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Features

Personal System/2* and VGA* Compatible

Pixel Rates to 66 MHz

Triple 6-Bit DACs Display 256K Possible Colors

Pixel Word Mask and Composite Blank on All Three Channels
18-Bit Wide Color Palette Stores 256 Colors

RGB Video Outputs Drive 37.5 Ohm Loads Directly

Low Power, Low Glitch Operation

Asynchronous MPU Read/Write to All Internal Registers CMOS
Available in Standard 28-Pin DIP and 32-Pin LCC
Full Military, Commercial and Industrial Temperature Ranges Tr|p|e Video DAC

*® © & o 0 0 0 0 00

Color Palette

Description

The AT76C176 is a second generation color palette DAC which provides direct drives for
RGB color displays. The AT76C176 integrates three high performance SIX-bit video DACs
(Digital-to-Analog Converters), an advanced 256 x 18 Color Palette (Color Look-up Table)
and a versatile microprocessor interface on a monolithic substrate.

The AT76C176 supports the RS170 video standard and graphics controllers compatible with
the VGA standard. This device allows 256 colors to be displayed out of a total of 262,144
colors. The AT76C176 provides composite blank outputs on all three channels. Additional
advanced features include on-chip pixel mask logic which allows displayed colors to be mod-
ified in a single write cycle rather than by altering the contents of the color palette.

Pin Configurations e D
GREEN O 2 273 RSt
BLUE O 3 26 [0 RSO
IREF ] 4 250 WR
PO O 243 D7
Pt 6 231 D6
P27 AT76C178 220 DS
P3 O 211 D4
P4 ]9 mg D3
P5 ] 10 19 D2
. . P6 " 18 D1
Pin Name  Function P7 E 12 ,73 Do
RED Analog Video Qutputs PoLK O 13 18 BLANK
GREEN | for R.G,B Guns s v D
BLUE a
B R
IREF Reference Current Input CERNVAR
P0-P7 Pixel Address Inputs ERE&4ASS
PCLK Pixel Clock Input
321323130 __
GND Ground REF s L] 2311 WR
— PO 6 263 D7
RD Read Enable Input P1 7 27[1 D6
— - - P2 s 25[73 DS
BLANK Videa Blanking Input P3 Cls  aT7ecizs 250 D4
DO-D7 Program Data 1/O P4 10 243 D3
— - Ps 11 233 D2
WR Write Enable Input Ps 1 22[7 o1
1
RSO,RS1 | Register Select Inputs P 14151617 181920 - oo

VGG +5 Volts Supply Input -

PGGYNRE
VAA +5 Voits Analog Supply Input E BJ BJ 8 to '/Z
N/C No Connect K N

* Personal System/2 and VGA are registered trademarks of IBM Corporation.
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Block Diagram

vce GND PCLK
XL |ADDRESS L L ¥
Po—P7 AT o GE::;;?OR
AND
MASK - COLOR
PALETTE
po-07 (") MEMORY 5 pag [ RED
WR MICRO- =
bk » PROCESSOR| 256X 188ITs [ T8 LATCH & SREENL . Green
RS1 | INTERFACE (:18-81T > =] BLUE
RSO — i 6 J pac [ ™ BLUE
BLANK 4 L)
IREF
Pin Definitions
Symbol  Functional Descriptions
Video Interface RED Analog Video Outputs. These are the outputs of the triple video DACs. The 18-bit
CaiLRUEEEN wide color palette output and the BLANK input drive the DAC inputs.
IREF Reference Current Input. The Reference Current sets the full scale current sourced

by each DAC.

PO-P7 Pixel Address inputs. The 8-bit Pixel Address is logicaily AND’ed with the Pixel Mask
value before it is used to select a stored 18-bit color value from the palette.

PCLK Pixel {or Dot) Ciock Input. The rising edge of PCLK samples the Pixel Address and
BLANK inputs. PCLK is the system clock for the palette DAC pipeline.

Blanking Input. A logic "0" at BLANK input overrides the current color value and
BLANK forces the Analog Video Outputs to the zero (or Blank) level. The Color Palette can
be updated while Blanking is active.

Power Supply GND Ground. GND should be connected to a solid ground plane in the system.
VCC Digital Supply. Nominal 5 Volts.
VCC should be bypassed to GND with a high-frequency capacitor.
VAA Analog Supply. Nominal 5 Volts.
VAA should be connected to a filtered system supply.
Microprocessor RD Read Enable Input. RD controls the timing of microprocesssor Read operations.
Interface — —
WR Write Enable Input. WR controls the timing of microprocessor Write operations. RD

and WR should not be active (low) at the same time.

Program Data I/0O Ports (Bidirectional). The rising edge of WR latches Program Data
D0-D7 at D7-D0 into the selected internal register. The falling edge of RD enables D7-D0
as outputs and the rising edge of RD returns D7-D0 to a high impedance state.

RS0 RSt | Register Select inputs. Control the selection of internal registers. (See description on
’ Internal Registers.) The falling edge of RD or WR latches in the value at RS1, RSO.
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internal Registers
RS1 RSO Bits

Register Name

Pixel Address
{Write Mode)

Pixel Address
(Read Mode)

Functional Description

The Pixel Address Register is accessed via Register Address (0,0) or (1,1).
Reading the Pixe! Address value from (0,0) is the same as reading from
(1,1). A pixel address vaiue is normally written to Pixel Address Register at
(0,0) before one or more color values are written to the Color Palette. A pixel
address value is normally written to Pixel Address Register at (1,1) before
one or more color values are read from the Color Palette.

Color Value The Color Value Register acts as a buffer between the 18-bit wide Color
Palette and the 8-bit microprocessor interface. Each READ and WRITE at
(0,1) consists of three byte transfers in the order of RED first, GREEN
second and BLUE last. Only the LSBs D5-D0 of each byte are used, the two
MSBs are set to "0" when a color value is read. The Pixel Address Register
automatically increments after each 18-bit color value Read or Write
operation. Each color value READ or WRITE operation overrides the pixel

stream for one PCLK period.

Pixel Mask The Pixel Mask value is bitwise AND’ed with the Pixel Address value at P7-
P0. A"1" in a position of the Pixel Mask will not change the corresponding bit
in the Pixel Address, while a "0" sets that bit to "0". Pixel Address supplied

via the microprocessor interface is not affected by the Pixel Mask.

Device Operation

COLOR PALETTE: The AT76C176 provides an 18-bit wide
by 256 word deep color palette static RAM array for storing the
desired color intensity values. Each word is divided into three
fields for the RED, GREEN and BLUE video DACs respec-
tively. The eight-bit wide Pixel Address is decoded and used to
select a particular location in the RAM array. The color value
retrieved from that location is then used as inputs to the three

Video Pipeline Timing Diagram

video DACs which convert the digital color code into analog
color intensity values.

The AT76C176 achieves low power, high speed operation by
using an advanced pipelined palette DAC architecture. Delay
from Pixel Address to color intensity value out is three PCLK
periods.

T AO/ANEY
e TXXXEIXXRTXKED 45" \_ e =\
D 0000000000000 SR R W s
seve XREXXXTIXKIIKR ™" Mg\~
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MPU INTERFACE: The AT76C176 provides a standard mi-
croprocessor interface which allows the host display controller
to access the Color Palette RAM and all internal registers of the
AT76C176. MPU READ and WRITE operations are internally
synchronized with the video pipeline and therefore can take
place asynchronously from the normal pixel mapping operation.
An on-chip address counter allows the MPU to READ or
WRITE the Color Palette in a Block Mode.

COLOR PALETTE READ AND WRITE: Four MPU opera-
tions are required to write (i.e. store a Color Value) to a specific
location in the Color Palette RAM. The desired RAM address is
first written into the internal Pixel Address register by executing
a WRITE operation at register address (0,0). A new Color Value
is next written into the internal Color Value register at register
address (0,1) by three consecutive WRITE operations, with the
RED color first, GREEN second and BLUE last. Only LSBs
D5-DO of each byte transferred are used. The new Color Value
is then automatically written into the designated address in the
Color Palette RAM.

Similarly, four MPU operations are required to read a Color
Value from a specific location in the Color Palette RAM. The
RAM address is written into the internal Pixel Address register
by executing a WRITE operation at register address (1,1). The
Color Value stored in that particular RAM location is antomati-
cally transferred to the internal Color Value Register. Three
consecutive READ operations are then required to read the re-
tricved Color Value in three bytes, with the RED color first,
GREEN second and BLUE last. Only the last six LSBs D5-D0
contain valid data, the two MSBs are setto "0".

BLOCK READ AND WRITE MODE: The on-chip Pixel Ad-
dress Register automatically increments by one after each com-
plete Color Value READ or WRITE operation. This useful fea-
ture allows an entire block of the Color Palette RAM to be ac-
cessed by simply writing the starting address into the Pixel Ad-
dress register at the appropriate register address. Subsequent
READ or WRITE operations require only three-byte transfers at
D7-D0.

TRIPLE VIDEO DAC: Each of the three video DACs on the
AT76C176 consists of an array of current sources tied to a com-
mon output. The current sources use an advanced current steer-
ing scheme to minimize glitch energy. The number of current
sources in each DAC steered to the output during any PCLK
period equals the value represented by the Color Value selected
from the Color Palette. The rest of the current sources are
steered to ground.

The input Reference Current (IREF) determines the current in
each current source. Each DAC is designed to produce 0.7-volt
peak white level when driving a doubly terminated 75 ohm load
with IREF = -8.88 mA. The relationship between the peak
white level and IREF is given by the equation:

VPeak White = 2.1 x IREF x RLoad

11-34

BLANKING: The AT76C176 supports composite blanking at
all three RED, GREEN and BLUE video outputs, The BLANK
input is latched on the rising edge of PCLK and affects the ana-
log video outputs after three PCLK periods. An internal
pipelined delay circuit is used to synchronize the BLANK input
with the normal pixel pipeline. A logic "0" at BLANK input
overrides the current color vatue and forces the analog video
outputs to the zero (or Blank) level. The BLANK circuit has no
effect on the MPU interface and the Color Palette remains ac-
cessible via READ and WRITE.

PIXEL MASK: The AT76C176 features an advanced on-chip
Pixel Mask which is very useful for cursor control, flashing ob-
jects, and animation. The Pixel Mask value stored in internal
register (1,0) is bitwise AND’ed with the input Pixel Address
value at P7-P0 to form the actual RAM address for the Color
Palette. A "1” in a position of the Pixel Mask will not change the
corresponding bit in the Pixel Address, while a "0" sets that bit
to "0". Pixel Addresses supplied via the MPU interface are not
affected by the Pixel Mask.

Absolute Maximum Ratings*

Temperature Under Bias ................... -55°C t0 125°C
Storage Temperature........................ -65°C to 150°C
Voltage on Any Pin with

Respect to Ground...........c.cooeueenen. 20Vto7.0VY
Power Dissipation..........cccovoveeiviviencrrine e 15W
Reference Current ..............ccccccevvrecrveeen. - 15 MA
Analog Output Current............cococrmininnecns 45 mA
DC Digital Output Current.............ccccoveeieenne 25 mA

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Note:

1. Minimum voltage is -0.6 V DC which may undershoot to -2.0
V for pulses of less than 20 ns. Maximum output pin voltage
is YCC+0.75 V DC which may overshoot to 7.0 V for pulses
of less than 20 ns.
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D.C. and A.C. Operating Range

VCC/VAA
AT76C176-66 AT76C176-50 AT76C176-40 Power Supplies

Com. o°c-70°C 5V+5%
Operating Temperature 0°C-70°C 0°C-70°C 5V+10%
Range(Case) Ind. -40°C-85'C -40°C-85°C 5V+10%

Mil. -55°C-125°C 5V+5%

D.C. Characteristics
All 40MHz 50MHz 66 MHz
Symbol Parameter Conditions Min Max Max Max  Units
1Ll Input Load Current ViN=-0.1VtoVcc+0.1V 10 10 10 LA
o | Quiput Leakage VouT = -0.1 V1o Ve + 0.1V 10 10 10 pA
Icc Power Supply Current g)ith:FOth‘:Mt s Open 160 170 190 mA
IREF Reference Current -7 -10 -10 -10 mA
ViL Input Low Voltage -0.5 08 08 08 V'
VIH Input High Voltage 2.0 Vee+0.5 Vee+05 Vec+05
VoL Output Low Voltage 10=5mA 0.4 0.4 0.4 v
VoH Output High Voltage I10=-5mA 24 \'
VREF Voltage at IREF input Vee-3 Vce Vee Vce \
Video DAC Characteristics
All Alll 40MHz 50MHz 66 MHz

Symbol Parameter Conditions Min Typ Max Max Max Units
RES Resolution 6 bits
ILE integral Linearity Error  Note A +0.5 0.5 +0.5 L.SB
COR | DAC 1o DAC Note B 12 2 +2 %
FSE Full Scale Error Note C 5 5 5 %
DVT Glitch Energy Notes D, E 75 pVsec
[} QOutput Current VO<1V 18.6 21 21 21 mA
VO QOulput Voltage 10<21 mA 0.7 1.5 15 1.5 A
tbR ziggliom:o% ) Notes D, E 8 8 8 ns
toF _IIZ_:JI::eScaIe Settling Notes D, E, F 25 20 15 ns
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Video Timing Characteristics

ATmEL

All 40MHz 50MHz 66 MHz
Symbol Parameter Conditions Max Min Min Min Units
tcHeH | PCLK Period (1) 10000 28 20 15 ns
AlcHcH | PCLK Jitter fCHCH =7 125 %
fCLCH PCLK Low Width 10000 9 6 5 ns
fcHeL PCLK High Width 10000 7 6 5 ns
tPvCH Pixel Word Setup Time 5 4 3 ns
tCHPX Pixel Word Hold Time 5 4 3 ns
tavcH | BLANK Setup Time 5 4 3 ns
tcuex | BLANK Hold Time 5 4 3 ns
tcHAV PCLK to DAC Output Valid Note G 30 5 5 5 ns
AtcHav | Differential Output Delay Note H 2 ns
tcc Pixel Clock Transition Time 50 ns

Video Timing Waveforms Diagram

PCLK

BLANK

RED

—
—~ g——
GREEN — 4

|

BLUE —a
AN—
Input Test Waveforms
3.0V
AC 24 e
DRIVING MEASUREMENT
LEVELS o8 LEVEL

0.0V

Notes: 1. tg, tf <3 ns (10% to 90%).

2. Input timing reference is at 1.5 V.

AT76C176
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BLANK

Digital Input/Output Load

1.4V

200 OHM
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MPU Interface Timing Characteristics

Al 40 MHz 50 MHz 66 MHz
Symbol Parameter Conditions Max Min Min Min Units
twewd | WR Pulse Width Low 50 50 50 ns
tRLRH | RD Pulse Width Low 50 50 50 ns
tsvwi Register Select Setup Time WRITE Operations 15 10 10 ns
tsvRL Register Select Setup Time READ Operations 15 10 10 ns
twLsx Register Select Hold Time WRITE Operations 15 10 10 ns
tRLSX Register Select Hold Time READ Operations 15 10 10 ns
tovwH Write Data Setup Time 15 10 10 ns
tWHDX Write Data Hold Time 15 10 10 ns
tRLQX Qutput Turn-on Delay 5 5 5 ns
tRLQV Read Enable Access Time 40 ns
tRHQX Output Hold Time 5 5 5 ns
tRHQZ Output Turn-off Delay Note | 20 ns
twHwL1 | Successive Write Interval 1=PCLK Period 41 4 4t ns
twHRLt | Write Followed by Read Interval t=PCLK Period 4t 4 47 ns
tRHRL1 Successive Read interval 1=PCLK Period 4t 47 47 ns
triwL1 | Read Followed by Write Interval 1=PCLK Period 4t 47 4t ns
twHwL2 | Write After Color Write 1=PCLK Period 4t 41 41 ns
twHRL2 | Read After Color Write 1=PCLK Period 41 41 41 ns
tRHRL2 Read After Color Read 1=PCLK Period 7t 7t 7t ns
truwL2 | Write After Color Read 1=PCLK Period n 7 7t ns
twHRLs | Read After Read Address Write t=PCLK Period 7t 7t 7t ns
tWREN ?9ad/Wnte Enable Transition 50 ns
ime
Notes
Note A:  Measured from best fit line through DAC transfer Note F:  Measured from a 2% change in the DAC output
curve. voltage to within 2% of the final value.
Note B:  Measured from the mid point of the distribution of the Note G:  Measured between the 50% point of the rising
three DAC transfer curves. edge of PCLK and at the analog output halfway be-

Note C:  FS VO-2.1xXIREFXRLgad 1004 tween successive output values.
ote L: 2.1XIREFXR Load °© Note H:  Measured between different analog outputs on the

Note D:  Zpoad = 37.5 ohm + 30 pF, IREF = -8.88 mA same device.

Note E:  This parameter is sampled and not 100% tested. Note I  Measured at $200 mV from steady state output values.

ATMEL
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Write Operations Waveforms

—_— BalE— wwi ™
WR \\ 4

/

t svwi t wisx
t ovwn t wHOX

Read Operations Waveforms

B0 T\ /

tsvRL tRLSX
tRLQV i trHax
DO - D7 @*— E:X—|X>

1RLOX tRHaz

A.C. Waveforms for Color Value Write Followed by Any Write

t WHWL1 t wHwL1 1 WHWLI twHwL2

T T T e

RSO\ /XXXXX/ XXX XXX XXX XX
RSt \ /XXX /XXX 1200004\ AXXXXX XX

DO-D7 ——(apDRESS )}— {_mED ) {cReEN — —( BLUE )} XX
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A.C. Waveforms for Color Value Write Followed by Any Read

twHwL1 t wHwL1 t wHWL1

WR t wHRL2

RD
RSO \ LXXXXXT NOXXXS NXXXX/ XXX XX
rRst \ LN 120000\ LR L XX
Do - D7 (_Rep ) (_LGREEN ) (BLUE ) (XX

A.C. Waveforms for Color Value Read Followed by Any Write

WR

t WHRL3 t RHAL1

t RHAL1

RD
Rso / XXX NXXXK/ XXX X/ OO XK
RS1 / NCOOON XXX\ XXX AXXXXX XX

D0 - D7 (_ReD ) (GREEN ) sue ——(XX n

A.C. Waveforms for Color Value Read Followed by Any Read

WR t WHRL3 t RHRLY t RHAL1 { RHRL2
B0 y— N
=5 _/:1_/:{—

RS0 7 AKX X/ NMEXXY/ XXX XXX XX
RSt/ NOXXXX\ LXOCEN L0 ACXC XX

Do - D7 ADDRESS { RED ) { GREEN ) BLUE
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A.C. Waveforms for Color Value Read

Followed by Pixel Address (Read Mode) Read

tWHRL3,

.W_ﬁ _\—;——
tRHRUI

. . t RHRUl t RHRL2

"o 1\ /

rso XX/ OO OOXXY XXX XXX NXXXXXXXXX

Rst XX/ NEXXX)  AXXXRN  AXXXEN  AXXXXY  NXXXXXXXXXX
D0- D7 ———( ooress Y———( peo e —— e

A.C. Waveforms for Pixel Address (Write Mode) Write and Read Back

"D A
RSO\ LKA OO

Rst \ XXX LXXKXKXXKXX
DO- D7

A.C. Waveforms for Pixel Address (Read Mode) Write and Read Back

t WHRL3

“WR ‘\_,lf__‘
RD D S—
rso / NOOXXX NCOOOXXXX
Rst / NOXXXX/ NCXX XX XX XX

Do - D7
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A.C Waveforms for Pixel Mask Write Followed by Any Write or Read

1 wHwit t wHALt

N

T‘—
Ast XXXX/ XXX XX XX XXX XXX XXX
A.C. Waveforms for Pixel Mask or Pixel Address Read
Followed by Any Read or Write
m A

t RHRL1 t RHWL1
— _\—'F:\'1\ _— F—
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Ordering Information

Speed Power . .
(MHz) Supply Ordering Code Package Operation Range
40 +10% AT76C176-40PC 28P6 Commercial
(0°Cto 70°C)
AT76C176-40PI 28P6 Industrial
{-40°C t0 85°C)
40 5% AT76C176-40DMB 28D6 Military
AT76C176-40LMB 321 (-55°C to 125°C)
50 +10% AT76C176-50PC 28P6 Commercial
{0°C 10 70°C)
AT76C176-50PI 28P6 Industrial
(-40°C to 85°C)
66 +5% AT76C176-66PC 28P6 Commercial
(0°C to 70°C)
Package Type
28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package {Cerdip)
32L 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
28P6 28 Lead, 0.800" Wide, Plastic Dual Inline Package (PDIP)
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