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Am81C176 Advanced
CMOS Color Palette Devices

DISTINCTIVE CHARACTERISTICS
B plug-in Replacement for iInmos G171 and G176

B VGA hardware and software compatible
B Clock rates up to 80 MHz
]

Available in 28-pin DIP and 32-pin PLCC
package

¥ 256 x 18 Color Look-Up Table (LUT)

B Triple 6-bit Digital-to-Analog Converters
(DACS)

RS-170A compatibie RGB outputs

External current reference

Asynchronous MPU interface

Single monolithic, high-performance CMOS
Single +5 V power supply

GENERAL DESCRIPTION

The Am81C176 is a monolithic CMOS Color Palette and
is hardware and software compatible with the VGA stan-
dard. Applications include high-resolution color graph-
ics, CAD/CAM/CAE, and desktop publishing. The
Am81C176 operates at speeds up to 80 MHz and can
support monitors with resolutions up to 1024 x 768.

The Am81C176 has a 256 x 18 Look-Up Table and triple
6-bit DACs. It can simultaneously display 256 colors out
of an available set of 256K colors.

Because of a proprietary technique, read and write
operations to the Color look-up table may occur during
active video.

The Am81C176 generates RS-170A compatible out-
puts into doubly-terminated 75Q loads, without external
buffers.

The Am81C176 is fabricated using AMD’s state-of-the-
art 1.2u CMOS process. The device is available in a
28-lead DIP and 32-lead PLCC package. it is pin- and
functionally-compatible with the Inmos IMS G171 and
IMS G176.
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CONNECTION DIAGRAMS
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Device Number

b. Speed Option (if applicable)
c. Package Type

d. Temperature Range

¢. Optional Processing

Am81C176 -35 P

; o. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial (0 to +70°C)

[¢]

c. PACKAGE TYPE
J = 32-Pin Plastic Leaded Chip Carrier (PL 032)
P = 28-Pin Plastic DIP (PD 028)

b. SPEED OPTION
—~80 = 80 MHz
-66 = 66 MHz
=50 = 50 MHz
~35 = 35 MHz

a. DEVICE NUMBER/DESCRIPTION
Am81C176
CMOS Color Palette

Valid Combinations

Valid Combinations Valid Combinations list configurations planned to

be supported in volume for this device. Consult

+~Am81C176-80 the local AMD sales office to confirm availability of
Am81C176-66 JC, PCB, PC specific valid combinations, to check on newly
Am81C176-50 released combinations, and to obtain additional
Am81C176-35 data on AMD's standard military grade products.
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PIN DESCRIPTION
Timing Section

CLK

Clock source pin (TTL compatible input)

This input is the pixel clock of the video system and is to
be driven by a dedicated TTL buffer. The rising edge of
CLK latches the BLANK and PiXo— P1Xz inputs and alsc
controis the flow of these signals through the pipeline
stages of the Color Palette and DACsto the R, G, and B
outputs.

BLANK

Blank (TTL compatible input)

The BLANK input, when active, overrides the pixel data
toforce the R, G, and B outputs to their blank levels. This
blank level is required during the monitor vertical and
horizontal retrace times. It is latched on the rising edge
of CLK. Typically, blank time is used to update the Color-
Look-up Table through Do - Dz.

Bit Map Interface Section

PIX, — PIX; :

Color Pixel Data addresses (TTL compatibie inputs)
These 8 inputs select which of the 256 entries in the
Color Look-Up Table is to be used to provide pixel color
information. These inputs run at the pixel rate of the sys-
tem and are latched on the rising edge of CLK. PiXo is
the ieast significant bit.

MPU Interface Section

Do — Dy

Data and address bus (TTL compatible
bi-directional)

These 8 pins are used by the host microprocessor to
write to ( with WR low) and read from ( with RD low) the
internal registers (Pixel Mask Register, Pixel Address
Register, and Color Data Register). Do is the least
significant bit.

During write cycles, the rising edge of WA latches data
from the Do — D7 inputs into the register selected by the
RSo~— RS inputs. During read cycles, RD drives the Do—
D lines from the register selected by RSe — RS1. The
end of a read cycle is determined by the rising edge ot
RD.

When both WR and RD are a logical one, the Do— D7 pins
go into three-state.

WR

Write Control Input (TTL compatible input)

WRis the control signal used for writing data into internal
registers. WR must be a logical zero to write data to the
internal registers. During Write operations, RS0 — RS:
are latched on the falling edge of WR and Do — D~ are
latched on the rising edge of WR. When active, informa-

tion on the external data bus is available to the Do - D7
inputs.

RD

Read Control Input (TTL compatible input)

RD must be a logical zero to read data from the internal
registers. During Read operations, RSo — RS are
latched on the falling edge of RD. When active, informa-
tion on the internal data bus is available to the Do - D7
pins.

RS, - RS:
Register Select Inputs (TTL compatible inputs)

RSo — RS1 allow the MPU to select any of the internal
registers. These inputs determine the type of read or
write operation being performed. See Table 1.

Analog Output Section
R
Red video output (Analog output)

Analog output of the red DAC. This output is capable of
driving an RS-170A compatibie doubly-terminated 75Q
cable.

G
Green video output (Analog output)

Analog output of the green DAC. This output is capable
of driving an RS-170A compatible doubly-terminated
75Q cable.

B
Blue video output (Analog output)

Analog output of the blue DAC. This output is capabie of
driving an RS-170A compatible doubly-terminated 750
cable.

Iner
Current reference (Analog input).

Irer is the reference current input. Through this pin the
user provides the reference current for the DAC which,
in turn, control the full-scale output currents.

1 Vwhite
REF = 57 * B (= 37.50))

Power Supply Section
Vee

+5 volt supply.

DVcee

+5 volt digital power supply.
AVcc

+5 volt analog power supply.
GND

Ground
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FUNCTIONAL DESCRIPTION

The AmB1C176 CMOS color palette integrates all major
functions required in the video section of a graphics sys-
tem and supports pixel rates sufficient to drive monitors
with resolutions up to 1024 x 768.

A programmable 256 x 18 Color Look-Up Table (LUT)
maps pixel data from a bit-map memory into physical
color, and three 6-bit Digital-to-Analog-Converters
{DACs) convert the outputs of the Color Look-Up-Table
{LUT) into RS170 compatible RGB analog format. Up to
8 bits per pixel are supported for a maximum of 256 si-
muitaneous colors out of 256K available color combina-
tions.

MPU Interface

The Am81C176 is designed to support a standard MPU
bus interface with direct access to 256 Color Look-Up
Table (LUT) locations and two control registers. The
MPU interface is completely asynchronous with respect
to pixel clock. However, data transfers between the LUT
and Red Register, Green Register, and Blue Register
(see block diagram) are internally synchronized to pixel
clock. Double sampling techniques have been utilized in
order to minimize metastability problems occurring
when synchronizing an asynchronous event (such as
RD or WR) with a free running clock (such as CLK).

The Read and Write accesses to the LUT take one and
two pixel clock cycles, respectively.

The nature of the MPU access is determined by the
Register Select (RS1, RSo) inputs. RS1and RSo select
among Address Register (LUT write), Address Register
(LUT read), Color Data Register and Pixel Mask Regis-
ter, as shown in Table 1.

Table 1. RS,, RS, Decoding

RS, RS, Function
0 0 Address Register (LUT write)
0 1 Color Data Register
1 0 Pixel Mask Register
1 1 Address Register (LUT read)

Atypical color datawrite cycleis initiated by setting the
8-bit Address Register (LUT write) with the address of
the LUT into which data is to be written. Next the MPU
performs three write cycles to the Color Data Register:
one for red, one for green, one for blue intensity. At the
end of the blue cycle the data is concatenated into an
18-bit word and written to the LUT location pointed to by
the Address Register. The Address Register is then
auto-incremented to point to the next location in LUT.
This process may be repeated again as required. If the
user needs to access consecutive LUT locations, the
Address Register needs to be written to only at the be-
ginning of the sequence. See Table 2.

Atypical color data read cycle is initiated by setting the
8-bit Address Register (LUT read) with the address of
the LUT to be read. Atthis point, 18 bits of color data are

transferred from the LUT to the Red, Green and Blue
portion of the Color Data Register (see block diagram)
and the Address Register is auto-incremented to point
to the nextlocationin LUT. Next the MPU performs three
read cycles to the Color Data Register: one for red, one
for green, one for blue intensity. At the end of the biue
cycle a new set of 18 bits is tranferred to the Red, Green
and Blue portions of the Color Data Register, and the
Address Register is again auto-incremented. This proc-
ess may be repeated as required. if the user needs to
access consecutive LUT locations the Address Register
needs to be written to only at the beginning of the se-
quence. See table 2.

The 6-bit color data occupy the six least significant posi-
tions in the data bus. Bits Ds and D7 are ignored during
write cycles and are set to 0 during read cycles. Bit Dois
the least significant bit.

The AmB1C176 uses one 8-bit Address Register to
addressthe LUT as shownin Table 3. The Address Reg-
ister resets to O after a blue read/write cycle to the LUT
address 255. A user transparent modulo-3 counter
(ARb, ARa) keeps track of the red, green and blue cycles
and auto-increments at the end of each read/write ac-
cess to the LUT. This counter is reset to zero after awrite
access to the Address Register, and is unchanged fol-
lowing a read access to the Address Register. Thus a
write to the Address Register will abort any unfinished
read or write sequence.

The Am81C176 uses one 8-bit Pixel Mask Reglsterio
modify the address of the LUT as provided by PiXo —
PIX2. The eight bits of this register are ANDed with PiXo
~ PiXz, and the result used as the address to the LUT .
This mechanism provides a quick way to alter the ap-
pearance of one or more colors on the display unit with
just one MPU access, without the need for changing the
bit-map memory or the LUT contents. The CPU ad-
dresses are not affected by this register.

Display Memory Interface

Pixel data PiXo — P1X7 are latched on the rising edge of
CLK and are used as address to the 256 locations of the
LUT. The total pipeline delay from PIXo — PIX7 and
BLANK inputs, to R, G, B outputs is four clock cycles.

Video Generation

During each clock cycle, a 18-bit word from the LUT is
presentedto three DACs: 6 bits for red, 6 forgreen and 6
for blue. The three DACs convert the digital color mem-
ory output into RGB RS-170A analog format.

The BLANK input is latched on the rising edge of CLK. It
is routed to the three DACs after a delay of four clock pe-
riods, identical to the delay incurred by the video stream.

BLANK, when active, forces a zero to the input to the
DACs, overriding the current LUT output.
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The three analog outputs of the Am81C176 are each
capable of driving a doubly terminated 75Q coaxial

cable.

Table 2. Read/Write Access to the Am81C176

RO WH RS, RS, AR. AR,

Function

1

0

0

(=)

0

oo

1

0

X

o

X
X
X

X

[~ =]

>

Write Address Register

(LUT Write)

Write Color Data Register(Red)
Write Color Data Register(Green)
WiriteColor Data Register(Blue)
Write Color Look-Up-Table

Write Address Register

(LUT Read)

Read Color Look-Up Table

Read Color Data Register (Red)
Read Color Data Register (Green)

Read Color Data Register (Blue)

Read Address Register
Write Pixel Mask Register
Read Pixel Mask Register

AR(7:0) < D(7:0); ARb:ARa«-00.

RREG(5:0)«D(5:0); ARb:ARa«01.
GREG(5:0)«D(5:0); ARb:ARa«10;
BREG(5:0)«D(5:0); ARb:ARa«00;
R(5:0)«RREG; G(5:0)—GREG;
B(5:0)«BREG; INC. AR(7:0).

AR(7:0)«D(7:0); ARb:ARa«-00;

RREG«R(5:0); GREG «G(5:0);
BREG «B(5:0); INC. AR(7:0).
D(5:0) —RREG(5:0); D(7:6)«0;
ARb:ARa«01.
D(5:0)«GREG(5:0); D(7:6)«0;
ARb:ARa«-10.
D(5:0)«BREG(5:0); D{7:6) «-0;
ARb:ARa «-00.
D(7:0)«-AR(7:0).
PMREG(7:0)«D(7:0).

D(7:0) PMREG(7:0).

Note: Refer o timing diagrams for edge information on FD and WR.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature -65 to +150°C Commerclal (C) Devices
Ambient Temperature Ambient Temperature (Ta) 010 +70°C
Under Bias -55 to +125°C Supply Voltage (Vec)
Junction Temperature +175°C for 80 MHz devices +4.75t0 45.25 V
Supply Voltage to Ground for 35, 50, 66 MHz device +4.5010 +5.50 V
Potential Continuous —-05t07.0V Iner Current -710-9mA
DC Voltage Applied to Outputs Output Load 37.5Q
Déo :r:'tﬁ Co?t‘::en State jg :g \\;: :gg \\l, Operating ranges define those limits between which the func-

tionality of the device is guaranteed.
Stresses above those listed under “Absolute Maximum Rat-
ings™ may cause device failure. Functionalily at or above
these limits is not implied. Exposure of the device to absolute
maximum rating conditions for extended periods may affect
device reliability.

DC CHARACTERISTICS (over operating range)
Parameter Parameter

Symboi Description Test Conditions Min. Typ. Max. Unit
Digital Inputs

Vi Input High Voltage 2.0 Vee+0.5 v
Vi Input Low Voltage ND-0.5 08 v
[ input High Current Vin= Vee & 1 UA
Iy, Input Low Current Vie= GND -1 MHA
Cw input Capacitance f=1 MHz, Vin= 2.4V 7 pF

Digital Outputs
Vo Output High Voltage IoH = -5 2.4

v
Vo Output Low Voltage oL = +5 . v
loz Three-State Current GND (o 50 WA
Cout Output Capacitance 7 pF
Analog Outputs

Resoiution (each DAC) 6 6 6 Bits
INL Integral Linearity Error Q +1/2 LSB

DNL Differential Linearity E +1/2 LSB
Full Scale Error 5 %Gray
Monotonicity Guaranteed
Coding Binary Binary
Output Voltage - 15 v
Output Current 21 mA
DAC-to-DAC Matching 2 %
Glitch Energy 120 pV-sec
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SWITCHING CHARACTERISTICS

Parameter Parameter Min/Typ
Number Description Max uUnit
Clock Rate 80 66 50 35 MHz
1 RSo — RS1 Setup Time Min 10 10 10 15 ns
2 RSo — RS1 Hold Time Min 10 10 10 15 ns
3 RD Asserted to Data Bus Driven Min 5 5 5 5 ns
4 RD Asserted to Data Valid Max 40 40 40 40 ns
5 RD Negated to Data Bus 3-stated ~ Max 20 20 20 20 ns
6 Output Hold Time Min 5 5 5 5 ns
7 RD Pulse Width Low Min 50 50 50 50 ns
8 WR Pulse Width Low Min 50 50 50 50 ns
9 Wirite Data Setup Time Min 10 10 0 15 ns
10 Write Data Hold Time Min 10 0 15 ns
11 Clock Cycle Time Min 125 1 2 28 ns
12 Clock Pulse Width High Time Min 4 6 7 ns
13 Clock Pulse Width Low Time Min 4 6 9 ns
14 Pixel Setup Time Min 3 3 4 ns
15 Pixel Hold Time Min $ 3 4 ns
16 Analog Output Delay Max @ 30 30 30 ns
17 Analog Output RiseTime Max 6 8 8 ns
(Note 1)
18 Analog Output Settling Time \ 15.3 20 28 ns
(Note 1) V
19 Read after write address register n S*tcyce S*fcye S5*fleve 5* teve ns
(read mode)
20 Successive read interval in 4*tcyc  4*fcvc  4*teve 4* tcye ns
21 Read after color read Min B*tcve S*teve S5*feve 5* teve ns
22 Wirite after color read Min 6*fcyc  S5*tcvc  S*ftcve 5% feve ns
23 Successive write interval Min 4*fcyc  4*tcve  4*tevc 4*love ns
24 Read after color write Min 4*{cye  4*feve  4* feve 4* fcve ns
25 Write after color write Min 4*fcve  4*teve 4* feve 4* {cve ns
26 Read followed by write interval Min 4*fcye  4*teve 4% love 4* teve ns
27 Write followed by read interval Min 4*tcyc  4*fcve  4*tevc 4* teve ns
Analog Output Skew Max 2 2 2 2 ns
Pipeline Delay Typ 4 4 4 4 clocks
Vee Supply Current (Note 3) Typ 150 150 150 150 mA
Vec Supply Current (Note 3) Max 180 180 180 180 mA
Notes:

1. Clock and data feedthrough are not included
2 Load = 37.5Q + 30 pF with lner = —8.88 mA
3. Measured at maximum few;
lec(Max.): Voc = 5.26 V, Ta = 0°C
leo(Typ.): Vec = 5.0 V, Ta = + 26°C
Test Conditions:
TTL Input Level: 0 to 3 V with tg, t- (10-90%) <3 ns
Analog Output Load < 10 pF; D, ~ D; Output Load < 50 pF
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SWITCHING WAVEFORMS
Key To Switching Waveforms

WAVEFORM  INPUTS OUTPUTS
MUST BE WILL BE
STEADY STEADY
MAY WILL BE
CHANGE CHANGING
FROMHTOL FROMHTOL
MAY WILL BE
CHANGE CHANGING
FROMLTOH FROMLTOH
DON'T CARE CHANGING,
ANY CHANGE STATE
PERMITTED UNKNOWN

KS000010

Am81C176
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SWITCHING WAVEFORMS (continued)

RRXKRXK KKK KKK KKXXKKXKXX

.____————5 had
N\ 7£
32— - 6
Do-D7
G
11912-005A
MPU Read Cycle
4
rs ,-Rs | XX )t OOOXOOOOOOOOXN XXX XXX
8
wR < >
)
K 7£
9] 10
Dg-D XXXXXXXXXXXXXXEE&IXXXXXXXXXXXXXXX
11912-006A
MPU Write Cycle

3-104 Am81C176



SWITCHING WAVEFORMS (continued)

11

e
CLK

PiXo - PIX;

¢

Data

BLAN 16

Note 1:  Output delay measured from the 50% point of the rising edge of CLK to the 50 % point
of the full scale transition.

Note 2:  Settling time measured from the 50% point of the full scale transition to the output remaining
within £ 1 LSB.
Note 3:  Output rise/fall time measured between the 10% and 30% points of full scale transition.

11912-007A

Video Input /Output

18
20 21

Rs o s, XX 3H XXX 1H XXXXX 1 XXXXX_ 11 XXXXK xx XXXXX
Dy-D; — < ADDR —< RED )—— GREEN »— BLUE »—

11912-008A

Color Value Read Foliowed by Any Read
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SWITCHING WAVEFORMS (continued)

WR
19 J

20 22

FD

R, s, 0K 3H QXX 1+ XQOOX 1 XXXt XXXXX xx XXXXX
De-D; — X apDR)y— Rep )— GreeN — BLUE —<

11912-009A

Color Value Read Followed by Any Write

23 23 23

- L~
rsg Rs; XXt XK1 XQROOK 1 XQBOOK 1 XXXXX xx XXXXX
Dg-D; —<AboR)—(_ReD »—<GReEN »—_BLUE —_

11912-010A

Color Value Write Foilowed by Any Read
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SWITCHING WAVEFORMS (continued)

23 23 23 25
NI S e e S

RSy, RS, QXXX _1H XAXXK_1H XXXXX XX XXXXX

Dg-D,~—XADDR)—<_RED )— GREEN )—— BLUE )—

11912-011A

Color Vaiue Write Followed by Any Write

WR
j 19 |
1
‘
Ro, Rsy XX 3H XXXX 1H XXXXX 1H XXXXX_tH XXXXK_3H XXXXX
Do-D7 ——— ADDR ) RED ) GREEN )——< BLUE )—— ADDR+2)

11912-012A
Read Color Value then Read the Address Register

Am81C176 3-107



SWITCHING WAVEFORMS (continued)

vm-——L*

XXX 3 XXX _3H XX XXX XXX

RSq, RS,

Do-D7 XXXXXXXXXX) QUOOIX XXX XXX XXX XX

11912-013A

Write and then Read Back the Address Register

23

\_*f

RS,. RS, X 2H ‘I‘I‘X’ m ‘I‘I‘I‘I‘ m QI’I‘I’X

11912-014A

Write to Mask Register Followed by Read or Write
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SWITCHING WAVEFORMS (continued)

WR
26* /

o \_72 ;L_/

RSy, RS 4 A KUK xx XXXXXX xx XXX XX

OH,2H,3H

Read from Mask or Address Reglster Followed by Read or Write

11912-015A

SWITCHING TEST WAVEFORM

Data —_— 3v
Input 1.5V
oV
tg th

Timing
fnput

Notes: 1. Diagram shown for HIGH data only. Output transition may
be opposite sense.

2. Cross—hatched area is don’t care condition.

11912-016A

Am81C176
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APPENDIX A: APPLICATION NOTE FOR THE Am81C176

The design of a system using the Am81C176 shouid be
based on the guidelines used for designing high preci-
sion mixed analog and digital circuits. Some of these
rules are outlined here. Users may, of course, choose to
design circuits considerably different from that shown
here.

Separate power planes should be used for the analog
and digital power. pins to reduce the noise on the analog
output due to the switching at the digital inputs. A high
frequency capacitor of around 0.1 pf should be placed
close to the package between Vec and GND. A large tan-
talum capacitor of about 22 uF should also be placed in
parallel to the 0.1 uF capacitor. This same arrangement
should be used onthe DIP package as well. An inductor
used in series with the power supply acts as a low-pass
fiter and improves the Am81C176 supply even further.
Care should be taken to see that the analog plane does
not cross the digital plane. The pixel data lines should be
kept as far from the digital lines accessible by the MPU
interface.

Use of a current mirror such as the one shown in Figure
A1 is recommended to ensure a constant current source
for the DACs. The current sources may need to be tem-
perature compensated externally using a diode bias. It
may be necessary to add coupling capacitors (47 uF in
parallel with 0.1 uF) between Irer and Vcc to absorb
power supply variations not absorbed by the current
source. The two capacitors heip track the variations in
power supply at the low and the high frequency end.

The connection between the DACs and the monitor acts
as a transmission lie The two ends of the line need to be
terminated to provide proper impedance matching and
thereby avoid any reflections that might result other-
wise. Also, analog output protection is provided by the
diode as shown in Figure A2. The diode basically acts to
prevent excessive negative or positive vollage swings
which couid result from electrostatic discharges and
things of that nature.

tREF
T |
GND
11912-017A
Figure A1.
tREF
R V+
LM334
V-
15Q
150Q
11912-018A
Figure A2.
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Address
_/\ ADDRESS
] VGA
: 3 Controller
Control ADDRESS { §
Video BIOS
ROM é
PC/AT
10 interface m
o jo—-fom] o
V ‘
= |
Am81C176 G . Analog
Color B o Monitor
Palette o
PIX(7:0) O O O
Luv D{7:0}
DATA
11912-019A
Figure A3. Application Example: VGA system using a VGA Controller and an AmB1C176
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