 5% 

White level relative to blank 17.69 19.05 20.4 

White level relative to black (7.5 IRE only) 16.74 17.62 18.5 mA 

Black level relative to blank (7.5 IRE only) 0.95 1.44 1.9 

Output current Blank level on IOR, IOB 0 5 50 µA 

See Note 4 Blank level on IOG (with SYNC enabled) 6.29 7.6 8.96 mA 

Sync level on IOG (with SYNC enabled) 0 5 50 µA 

One LSB (8/6 high) 69.1 
µA 

One LSB (8/6 low) 276.4 

DAC-to-DAC matching 2% 5% 

DAC-to-DAC crosstalk -20 dB 

Voe Output compliance -1 1.2 v 
Vref Voltage Reference output voltage 1.15 1.235 1.26 v 

Output impedance 50 kQ 

Output capacitance f = 1 MHz, IOUT = 0 13 pF 

Clock and data feedthrough -20 dB 

Glitch impulse (see Note 3) 50 pV-s 

Normal mode 1 SCLK + 9 DOTCLK 
periods Pipeline delay 

VGA pass-through mode 7.5 DOTCLK 

NOTES: 3. Glitch impulse does not include clock and data feedthrough. The -3-dB test bandwidth is twice the clock 
rate. 

4. Test conditions for RS343-A video signals (unless otherwise specified): "Recommended Operating 
Conditions", using external voltge reference VREF = 1.235 V, RSET = 523 Q. When using the internal voltage 
reference, RSET may need to be adjusted in order to meet these limits. 
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3.5 Timing Requirements 
TLC34076-85 TLC34076-110 TLC34076-135 

PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

DOTCLK frequency 85 110 135 MHz 

CLKO frequency for VGA pass-through mode 85 85 85 MHz 

Clock cycle time 
TIL 11.8 9.1 7.4 

tcyc 
ECL 

ns 
11.8 9.1 7.4 

tsu1 Setup time, RS<0:3> valid before RD or WR i 10 10 10 ns 

th1 Hold time, RS<0:3> valid after RD or WR i 10 10 10 ns 

tsu2 Setup time, D<0:7> valid before WR t 35 35 35 ns 

th2 Hold time, D<0:7> valid after WR t 0 0 0 ns 

tsu3 
Setup time, VGA<0:7> and HSYNC, VSYNC, 

2 2 2 ns 
and VGABLANK valid before CLKO t 

th3 
Hold time, VGA<0:7> and HSYNC, VSYNC, and 

2 2 2 ns 
VGABLANK valid after CLKO t 

tsu4 Setup time, P<0:31 >valid before SCLK t 2 2 0 ns 

th4 Hold time, P<0:31 > valid after SCLK t 5 5 5 ns 

tsu5 
Setup time, HSYNC, VSYNC, and BLANK valid 

5 5 5 ns 
before VCLK i 

th5 
Hold time, HSYNC, VSYNC, and BLANK valid 

2 2 2 ns 
afterVCLK ~ 

tw1 Pulse duration, RD or WR low 50 50 50 ns 

tw2 Pulse duration, RD or WR high 30 30 30 ns 

tw3 Pulse duration, clock high 
TIL 4 3.5 3 

ECL 3.5 3 
ns 

4 

tw4 Pulse duration, clock low 
TIL 4 3.5 3 

ns 
ECL 4 3.5 3 

tw5 
Pulse duration, SFLAG/NFLAG high 

30 30 30 ns 
(see Note 6) 

NOTES: 5. TIL input signals are 0 to 3 V with less than 3 ns rise/fall time between the 10% and 90% levels unless 
otherwise specified. ECL input signals are VDD-1.8 Vto VDD-0.8 Vwith less than 2 ns rise/fall time between 
the 20% and 80% levels. For input and output signals, timing reference points are at the 10% and 90% signal 
levels. Analog output loads are less than 10 pF. D<0:7> output loads are less than 50 pF. All other output loads 
are less than 50 pF unless otherwise specified. 
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3.6 Switching Characteristics 

TLC34076-85 
TLC34076·85 

PARAMETER 
MIN TYP MAX 

UNIT 

SCLK frequency (see Note 7) 85 MHz 

VCLK frequency 85 MHz 

ten1 Enable time, RD low to D<0:7> valid 40 ns 

tdis1. Disable time, RD high to D<0:7> disabled 17 ns 

tv1 Valid time, D<0:7> valid after RD high 5 ns 

tPLH1 Propagation delay, SFLAG/NFLAG t to SCLK high (see Note 8) 0 20 ns 

td1 Delay time, RD low to D<0:7> starting to turn on 5 ns 

td2 
Delay time, selected input clock high/low to DOTCLK (internal signal) 

7 ns 
high/low 

td3 Delay time, DOTCLK high/low to VCLK high/low 6 ns 

td4 Delay time, VCLK high/low to SCLK high/low (see Note 9) 0 5 ns 

td5 Delay time, DOTCLK high/low to SCLK high/low 8 ns 

tda 
Delay time, DOTCLK high to IOR/IOG/IOB active (analog output delay 

20 ns 
time) (see Note 10) 

td7 Analog output settling time (see Note 11) 8 ns 

td8 Delay time, DOTCLK high to HSYNCOUT and VSYNCOUT valid 5 ns 

twa Pulse duration, SCLK high (see Note 8) 15 55 ns 

tr Analog output rise time (see Note 12) 2 ns 

Analog output skew 0 2 ns 

NOTES: 7. SCLK can drive an output capacitive loads up to 60 pF with worst-case transition time between the 10% and 
90% levels less than 4 ns (typical 3 ns). SCLK can drive output capacitive loads up to 120 pF, with typical 
transition time (10% to 90%) of 4 ns. 

8. This parameter applies when the split shift register transfer (SSRT) function is enabled. See Section 2.9.1 
for details. 

9. VCLK frequency = SCLK frequency. 
10. Measured from the 90% point of the rising edge of DOTCLK to 50% of the full-scale transition. 
11. Measured from the 50% point of the full-scale transition to the point at which the output has settled, within 

± 1 LSB (settling time does not include clock and data feedthrough). 
12. Measured between 10% and 90% of the full-scale transition. 
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3.6 Switching Characteristics (Cont'd.) 

TL34076-110, TLC34076-135 
TLC34076·110 TLC34076· 135 

PARAMETER 
MIN TYP MAX MIN TYP MAX UNIT 

SCLK frequency (see Note 13) 85 85 MHz 

VCLK frequency 85 85 MHz 

ten1 Enable time, RD low to D<0:7> valid 40 40 ns 

tdis1 Disable time, RD high to D<0:7> disabled 17 17 ns 

tv1 Valid time, D<0:7> valid after RD high 5 5 ns 

tPLH1 
Propagation delay, SFLAG/NFLAG t to SCLK 

0 20 0 20 ns 
high (see Note 14) 

td1 
Delay time, RD low to D<0:7> starting to turn 

5 5 ns 
on 

td2 
Delay time, selected input clock high/low to 

7 7 ns 
DOTCLK (internal signal) high/low 

td3 
Delay time, DOTCLK high/low to VCLK 

6 6 ns 
high/low 

td4 
Delay time, VCLK high/low to SCLK high/low 

0 5 0 5 ns 
(see Note 15) 

td5 
Delay time, DOTCLK high/low to SCLK 

8 8 ns 
high/low 

td6 
Delay time, DOTCLK high to IOR/IOG/108 

20 20 ns 
active (analog output delay time) (see Note 16) 

td7 Analog output settling time (see Note 17) 6 6 ns 

td8 
Delay time, DOTCLK high to HSYNCOUT and 

3 3 ns 
VSYNCOUT valid 

tw6 Pulse duration, SCLK high (see Note 14) 15 55 15 55 ns 

tr Analog output rise time (see Note 18) 2 2 ns 

Analog output skew 0 2 0 2 ns 

NOTES: 13. SCLK can drive output capacitive loads up to 60 pF, with worst case transition time between 10% and 90% 
levels less than 4 ns (typical 3 ns). SCLK can drive output capacitive loads up to 120 pF, with typical transition 
time (10% to 90%) of 4 ns. 
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14. This parameter applies when the split shift register transfer (SSRT) function is enabled. See Section 2.9.1 
for details. 

15. VCLK frequency = SCLK frequency. 
16. Measured from the 90% point of the rising edge of DOTCLK to 50% of the full-scale transition. 
17. Measured from the 50% point of the full-scale transition to the point at which the output has settled, within 

:t 1 LSB (settling time does not include clock and data feedthrough). 
18. Measured between 10% and 90% of the full-scale transition. 



3.7 Timing Diagrams 

tsu1 -14--~ 14 li>I th1 
I I I I 

Rs <0:3> ____ X ... 1 __ v_a_nd __ .. X __________________ _ 
I I 
--~~~~-tw1 ------.i· i4--tw2-+i 

I I I I I 
RD,WR -----\J_ .V! \ __ 

I I I 
rten1 -+I I -l1111--1i>l-tdls1 
I I I I I 

D~b £ 1 
(Output) -------1""'1 ----/'\- Data Out, RD Low 7------

I I 
illll'- td1 -+I I ~ tv1 

D<0:7> ~ Data In, ~~.,..,....,...,..,.,.,..... 
(Input)- WRLow ~ 

I I I I 
tsu2 ---11111----..i 14 Ii>! th2 

Figure 3-1. MPU Interface Timing 

3-7 



CLK <0:3> I 

ld~ ~td2 
11--1 DOTCLK I I 

(Internal Signal) I I 
td3 I I it~ ~ td3: 

VCLK : : 11/i 1N . x >C 
td4 I I ~ .,1 : I ... I ---.-d4 ___ _, -----

1 I I I 141 j ~ I 

SCLK tds : : 14 ) : : \t : lds x 
t - I ..__ .., ....... -----...1. '-· ____ x: 

th3 I rol I I I 
t 1 I I I I I I 

VGA<0:7:,uJ -:~ 
HSVNC, VSVNC, VGABLANK I\ Data ) 

(VGA Pass-Through Mode) 

3-8 

p <0:31> 

HSVNC,VSVNC,BLANK 
(Normal Mode) 

th4 . I 14 .. II I I 
•su4~~ 
::X: Data 

ths ~~1411>1 1 
taus--,.--~ ::::::x Data 

tds ~ ~ .,1 td1 

'K'-'11 IOR,IOG,IOB I I 
----------~ 

HSYNCOUT 
VSVNCOUT 

1---l I.- tr 
td~ 

~ 
Figure 3-2. Video Input/Output 

BLANK\ / -·-------
.14~~~tws~~~~•1 1 __________ 1 

SFLAG/ j \ 
NFLAG /I 

------- 14 I I. -1 ------------tPLH1____,.1 .. -..... - twa-
1 I I 

SCLK ___________ ~Y ""-"---------------
Figure 3-3. SFLAG/NFLAG Timing (When SSRT Function is Enabled) 



Appendix A 
SCLKNCLK and the TMS340x0 

While the TLC34076 SCLK and VCLK outputs are designed for compatibility with all graphics systems, they 
are also tightly coupled with the TMS340x0 Graphics System Processors. All the timing requirements of the 
TMS340x0 have been considered. However, there are a few points that need to be explained with regard 
to applications. 

VCLK 
All the video control signals in the TMS340x0 (i.e., BLANK, HSYNC, and VSYNC) are triggered and 
generated from the falling edge of VCLK. The fact that the TLC34076 uses the falling edge to sample and 
latch the BLANK input gives users maximum freedom to choose the frequency of VCLK and interconnect 
the TLC34076 with the TMS340x0 GSP without glue logic. Needless to say, the VCLK frequency needs to 
be selected to be compatible with the minimum VCLK period required by the TMS340x0. 

In the TMS340x0, the same VCLK falling edge that generates BLANK requests a screen refresh. If the VCLK 
period is longer than 16 TOs (TO is the period of the TMS340x0 CLKIN}, it is possible that the last SCLK 
pulse could be used falsely to transfer the VRAM data from memory to the shift register along with the last 
pixel transfer. The first SCLK pulse for the next scan line would then shift the first pixel data out of the pipe 
and the screen would then falsely start from the second pixel. 

SCLK and SFLAG 
The TLC34076 SCLK signal is compatible with current -1 o and slower VRAMs. When split shift register 
transfers are used, one SCLK pulse has to be generated between the regular shift register transfer and the 
split shift register transfer to ensure correct operation. The SFLAG input is designed for this purpose. SFLAG 
can be generated from a programmable logic array and triggered by the rising edge of the TR/OE signal or 
the rising edge of the RAS signal of the regular shift register transfer cycle. TR/OE can be used if the 
minimum delay from when the VRAM's TRG signal goes high to SCLK going high can be met by the 
programmable logic array delay; otherwise, RAS can be used. 
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Appendix B 
PC Board Layout Considerations 

PC Board Considerations 
A four-layer PC board should be used with the TLC34076: one layer each for 5-V power and GND and two 
layers for signals. The layout should be optimized for the lowest-possible noise on the TLC34076 power and 
ground lines by shielding the digital inputs and providing good decoupling. The lead length between groups 
of Voo and GND pins should be minimized so as to reduce inductive ringing. The terminal assignments for 
the TLC34076 P<0:31 > inputs were selected for minimum interconnect lengths between these inputs and 
the VRAM pixel data outputs. The TLC34076 should be located as close to the output connectors as possible 
to minimize noise pickup and reflections due to impedance mismatching. 

Ground Plane 
A single ground plane is recommended for both the TLC34076 and the rest of the logic. Separate digital and 
analog ground planes are not needed. 

Power Plane 
Split power planes are recommended for the TLC34076 and the rest of the logic. The TLC34076 and its 
associated analog circuitry should have their own power plane (referred to as Avcc in Figure B-1). The two 
power planes should be connected at a single point through a ferrite bead as shown in Figures B-1, B-2, 
and B-3. This bead should be located within three inches of the TLC34076. 

Supply Decoupling 
Bypass capacitors should be installed using the shortest leads possible, consistent with reliable operation, 
to reduce the lead inductance. 

For the best performance, a 0.1-µF ceramic capacitor in parallel with a 0.01-µF chip capacitor should be 
used to decouple each of the three groups of power pins to GND. These capacitors should be placed as close 
as possible to the device as shown in Figure B-2. 

If a switching power supply is used, the designer should pay close attention to reducing power supply noise 
and should consider using a three-terminal voltage regulator for supplying power to Avcc· 

COMP and VREF Terminals 

A 1 00-Q resistor (optional} and 0.1-µF ceramic capacitor (approximate values) should be connected in 
series between the device's COMP and v00 terminals in order to avoid noise and color-smearing problems. 

Also, whether an internal or external voltage reference is used, a 0.1-µF capacitor should be connected 
between the device's VREF and GND terminals to further stabilize the video image. These resistor and 
capacitor values may vary depending on the board layout; experimentation may be required in order to 
determine optimum values. 
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COMP 

L1 

Vee 

VREF1---+----+--t11----~ 
C11 C10 

TLC34076 

GND 

R3 R4 

FSADJUST 

IOR >-----------<----<----- } . 
IOG To Video Connector 

108 1-----------------_______ _, 

LOCATION DESCRIPTION 

C1-C3, C9-C10, C12 0.1-µF ceramic capacitor 

C5-C7 0.01-µF ceramic chip capacitor 

C11 33-µF tantalum capacitor 

L1 ferrite bead 

R1 1000-Q 1 % metal-film resistor 

R2 523-Q 1 % metal-film resistor 

R3,R4,R5 75-Q 1 % metal-film resistor 

R6 100-Q 5% resistor 

01 1.2-V voltage reference 

Figure B-1. Typical Connection Diagram and Components (Shaded Area Is Optional) 
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~ 
--{£]--~ 
--[£)---- ---QQ- P1 

~ ~ ~ =8E3= ... ~ 0 3 -.,.... 
nl Edge of u 

~ 
... u 
0 GI the Board 

TLC34076 

~ 
U'>c .,.... c 

cs---. (84-Pln PLCC) mo 
~ ~ 

oo 
9U1 

OI 
IXI 

C11 0 

Figure B-2. Typical Component Placement (Component Side) 

Vee 

• () • o• • ............. \) • • ••• • eeeeeeeeeee()()e • • •• •• • • •• •• •o• • oe •• •• Edge of en••• AV cc eo ()(). • •• the Board •• •• •• • • Vee () () () •• •• •• •• •• • •• • • • • •• • • •••••••••••••• •••••••••••• 

Vee 

Figure B-3. Typical Split Power Plane (Solder Side) 
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Appendix C 
SCLK Frequency < VCLK Frequency 

The VCLK and SCLK outputs generated by the TLC34076 are both free-running clocks. The video control 
signals (i.e., HSYNC, VSYNC, and BLANK) are normally generated from VCLK, and a fixed relationship 
between the video control signals and VCLK can therefore be expected. The TLC34076 samples and latches 
the BLANK input on the falling edge of VCLK. It then looks at the LOAD signal to determine when to disable 
or enable SCLK at its output terminal. The decision is deterministic when the SCLK frequency is greater than 
or equal to the VCLK frequency. However, when the SCLK frequency is less than the VCLK frequency, the 
appearance of the SCLK waveform at its output terminal when BLANK is sampled low on the VCLK falling 
edge can vary (see Figures C-1 and C-2). 

To avoid this variation in the SCLK output waveform, the SCLK and VCLK frequencies should be chosen 
so that HTOTAL is evenly divisible by the ratio of (VCLK frequency:SCLK frequency); that is, 

. [ HTOTAL ] remainder of ( ) = 0. 
VCLK frequency 
SCLK frequency 

For example, if HTOTAL is even, VCLK frequency = DOTCLK frequency/8, and SCLK frequency = 
DOTCLK frequency/16, then the formula above is satisfied. NOTE: When HTOTAL starts at zero (as in the 
TMS340x0 GSP), then the formula becomes 

[ 
(HTOTAL + 1) ] 

remainder of ( ) = 0. 
VCLK frequency 
SCLK frequency 

VCLK 

LOAD---. 
(Internal Signal 
for Data Latch) 

SCLKat 
Output Terminal 

Figure C-1. VCLK and SCLK Phase Relationship (Case 1) 
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VCLK 

LOAD 
(Internal Signal 
for Data Latch) __ _ 

SCLK at 
Output Terminal 

C·2 

---
Figure C-2. VCLK and SCLK Phase Relationship (Case 2) 



Appendix D 
Mechanical Data 

FN020,FN028,FN044,FN052,FN068,andFN084 
plastic J-leaded chip carrier 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and enncapsulated within an 
electrically nonconductive plastic compound. The compound withstands soldering temperatures with no 
deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The package is intended for surface mounting on 1,27 (0.050) centers. Leads require 
no additional cleaning or processing when used in soldered assembly. 

FN020, FN028, FN044, FN052, FN068, and FN084 
(20-PIN package uaed for lllustratlon) 

Designation per JEDEC Std 30: 
S-PLCC-J20 S-PLCC-J28 
S·PLCC-J44 
S·PLCC-J68 

S-PLCC-J52 
S·PLCC-J84 

R. TYP 

g_gg m.~:l (Includes Lead Finish) 

SUM OF DAM BAR PROTRUSIONS 
TO BE 0.18 (0.007) MAXIMUM 
PER LEAD 

~ 
0,33 (0.013) 0.64 (0.025) MIN. 

(see table on followlng page for addltlonal dimensions) 

l+lo.18(0.007)@1 F-G@I 

l+lo.18(0.007)®1 o-e@I 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES -

NOTES: A. All dimensions conform to JEDEC Specification M0-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M -1982. 
B. Dimensions D1 and E1 do not include mold flash protrusion. Protrusion shall not exceed 0,25 (0.01 O) on any side. Centerline of center 

pin each side is within 0,10 (0.004) of package centerline by dimension B. The lead contact points are planar within 0,10 (0.004). 

C. Datums j D - E I and I F - G I for center leads are determined at datum I - H -1. 
D. Datum I - H - I is located at top of leads where they exit plastic body. 

E. Location of datums I - A-I and I - B -I to be determined at datum I - H - I· 

F. Determined at seating plane I - c-1. 
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MECHANICAL DATA 

FN020,FN028,FN044,FN052,FN068,andFN084 
plastic J-leaded chip carrier (continued) 

NOTES A: All dimensions conform to JED EC Specification M0-047 AA/AF. Dimensions and tolerancing are per ANSI Y14.5M - 1982. 

F: Determined at seating plane I - C -1. 
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TI North TI Authorized 
American Sales North American 
Offices Distributors 
ALABAMA: Huntsville: (205) 837·7530 
ARIZONA: Phoenix: (602) 995· 1007 
CALIFORNIA: Irvine: (714) 660·1200 
Roseville: (916) 786-9206 

~=~t~1~~l6~~~~~~0:~ 
Woodland Hl~s: (818) 704-8100 
COLORADO: Aurora: (303) 368-8000 
CONNECTICUT: Wallingford: (203) 269·0074 
FLORIDA: AHamonte Springs: (407) 260-2116 
Fort Lauderdale: (305) 973-8502 
Tampa: (813) 882-0017 
GEORGIA: Norcross: (404) 662·7900 
ILUNOIS: Arlington Heights: (708) 640-3000 
INDIANA: C&rmel: (317) 573-6400 
Fort Wayne: (219) 482·3311 
IOWA: Cedar Rapids: (319) 395-9550 
KANSAS: Overland Park: (913) 451-4511 
MARYLAND: Columbia: (301) 984·2003 
MASSACHUSETTS: Wattham: (617) 895·9100 
MICHIGAN: Farmlng1on Hills: (313) 553·1500 
MINNESOTA: Eden Prairie: (612) 828·9300 
MISSOURI: St. Louis: (314) B21-8400 
NEW JERSEY: lselln: (201) 750·1050 
NEW MEXICO: Albuquerque: (505) 345-2555 
NEW YORK: East Syracuse: (315) 463·9291 
Fishkill: (914) 897-2900 
Melville: (516) 454-6600 
Pittsford: (716) 385-6770 
NORTH CAROLINA: Charlotta: (704) 527-0930 
Raleigh: (919) 876-2725 
OHIO: Beachwood: (216) 464-6100 
Beavercreek: (513) 427-6200 
OREGON: Beaverton: (503) 843-6758 
PENNSYLVANIA: Blue Bell: (215) 825·9500 
PUERTO RICO: Halo Rey: (609) 753-8700 
TEXAS: Austin: (512) 250-6769 
Dallas: (214) 917-1264 
Houston: (713) 778-6592 
UTAH: Sett Lake City: (801) 466-8973 
WASHINGTON: Redmond: (206) 881·3080 
WISCONSIN: Waukesha: (414) 798-1001 
CANADA: Nepean: (613) 726-1970 
Richmond Hill: (416) 884-9181 
St. Lauren!: (514) 335-B392 

TI Regional 
Technology 
Centers 
CALIFORNIA: Irvine: (714) 660-8140 
Santa Clara: (408) 748-2220 
GEORGIA: Norcross: (404) 662·7950 
ILLINOIS: Arlington Heights: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895·9196 
MEXICO: Mexico City: 491·70834 
MINNESOTA: Mlnnaapolls: (612) 828·9300 
TEXAS: Dallas: (214) 917-3881 
CANADA: Nepean: (613) 726·1970 

Customer 
Response Center 
TOLL FREE: 

OUTSIDE USA: 
(800) 336·5236 
(214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 

«'1992 Texas Instruments Incorporated 

Alliance Electronics, Inc. (mlli1ary product only) 
Almac/Arrow 
Anthem Electronics 
Arrow/Schweber 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Marshall Industries 
Newark Electronics 
Rochester Electronics, Inc. 

(obsolete product only (508) 462-9332) 
Wyle Laboratories 
Zeus Components 

TI Distributors 
ALABAMA: Arrow/Schweber (205) 837·6955; Hall-Mark 
(205) 837-8700; Marshall (205) 881-9235. 
ARIZONA: Anthem (602) 966-6600; Arrow/Schweber (602) 
437-0750; Hall-Mark (602) 431-0030; Marshall (602) 
496·0290; Wyle (602) 437·2088. 
CALIFORNIA: Loa Angelas/Oranga County: Anthem 
(818) 775·1333, (714) 788-4444; Arrow/Schweber (818) 
380·9686, (714) 838·5422; Hall·Mark (818) 773-4500, 
(714) 727-6000; Marshall (818) B78-7000, (714) 458·5301; 
Wyle (818) 880-9000, (714) 863-9953; Zeus (714) 
921-9000, (818) B89-3838; 
Sacramento: Anthem (916) 624·9744; Hall-Mark (916) 
624-9781; Marshall (916) 635-9700; Wyle (916) 638·5282; 

~~i,DJ~8~\h~:;:1.~~~ 1~9~~-~~~~~.::;~?i"[e19) 
578-9600; Wyle (619) 585-9171; Zeus (619) 277·9681. 
San Francisco Bay Area: Anthem (408) 453-1200; 
Arrow/Schweber (408) 441·9700, (408) 432-7171; 
Hall·Mark (408) 432-4000; Marshall (408) 942-4600; 
Wyle (408) 721-2500; Zeus (408) 629-4789. 
COLORADO: Anthem (30~790-4500; Arrow/Schweber 
(303) 799-0258; Hall-Mark 303) 790-1662; Marshell (303) 
451-8383; Wyle (303) 457· 53. 
CONNECTICUT: Anthem (203) 575· 1575; Arrow/Schweber 
(203) 265·7741; Hall-Mark (203) 271·2844; Marshall (203) 
265-3822. 
FLORIDA: Fort Lauderdale: Arrow/Schweber (305) 
429-8200; Halli-Mark (305) 971-9280; Marshall (305) 
977-4880. 
Orlando: Arrow/Schweber (407) 333·9300; Hall-Mark (407) 
830-5855; Marshell (407) 767·8585; Zeus (407) 365·3000. 
Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399. 
GEORGIA: Arrow/Schweber (404) 497·1300; Hall-Mark 
(404) 623-4400; Marshall (404) 923-5750. 
ILLINOIS: Anthem (708) 884-0200; Arrow/Schweber (708) 
250-0500; Hall-Mark (708) 860·3800; Marshall (312) 
490-0155; Newark (312)784·5100. 
INDIANA: Arrow/Schweber (317) 299-2071; Hall-Mark 
(317) 872·8875; Marshall (317) 297-0483. 
IOWA: Arrow/Schweber (319) 395·7230. 
KANSAS: Arrow/Schweber (913) 541-9542; Hall-Mark 
(913) 888-4747; Marshall (913) 492·3121. 
MARYLAND: Anthem (301) 995-6640; Arrow/Schweber 
(301) 596-7800; Hall-Mark (301) 9B8-9800; Marshall (301) 
622-1118; Zeus (301) 997-1118. 
MASSACHUSETTS: Anthem (508) 657-5170; 
Arrow/Schweber (508) 658-0900; Hall·Mark (508) 
687-0902; Marshell (508) 658-0810; Wyle (617) 272-7300; 
Zeus (617) 246-8200. 

• TEXAS 
INSTRUMEN1S 

MICHIGAN: Detroit: Arrow/Schweber (313) 462·2290; 
~=~!::'13ftiW6~~ab~~5; Marshell (313) 525·5850; 

MINNESOTA: Anthem (612) 944·5454; Arrow/Schweber 
(612) 941·5280; Hall-Mark (612) 941·2600; Marshall (612) 
559-2211. 
MISSOURI: Arrow/Schweber (314) 567-6888; Hall·Mark 
(314) 291·5350; Marshall (314) 291-4650. 
NEW JERSEY: Anthem (201) 227-7960; Arrow/Schweber 

~~~~g2~:~:~; t~\ggg;t~..h~ri1~2~~~8~~~20), 
(609) 234·9100. 
NEW MEXICO: Alliance (505) 292·3360. 

~!~~:~b':'l~11~·2;t=~J1ml~1£00' 
737-0600; Marshell (516) 273-2424; Zeus (914) 937-7400. 
Rochester: Arrow/Schweber (716) 427-0300; Hall-Marl< 
(716) 425·3300; Marshall (716) 235-7620. 
Syracuse: Marshall (607) 785-2345. 
NORTH CAROLINA: Arrow/Schweber (919) 876-3132; 
Hall-Mark (919) 872-0712; Marshall (919) 878·9882. 
OHIO: Cleveland: Arrow/Schweber (216) 248-3990; 
Hall-Mark (216) 349-4832; Marshall (216) 248-1788. 
Columbus: Hall-Mark (614) 888-3313. 

~:l'.t.:'Jo~~:":\;'J;j~~!gm.435·5563; Marshell (513) 

OKLAHOMA: Arrow/Schweber (918) 252·7537; Hall·Marl< 
(918) 254-6110. 

~~~~~~:~;=~f~J~~~~.~~m~t~oo. 
PENNSYLVANIA: Anthem (215) 443·5150; 

t;,';i)~~=;r ~~~l.~1.i~~\1%~~J~.15) 922-7037; 

~~~~'(s~~\'~'.':'~Ta~~i5c1%~~7~~~1; Wyle 
(512) 345-8853; 

~:~~~=1~J~::>J13.ll"~l:.i~~~i~~\i~141 
233-5200; Wyle (214) 235·9953; Zeus (214) 783-7010; 
Houston: Arrow/Schweber (713) 530-4700; Hall-Mark 
(713) 781-6100; Marshall (713) 895-9200; Wyle (713) 
879-9953. 
UTAH: Anthem (801) 973·8555; Arrow/Schweber (801) 
973-6913; Marshall (801) 973·2288; Wyle (801) 974-9953. 
WASHINGTON: Aimee/Arrow (206) 843·9992, (509) 
924·9500; Anthem (206) 483-1700; Marshell (206) 
486·5747; Wyle (206) 881-1150. 
WISCONSIN: Arrow/Schweber (414) 792-0150; Hall-Mark 
(414) 797-7844; Marshall (414) 797-8400. 
CANADA: Calgary: Futura (403) 235-5325; 
Edmonton: Futura (403) 438·2858; 
Montreal: Arrow/Schweber (514) 421-7411; Future (514) 
694-7710; Marshall (514) 694-8142 
Ottawa: Arrow/Schweber (613) 226-6903; 
Future (613) 820·8313. 
Toronto: Arrowtschweber (416) e7<).ne9; 
Future (416) 612·9200; Marshall (416)458·8046. 
Vancouver: Arrow/Schweber (604) 421 ·2333; 
Future (604) 294-1166. 

TI Die Processors 
Chip Supply 
Elmo Semiconductor 
Minco Technology Labs 

(407) 298-7100 
(818) 768-7400 
(512) 834·2022 

00392 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 4960 Corporate Drive, 
Suite N·150, Huntsville, AL 35805, (205) 837·7530. 
ARIZONA: Phoenix: 8825 N. 23rd Avenue, Suite 100, 
Phoenix, AZ 85021, (602) 995-1007. 

CALIFORNIA: Irvine: .1920 Main Street, Suite 900, 
Irvine, CA 92714, (714) 66().1200; Roaevllle: 1 Sierra Gate 
Plaza, Suite 255B,Roseville, CA 95678, (916) 786·9206; 

~:~g~{gf~m:.=7 :~ ~r.i::,1~~~,~~ 
Orive, Santa Clara, CA 95054, (408) 980·9000: ioodland 
Hiiis: 21550 Oxnard Street, Suite 700, Woodland Hiiis, 
CA 91367, (818) 704-11100. 
COLORADO: Aurora: 1400 S. Potomac Street, Suite 101, 
Aurora, CO 80012, (303) 368-8000. 

~~~:l~~f~J'~·~i~i'oJ\ ~~~~~~ustr"11 Park 

FLORIDA: Altamonte Springs: 370 s. North Lake 
Boulevard, Suite 1008, Altamonte Springs, FL 32701, 

~~It~ ~::~~~~~e~:~~t·~~ N.W. 62nd Street, 
(305) 973·8502; Tampa: 4803 George Road, Suite 390, 
Tampa, FL 33634-8234, (813) 882·0017. 

g~~:::,: (~~l~~~~i:i~ 5 Spalding Drive, Norcross, 

~'r\i:,~~~~!r~~~.'fl' ~~t,'(iog>1~?quin, 
IN DIANA: Cermal: 550 Congressional Drive, Suite 100, 
Carmel, IN 48032, (317) 573-8400; Fort Wayne: 118 E. 
~~,~~ad, Suite 102, Fort Wayne, IN 46825, (219) 

IOWA: Cedar Rapids: 373 Collins Road N.E., Suite 201, 
Cedar Rapids, IA 52402, (319) 395·9550. 
KANSAS: Overland Parle 7300 College Boulevard, 
Lighton Plaza, Suite 150, Overland Park, KS 66210, 
(9t3) 451-4511. 
MARYi.AND: Columbia: 8815 Centre Park Drive, 
Suite 100, Columbia, MD 21045, (301) 964·2003. 

MASSACHUSETTS: Wattham: 950 Winter Street, 
Suite 2800, Waltham, MA02154, (617) 895·9100. 

MICHIGAN: Farmington Hiiis: 33737 w. 12 Mile Road, 
Farmington Hills, Ml 48331, (313) 553·1500. 
MINNESOTA: Eden Prairie: 11000 W. 78th Street, 
Suite 100, Eden Prairie, MN 55344, (612) 828-9300. 
MISSOURI: St. Louis: 12412 Powerscourt Drive, 
Suite 125, St. Louis, MO 63131, (314) 821~8400. 

~is~~~~~~~: J:o~.' ,:;i~ Jta":l'o~(201) 1so-1050. 

NEW MEXICO: Albuquerque: 2709 Pan American 
Freeway, N.E., Albuquerque, NM 87107, (505) 345·2555. 
NEW YORK: East Syracuse: 6365 Collamer Drive, 

~~~r.~a:i~~~~a~!0~~sl~~~ ~~;~~~~lte 140, Fishkill, 
NY 12524, (914) 897 ·2900; Melvllle: 1895 Walt Whitman 
Road, Melville, NY 11747, (516) 454-8600; Pittsford: 
2851 Clover Street, Pittsford, NY 14534, (716) 385·6770. 
NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Suite 100, Charlotte, NC 28217, (704) 527-0930; 
Raleigh: 2809 Highwoods Boulevard, Suite 100, 
Raleigh, NC 27625, (919) 876·2725. 

OHIO: Beachwood: 23775 Commerce Park Road, 

~:;~~r~~k~~2661~io~~F/i:,;'~~i~~~ay, Suite 600, 
Beavercreek, OH 45431, (513) 427-6200. 
OREGON: Beaverton: 6700 S.W. 105th Street. 
Suite 110, Beaverton, OR 97005, (503) 643-6758. 
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, Blue 
Bell, PA 19422, (215) 825·9500. 

PUERTO RICO: Halo Rey: 615 Mercantile Plaza Building, 
Suite 505, Hato Rey, PR 00918, (809) 753·8700. 
TEXAS: Austin: 12501 Research Boulevard, 
Austin, TX 78759, (512) 250·6769; Dallas: 7839 Churchill 
Way, Dallas, TX 75251, (214) 917-1264; Houston: 
9301 Southwest Freeway, Suite 360, Houston, TX 77074, 
(713) 778·6592. 

ru:.H~~'~:;:~~iltv~t°? ~;r:.s/eh~'l'~lfa~irs~~~ 
WASHINGTON: Redmond: 5010148th Avenue N.E., 
Building B, Suite 107, Redmond, WA 98052, 
(206) 881·3080. 
WISCONSIN: Waukesha: 20825 Swenson Drive, 
Suite 900, Waukesha WI 53186, (414) 798-1001. 
CANAOA: Nepeen: 301 Moodie Drive, Mallom Center, 
Suite 102, Nepean, Ontario, Canada K2H 9C4, (613) 
726-1970; Richmond Hill: 280 Centre Street 
East, Richmond Hill, Ontario, Cenada L4C 1B1, (416) 
884·9181; St. Laurern: 9460 Trans Canada Highway, 
St. Laurent, Quebec, Canada H4S 1R7, (514) 335-8392. 

©1992 Texas Instruments Incorporated 

AUSTRALIA (& NEW ZEALAND): Texas 
Instruments Australia Ltd., 6-10 Talavera Road, 
North Ryde (Sydney), New South Wales, Australia 
2113, 2-878-9000: 14th Floor, 380 Street, Kllda 
Road, Melbourne, Victoria, Australia 3004, 
3-696-1211; 171 Philip Highway, Elizabeth, South 
Australia 5112, 8 255-2066. 
BELGIUM: S.A. Texas Instruments Belgium N.V., 
11, Avenue Jules Bordetlaan 11, 1140 Brussels, 
Belgium, 
(02) 242 30 80. 
BRAZIL: Texas Instruments Electronicos do Brasil 
Lida., Av. Eng. Luiz Carlos Berrini, 146 t • 11 o andar 
Pinheiros, 04571 Sao Paulo SP, Brazil, 
11-535-5133. 
DENMARK: Texas Instruments A/S, Borupvang 
20, DK-2750 Baliterup, Denmark, (45) 44687400. 
FINLAND: Texas Instruments OY; P.O. Box 86, 
02321 Espoo, Finland, (O) 802 6517. 
FRANCE: Texas Instruments France, 8· 1 O Avenue w:,::: l\j~gi;~~:·o~~· 78141 Velizy Villacoublay cedex, 

GERMANY: Texas Instruments Oeutschland GmbH., 

~~~=~~ 19~~1e6~9eJ~~t~~~ ~~> ~e~~~t: 
65; Dusseldorfer Strasse 40, 6236 Eschbom 1, (06196) 80 
70; Kirchhorster Strasse 2, 3000 Hannover 51, (0511) 64 
68-0; Maybachstrasse 11, 7302 Oslfildem 2 (Nelllngen), 
~~ \3:'8J1ia5t~;~11g~1center, Hollestrasse 3, 4300 

HOLLAND: Texas Instruments Holland B.V., Hogehilweg 
19, Postbus 12995, 1100 A2 Amsterdam·Zuidoost, Holland, 
(020) 5602911. 
HONG KONG: Texas Instruments Honi Kong Ltd., 8th 
~g~~ ~;~~ ~~~I~§. Center, 7 Canton oad, Kowloon, 

HUNGARY: Texas Instruments lntematlonal, Budaorsi 
u.42, H·1112 Budapest, Hungary, (1) 1 66 6617. 
IRELAND: Texas Instruments Ireland Ltd., 7/8 Harcourt 
Street, Dublin 2, Ireland, (01) 481677. 
ITALY: Texas Instruments Italia S.p.A., Centro Direzlonale 
Colleonl, Palazzo Perseo-V1& Paracelso 12, 20041, Agrate 
Br"1nza (Mij, (039) 63221; Via Castello della Magliana, 38, 
00148 Rome, Italy (06) 6572651; Via Amendola, 17, 40100 
Bologna, Italy (051) 554004. 
JAPAN: Texas Instruments Japan Ltd., Aoyama Fuji 

~~~l~l~~~ M~'li~t!.':.~.8 e~\rJ':,Og~'J!.~~~25~~g:~~: 
Minato-ku, Tokyo, Japan 108, 03-3769·8700; Nissho·lwai 
Building SF, 2-5-8 lmabashl, Chuou.J<u, Osaka, Japan 541, 
06·204·1881; Del·ni Toyota Building Nishi·kan 7F, 4·10·27 
Melekl, Nakamura·ku, Nagoya, Japan 450, 052·583·8691; 

~=:~o~!~':e~~::::j:~:i~~O~ aF. 3-10 
0762·23·5471; Matsumoto Showa Building 6F, 1·2·11 
Fukashi, Matsumoto, Nagano, Japen 390, 0263·33·1060; 

2::10:,~'~:~!'!~"r~::1~~ ;·~~12, 
0425·27""6760; Yokohama Business Park East Tower 10F, 
134 Gondo-c:ho, Hodogaya.Jru, Yokohama, Kanagawa 240, 
Japan, 045·338-1220; Nihon Seimei Kyoto Yasaka 
Building SF, 843-2, Higashi Shiokohjicho, Higashi·lru, 
Nishlnotoh-in, Shiokohji.c:Sori, Shimogyo·ku, Kyoto, Japan 
600, 075·341-7713; Sumitomo Seimei Kumagaya Building 
SF, 2-44 Yayoi, Kumagaya, Saitama, Japan 360, 
0485·22·2440; 2597·1, A:za Harudai, Oaza Yasaka, Kitsuki, 
Oita, Japan 873, 09786-3·3211. 
KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade 
Tower, 159·1, Samsung·Dong, Kangnam·ku Seoul, Korea, 
2 551 2800. 
MALAYSIA: Texas Instruments Malaysia, Sdn. Bhd., Asia 
Pacific, Lot 36.1 #Box 93, Menara Maybank, 100 Jalan Tun 
Perak, 50050 Kuala Lumpur, Malaysia, 2306001. 
MEXICO: Texas Instruments de Mexico S.A. de c.v. 
~~sg6~i~;~.~\~.~gJ·1 ~ipodromo Condesa, Mexico, 

NORWAY: Texas Instruments Norge A/S, PB 106, 
~3/?o~. (Sinsenveien 53), 0513 Oslo 5, Norway, (02) 

PEOPLE'S REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7·05 CITIC 
~~~~i's~~~~5g~enwai Dajje, Beijing, China, 

PHILIPPINES: Texas Instruments Asia Ltd., Philippines 

fl:~· J:~0F~~·n:~P~~r:~~°e:.u~?~7~~;~~o de Roxas, 

PORTUGAL: Texas Instruments Equipamento Electronico 

Wo':t~~~l!N~~ii ~ggg,Morelra Da Maia, 4470 Maia, 

SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas 

~"ri1tru~~:o~1~~~~2~l~ ~~~8dAs~:S~~~~i~~~~~r~' 
1130, 3508100. 
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~r,!'~~ :c~~~!tl:'.;~~~fi~~a~feo~::3obe1as 43, 
Madrid, Spain, (1) 372 8051; c/Diputaclon, 279-3·5, 08007 
Barcelona, Spem, (3) 317 91 80. 
SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefllialen), Box 30, S-164 93 Kista, 
Sweden, (08) 752 58 oo. 
SWITZERLAND: Texas Instruments Switzerland AG, 
Riedstrasse 6, CH·8953 Dletlkon, Switzerland, 
(01) 7442811. 

~~~~~:1 ~~x~~~~~e~:!~i~~ iJ'R,i~, Ta~;! N. 
Road, Taipei, Taiwan, Republic of China, 2 7\189311. 

UNITED KINGDOM: Texas Instruments Ltd., Manton 
Lane, Bedford, England, MK41 7PA, (0234) 270 111. 

Worldwide Regional 
Technology Centers 
NORTH AMERICA 
ATLANTA: Texas Instruments Incorporated, 5515 Spalding 
Drive, Norcross, GA 30092, (404) 662·7950. 

BOSTON: Texas Instruments Incorporated, 950 Winter 
Street, Bay Colony Corp. Center, Suite 2800, Waltham, MA 
02154, (617) 895·9196. 

CHICAGO: Texas Instruments Incorporated, 
~58f a.f~::'e"o'Jl'.ln Road, Arlington Heights, IL 60005, 

DALLAS: Texas Instruments Incorporated, 7839 Churchlll 
Way, Park Central South, MS 3984, P.O. Box 650311, 
Dallas, TX 75251, (214) 917-3881. 

INDIANAPOLIS: Texas Instruments Incorporated, 550 
g~~r~~'.~~Blvd., Suite 100, carmel, IN 46032, 

IRVINE: Texas Instruments lncori>orated, 1920 Main St. 
Suite 900, Irvine, CA 92714, (714) 660-8140. 

MEXICO CITY: Texas Instruments de Mexico, S.A. de C.V., 
Alfonso Reyes 115, Col. Hipodromo Condesa Chg Mexico, 
D.F., 06170, 5·515·6081. 
MINNEAPOLIS: Texas Instruments Incorporated, 11000 w. 
78th Street, Suite 100, Eden Prairie, MN 55344, 
(612) 828·9300. 
OTTAWA: Texas Instruments Incorporated, 301 Moodie 
Drive, Suite 102, Nepean, Ontario, Canada K2H 9C4, 
(613) 726·1970. 
SANTA CLARA: Texas Instruments Incorporated, 
5353 Betsy Ross Drive, Santa Clara, CA 95054, 
(408) 748·2220. 

ASIA 
HONG KONG: Texas Instruments Asia Ltd., 8th floor, 

~i~~ ~~~t~.ii,~:,"J~~.7 canton Road, Kowloon, 

~~~~k~~~~~~.sir:'a~:q.~;e~~~~9~~rg~,;[u::.i~ng, 
Kangnam·Ku, 2·552·8000. 

~~~aGt':C~i~~:J:~~~ ~nt~~~:s~~~:~e#~~~l .L0~lted 
Square, Singapore 1130, 251M9818. 

TAIPEI: Texas Instruments Taiwan Ltd., Taiwan Branch, 9th 
floor, Bank Tower, 205 Tun Hua N. Road, Taipei, Taiwan 
10592, Republic of China, 2·7139311. 

TOKYO: Texas Instruments Japan Ltd., MS Shibaura 
Bullding 9F, 4· 13·23 Shibaura, Minato·ku, Tokyo, Japan 
108, 03-3769·8700. 

EUROPE 
BEDFORD: Texas Instruments Ltd., Manton Lane, 
Bedford, England MK41 7PA, (0234) 270 111. 
FREISING: Texas Instruments Oeutschland GmbH., 
Haggertystrasse 1, 8050 Freising, Federal Republic of 
Germany, (08161) eo 40 43. 

HANNOVER: Texas Instruments Deutschland GmbH., 
Klrchhorster Strasse 2, 3000 Hannover 51, Federal 
Republic of Germany, (0511) 64 80 21. 
MILAN: Texas Instruments Italia, S.p.A., Centro 
Direzionale Colleonl, Palazzo Perseo, Via Paracelso t2, 
20041, Agrate Brianza (Mij, Italy (039)-63221. 
SWEDEN: Texas Instruments International Trade 
Corporation, Box 30, S·164 93 Kista, lsafjordsgatan 7, 
Sweden, (08) 752 58 00. 

~~~ fa~~~~l~.T~~~~ ~='(!e~~ r~~f· 8-10 Avenue 
Velizy·Villcoublay cadex, France, (1) 30 70 10 03. 
AUSTRALIA 
NEW SOUTH WALES: Texas Instruments Australia Ltd., 
6· 1 o Talavere Road, North Ryde, New South Wales, 
Australia 2113, 2-878·9000. 

SOUTH AMERICA 
SAO PAULO: Texas Instruments Electronlcos do Brasil 

~~~·f>:~io7'Si. 'il'r~?i.arrs:i.~\nk3~4sM10 andar, 04s11, 
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