








































































































































































L VDS Data Arrangement 

Table 6-21 24-bit TFT Using Double Pixel per Clock 

RX1outijytpih •• > . .. . RX2 outpufpih \ .•....... »<S,gnal 
••••••••••••••••••• ... . ... 

RxOUTO RoO RxOUTO ReO 

RxOUT1 R01 RxOUT1 Re1 

RxOUT2 R02 RxOUT2 Re2 

RxOUT3 R03 RxOUT3 Re3 

RxOUT4 R04 RxOUT4 Re4 

RxOUT5 R07 RxOUT5 Re7 

RxOUT6 R05 RxOUT6 Re5 

RxOUT7 GoO RxOUT7 GeO 

RxOUT8 G01 RxOUT8 Ge1 

RxOUT9 G02 RxOUT9 Ge2 

RxOUT10 G06 RxOUT10 Ge6 

RxOUT11 G07 RxOUT11 Ge7 

RxOUT12 G03 RxOUT12 Ge3 

RxOUT13 G04 RxOUT13 Ge4 

RxOUT14 G05 RxOUT14 Ge5 

RxOUT15 BoO RxOUT15 BeO 

RxOUT16 B06 RxOUT16 Be6 

RxOUT17 B07 RxOUT17 Be7 

RxOUT18 B01 RxOUT18 Be1 

RxOUT19 B02 RxOUT19 Be2 

RxOUT20 B03 RxOUT20 Be3 

RxOUT21 B04 RxOUT21 Be4 

RxOUT22 B05 RxOUT22 Be5 

RxOUT23 NC RxOUT23 NC 

RxOUT24 HSYNC RxOUT24 See Note 2 

RxOUT25 VSYNC RxOUT25 See Note 2 

RxOUT26 ENABLE RxOUT26 See Note 2 

RxOUT27 R06 RxOUT27 Re6 

Notes: 
1) Output is from RXI and RX2 (e.g N.S. DS90C562, TI SN75LVDS86). RXI 

sends out the odd pixel while RX2 sends out the even pixel. In this case, odd 
pixel refers to the first pixel of the double pixel pair. 

2) RxOUT 24/25126 are LVDS_RESERVED_BIT [1 ]/[2]/[3] respectively. These 
bits are reserved to be programmed by the user. 
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L VDS Data Arrangement 

6.9.3 DSTN Interface 

Table 6-22 DSTN Pack 12 x2 Panel 

RxOUT1 UDO RxOUT15 LD9 

RxOUT2 UD RxOUT16 LD8 

RxOUT3 UD2 RxOUT17 LD7 

RxOUT4 UD3 RxOUT18 LD6 

RxOUT5 UD4 RxOUT19 L05 

RxOUT6 UD5 RxOUT20 LD4 

3 

RxOUT8 UD7 RxOUT22 LD2 

RxOUT9 U RxO LD1 

RxOUT10 U09 RxOUT24 LOO 

RxOUT12 UD11 RxOUT26 HSYNC 

C 

Note: Output is from RXI (e.g N.S. DS90C582I, TI SN75LVDS82) 

Table 6-23 DSTN Pack 8 x2 Panel 

FI><:1()lJtpufpll1········ $igl1al RX1 ••• Qutput •• pir) •• · ?\signal .i 
RxOUTO DISP.ON RxOUT14 nc 
RxOUT1 UDO RxOUT15 nc 
RxOUT2 UD1 RxOUT16 nc 
RxOUT3 UD2 RxOUT17 L07 

RxOUT4 UD3 RxOUT18 LD6 

RxOUT5 UD4 RxOUT19 LD5 

RxOUT6 UD5 RxOUT20 LD4 

RxOUT7 UD6 RxOUT21 LD3 

RxOUT8 UD7 RxOUT22 LD2 

RxOUT9 nc RxOUT23 LD1 

RxOUT10 nc RxOUT24 LDO 

RxOUT11 nc RxOUT25 CLOCK 

RxOUT12 nc RxOUT26 HSYNC 

RxOUT13 nc RxOUT27 VSYNC 

Note: Output is from RXI (e.g N.S. DS90C582I, TI SN75LVDS82) 

@ 1997 AT! Technologies Inc. 
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Panel Control Interface 

. 6.10 Panel Control Interface 

Table 6-24 Panel Control 

pescription ..• 

DIGON o Controls Panel Digital Power 

BIASON o Controls Panel Bias Voltage 

BlON o Control Backlight On/Off 

F32KHz 32KHz clock input for memory refresh 

It has one of 2 functions: 

STANDBY# 
- Pin Mode: Chip goes into standby mode when this pin is 
active. 
- Timer mode: Use as activity pin. 

SUSPEND# Chip goes into suspend mode when this pin is active 

6.11 Zoom Video Port Interface 

Table 6-25 ZV Port Interface 

ZVPORT(18:0) Zoom Video Port, Video in port, lVDS test mode output 

Table 6-26 ZV-Port Pins Multiplexing 

ZVPORT(O) YO I 

ZVPORT(1) Y1 

ZVPORT(2) Y2 

ZVPORT(3) Y3 

ZVPORT(4) Y4 

ZVPORT(5) Y5 

ZVPORT(6) Y6 

ZVPORT(7) Y7 

ZVPORT(8) UVO 

ZVPORT(9) UV1 

ZVPORT(10) UV2 

ZVPORT(11) UV3 

ZVPORT(12) UV4 

3D RA GE LT PRO Controller Specifications 
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..•.••.. PlnNiune ...Pirec'tidh) 

YUVO 

YUV1 

YUV2 

YUV3 

YUV4 

YUV5 

YUV6 

YUV7 

ZVGPIO(O) 1/0 

ZVGPI0(1) 1/0 

ZVGPI0(2) I/O 

ZVGPI0(3) 1/0 

ZVGPI0(4) 1/0 
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Proprietary and Confidential 



General Purpose I/O Interface 

Table 6-26 ZV-Port Pins Multiplexing (Continued) 

ZVPORT(13) UV5 ZVGPIO(5) I/O 

ZVGPIO(6) 1/0 

ZVPORT(15) UV7 ZVGPIO(7) 1/0 

ZVPORT(17) VSYNC I I 

ZVPORT(18) PCLK 

Note: In 8-bit video input mode, ZVPORT(17:8) could be used as general purpose 
I/Os. 

6.12 General Purpose 110 Interface 

Table 6-27 General Purpose 1/0 

GPIO(16:0) 1/0 
MPP Port 
Monitor ID (3 pins) 
12C Support (2 pins) 

Table 6-28 General Purpose 1/0 Pins Multiplexing 

GPIO(1) SAD1 SAD1 

GPIO(2) SAD2 

GPIO(3) SAD3 SAD3 

SAD4 SAD4 

GPIO(5) SAD5 SAD5 

GPIO(6) SAD6 SAD6 

GPIO(7) 

GPIO(8) SIOR SIOR 

SlOW SlOW 

GPIO(10) SRDY 12CCLK 

1) mon ID3 GPIO 

GPIO(12) 12CSDA 

10 

10 

10 

10 

10 

10 

10 

10 
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Optional A TI Multimedia Channel Interface 

Table 6-28 General Purpose 1/0 Pins Multiplexing (Continued) 

GPI0(13) 12CClK monlD3 10 

m IDO 

GPI0(15) mon ID1 mon ID1 10 

GPI0(16) 

Note: In order to be pin compatible with RAGE LT chip, the position of I2C clock is 
programmed with 12C_SEL(1) bit. 

6.13 Optional ATI Multimedia Channel Interface 

Table 6-29 AMC Interface 

ZVPORT(18) 1/0 ClK Dot (Pixel) Clock 

GPIOO M-I/O SADO 

GPI01 M-I/O SAD1 

GPI02 M-/IO SAD2 

GPI03 1/0 SAD3 

GPI04 I/O SAD4 

GPI05 I/O SAD5 

GPI06 1/0 SAD6 

SAD7 

GPI08 0 SIOR 

0 SlOW 

GPI010 0 S 

GPI012 1/0 SDA 

1/0 SCl 

GP1014, GP1015, 
1/0 GPI016 

Note: Any extra pins not used (*) in a particular mode can be used as a general 
purpose I/O pins GPIO. 
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Power and Ground Pins 

6.13.1 LCD SYNC Signals Mapping 

Table 6-30 

LCDTMGO Display Enable Free run clock for external panel link support 

LCDTMG1 Data Clock (Shift Clock) Data Clock 

LCDTMG2 Line Pulse (HSync) Line Pulse 

LCDTMG3 Frame Pulse (VSync) Frame Pulse 

6.14 Power and Ground Pins 

There are three power rings: core power (YDDC), lJO power (YDDR) and PCl power 
(YPP). The ground ring (YSS) is common for all of them (YSSC, YSSR and YSSP). 

Table 6-31 Power and Ground Pins 

VPP (2 pins) PCI Power - 3.3V/5V 

VDD (10 pins) Digital Power - 3.3V 

VSS (6 + 16 pins) o Digital Ground 

LPVDD LVDS PLL Power pin 

LPVSS o LVDS PLL Ground pin 

6.15 256-pin BGA Pin Listings 

6.15.1 Pinout by Ball Reference 

Table 6-32 256 BGA Pinout by Ball Reference 

BClII.Ref~ .•• ·.~.igl"la.I .• Nall1~ .•• 
Ai GPIOO 

A4 GPI08 

A7 ZVPORT17 

AlO ZVPORT09 

A13 ADO 

A16 AD10 

A19 DEVSEL# 

@ 1997 AT! Technologies Inc. 
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BaURef. 

A2 

A5 

A8 

A11 

A14 

Ai7 

A20 

SignarNarn~······ BalfRef.~iglialNartlE! 

GPI02 A3 GPI04 

GPI011 A6 GPI014 

ZVPORT14 A9 ZVPORT13 

ZVPORT06 A12 ZVPORT02 

AD4 A15 AD7 

AD14 Ai8 PAR 

IRDY# 81 R 
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256-pin BGA Pin Listings 

Table 6-32 256 BGA Pinout by Ball Reference (Continued) 

aallaef. i ••••••••• §~9r~I •• N~m~ ••• •••• 6aIlFd!{. 
82 GPI01 83 

85 GPI010 86 

88 ZVPORT15 89 

811 ZVPORT05 812 

814 A05 815 

817 A015 818 

820 FRAME# C1 

C3 AVSS C4 

C6 GPI012 C7 

C9 ZVPORT11 C10 

C12 ZVPORTOO C13 

C15 A08 C16 

C18 A017 C19 

01 PVSS 02 

04 AVSS 05 

07 GPI015 08 

010 VOOC Ot1 

013 A03 014 

016 A013 017 

019 A019 020 

E2 VSY E3 

E17 C8E3# E18 

E20 A022 F1 

F3 XTALOUT F4 

F18 A026 F19 

G1 LCOOO4 G2 

G4 LCOOO1 G17 

G19 A029 G20 

H2 LCOOO7 H3 

H17 CLKRUN# H18 

H2O REQ# J1 

J3 LPVOO J4 

J10 VSS J11 

J17 VPP J18 

J20 M061 K1 

.. 
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·Sigri~I.N;;ltii~ •• • ••• Ball Ref. ••••••••• §ii)Q~I~~nle······· 
GPI03 84 GPI07 

GPI013 87 ZVPORT18 

ZVPORT12 810 ZVPORT08 

ZVPORT01 813 A01 

C8EO# 816 A011 

STOP# 819 TROY# 

RSET C2 G 

GPI06 C5 GPI09 

.GPI016 C8 ZVPORT16 

ZVPORT07 C11 ZVPORT04 

A02 C14 A06 

A012 C17 C8E1# 

A016 C20 C8E2# 

PVOO 03 8 

GPI05 06 VOOR 

VSS 09 ZVPORT10 

ZVPORT03 012 VSS 

VPP 015 A09 

A021 018 A020 

A018 E1 HSY 

AVOO E4 VOOR 

10SEL E19 A023 

LCOOOO F2 LPVSSR 

XTALIN F17 A027 

A025 F20 A024 

LCOOO3 G3 LCOOO2 

A031 G18 A030 

A028 H1 LCOOO8 

LCOOO6 H4 LCOOO5 

RESET# H19 GNT# 

LCOOO9 J2 LPVSS 

LPVOOR J9 VSS 

VSS J12 VSS 

CPUCLK J19 M062 

LCOOO13 K2 LCOOO12 
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256-pin BGA Pin Listings 

Table 6-32 256 BGA Pinout by Ball Reference (Continued) 

K3 LCDD011 K4 LCDD010 K9 VSS 

K10 VSS 

K17 INTR# 

K20 MD59 

L3 LCDD016 

L10 VSS 

L17 VDDC 

L20 MD56 

M3 LCDD019 

M10 VSS 

M17 MD52 

M20 MD55 

N3 LCDD022 

N18 MD49 

P1 A2VSS 

P4 C 

P19 MD46 

R2 R2SET 

R17 MD40 

R20 MD43 

T3 LTGI01 

T18 MD37 

U1 CS3 

U4 VSS 

U7 VDDR 

U10 WE#2 

U13 VDDR 

U16 MD19 

U19 MD35 

V2 LCDTMG3 

V5 RAS#O 

V8 MA6 

V11 MDO 

V14 MD10 

V17 MD22 

@ 1997 AT! Technologies Inc. 
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K11 

K18 

L1 

L4 

L11 

L18 

M1 

M4 

M11 

M18 

N1 

.N4 

N19 

P2 

P17 

P20 

R3 

R18 

T1 

T4 

T19 

U2 

U5 

U8 

U11 

U14 

U17 

U20 

V3 

V6 

V9 

V12 

V15 

V18 

VSS K12 VSS 

MD63 K19 MD60 

LCDD014 L2 LCDD015 

VDDC L9 VSS 

VSS L12 VSS 

MD58 L19 MD57 

LCDD017 M2 LCDD018 

LPVSSR M9 VSS 

VSS M12 VSS 

MD53 M19 MD54 

LCDD020 N2 LCDD021 

LCDD023 N17 MD48 

MD50 N20 MD51 

A2VSS P3 Y . 
MD44 P18 MD45 

MD47 R1 COMP 

A2VDD R4 VDDR 

MD41 R19 MD42 

SYNC T2 LTGIOO 

LTGI02 T17 MD30 

MD38 T20 MD39 

LCDTMGO U3 LCDTMG1 

OE#1 U6 DSF 

MA5 U9 VSS 

VDDC U12 MD4 

MD11 U15 MD15 

MD28 U18 MD31 

MD36 V1 LCDTMG2 

BIASON V4 CS1 

OE#O V7 MA2 

MA9 V10 WE#3 

MD3 V13 MD7 

MD14 V16 MD18 

MD29 V19 MD32 
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2S6-pin BGA Pin Listings 

Table 6-32 256 BGA Pinout by Ball Reference (Continued) 

.aaIlRef..··· §i9M~ilN~i1j~ •• · ·a~II •• aijf .•••••••••• §lg#~I.N;:I.m~......aijllfl.~f.ii$igq~!~~m~<.·· 
V20 MD34 Wi DIGON W2 F32KHZ 

W3 SUSPEND# W4 CKE W5 CAS#O 

W6 MAO W7 MA3 W8 MA7 

W9 WE#O W10 WE#4 W11 WE#7 

W12 MD2 W13 MD6 W14 MD9 

W15 MD13 W16 MD17 W17 MD21 

W18 MD24 W19 MD27 W20 MD33 

Y1 BlON Y2 STANDBY# Y3 CSO 

Y4 ROMCS# Y5 CS2 Y6 MA1 

Y7 MA4 Y8 MA8 Y9 WE#1 

Y10 WE#5 Y11 WE#6 Y12 MD1 

Y13 MD5 Y14 MD8 Y15 MD12 

Y16 MD16 Y17 MD20 Y18 MD23 

Y19 MD25 Y20 MD26 

6.15.2 Pinout by Signal Name 

Table 6-33 256 BGA Pinout by Signal Name 

§.ign~IN~m~~IIRet.\$ign~IN~tne· . aaURef. Si91l~1f'.Ja.m~)BClItR~f. 
A2VDD R3 A2VSS 

ADO A13 AD1 

AD3 D13 AD4 

AD6 C14 AD7 

AD9 D15 AD10 

AD12 C16 AD13 

AD15 B17 AD16 

AD18 D20 AD19 

AD21 D17 AD22 

AD24 F20 AD25 

AD27 F17 AD28 

AD30 G18 AD31 

AVSS C3 AVSS 

BIASON V3 BlON 

CAS#O W5 CBEO# 

3D RAGE LT PRO Controller Specifications 
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P1 A2VSS P2 

B13 AD2 C13 

A14 AD5 B14 

A15 AD8 C15 

A16 AD11 B16 

D16 AD14 A17 

C19 AD17 C18 

D19 AD20 D18 

E20 AD23 E19 

F19 AD26 F18 

G20 AD29 G19 

G17 AVDD E3 

D4 B D3 

Y1 C P4 

B15 CBE1# C17 
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2S6-pin BGA Pin Listings 

Table 6-33 256 BGA Pinout by Signal Name (Continued) 

~iijr!~Nwni)E:I~IIBif. ...~!9n~!N~m~~I!aef •• ·.·.§i~n~!rf~m'E:I~!IR~~\ 
ZVPORT02 A12 ZVPORT03 D11 ZVPORT04 C11 

ZVPORT05 811 

ZVPORT08 810 

ZVPORT11 C9 

ZVPORT14 A8 

ZVPORT17 A7 
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ZVPORT06 

ZVPORT09 

ZVPORT12 

ZVPORT15 

ZVPORT18 

A11 ZVPORT07 C10 

A10 ZVPORT10 D9 

89 ZVPORT13 A9 

88 ZVPORT16 C8 

87 
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A GPIDD GPID2 GPID4 GPID8 GPID11 GPID14 ZVPORT17 ZVPORT14 ZVPORT13 ZVPORT09 ~PORTD6 ZVPORT02 ADO AD4 AD7 AD10 AD14 PAR DEVSEL# IRDY# A 

B R GPI01 GPI03 GPI07 GPI010 GPI013 ZVPORT18 ZVPORT15 ZVPORT12 ZVPDRTOB ptPORT05 ZVPORTD1 AD1 AD5 CBE>O AD11 A015 STOP# TROY# RAME# B 

G RSET G AV-SS GPI06 GPID9 GPI012 GPI016 ZVPORT16 ZVPORT11 ZVPORT07 VPORT04 ZVPORTOO A02 A06 A08 A012 CBE#1 A017 A016 CBE#2 G 

D PVSS PVOO B AVSS GPI05 VOOR GPID15 VSS ZVPORT10 VDOC VPORT03 VSS A03 VPP AD9 AD13 AD21 AD20 AD19 AD18 D 

E HSY VSY AVOD VODR CBE#3 IOSEL AD23 AD22 E 

F LCOOOO LPVSSR XTALOUT XTALIN A027 AD26 A025 A024 F 

G LCDOO4 LCOOO3 LCDOO2 LCOD01 A031 AD30 AD29 A028 G 

H LCDOO8 LCOO07 LCD006 LCOOO5 CLKRUN# RESET# GNT# REa> H 

.... (;j' ere; 

= ~, 
~ ~ -> 
~ 
~ .... 

ere; 

= 3 
~ 

= ~ 

"'tI C/) 

s-
III 

J LCDOD9 LPVSS LPVDD LPVOOR VSS vss vss vss VPP CPUCLK M062 M061 J 

K LCOD013 LCOOO12 LCOOO11 LCOD010 vss vss vss VSS INTR# M063 MD60 M059 K 
.-+ 
0" L LCOOO14 LCOOO15 LCOOO16 VOOC VSS VSS vss VSS VOOC MOS8 MD5? M056 L 

aJ M LCOOO17 LCOOO18 LCDOO19 LPVSSR VSS vss VSS vss M052 M053 M054 M055 M 

III N LCOOO20 LCOOO21 LCOOO22 LCOOO23 M0411 M049 M050 M051 N 

G') ... 
P A2VSS A2VSS Y C M044 MD45 MD46 M047 P 

R COMP R2SET A2VDD VDDR MD40 MD41 MD42 MD43 R 

a: T SYNC LTGIOD LmlO1 LTGI02 M030 MD37 M038 M039 T 

l> U ... CS3 LCOTMGO LCOTMG1 VSS OE>1 OSF VDDR MA5 VSS WE>2 VODC M04 VOOR M011 M015 M019 M028 M031 M035 M036 U ... 
(Q) ~ 

~-.g ~ ci 
~,'-J "0 

iii~ ~ 
~ '" CD 
t\)(iil ::E 
::Jg. 
Cl..::J 
~~ 
::Jc2 
~<ii' 
CDC/) 

V LCDTMG2 LCOTMG3 BIASON CS1 RAS>O OE#O MA2 MA6 MA9 WE>3 MOO M03 M07 M010 M014 M018 M022 MD29 M032 M034 V 

W OIGON F32KHZ pUSPENO' CKE CAS>O MAO MA3 MA7 WE#O WE>4 WE>7 MD2 M06 M09 M013 M017 M021 M024 MD27 M033 W 

Y BLON STANDBY CSO ROMCS> CS2 MA1 MA4 MA8 WE>1 WE#5 WE#6 M01 M05 M08 M012 M016 M020 MD23 MD25 MD26 Y 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

~s-
tij'(,) ...... ' 



312-pin BGA Pin Listings 

6.16 312-pin BGA Pin Listings 

6.16.1 Pinout by Ball Reference 

Table 6-34 312 BGA Pinout by Ball Reference 

A1 GPIOO A2 GPI01 A3 GPI03 

A4 GPI05 A5 GPI08 A6 GPI013 

A7 ZVPORT17 A8 ZVPORT12 A9 ZVPORT08 

A10 ZVPORT04 A11 AD1 A12 AD5 

A13 AD8 A14 AD12 A15 SBA7 

A16 PAR A17 SBA2 A18 AD13 

A19 SBAO A20 IRDY# B1 B 

B2 GPI02 B3 GPI04 B4 GPI06 

B5 GPI09 B6 GPI014 B7 ZVPORT16 

B8 ZVPORT11 B9 ZVPORT07 B10 ZVPORT03 

B11 ADO B12 AD6 B13 CBEO# 

B14 AD15 B15 AGP_BUSY# B16 SBA5 

B17 STOP# B18 SBA1 B19 TRDY# 

B20 AD21 C1 PVOO C2 G 

C3 R C4 GPI07 C5 GPI010 

C6 GPI015 C7 ZVPORT15 C8 ZVPORT10 

C9 ZVPORT06 C10 ZVPORT02 C11 A02 

C12 A04 C13 AO_ST#O C14 A010 

C15 STP _AGP# C16 SBA6 C17 SBA3 

C18 CBE3# C19 A017 C20 SB_STB 

01 XTALOUT D2 AVDO 03 RSET 

04 AVSS 05 GPI011 06 GPI016 

07 ZVPORT14 08 ZVPORT09 09 ZVPORT05 

010 ZVPORT01 D11 ZVPORTOO D12 AD3 

013 A07 D14 AD11 D15 AD14 

016 OEVSEL# 017 A027 018 A016 

019 FRAME# 020 A020 E1 LCOOO3 

E2 XTALIN E3 HSY E4 AVSS 

E5 GPI012 E6 ZVPORT18 E7 ZVPORT13 

E8 VOOR E9 VSS E10 VOOC 

E11 VPP E12 VSS E13 VPP 
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312-pin BGA Pin Listings 

Table 6-34 312 BGA Pinout by Ball Reference (Continued) 

BaIlR¢M Sigl'lalNamei. 
;:-.---,:-.::.,.-:::>:::-:-:::::::::::::::::::-,:::"::::-,-:-"::::.: ~aIlR~f. 

E14 AD9 E15 
E17 AD18 E18 

E20 CBE2# F1 
F3 LCDD01 F4 

F6 VDDR F7 
F15 VSS F16 
F18 AD22 F19 
G1 LCDD07 G2 
G4 LCDDOO G5 
G15 VPP G16 
G18 AD24 G19 
Hi LCDD08 H2 
H4 LPVDD H5 
H16 STO Hi7 
H19 CLKRUN# H2O 
J2 LCDDOii J3 
J5 VSS J9 
Jii VSS Ji2 
J17 REQ# J18 
J20 AD28 K1 
K3 LCDDOi4 K4 
K9 VSS K10 
K12 VSS K16 
Ki8 PAVSS Ki9 
L1 LCDD017 L2 
L4 LCDD020 L5 

L10 VSS L 11 
L16 VDDC L17 
Li9 MD59 L20 
M2 LCDD022 M3 
M5 A2VSS M9 
M1i VSS M12 
Mi7 MD57 M18 
M20 MD54 Ni 
N3 COMP N4 

3D RAGE LT PRO Contro/ler SpecificatIOns 
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$igt'1i1rNc:tI11~< ··E3~lIag#< §igQc:tIl'.Ja.Il1~ ••••• 
CBE1# E16 SBA4 
AD19 E19 IDSEL 
LCDD04 F2 LCDD02 
VSY F5 PVSS 
VSS F14 VPP 
AD31 F17 AD ST#1 -

AD23 F20 AD26 
LCDD06 G3 LCDD05 

LPVSSR G6 VSS 
AD29 G17 RESET# 

AD25 G20 AD30 
LCDD09 H3 LPVDDR 
VDDR H6 VDDC 
ST1 Hi8 RBF# 

ST2 J1 LCDDOi2 
LCDD010 J4 LPVSS 
VSS J10 VSS 
VSS J16 VPP 
GNT# J19 CPUCLK 
LCDDOi6 K2 LCDDOi5 
LCDDOi3 K5 VDDC 
VSS K1i VSS 
INTR# K17 PAVDD 
MD63 K20 MD62 
LCDDOi8 L3 LCDDOi9 
LPVSSR L9 VSS 

VSS L12 VSS 
MD6i L18 MD60 
MD58 Mi LCDD021 
LCDD023 M4 A2VSS 

VSS M10 VSS 
VSS M16 NC/R 

MD56 Mi9 MD55 
Y N2 C 
R2SET N5 VDDR 
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312-pin BGA Pin Listings 

Table 6-34 312 BGA Pinout by Ball Reference (Cantin ued) 

sa.fRef. §igrl~Ir-J~O'Ie .. 
N16 MD49 

N19 MD51 

P2 SYNC 

P5 NC/R 

P16 NC/R 

P19 MD46 

R2 LCDD027 

R5 LCDD030 

R15 NC/R 

R18 MD43 

T1 LCDD031 

T4 LCDD034 

T7 VDDR 

T10 VDDC 

T13 NC/R 

T16 NC/R 

T19 MD37 

U2 CS3 

U5 RAS# 

U8 VSS 

U11 VDDC 

U14 MD08 

U17 MD35 

U20 MD32 

V3 DIGON 

V6 OE#O 

V9 WE#O 

V12 MD02 

V15 MD13 

V18 MD30 

W1 BIASON 

W4 OE#1 

W7 MA2 

W10 WE#3 

W13 MD06 
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Ball Ref. 
N17 

N20 

P3 

P6 

P17 

P20 

R3 

R6 

R16 

R19 

T2 

T5 

T8 

T11 

T14 

T17 

T20 

U3 

U6 

U9 

U12 

U15 

U18 

V1 

V4 

V7 

V10 

V13 

V16 

V19 

W2 

W5 

W8 

W11 

W14 

§.igm9.I~rrni . B~II.RE!f. .·.···§ign~I.Ncull~ 
MD53 N18 MD52 

MD50 P1 A2VDD 

LCDD024 P4 LCDD025 

VDDR P15 VDDR 

MD48 P18 MD47 

MD45 R1 LCDD026 

LCDD028 R4 LCDD029 

NC/R R7 VSS 

MD40 R17 MD44 

MD42 R20 MD41 

LCDD032 T3 LCDD033 

VSS T6 MAO 

NC/R T9 VDDR 

NC/R T12 VDDR 

VDDR T15 VSS 

MD39 T18 MD38 

MD36 U1 LCDD035 

LCDTMGO U4 LCDTMG1 

NC/R U7 MA4 

WE#1 U10 WE#5 

MD01 U13 VSS 

MD12 U16 MD16 

MD34 U19 MD33 

LCDTMG2 V2 LCDTMG3 

PCI33EN V5 DSF 

MA3 V8 MA7 

WE#4 V11 WE#6 

MD05 V14 MD09 

MD17 V17 MD20 

MD29 V20 MD31 

F32KHZ W3 CSO 

ROMCS# W6 CS2 

MA6 W9 MA9 

WE#7 W12 MD03 

MD10 W15 MD14 

. . 
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312-pin BGA Pin Listings 

Table 6-34 312 BGA Pinout by Ball Reference (Continued) 

Y17 MD22 Y18 

Note: NC/R is "no connect but reserved for future use. 

6.16.2 Pinout by Signal Name 

Table 6-35 312 BGA Pinout by Signal Name 

A2VDD Pi A2VSS M4 

ADi A 11 AD2 C11 

AD4 C12 AD5 A12 

AD7 013 AD8 A13 

ADi0 C14 AD11 014 

ADi3 A18 AD14 015 

ADi6 018 AD17 Ci9 

ADi9 E18 AD20 020 

AD22 Fi8 AD23 F19 

AD25 G19 AD26 F20 

AD28 J20 AD29 G16 

AD31 Fi6 

AVSS 04 AVSS E4 

BIASON Wi BlON Y1 

CAS# Y6 CBEO# B13 

CBE2# E20 CBE3# Ci8 

ClKRUN# H19 COMP N3 

3D RAGE LT PRO Controller Specifications 
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Y19 MD26 

A2VSS M5 

ADO B11 

AD3 012 

AD6 B12 

AD9 E14 

AD12 A14 

AD15 B14 

AD18 E17 

AD2i B20 

AD24 G18 

AD27 017 

AD30 G20 

AVDD 02 

B B1 

C N2 

CBE1# E15 

CKE Y5 

CPUClK J19 
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312-pin BGA Pin Listings 

Table 6-35 312 BGA Pinout by Signal Name (Continued) 

Sigl'1~IN~l'T1g BaH RgU/ 
CSO W3 

CS3 U2 

oSF V5 

G C2 

GPI01 A2 

GPI04 83 

GPI07 C4 

GPI010 C5 

GPI013 A6 

GPI016 06 

INTR# K16 

LCooOO G4 

LCoo03 E1 

LCoo06 G2 

LCoo09 H2 

LCoo012 J1 

LCoo015 K2 

LCoo018 L2 

LCoo021 M1 

LCoo024 P3 

LCoo027 R2 

LCoo031 T1 

LCoo034 T4 

LCoTMG1 U4 

LPVoo H4 

LPVSSR G5 

MA1 Y7 

MA4 U7 

MA7 V8 

MoOO Y11 

Mo03 W12 

Mo06 W13 

Mo09 V14 

M012 U15 

M015 Y15 

@ 1997 AT! TechnologIes Inc. 
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••••••. §i~.I'l~I •• l'4ill'rle ••••• ···· BaIlRet .• ·$igMI~mg il:S",IIRef/ . 
CS1 

oEVSEL# 

F32KHZ 

GNT# 

GPI02 

GPI05 

GPI08 

GPI011 

GPI014 

HSY 

IRoy# 

LCoo01 

LCoo04 

LCoo07 

LCoo010 

LCoo013 

LCoo016 

LCoo019 

LCoo022 

LCoo025 

LCoo028 

LCoo032 

LCoo035 

LCoTMG2 

LPVooR 

LPVSSR 

MA2 

MA5 

MA8 

Mo01 

Mo04 

MOO? 

M010 

M013 

M016 

Y4 CS2 W6 

016 olGON V3 

W2 FRAME# 019 

J18 GPIOO A1 

82 GPI03 A3 

A4 GPI06 84 

A5 GPI09 85 

05 GPI012 E5 

86 GPI015 C6 

E3 10SEL E19 

A20 LCoo029 R4 

F3 LCoo02 F2 

F1 LCoo05 G3 

G1 LCoo08 H1 

J3 LCoo011 J2 

K4 LCoo014 K3 

K1 LCoo017 L1 

L3 LCoo020 L4 

M2 LCoo023 M3 

P4 LCoo026 R1 

R3 LCoo030 R5 

T2 LCoo033 T3 

U1 LCoTMGO U3 

V1 LCoTMG3 V2 

H3 LPVSS J4 

L5 MAO T6 

W7 MA3 V7 

Y8 MA6 W8 

Y9 MA9 W9 

U12 MOO2 V12 

Y12 MOO5 V13 

Y13 MOO8 U14 

W14 M011 Y14 

V15 M014 W15 

U16 M01? V16 

.. 
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312-pin 8GA Pin Listings 

Table 6-35 312 BGA Pinout by Signal Name (Continued) 

·Si~/"I~II\1~m~i\ ~IIR¢f. /~igl1~INi'ltI1l:J 
MD18 W16 MD19 

MD21 W17 MD22 

MD24 Y18 MD25 

MD27 Y20 MD28 

MD30 V18 MD31 

MD33 U19 MD34 

MD36 T20 MD37 

MD39 T17 MD40 

MD42 R19 MD43 

MD45 P20 MD46 

MD48 P17 MD49 

MD51 N19 MD52 

MD54 M20 MD55 

MD57 M17 MD58 

MD60 U8 MD61 

MD63 K19 NC/R 

NC/R P16 NC/R 

NC/R T8 NC/R 

NC/R T16 NC/R 

OE#1 W4 PAR 

PAVSS K18 PCI33EN 

PVSS F5 R 

RAS# U5 RBF# 

RESET# G17 ROMCS# 

SB STB C20 SBAO -
SBA2 A17 SBA3 

SBA5 B16 SBA6 

STO H16 ST1 

STANDBY# Y2 STOP# 

SUSPEND# Y3 SYNC 

VDDC E10 VDDC 

VDDC L16 VDDC 

VDDR E8 VDDR 

VDDR N5 VDDR 

VDDR T7 VDDR 

.. 
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a~IIRef. §i!1rl~INCIfi'I~ ····eaU·.Ref •• ·.····· 
Y16 MD20 V17 

Y17 MD23 W18 

W19 MD26 Y19 

W20 MD29 V19 

V20 MD32 U20 

U18 MD35 U17 

T19 MD38 T18 

R16 MD41 R20 

R18 MD44 R17 

P19 MD47 P18 

N16 MD50 N20 

N18 MD53 N17 

M19 MD56 M18 

L20 MD59 U9 

U7 MD62 K20 

M16 NC/R P5 

R6 NC/R R15 

T11 NC/R T13 

U6 OE#O V6 

A16 PAVDD K17 

V4 PVDD C1 

C3 R2SET N4 

H18 REQ# J17 

W5 RSET D3 

A19 SBA1 B18 

C17 SBA4 E16 

C16 SBA7 A15 

H17 ST2 H2O 

B17 STP AGP# C15 -

P2 TRDY# B19 

H6 VDDC K5 

T10 VDDC U11 

F6 VDDR H5 

P6 VDDR P15 

T9 VDDR T12 
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312-pin BGA Pin Listings 

Table 6-35 312 BGA Pinout by Signal Name (Continued) 

Signal Name Bal18ef. SigQClINanu;t . ~lrR~f. Signcll.N~I11~i ••• ··· E3CiURef. 
VOOR T14 VPP E11 VPP E13 
VPP F14 VPP G15 VPP J16 
VSS E9 VSS E12 VSS F7 
VSS F15 VSS G6 VSS J5 
VSS J9 VSS J10 VSS J11 
VSS J12 VSS K9 VSS K10 
VSS K11 VSS K12 VSS L9 
VSS L10 VSS L11 VSS L12 
VSS M9 VSS M10 VSS M11 
VSS M12 VSS R7 VSS T5 
VSS T15 VSS U8 VSS U13 
VSY F4 WE#O V9 WE#1 U9 
WE#2 Y10 WE#3 W10 WE#4 V10 
WE#5 U10 WE#6 V11 WE#7 W11 
XTALIN E2 XTALOUT 01 Y N1 . 
ZVPORTOO 011 ZVPORT01 010 ZVPORT02 C10 
ZVPORT03 810 ZVPORT04 A10 ZVPORT05 09 
ZVPORT06 C9 ZVPORT07 89 ZVPORT08 A9 
ZVPORT09 08 ZVPORT10 C8 ZVPORT11 88 
ZVPORT12 A8 ZVPORT13 E7 ZVPORT14 07 
ZVPORT15 C7 ZVPORT16 87 ZVPORT17 A7 
ZVPORT18 E6 

Note: NC/R is "no connect hut reserved for future use". 
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AD5 I AD8 IAD12 SBA7 PAR 

17 18 19 20 

?' 
~ 
Q\ 
W 
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~ 
rJj .... 
~ e. 

B B GPI02 GPI04 ADO ADS I CBE.O IAD151AGP _BUSY' I SBA5 

SBA2 

STOP. 

SBA3 -AD27 

AD13 

SBAl 

SBAO IRDY> A 

TROY. AD21 B > 
C PVDD G R 

RSET 

HSY 

GPI07 -AVSS 

GPI010 

GPlOll 

GPI015 IZVPORT151ZVPORT10lZVPORT061ZVPORT021 AD2 AD4!AD_STlOIAD101 STP_AGP, SBAS 

DEVSEL, 

SBM 

-CBE.3 AD17 fs1'_STEI C 
til 
til 

o XTALOlIT AVDD 

E LCDD03 XTALIN 

GPI016 IZVPORT14IZVPORT09IZVPORT05IZVPORT01IZVPORTool AD3 I AD7 IADll I AD14 AD16 ,FRAME>, AD20 
.... 

D(JQ 

AVSS I GPI012 IZVPORT18IzVPORT131 VDDR 

VSY pvss VDDR 

H I LCDD08' LCDD09'~~~~H' LPVDD , VDDR 

F I LCDD04' LCDD02' LCDDOl 

G I LCDD07' LCDD06' LCDD05 , LCDDOO , LPVSSR , VSS 

J ILCDD0121 LCDDOllI L"UUU1U I L~V"" v$S 

K LCDD01S LCDD015 LCDD014 LCDD013 VDDC 

L LCDD017 LCDD018 LCDD019 LCDD020 LPVSSR 

M LCDD021 LCDDQ22 LCDD023 A2VSS A2VSS 

N Y C COMP R2SET VDDR 

VDDC 

P A2VDD SYNC LCDD024 LCDD025 ;f~~n VDDR 

R LCDD026 LCDD027 LCDD028 LCDD029 CDD030[(@.:1ff 

vss 

VSS 

VSS 

VSS 

VSS 

VSS 

VSS 

T LCDD031 LCDD032 LCDD033 LCDD034 VSS MAO VDDR VDDR 

u ~ 

V M~ 

w C~ 

Y CAS> 

6 

Note: NCIR= "No Connect bu1 Reserved" for future use, 
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MAl 
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VSS 

MA7 
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MAS 

'li' 
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WElD 
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MA8 

"'9 

VDDC 

VSS 

VSS 

VSS 

VSS 
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VSS 

VSS 
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VSS 

VSS 

VSS 

CBE.l -VSS 

VPP 

IDSEL CBE.2 E = 
AD31 AD STBl AD22 AD23 AD26 F :; - ~ 

AD29 RESET. AD24 AD25 AD30 G = 
AD19 AD18 

sm ST1 RBF. PLKRUNIJ ST2 H ~ 
VPP REO. GNT. CPUCLK AD28 J 

INTR. PAVOO PAVSS M063 MD62 K-

VOOC MD6l M060 M059 MD58 L 
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WEtS 

WE>4 

WE.3 

WE'2 

'iO 

VDDC MD12 

WE.6 MD13 

WE.7 

MOOD 
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MD03 MD10 

MD04 MOll 

12 13 14 

MD14 

MD15 

"'T5 
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M019 
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M035 ~D34 MD33 MD32 U 

M020 M030 MD29 M031 V 

M021 M023 MD25 M028 W 

MD22 M024 M026 M027 Y 
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7.1 Bus Timings 

Cllapter 7 
Tinting Specijlcatio1l5/ 

Timing specifications for PCI bus operations are given by: 

Single ReadlWrite Cycle Timing, see Figure 7-1. 

Disconnect On Burst Cycle, see Figure 7·2. 

Burst Access Timing, see Figure 7-3. 

PCI Bus Master Operation, see Figure 7-4. 

AGP AC Timing, see Figure 7-5 and Figure 7-6. 

Power Up and Reset Timing, see Figure 7·10 
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Bus Timings 

7.1.1 Single Read/Write Cycle Timing 

ClK 

FRAME# 

AD(31 :0) 

C/BE#(3:0) ~=~, ~B~yt~eiEn~a~b~le~s,===: )f-----~'--'--_ __"_B""_yt'_'_e_"'E'_na=b_le_s'_: _--,---,I : , . 
IDSEl ~_~, __ -L1-+'~Do~n~'t~c~ar~e~I ____ ~ ______ ~~_~~ ____________ ~ __ ~ __ ~ ___ , , 

'T4. ,T5 
-----~--, ~----------~ 

'~~-----,.--~:~(~ \~~''---------~-~--' IRDY# 
~!..IZ.... I I' 

TRDY# : \_==:::::::i::::~::::~~'------C::::::::=:::::l~::::::::::::=:~ 
DEVSEl# 

.T8, I.J]., , ----,=l ' !.-----~L_ ______ I,--~-
'T14 :T15 

c=J[========~~----~'---~~~~~~~:,f,~))r, 
~----'~ •. '--~--~~ PAR 

, T1S' 

Single Write Cycle Single Read Cycle I 

1 * The minimum number of clocks from FRAME# active to TRDY# active is programmable. 

Figure 7-1. Single ReadlWrite Cycle Timing - PCI Bus 
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Bus Timings 

7.1.2 Disconnect On Burst Cycle - PCI Bus 

ClK 
o 

FRAME# 

•• I loT5 0 
__ --,0 T4 oT5' T4 0 

\-~--- ~ / 
~o ~o~:~: __ ~~ __ ~ 

AD(31 :0) o Data 1 0 )~L __ D_a_ta_2 ----,-0 ---11---------

C/BE#(3:0) -----{ : Cmd x.~_~ __ ~_B_E_#_1 ______ ~--J)r--------

IRDY# 

TRDY# 

STOP# 

DEVSEl# 

o 

------~\~~--~------~~I 
o 0 

'T6 oT7 0........ __ 
--------------~~' 'r--------~-----------------

\L----i---'l 

: T8 -

o 

'T17. 
o+--+, 

, . 'T9 

\\..-------;-;---.~1. 

Figure 7-2. Disconnect On Burst Cycle - PCI Bus 
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Bus Timings 

7.1.3 Burst Access Timing - PCI 

'---'--__ ---'x BE~2 X BE#3 

IRDY# \~~ __ ~J:\~ __________ ~I 
, I 

TRDY# 

,T6 :..rr... 
------~:~·~\~ ____ ~f~--------~\~~I 

I 

DEVSEL# 

'n ~ 

-------7:·~\~----------------~~=_1~----

Figure 7-3. Burst Access Timing - PCI Bus 
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Bus Timings 

7.1.4 PCI Bus Master Operation 

ClK 

REQ# 

GNT# 

FRAME# 

'T11, I :T11. 
1<if----fII, ............ 1 -----r--ln >dr j ~'---r-~ D_ata1-!.....J' ~'---D_ata2---'X 

,T1.8 ,T18 'T~8 

AD(31 :0) Data3 : )1----------
...... ......--'---....,~------, ------,-, 

C/BE#(3:0)------'rl~L._r-~:B_E#_1 ---,-J)L._r-_B_E#_2_JrJ. __ BE_#_3 --w: )1----------

DEVSEl# 

IRDY# 

TRDY# 

T4 I . :T5, 
________ -,i+--+; , ... ,.--_______ _ 

\L-..,.-----.-------<-..J'I 
:T1!l :T18 

:LJ 
• T4 , 'T~ 
~I ~ 

----------~\~--------------~:/~-----------

Figure 7-4. PCI Bus Master Operation 

Table 7-1 PCI Bus Interface Timing Values 

~yrnbol D~scripti9ti·><·.··...\ ·i 11~11.11."I.:.r Mtl)(·(p$) 
T1 Bus Clock Period 30 -
T2 Bus Clock High Time 12 -
T3 Bus Clock low Time 12 -
T4 Bus Input Signal Setup to ClKa 7 -
T5 Bus Input Signal Hold from ClKa 0 -
T6 ClK to TRDY# active 2 11 
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Bus Timings 

Table 7-1 PCI Bus Interface Timing Values (Continued) 

T10 elK to data output tri-state 2 20 

T11 
elK to data output valid delay 

2 20 
(data stepping buffer) 

T12 elK to data output invalid delay 2 

T13 elK to PAR tri-state 2 20 

T14 
elK to PAR valid delay 

2 20 
(data stepping buffer) 

T15 2 

T16 2 11 

T17 2 11 

T18 11 

a. Bus input signals include FRAME#, AD(31-0), IDSEl, IRDY#, TRDY#, GNT#, DEVSEl#. 
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Bus Timings 

7.1.5 AGP Timing 

. . . . 
REQUEST 1 I REQUEST 2 I IDLE , REQUEST 3 ' IDLE 

I I 

elK 
I tGLK I 
it • 

SBA(7:0) FF FF 

, , I 

tDVB' I I tDVA ,'III. 'III ., 

GNT# \I--_---ll 

ST(2:0) --~( 000 )>----

IRDY# 

TRDY# 

tVAL 
I I 

~ 't .' I I 
I' 

I ~ :1 
I' 

.' 

AD 

Figure 7-5. AGP 2X Read Request with Return Data (4Qw) 

Table 7-2 AGP 2X Timing Parameters 
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Bus Timings 

elK 
, tCLK , -, 

: I tVAL ~ I tH 

~--I! I I , .. 

REQUEST 1 IDLE REQUEST 2 IDLE 

GNT# , , , 
, , 

ST(2:0) 
~ " 

----~~~--------~T---------------~'-----------------
~ ~ 

IRDY# ',r----------------
'\' 'f, ,~J ______________ ~:: 

TRDY# 

AD 

Figure 7-6. AGP 1X Read Request with Return Data (4Qw) 

Table 7-3 AGP 1X Timing Parameters 

SYtrlllQl 
tVAL CLK to control signal and Data valid delay 5.5 

tH Control signals hold time to CLK o 

7.1.6 Mobile AGPIPCI Timing 

For the mobile environment, three signals are used to maintain the clock and indicate its 
status. Two signals, AGP _BUSYB and STP _AGPB, are for the AGP bus, and a third 
one, CLKRUNB, is for the PCI bus. 

• AGP _BUSYB - generated by the AGP graphic card device and goes to the 
southbridge. When asserted, it indicates the AGP device is currently busy and the 
AGP clock should not be stopped; when deasserted, it indicates the AGP device is not 
running any cycles and the AGP clock can be stopped. 

STP _AGPB - an input to the AGP device that indicates the status of the clock. 
When asserted, the AGP clock is stopped. 

3D RAGE LT PRO Controller Specifications 
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Bus Timings 

CLKRUNB - a sustained tri-state input/output signal with respect to the central 
resource (clock generation logic), and an open drain output as well as an input 
with respect to the device. The central resource keeps CLKRUNB asserted when 
the clock is running normally, whereas, when the clock is stopped or slowed, the 
central resource monitors CLKRUNB to recognize requests from master and 
target devices for a change to be made in the state of the PCI clock signal. 

Output drive characteristics are defined by clocking role as follow: 

Masterrrarget - "open drain" (i.e. low drive capability only), asynchronous. 

Central resource - high and low drive capability, clock synchronous when 
driven to a high state, along with weak controllable keeper to maintain a high 
level during clock stop or slowdown. 

There are 3 main states in the clocking protocol: 

Clock running - the clock is running and the bus is operational, with 
CLKRUNB asserted by the central resource. 

About to Stop/Slow - the central resource deassertes CLKRUNB for one clock 
to inform the device that the clock is about to stop, then central resource tri-states 
its CLKRUNB output driver. The clock continues to run unchanged for a 
minimum of 4 clocks after CLKRUNB is deasserted. During this period of time, 
a master/target may reassert CLKRUNB for 2 clocks to request continued clock 
generation. When the central resource samples CLKRUNB reasserted, it will not 
stop the clock; otherwise, the clock will be stopped and the controllable keeper 
resistor will maintain the deasserted state of CLKRUNB during the period in 
which the clock is stopped or slowed. 

Clock Stopped/Slowed - the central resource monitors CLKRUNB while the 
clock is stopped or slowed. The master may request use of the bus by asserting 
CLKRUNB for 2 clocks, then it may tri-state its CLKRUNB output driver. The 
central resource will turn on the clock and assert CLKRUNB. 
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Bus Timings 

ClK 
1- 2' 3- 4' 5- 6' 7- 8' g- 10' , 

-
, 

-
, 

-
, 

-
, 

FRAME# ~ 
IRDY# / 

~ 

ClKRUN# I "'--" 

DRIVEN BY CENTRAL RESOURCE PULLUP ENABLED 

Figure 7-7. Clock Stop or Slow-down 

ClK 

ClKRUN# \~ __________________ ~~~~ __ ~ ______ ~ ______ ~ ____ ~r_~-' __ - __ -_-__ -_~r_-____ --

REQ# \ \ L_J ____ L ___ J __ ~_L ___ J ____ L __ _ 

PULLUP ENABLED DRIVEN BY CENTRAL RESOURCE 

DRIVEN BY DEVICE 

Figure 7-8. Clock Start or Speed-up 
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Bus Timings 

ClK 

FRAME# 

IRDY# , TCRDELO, '. ~' , . 
ClKRUN# ~8---:-L-' : : , ! i I I ....--... I .....-.. 

~---r---~---': : . ~ ----:-~ ~--~--~--

DRIVEN BY CENTRAL RESOURCE PULLUP ENABLED DRIVEN BY CENTRAL RESOURCE 

DRIVEN BY DEVICE 

Figure 7-9. Maintaining Clock 

* A more detailed description of the mobile environment and the CLKRUNB signal's role 
can be found in the document entitilcd PCI Mobile"Design Guide. 

7.1.7 Power-up and Reset Timing 

The asseltion and deasseltion of the RST# signal is asynchronous with respect 
to clock. After RST# is asserted, PCI components must asynchronously float 
their outputs. Meeting both T_rst and T_rst-c1k will be considered as proper 
reset of the internal logic for start-up of the chip. 

Table 7-4 

Reset Active Time After Power Stable ms 

First Cycle after Reset 300 ns 

T _rst-clk Reset Active Time After ClK Stable 100 

@ 1997 AT! Technologies Inc. 
Proprietary and Confidential 

3D RAGE LT PRO Controller Specifications 
7-11 



Bus Timings 

T rst 

FRAME# 

Figure 7-10. Reset Timing 
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Memory Timing 

7.2 Memory Timing 

Timing specifications for DRAM and SDRAM memory operations are given by: 

DRAM I EDO DRAM Cycle Timing, see Figure 7-11. 

Hyperpage EDO DRAM Cycle Timing, see Figure 7-12 

Refresh Cycle Timing, see Figure 7-13. 

SDRAM/SGRAM Cycle Timing, see Figure 7-14. 
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Memory Timing 

7.2.1 DRAM / EDO DRAM Cycle Timing 

XCLK 

RAS# 

CAS# 

WE# 

OE# 

MA[9:0] 

RDATA 
(EDO) 

-.l 

• 
rIlt 

• 
~ .. 
• 

tASR : tRAH 
• II III II 

Row AD X 

tRAS, tCSH 
~ II 

tRP 

I 
tRC 

tRCD .'JCA~. 

U , . 

tWCS:tWCH. --\ ' I 

" , 
JOE~: . tOEH' .-\ I 

tASC :JCAH' 
I •. 

Col. A~ ~ RowAD 

"1 ~ 

\ : r-
LJ.~ 

\ I Write Cycle Only 

\ : ReadlCYCle Only 

• I 1. l 

, 'JCA~'JAS~'JCA~. , 

~ <Col. AID X coi· AD ~ 

Figure 7-11. DRAM I EDO DRAM Cycle Timing 

Table 7-5 DRAM I EDO DRAM Interface Cycle Timing Values 

Clock High 

Read Data Setup 

3D RAGE LT PRO Controller Specifications 
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tCH 

tRDS 

tRDH 

4 

3 
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Memory Timing 

DRAM I EDO DRAM Controller Values 

Table 7-6 DRAM I EDO DRAM Cycle Timing Values 

Cycle time 

RAS precharge 

RAS 

RAS high - CAS high 

RAS - CAS high 

CAS Cycle (page mode) 

CAS pulse 

CAS address hold 

Output enable hold 

Write command hold 

address setup 

Column address setup 

Write data setup 

Write data hold 

@ 1997 AT! Technologies Inc. 
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tRC 

tCRD 

tCS 

tPC 

tCAS 

tCAH 

tOEH 

tWCH 

tASR 

tASC 

tDS 

tDH 

tRP + tRAS 2 to 12 

P [9:8] 1 to 4 

MEM_TCRD [12] o to 1 

tRCD + 1 2 to 5 

~1 

~1 

~1 

~1 

~1 
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Memory Timing 

7.2.2 Hyperpage EDD DRAM Cycle Timing 

XCLK 

CAS# 

WE# 

OE# 

MA 

WDATA 

RDATA 

,. tAAS, tCSH tAP 
~ . ~, 

'. tACD 

• tASf\:.tAAH~ 

X Aow'AD X 

'J \ 
/, ~ 

tAC ~. 

tCAS 
.''111 til; 

V 
IWCStW¢H o 

i : 

tASCtCAH tASA , tRAH 
~ .. ",'III .. 

X ~~. X X AowAD X 
, , 
,tDStDH --vr;;.:-::v 
~ 

tADS'tADH ...-

S 

,f 
~: 
:JCf,'H~ 

\liI\J\r-
• 1 ) I. : 

tDS'tDH' , ' 
................... ' .... '111 ...... 

X D~a X Da;a X D~ta X D~ta X 
, 

tADS .tADH , , ' 
.... ; ............... 'III .; ........ til .. 

~ 

Figure 7-12. Hyperpage EDO DRAM Cycle Timing 

Table 7-7 Hyperpage EDO DRAM Timing Values 

Cycle time tRC 

RAS precharge tRP 

RAS pulse tRAS 

RAS to CAS (min,) tRCD 

- CAS high tCRD 

RAS - CAS high tCSH 

CAS tPC 

3D RAGE LT PRO Controller Specifications 
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2tCt012tC 

1tCt04tC 

1 tC to 8 tC 

1 Y2 tC to 4 Y2 tC 

o to 1 tC 

2 tC to 5 

1 tC 

tRP + tRAS 

MEM_TRP 9:8 

MEM_TRAS 6 

MEM_ TRCD + Y2 11:10 

MEM_TCRD 12 

@ 1997 AT! Technologies Inc. 
Proprietary and Confidential 



Memory Timing 

Table 7-7 Hyperpage EDO DRAM Timing Values (Continued) 

CAS precharge tCP 

tCAS O.4tC 

Row address hold tRAH 1 tC 

Output enable setup tOES Y2 tC - 5.0 

1 tC 

Write command setup tWCS Y2 tC - 5.0 

.4tC 

Row address setup tASR 1 tC 

tASC Y2 tC - 5.0 

Write data setup tDS Y2 tC - 5.0 

Notes: 

• Worst case numbers (max. values) achieved assuming worst case process (setup 
time): 70 degrees C; 3.0 V; 40 pF on address lines; 28 pF on RAS, WE and OE lines; 
14 pF on CAS and data lines. 

• Best case numbers (min. values) achieved assuming best case process (hold time): 0 
degrees C; 3.6 V; 20 pF on address lines; 28 pF on RAS, WE and OE lines; 7 pF on 
CAS and data lines. 

• Hold and setup time values considered without taking into account transmission line 
effects of the address, control, and data lines. 

Timing values are provided assuming 1.4 V transition level. 

@ 1997 AT! Technologies Inc. 
Proprietary and Confidential 

3D RAGE LT PRO Controller Specifications 
7-17 



Memory Timing 

7.2.3 DRAM Refresh Cycle Timing 

MCLK 

tC • .-----... 
'tCH.tCL' 
~ 

tRAS 

RAS# \'------'--__ --'1 
CAS# 

~ 
------,\,'--------1 

OE# I 
WE# I 

tRP 

\'------

Figure 7-13. Refresh Cycle Timing 

Table 7-8 Refresh Cycle Timing Values 

Memory Cycle Length ".,',.' --

, < ' ., ." 
ORAM~pec. 

Cycle Time tRC 

RAS# precharge time tRP 

RAS# pulse width tRAS 

CAS# to RAS# setup time tCRS 

3D RA GE LT PRO Controller Specifications 
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XCLKs Registe(FieldiOMj;;M"'CNTL or 
(tC) " Calc.· 

2 to 12 tRP + tRAS 

1 to 4 MEM _TRP[9:8] 

1 to 8 MEM_ TRAS[18: 16] 

1 -
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Memory Timing 

7.2.4 SDRAMISGRAM Cycle Timing 

XCLK 

CS# 

RAS# 

CAS# 

WE# 

MA[9] 

MA[8] 

tC 
+----+ 

tCH tCL --
tCRD 

~~------------~--~----~~-; -----~ 

~ 
tRP tRAS 

II 

L-...I 
tRCD 

I 

~ 

~ L-1 
, tAS 'tAH " , ---...., 

XXXXX 
: • I. 

_xxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
" . 

MA[?: 0] )()()()()()(~ xxxxxxxxx 

DSF (Write Data) 

, , tWDS I tWDH 
, ---, 

WDATA xxxxxxxxXZXXXXXXXXX_xXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
; : WriteD.ata: 
, , 
, : lOOMS ;tDOMH: ' • 

DQM , , 

\RDS' tRDH 
RDATE _(R_ea_d_D_m~a) _________________ ~ _____ ~ 

Cycle Type 
Precharge Active 

'----' 
Write Cycle 

Latency(3tC). :' Read Data 

B I C ! D 

Read Cycle 
'----' 
Precharge 

Figure 7-14. SDRAM I SGRAM Cycle Timing 
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Memory Timing 

Table 7-9 SDRAM/SGRAM Cycle Timing Values 

Clock high time 4.0 

Command setup time 
provided (RAS, CAS, WE, CS, tCMS 5.0 
DSF) 

Command hold time provided 
tCMH 1.3 

(RAS, CAS, WE, CS, DSF) 

DQM setup provided 

DQM hold time provided tDQMH 

Address setup time provided tAS 4.4 

Address tAH 1.3 

Write data setup time provided tWOS 3.0 

Write data hold time provided tWDH 2.1 

R 

Read data hold time required tRDH 3.0 

PRE to ACTV delay tRP 1 tC 4tC MEM_ TRP[9:8] 

ACTV to PRE min delay tRAS 1 tC 8tC MEM_ TRAS[18:16] 

ACTV to CMD delay 1 tC 4tC ME 

Write recovery tWR 1 tC 2tC MEM_TCRD[12] + 1 

ACTV to ACTV delay tRRD 2tC 

Block write cycle time tBWC 2tC 

Notes: 

Worst case numbers (max. values) achieved assuming worst case process (setup 
time): 70 degrees C, 3.0 V, 45 pF on address and command lines, 30 pF on data and 
DQM lines. 

Best case number (min. values) achieved assuming best case process (hold time): 0 
degrees C, 3.6 V, 5 pF on address and command lines, 3.5 pF on data and DQM lines. 

Hold and setup time values considered without taking into account transmission line 
effects of the clock, address, command, data and DQM lines. 

• Timing values are provided assuming 1.4 V transition level. 
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Memory Controller Register Programming Examples 

7.3 Memory Controller Register Programming Examples 

7.3.1 DRAM / EDO DRAM 

Table 7-10 DRAM I EDO DRAM - Values for 15ns Clock Period (67 MHz) 

RAS precharge tRP = 40 ns min. 3 

RAS pulse tRAS = 60 ns min. MEM_TRAS=100 5 

RAS to CAS (min.) 
tRCO = 14 ns min., 

MEM_ TRCO = 01 2 
tRCO = 45 ns max. 

CAS high - RAS high tCRO MEM_TCRO=1 1 

RAS - CAS high tCSH = 40 ns min. tRCO + 1 3 

CAS pulse tCAS = 10 ns min. 

Row address hold tRAH = 1 ns min. 

CAS address hold tCAH = 10 ns min. 

Ou ~1 

Output enable hold tOEH = 0 ns min. ~1 

Write command setup tWCS = 0 ns min. ~1 

Row address setup tASR = 0 ns min. ~1 

Column address setup tASC = 0 ns min. ~1 

Write data setup tOS = 0 ns min. 

Write data hold tOH = 10 ns min. 

Note: All times are shown to the nearest nano-second (ns). 

Table 7-11 Additional MEM_CNTL Register Bits to be Programmed 

45 

75 

30 

15 

45 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 
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Memory Controller Register Programming Examples 

Table 7-11 Additional MEM_CNTL Register Bits to be Programmed (Continued) 

22:20 

7.3.2 Hyperpage EDO DRAM 

100 (1 every 1031 XCLK or 512 cycles 
per 7.9 mS for 67MHz operation) 

Table 7-12 Hyperpage EDO DRAM (Silicon Magic SM81 LC256K16A1-35), XCLK 
Speed = 83 MHz (12 ns period) 

tC 12 

Cycle time tRC = 48 ns min. tRP + tRAS 5tC 60 

RAS precharge tRP = 17 ns min. MEM_TRP = 01 2tC 24 

RAS pulse tRAS = 28 ns min. MEM_ TRAS = 010 3tC 36 

RAS to CAS (min.) tRCD = iOns min. MEM_ TRCD = 00 1 Y2 tC 18 

CAS high - RAS high tCRD MEM3CRD = 1 1 tC 12 

RAS - CAS high tCSH =22 ns min. tRCD + Y2 2tC 24 

CAS Cycle tPC = 12 ns min. 1 tC 12 

CAS precharge tCP = 5 ns min. Y2 tC 6.0 

CAS pulse tCAS = 5 ns min. 0.4 tC 4.8 

Row address hold tRAH = 6 ns min. 1 tC 12 

CAS address hold tCAH= 5 ns min. 0.4 tC 4.8 

Output enable setup tOES Y2 tC - 5.0 1.0 

Output enable hold tOEH=5 min. 1 tC 12 

Write command setup tWCS=O min. Y2 tC - 5.0 12 

Write command hold tWCH=6 min. 0.4 tC 1.0 

Row address setup tASR=O min. 1 tC 12 

Column address setup tASC=O min. Y2 tC - 5.0 12 

Write data setup tDS=O min. Y2 tC - 5.0 1.0 

Write data hold tDH=6 min. O.4tC 4.8 

All times are shown to the nearest nano-second (ns). 
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Memory Controller Register Programming Examples 

Table 7-13 Additional MEM_CNTL Register Bits to be Programmed 

19 

22:20 

7.3.3 SGRAM 

o (enabled) 

110 (1 every 1250 XCLK or 512 cycles per 
7.7 mS for 83 MHz operation) 

Table 7-14 SGRAM (Hitachi HM5216326-10), XCLK Speed = 100 MHz, CAS 
Latency = 3 

Table 7-15 Additional MEM_CNTL Register Bits to be Programmed 

19 o (enabled) 

22:20 MEM_REFRESH_RATE 110 (1 every 1250 XCLK or 1024 cycles per 
12.8 ms for 100 MHz operation) 
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ZV Port Timing 

Table 7-16 Additional EXT _MEM_CNTL Register Bits to be Programmed 

= 3 clocks) 

27:24 0101 

7.4 ZV Port Timing 

The timing diagram below depicts the relationship amongst the ZV Port signals. The 
associated video interface timing table (Table 7-18) shows the AC parameters associated 
with the ZV Port signals when the ZV Port custom interface is in use. 

Table 7-17 ZV Port Signals 

PCLK 

VSYNC 

HREF 

Y[7:0] 

UV[7:0j 

This signal is used to clock valid data and HREF signal into the ZV Port. 
The maximum rate is 40 Mhz. During display time, rising edge of PCLK is 
used to clock the 16-bit pixel data into the ZV Port. 

This signal supplies the vertical synchronization pulse to the ZV Port that 
displays the video data 

This signal supplies the horizontal synchronization pulse to the ZV Port that 
displays the video data. 

These signals are 8 bits of luminance data that are input to the ZV Port from 
the PC Card. 

These signals are 8 bits of chrominance data that are input to the ZV Port 
from the PC Card. 
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ZV Port Timing 

: __ Even Field :- Odd Field 

VSYNC 
\ ' - - - - -:- - - - ,: 

, " , , \ 
T8 ' T8 

14 .j. 

HREF l. --~ 
,+-+, 

:T6 r ....- T5 , ,- t; , . , 
PCLK __ T\.. 

Y[7:0] / UV[7:0] ---§-

Figure 7-15. Relationships among ZV Port signals 

Table 7-18 ZV Port Timing Parameters 

t1 PCLK fall time 4 ns (TBO) 8 ns (TBO) 

t2 PCLK low time 20 ns (TBO). 

t3 PCLK rise time 4 ns (TBO) 8 ns (TBO) 

t4 PCLK high time 20 ns (TBO) 

t5 PCLK cycle time 62.5 ns (25 ns) 

t6 Y[7:0] / UV[7:0] / HREF setup time 30 ns (TBO) 

t7 Y[7:0] / UV[7:0] / HREF hold time 10 ns (TBO) 

t8 VSYNC setup I hold time to HREF 100 ns (TBO) 

The ZV port can run with a PCLK period of 25 ns, although the PCMCIA specifies 
62.5 ns. The timing at 40 MHz is shown in brackets next to the PCMCIA timing 
specifications. Please refer to the PCMCIA Zoom Video Port Specification for further 
details. 
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LCD Panel Timing 

7.5 LCD Panel Timing 

7.5.1 TFT Panel 

. . 
'Tch ' Tel ' '< ),( ), 
:( Tp , 
, , 

, , 
'Tds 'Tel' 

I ~ 

Pixel Data (slnglel odd and even) ~ 
, .. , 

Display Enable , 

'(' 
Hsync " 

II--.-----J· 
, , 

~,~ 
THe' , 

~~ Tes j-' -,-' ______ _ 

I : 

Horizontal Timing 

TH 

Vertical Timing 

, TV ' 
«'-----------'------------:;.), :< TVp ): ' Vsync 

I I 
Hsync : 

----nnru , 

Figure 7-16. TFT Panel Timing. 

, THp 
>0< >. 
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7.5.2 STN Panel 

Clock 

Pixel Data , 

·Tch ' Tel . 
,( ) ( )' 

:< Tc I 

: Horizontal Timing 

LCD Panel Timing 

, Tis ' T1h ,,;, THp , 
Hsync ""':(-----70) k 7"" ), 

~.--~----~~~r-

Vertical Timing 

, 
( 

TV , 
>, 

Vsync 

I,-~ 
Hsync 

--.--., U 

Thy~ Thyh' Tlys 

Figure 7-17. STN Panel Timing. 
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LCD Panel Timing 

7.5.3 LCD Panel Timing Tables 

Table 7-19 TFT Panel (640x480) - Single Pixel per Clock 

I/TV 

THp 2.5us 

THC 10ns 

TH 32us 

Teh 23ns 20.5ns 

Tel 19.5ns 17ns 

Te 40ns 

Tds 19.4ns 

Tdh 16.3ns 

Tes 10ns 

TVp 64us 

TVH 2us 

Table 7-20 TFT Panel (800x600) - Single Pixel per Clock 

I/TV 

THp 

THC 

TH 

Teh 15ns 

Tel 12ns 

Te 

Tds 

Tdh 

Tes 

TVp 

TVH 
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60Hz 

1.6us 

10ns 

26us 

13ns 

10ns 

25ns 

12ns 

10ns 

12ns 

52us 

2us 
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LCD Panel Timing 

Table 7-21 TFT Panel (1024x768) - Odd and Even Pixel per Clock 

I/TV 52Hz 

THp 1.1 us 

THe 17ns 

TH 24us 

Teh 21.5ns 18ns 

Tel 17ns 13.5ns 

Te 35ns 

Tds 18ns 

Tdh 10ns 

Tes 10ns 

TVp 34us 

TVH 2l1S 

Table 7-22 STN Panel (640x480) 

S····rril:>Ol.. .• . '. ..... ............. .././< ......•••..•••.•••••••••• / ••.•••••••••••• /.................................. . ....••.• ) .•..••. ·.·.·.·.·.>.··......Jj..r) .. I.·.· 
.. . .•.... ¥< ..................... ··tlllm<trnul'l'lil"'~"" .. :.· I ..••.•• ·..)iU~'mi'~\ 

I/TV 

THp 

TH 

Teh 

Tel 

Te 

Tds 

Tdh 

Tis 

Tlh 

TVp 

Thys 
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83.6ns 

79.2ns 

80ns 

77.9ns 

60Hz 

2.5us 

32us 

80ns 

76.3ns 

160ns 

79.5ns 

74.6ns 

2ns 

1 us 

64us 

200ns 
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LCD Panel Timing 

Table 7-22 STN Panel (640x480) 

Thyh 

Tlys 

Table 7-23 STN Panel (800x600) 

I/TV 

THp 

TH 

Teh 53.6ns 

Tel 46.3ns 

Te 

Tds 50ns 

Tdh 47.9ns 

Tis 

Tlh 

TVp 

Thys 

Thyh 

Tlys 

Table 7-24 STN Panel (1024x768) 

THp 

TH 

Teh 

3D RA GE LT PRO Controller Specifications 
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3us 

400ns 

1.65us 

26us 

50ns 

49.2ns 

100ns 

49.5ns 

44.6ns 

2ns 

1 us 

64us 

200ns 

3us 

400ns 

O.2us 

41us 

61ns 
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LCD Panel Timing 

Table 7-24 STN Panel (1024x768) (Continued) 

Tel 

Tc 

Tds 

Tdh 

Tis 

Tlh 

TVp 

Thys 

Thyh 

Tlys 

7.5.4 LVDS Panel Timing 

1 
OFF 

123ns 

61ns 

61ns 

2ns 

1 us 

41 us 

200ns 

41 us 

200ns 

o 
ON 

1 
OFF 

, VB=>< >c 
VA , '------

+1.2 V 
typical 

ZT= 100 Q 
+250 to 
+400 mV 
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I VA-VSI---i------r--- OV (Diff) 

-250 to 
-400 mV 

Figure 7-18. LVDS Panel Timing. 
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Table 7-25 

Tccs 

Tckj 

Transmitter Channel to Channel Skew defines the skew between 
clock and data lines with a fixed clock position 

Transmitter Clock Jitter defines the maximum cycle to cycle clock 
jitter at the transmitter 

, TCCS 
~ 

TXCLKOUT =:=x~~------------
TXOUT3+/-

TXOUT2+/-

TXOUT1+/-

TXOUTO+/-

Figure 7-19. Transmitter Channel to Channel Skew 

100 ps 

200 ps 
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7.5.5 Panel Power Sequencing Timing 

Panel On 

DIGON _---'I 
Flat Panel 
Control/Data ~ Signals ---'----' 

BIASON 

BLON# 
, 2Tps I ,. M 

1: 

, I 

I 

Tps\ 2Tps 
I 

I 
J,' .. 

T ps '" power sequencing delay time 

LCD Panel Timing 

Panel Off 

L 

Valid A , 

\ 
I 

! Tps : 2Tps I 2Tps 

- '11 M 

Figure 7-20. Panel Power Sequencing Timing 

Note: Tps - power sequencing delay time - is programmable (field PWRSEQ_DELA Y, 
bits 3 I to 24 in the ZVGPIO register) from 4 to 1024 ms in increments of 4 ms. At 
default, Tps = T frame pulse = 16ms for 60Hz refresh rate. 
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The 3D RAGE LT PRO is capable of a wide variety of modes with various combinations 
of CRT, LCD and TV -Out outputs. This chapter describes the modes supported and their 
respective memory requirements for various display combinations (primary and/or 
secondary CRT Controller), full screen 3D, video/DVD and TV-Out. 

NOTE: In all cases, memory configuration is assumed to be 100M Hz SGRAM unless 
otherwise specified. 

8.1 Single CRT Controller Modes 

The following table represents the modes supported in single CRTC configurations, that 
is, only one display (either primary or secondary) active. The tables specify the minimum 
memory requirement for various display sizes and refresh rates. Note that specific display 
devices (CRT or LCD panels) may not support all modes. 

Table 8-1 
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Dual CRTC Modes 

Table 8-1 (Continued) 

indicates modes not supported by secondary display 

8.2 Dual CRTC Modes 

The following two tables represent the modes supported in dual CRTC configurations, 
with two independent displays running concurrently. Please note the memory size, type 
and speed as well as the refresh rates. The tables specify the maximum colour depth (in 
bits-per-pixel ) for the secondary display, given the colour depth and resolution of the 
primary display and the resolution of the secondary display. 

Table 8-2 

dsptwid< dsM~gt> •. dsp?Wid dsp2bgf 

640 480 640 480 

640 480 800 600 

640 480 1024 768 

640 480 1280 1024 

800 600 640 480 

800 600 800 600 

800 600 1024 768 

800 600 1280 1024 

1024 768 640 480 

1024 768 800 600 

1024 768 1024 768 

1024 768 1280 1024 

1280 1024 640 480 

1280 1024 800 600 

3D RA GE L T PRO Controller Specifications 
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32 bpp 32 bpp 32 bpp 32 bpp 

32 bpp 32 bpp 32 bpp 32 bpp 

32 bpp 32 bpp 32 bpp 24 bpp 

16 bpp 16 bpp 16 bpp 16 bpp 

32 bpp 32 bpp 32 bpp 32 bpp 

32 bpp 32 bpp 32 bpp 32 bpp 

32 bpp 32 bpp 24 bpp 16 bpp 

24 bpp 24 bpp 24 bpp 16 bpp 

32 bpp 32 bpp 32 bpp 24 bpp 

32 bpp 32 bpp 24 bpp 16 bpp 

32 bpp 24 bpp 16 bpp 8 bpp 

16 bpp 8 bpp 8 bpp 

32 bpp 32 bpp 

32 bpp 24 bpp 
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Table 8-2 (Continued) 

Table 8-3 
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Full Screen 3D Modes 

8.3 Full Screen 3D Modes 

The following tables represent the minimum memory requirements for full screen 3D 
display in various colour depths and resolutions. 

Table 8-4 
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DVDNideo Modes 

8.4 DVDNideo Modes 

The following tables represent memory requirements for DVD Video Playback for both 
software and hardware MPEG decoding in various display modes. Both NTSC and PAL 
formats are provided in each table. DVD NTSC is a nOx480 YUV mode running at 30 
frames per second. DVD PAL is a nOx576 YUV mode running at 25 frames per second. 
The YUV mode is YUV 12 in software MPEG decoding and YUV 422 in hardware MPEG 
decoding. 

8.4.1 Software MPEG Decoding 

Table 8-5 
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D VDNideo Modes 

8.4.2 Hardware MPEG Decoding 

Table 8-6 
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TV-Out Modes 

8.5 TV -Out Modes 

The following table lists the modes (VGA and extended) supported by the integrated 
TV -Out. In general, the TV -Out can directly support any modes up to 1024x768 at 60Hz 
for NTSC and 50Hz for PAL. The TV-Out is dependent only on scaling limitations and 
the refresh rate of the TV. There are no memory requirements other than that of supporting 
the display mode as described in the Single CRTC and Dual CRTC sections above. The 
TV -Out supports any colour depth supported by the CRTC. By using the dual display 
andlor independent scaling and timing features of TV -Out, it is possible to support higher 
resolution modes using panning with a smaller resolution display. 

Table 8-7 
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The electrical and thermal characteristics described in this document are specific to the 
3D RAGE LT PRO. Please contact AT! to obtain up-to-date information on how to 
support all of A TI' s graphics controllers, steppings, and foundries in one PCB design. 

9.1 Electrical Characteristics 

9.1.1 Maximum Rating Conditions 

Table 9-1 Maximum Rating Conditions 

Supply Voltage, VEE 

Input or Output Voltage 

DC Forward Bias Current 

Storage Temperature (Plastic) 

-12mA (source) + 24mA (sink) 

The extreme values determine the maximum rating conditions and are stress related -
operation of the controller at these conditions is not recommended. Ratings are referenced 
to VDD. Operating outside the ranges may cause permanent damage to the device, and 
operating close to the maximum rating conditions for extended periods may affect device 
reliability. Use the recommended ranges below. 

9.1.2 Recommended DC Operating Conditions 

Table 9-2 Recommended DC Operating Conditions 

Operating Supply Voltage (VDDR) 

Voltage (VEE) 

Operating Case Temperature (TC) 

@ 1997 AT! Technologies Inc. 
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Electrical Characteristics 

9.1.3 AC Characteristics 
Table 9-3 AC Characteristics 

<......... ... ../ .......... < ..... 

ROMCS# 

AD[31 :0], DEVSEL#, TRDY#, STOP#, INTR#, PAR 

ZVPORT[18:0] 

HSYNC,VSYNC 

CAS, MD[63:0], RAS, CS[3:0] 

WE[7:0] 

MA[9:0] 

* 4MB, 256Kx16 DRAMs, through a PCI edge connector. 

9.1.4 DC Characteristics 

TTL Interface 

Table 9-4 DC Characteristics - TTL Interface 

··Symi:)Ol· ••.•..•.•.•.•.. ·f)al'arrtetef i>. .. . C()nClition ... 

VIL 
Low Level Input -
Voltage 

VIH 
High Level Input -
Voltage 

VOL 
Low Level Output IOL=Rated Buffer 
Voltage Current 

VOH 
High Level Output IOH=Rated Buffer 
Voltage Current 

VT+ 
Schmitt Trig. positive -
threshold 

VT-
Schmitt Trig negative -
threshold 

3D RA GE L T PRO Controller Specifications 
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10pF 

50pF 

25pF 

50pF 

25pF 

15pF 

45pF 

Min~. .·•· •. ·.TyptCal ······/Max~ .. Unit 

- - 0.8 V 

2.0 - - V 

- 0.2 0.4 V 

2.4 3.3 - V 

- 2.0 2.4 V 

0.6 0.8 - V 
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Electrical Characteristics 

General 

Table 9-5 DC Characteristics - General Interface 

ilL 
Low level Input 
Current 

IIH 
High Level Input 
Current 

10Z 
Tri-State Output 
Leakage 

CIN Input Capacitance 

CO Output Capacitance 

CIO 
Bidirectional I/O 
Capacitance 

IKLU I/O Latch-up Current 

VEPO 
Electrostatic 
Protection 

@ 1997 AT! Technologies Inc. 
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..................t.JI1~ 

VI=VSS +1 ~A 

VI=VCC -1 ~A 

VO=OVor VCC ±10 ~A 

Freq=1 MHz 
4 

@ OV 
6 pF 

Freq=1MHz 
6 @ OV pF 

Freq=1MHz 
6 @OV 

10 pF 

V<VSS, 
500 

V>VCC 
rnA 

C=100pF, 
2000 

R=1.5Kn 
v 
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Electrical Characteristics 

9.1.5 Input/Output Specifications 

Table 9-6 Input/Output Electrical Specifications 

AO[31 :0] I/O 4mA 

C/BE#[3:0] I/O 1SmA 

CPUCLK 

CLKRUN# I/O 1SmA 

OEVSEL# I/O 1SmA 

FRAME# I/O 1S 

IOSEL 

INTR# o 1SmA 

IROY# I/O 1SmA 

PAR I/O 1SmA 

RESET# 

STOP# I/O 1SmA 

TROY# I/O 1SmA 

REQ# I/O 1SmA 

GNT# 

CAS# I/O 16mA 

MA[9:0] o SmA 

MO[63:0] I/O 2mA 

OE#[O] o 16mA 

OE#[1] o 16mA 

CKE o 16mA 

ROMCS# I/O 4mA 

OSF I/O SmA 

RAS# o 16mA 

WE#[7:0] I/O 16mA 

CS[3:0] I/O 16mA 

R,G.B A 

RSET A 

HSYNC o SmA 

VSYNC o SmA 

R2SET A 

Y, C A 

3D RA GE LT PRO Control/er Specifications 
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-4mA 

-1SmA 

-1SmA 

-1SmA 

-1S 

-1SmA 

-1SmA 

-1SmA 

-1SmA 

-1SmA 

-1SmA 

-16mA 

-SmA 

-2mA 

-16mA 

-16mA 

-16mA 

-4mA 

-SmA 

-16mA 

-16mA 

-16mA 

-SmA 

-SmA 

3.3V/5V 

3.3V/5V 

3.3V/5V 

Yes 3.3V/5V 

Yes 3.3V/5V 

Yes 3.3V/5V 

3.3V/5V 

Yes 3.3V/5V 

Yes 3.3V/5V 

Yes 3.3V/5V 

3.3V/5V 

Yes 3.3V/5V 

Yes 3.3V/5V 

Yes 3.3V/5V 

3.3V/5V 

50K PU Yes 3.3V. 5V Tol. 

50K PO Yes 3.3V. 5V Tol. 

50K PO Yes 3.3V. 5V Tol. 

Yes 3.3V. 5V Tol. 

50K PU Yes 3.3V. 5V Tol. 

50K PU Yes 3.3V. 5V Tol. 

Yes 3.3V. 5V Tol. 

50K PU Yes 3.3V. 5V Tol. 

50K PU Yes 3.3V. 5V Tol. 

50K PU Yes 3.3V. 5V Tol. 

50K PU Yes 3.3V. 5V Tol. 

Yes 3.3V.5V 

Yes 3.3V.5V 
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Electrical Characteristics 

Table 9-6 Input/Output Electrical Specifications (Continued) 

';:I~~~lli:l.r'.ii:i.lii;~~lliJI[i~911~jl·~;' ;: I.",: 
COMP A -
SYNC 0 

XTALIN I -
XTALOUT 0 

GPIO[17:0] I/O SmA 

LCDDO[23:0] 
0 SmA 

LCDDO[35:0]* 

LCDTMG[3:0] 0 SmA 

LTGIO[2:0]** I/O SmA 

DIGON 0 2mA 

BIASON 0 2mA 

0 2mA 

F32KHz I -

STANDBY# I -
SUSPEND# I .-

ZVPORT[1S:0] I/O 2mA 

ST[2:0]* 0 SmA 

SBA[7:0]* I -
RBFB* I -

ADSTB[1 :0]* I/O SmA 

SBSTB[1 :0]* I/O SmA 

STP _AGP#[2:0]* I -
AGP _BUSY#* 0 SmA 

PC I -

* Applies to 312 BGA package only. 
**Applies to 256 BGA package only. 
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- - - -
-SmA - Yes 3.3V,5VTol. 

- - - 3.3V, 5V Tal. 

-SmA - Yes 3.3V, 5V Tal. 

-SmA .50K PD Yes 3.3V, 5V Tal. 

Yes 3V, Tal. 

-SmA 50K PD Yes 3.3V, 5V Tal. 

-2m A - Yes 3.3V, 5V Tol. 

-2mA - Yes .3V, 5V Tol. 

-2mA - Yes 3.3V, 5V Tal. 

- - - 3.3V, 5V Tol. 

- . - - 3.3V, 5V Tol. 

- - - 3.3V, 5V Tol. 

-2mA 50K PD Yes 3.3V, 5V Tol. 

-SmA - Yes 3.3V 

- - - 3.3V 

- - - 3.3V 

-SmA - Yes 3.3V 

-SmA - Yes 3.3V 

- - - 3.3V 

-SmA - Yes 3.3V 

- - - 3.3V, 5V Tol. 
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Electrical Characteristics 

9.1.6 TV DAC Characteristics 

Table 9-7 TV DAC Characteristics 

Resolution 8 bits 

Vo (max) Maximum Output Voltage 1.32143 V (NTSC) 
1.3986 V (PAL) 

10 (max) Maximum Output Current 

Full Scale error 

DAC to DAC Correlation 

Rise Time (10% to 90%) 

Full Scale Settling Time 

Glitch Energy 

Monotonicity 

Notes: 

35.24 ma (NTSC) 
37.3 ma (PAL) 

-10% 

-2% 

-1 Isb 

A 

A 

A 

+10% B,C 

+2% A,D 

+1lsb A,E 

3ns A,F 

<8ns A,G,H 

60 pv-sec A,H 

A. Tested over the operating temperature range, at nominal supply voltage with an 
IREF of -3.04mA. (IREF is the level of the current flowing in the RSET resistor). 

B. Tested over the operating temperature range, at reduced supply voltage, with a 
-3.04mA IREF (IREF is the level of the current flowing in the RSET resistor). 

C. Full scale error from the value predicted by the design equations. 

D. About the mid point of the distribution of the three DAC's measured at full scale 
deflection. 

E. Linearity measured from the best fit line through the DAC characteristic. 
Monotonicity guaranteed. 

F. Load = 37.50 +20pf with IREF = -3.04mA. (lREF is the current flowing in the 
RSET resistor). 

G. From a 2% change in the output voltage until settling to within 2% of the final value. 

H. This parameter is sampled, not 100% tested. 

I. Monotonicity is guaranteed. 

3D RA GE LT PRO Controller Specifications 
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Electrical Characteristics 

9.1.7 DAC Characteristics 

All voltages in the table below are referenced to VSS unless specified otherwise. 

The Pixel Clock frequency must be stable for a period of at least 20 seconds. after power 
up (or after a change in Pixel Clock frequency), before proper device operation 
characteristics are guaranteed. 

Table 9-8 DAC Characteristics* 

Monotonicity 

VREFM Measured Reference v J 

• See Table 9-9 on page 9 for PS/2 DAC characteristics 

Notes: 

A. Tested over the operating temperature range, at nominal supply voltage with an 
IREF of -2.93mA. (IREF is the level of the current flowing in the RSET resistor). 

B. Tested over the operating temperature range, at reduced supply voltage, with a 
-2.93mA IREF. (lREF is the level of the current flowing in the RSET resistor). 

C. Full scale error from the value predicted by the design equations. 

D. About the mid point of the distribution of the three DAC's measured at full scale 
deflection. 

E. Linearity measured from the best fit line through the DAC characteristic. 
Monotonicity guaranteed. 

F. Load = 37.5Q +20pf with IREF = -2.93mA. (IREF is the current flowing in the 
RSET resistor). 
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Electrical Characteristics 

G. From a 2% change in the output voltage until settling to within 2% of the final 
value. 

H. This parameter is sampled, not 100% tested. 

I. Monotonicity is guaranteed. 

J. V REFM is the measured value oflogged data. It is the idealized V REF shifted by 
2.9%. 

9.1.8 Calculating RSET Resistance (DAC Interface) 

A precision resistor (with 1 % of nominal) is placed between RSET (pin 123) and analog 
ground (A YSS) to set the full-scale DAC current. This resistance is typically 422Q for 
PS/2 applications where the effective impedance is 37.SQ (doubly terminated 7So. loads, 
shown in the following figure). 422Q is an acceptable value for RSET with a slightly 
reduced white level. 

coax = 750 

--.---1AVlrl~v''----- To MONITOR 

750 

Figure 9-1. PS/2 Example 

The required resistor value can be calculated using the formula: 

RSET (n) = (6.22 X VREF x a)/ lOUT 

where: 6.22 is the idealized 8-bit gain constant 

V REF is the idealized reference voltage (1.2V) 

a is the systematic composite skew on idealized V REF and gain 

constant. It has been empirically determined to be 1.0S1 
from data logging. This amounts to as.l % overall 

correction. (2.9% attributed to V REF and 2.2% to the gain 
constant) 

3D RAGE LT PRO Controller Specifications 
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Electrical Characteristics 

lOUT is the required DAC full-scale current given by: 

lOUT = (V WHITE - V BLACK) I ZEFF 

For: V WHITE = 0.7V 

VBLACK =OV 
ZEFF = 37.50 

IOUT= 0.7V - OV I 37.50 = 0.0186A 

Defining RSET in this fashion allows for a one time compensation for the systematic skew 
due to shifts on both V REF and the gain constant on the output white level by adjustment of 
ex. 

The variation in ex has been set to be 10%, of which 6% has been attributed to the bandgap 
(V REFM = 1.2 x 1.029 ± 6% = 1.235 ± 6%), and the rest (4%) to the variation of the gain 
constant. Hence, 

lOUT max = 18.6mA x 1.1 

lOUT min = 18.6mA x 0.9 

PS/2 Example: 

RSET (0) = (6.22 x V REF X ex) I lOUT 
= 6.22 x 1.2 x 1.051 I 0.0186 

=4220 

Table 9-9 PS/2 DAC Characteristics* 

630 

-10% 

700 770 

18.6 +10% 

* Values obtained using 37.S.Q load, 422.Q (± 1 %) RSET with 8-bit white level. 

rnV 

rnA 
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Electrical Characteristics 

9.1.9 Analog Output Specification 

Conceptually, each 8-bit DAC can be viewed as two current sources connected in paralleL 
Each current source is controlled independently as shown below. 

__ ~ ______________ ~_____ VAA 

0(7:0) 

BLKB ----,1--------' 

IOR,IOB or lOG 

Figure 9-2. Analog Output (OAC) 

With a 750. doubly-terminated load, VREF=l.2V, and RSET=397o. PS/2 levels are 
shown below, with pedestal current set to 7.5 IRE. 

-:-~~------------r--=--- White Level 20.14mA 0.755V 

92.5 IRE 

! 7.5 IRE ------

Composite Video Output (with 7.5 IRE) 

Black Level 1.48mA 0.055V 
Blank Level O.OOmA O.OOOV 

Figure 9-3. Analog Output (Composite) 
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Thermal Characteristics 

9.2 Thermal Characteristics 

The thermal operation characteristics of the chip depend on the board it is mounted on. 
The tables below present the values of 8GA (case-to-ambient thermal resistance) and 
TAmax (maximum ambient temperature) for different airflows over the chip. 

Table 9-10 Single-layer Board 

21.0 15.8 14.5 11.9 11.3 

49 57 59 

Table 9-11 Multi-layer Board with Ground Plane 

Airllow{rn/s) 0 0.5······ 1.0 

eCA(OC/W) 17.6 14 12.5 10.4 10.0 

TAmax(°C) 39 50 55 62 63 

9.2.1 Maximum Ambient Temperature 

Typical maximum ambient temperatures (T Amax) can be derived from the following 
equation: 

TAmax = TCmax - P * eCA 

Where TCmax is maximum case temperature, P is power dissipation, and 8CA is 
case-to-ambient thermal resistance. 

Power dissipation varies with different display frequencies but is typically between l.OW 
to 2.0W when the chip is operating at nominal VDD. Case temperature (TC) may be 
measured in any environment, and should be taken at the center of the top surface of the 
device. 

9.2.2 Junction Temperature 

The junction-to-case thermal resistance (8JC) of this device is approximately 3°c/w. 
Junction temperature (TJ) may be calculated as follows: 

TJ = (eJC + eCA) * P + TA 

The maximum junction temperature allowed (for worst case condition) is 100 degrees C. 
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Power and Case Temperature Measurements 

9.3 Power and Case Temperature Measurements 

The following table represents the results of 3D RAGE LT PRO ASIC and memory (4M 
SGRAM) power consumption and case temperature measurements. Since the power and 
temperature depend on the activity inside the ASIC, the measurements were done in three 
categories - 2D demo on, 2D demo off, and 3D demo on - at a room temperature of 
23.9°C 

An Intel A2 motherboard was used as a test station, and CRT display (ISR 10011-035) as 
an output device. 

Table 9-12 Power Consumption and Case Temperature 

Nominal: 640x480x32bpp at 75Hz 
Both 20 and 3D demo off. 

Extreme: 1600x1200x16bpp at 85Hz 
3D demo on. 

3D RAGE LT PRO Controller Specifications 
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TBO 

O.5W 

O.8W 
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Physical Dimensions 

9.4 Physical Dimensions 

9.4.1 312-Pin PBGA Package 

Package outline PBGA 27x27mm - 312 +16 

E El 

A 

PIN AI INDICATOR (GOLDEN FINGER) 

0b 0.300 ®CAs 
0.100 . C 

1 2 _ 4 5 6 78 91Q1ll21314151617181920 

o 0000000'0000000000 y 
0000000000

1
0000000000 W 

0000000000000000000 v 
0000000000000000000 IT 

00000000000000000000 T 

0000000 '~oooooo R 
000000 e 1_ 000000 P 
00000 ~r.:";;; 00000 N 

ggggg ~~,g e ggggg r 
00000 - 0000 00000- K 
00000 00100 00000 J 
000000 00000 H 

ggggggo ogggggg ~ 
0000000000

1
0000000000 E 

00000000000000000000 D 
00000000000000000000 C 
00000000000000000000 B 

o 000000'0000000 0 A 

D' .. 

Figure 9-4. 312-pin PBGA Physical Dimensions 
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Physical Dimensions 

Table 9-13 312-Pin PBGA Package Physical Dimensions 

.< ••. . .. ~.... .·.·.·····>···Ii\) .......•..••.•.•....•.•.•••••.........••••.... / ...... « 

A 

Ai 

A2 

b 

D 27.00 

D1 24.13 BASIC 

D2 

e 1.27 BASIC 

E 27.00 

E1 24.13 BASIC 

E2 

Notes: 

Drawing BGA 27x27 finished 14090116-004 

Reference document JEDEC MOIS1 
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2.125 2.595 

0.50 0.70 

1.625 1.895 

0.60 0.90 

26.82 27.18 

23.90 24.10 

26.82 27.18 

23.90 24.10 
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Physical Dimensions 

9.4.2 256-Pin PBGA Package 

Package outline PBGA 27x27mm - 256 +16 

])' 

PIN AI INDICATOR (GOLDEN FINGER) 

OPfIONAL I (, THERMAL BALLS 

Figure 9-5. 256-pin PBGA Physical Dimensions 
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Environmental Requirements 

Table 9-14 256-Pin PBGA Package Physical Dimensions 

A 

A1 

A2 

b 

D 27.00 

D1 

D2 

e 1.27 BASIC 

E 27.00 

E1 24.13 BASIC 

E2 

Notes: 

Drawing BGA 27x27 finished 14090116-004 

Reference documentJEDEC MOISI 

9.5 Environmental Requirements 

9.5.1 Ambient Temperature 

Operation: TBD 

2.125 

0.50 

1.625 

0.60 

26.82 

23.90 

26.82 

23.90 

Storage: 32 of to 162 of (0 °c to 70°C) 

9.5.2 Relative Humidity 

Operation: 5% to 90% non-condensing 

Storage: 0% to 95% 

3D RAGE LT PRO Controller Specifications 
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2.595 

0.70 

1.895 

0.90 

27.18 

24.10 

27.18 

24.10 
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A.l AGP Signal Routing 

f\.ppen.dix l'~ .. 
l~llvout (~Io!ls'ideratiort.v 

... ' 

AGP signals must be carefully routed on the graphics card to meet the timing and signal 
quality requirements set out in the AGP Interface Specification Technical Manual, 
Rev.l.O. This chapter presents some general guidelines which should be followed. These 
guidelines are also covered in the Accelerated Graphics Port Platform Design Guide, 
Rev.I.O. The trace lengths mentioned are the guidelines only, and it is the responsibility of 
the board designer to simulate the routing in order to verify that the specification is met. 
All trace lengths are defined for a nominal trace impedance of 650. with a variation of 
+1-150.. 

A.I.1 Trace Length 

Signal Trace length on the AGP board should not be greater than 3.00". This requirement 
is derived from the flight time budget of 0.7ns for tJ;e add-in card. 

CPUCLK signal length should be carefully designed to match the 0.6 ns +1-0. Ins flight 
time requirement in AGP specification. This trace length has to be calculated based on the 
special implementation requirements: number of layers, thickness of layers, width of 
trace, etc. A simplified formula can be used to define the propagation delay 

Tprop (ps/in.) = 85 ./(0, 475er + 0, 67) 

where Er is the relative permeability of the substrate. 

A.I.2 AGP Signal Grouping and Routing 

AD_STB strobe signal is grouped with the address signals AD(l5:0) and C/BE[I :0] and 
should be routed in the middle of the above address group. 

AD_STB I strobe signal is grouped with the address signals AS(31 :16) and C/BE[2:3] and 
should routed in the middle of the above address group. 

SB_STB strobe signal is grouped with the side band address signals SBA(7:0) and should 
routed in the middle of the above address group 

Strobe signals should be within +1-0.5" of their respective groups. The pin assignment of 
the AGP groups on the 3D RAGE PRO is such that traces can be easily laid out to even 
tighter requirements. 
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Example: If strobe signal AD_STBO = 2.5" then signal group AD(15:0), C/BE[1 :0] 
should be from 2.0" to 3.0" in length. 

Some rules will be applied to AD(31 :16), SBA(7:0) and their strobes AD_STB1, ST_STB 
respectively. 

A.I.3 Signal Guarding and Trace Pitch 

The following are the time critical signals which have to be guarded in order to minimize 
crosstalk - AD_STBO, SB_STB and PCI clock. It is intended to have a ratio of 1:4 
between signal Trace Width and Trace Pitch dimensions for the guarded signals. All other 
signals Width to Trace pitch ratios should be minimum 1 :2. 

A.2 PCB Layout Considerations 

Digital circuits can easily generate large ground current spikes that appear as an increase 
in the circuit's noise floor. You can achieve superior operation of the graphics subsystem 
when the coupled noise at the PLL and DAC supplies and references are minimized. The 
following rules of thumb adhere to the guiding premise that ground currents for digital 
circuits should be adequately bypassed and kept away from sensitive circuit areas and 
analog supplies. 

Keep digital signals away from analog signals. 

Keep digital components and wires as far away from analog sections as possible. 
Avoid routing digital signals through analog sections. 

Keep sensitive nets short by placing analog components close to the chip, and short 
wires over their respective planes. These are RSET, XTALIN, and XTALOUT. 

All power pins need by-pass capacitors placed as close to the pins as possible. 

On 4-layer designs, position the ground plane closest to the component side and the 
power plane closest to the solder side. 

All ground nets, YSS, AYSS, and PYSS should be joined together at one location as 
close to the card edge connector as possible. 

Use a low impedance ground, i.e., a continuous ground plane. 

Provide separate filtered power supplies for analog functions. 

Use capacitors and ferrite beads on RGB signals to reduce EMI for FCC 
requirements. 

Apply PCI specifications to routing traces from the PCI bus. 
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(Oscillator - Recommended) (Crystal - Option) 

R3 
C1 

Xtalin t--Wr--I 1--...--- VCC Xtalin I----.------r----t 

o Xtal R1 C2 

Xtalout 1---- N/C Xtalout 1---'-----'-----1 

R4 
RSET 

LPVDD 

PVDD I---~---------- PVDD 

LPVSS 

PVSS 

AVDD 1--------,,------ AVDD 
C10 

7 
AVSS (DAC Analog Ground) 

VCC 1---..-----.--,-----.---.--..--- VCC 

GND r--~-~-~-~-~-~~ 

Digital Ground 

3D RAGE LT PRO 

Note: For specific values, refer to the reference schematic. 

Figure A-1. PCB Layout Component Diagram 
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A.3 Routing and Layer Assignments 

A.3.t Star Grounding 

Star grounding minimizes common mode voltages caused by the noise currents traveling 
through common mode impedances. Common mode impedance is created when long 
tracks are snaked around a board. A voltage can be developed at the point on the track 
(away from the common ground or supply point) which a primary current flows into. If 
this point is then used to provide a common ground point connection for a second macro, 
the voltage generated by the primary current will be superimposed on the ground of the 
second macro even if it (second macro) does not sink or source any current. 

Star grounding is an idealized grounding topology whereby macros are provided a 
separate and direct path to a common physical point. This point is tied to a very low 
impedance path directly to the supply return. In this manner, no common mode impedance 
can be developed between macros and no noise coupling is possible. When correctly 
implemented, the Star point should physically appear to have many wires leading away 
from it to respective macros which rely on the point to provide a potential that is common 
to them all. 

All macros that attach to common analog grounds and supplies should have wide, short, 
low impedance paths to "star points". Conceptually, this should be a wire to the power 
supply but practicality restricts it to a point on the circuit board. 

On the graphics controller, supplies are logically separated into three pairs: 

AVSS/AVDD 

PVSS/PVDD 

VSS/VCC 

As the only one physical ground return exists, A VSS, PVSS, and VSS should be 
connected together to one point as close to the card edge connector as possible. 

A.3.2 Local Bypassing 

By bypassing the supply pairs (A VSS/A VDD, PVSSI PVDD, and VSS/vCC) we 
minimize residual common mode currents that could couple in noise between macros in 
the common mode impedances that cannot be eliminated. (e.g., the wire connecting the 
power supply to the board). 
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A.3.3 Signal Referencing 

Signal referencing on the graphics controller is important since not all the signals are 
ground referenced. The significance is in the difference between the input node and the 
node to which it is referenced. For nodes which handle primarily DC and LF (low 
frequency) information, a high-pass function in the form of either guard ring or guard 
island can be formed from adjacent tracks and underlying layers, respectively. 

A.4 TV Output Layout Considerations 

• Component placement: The ASIC should be placed as close as possible to the output 
connectors in order to minimize noise pickup and ret1ections due to impedance 
mismatch. Discrete components should be placed as close as possible to the 
associated ASIC pins, and vias must be avoided as much as possible. 

Ground plane: A common digital and analog ground plane is recommended. 

Power plane: Separate digital and analog power plane is recommended. These two 
planes should be connected at a single point through a ferrite bead as illustrated earlier 
in the implementation diagram. 

Device Decoupling: All decoupling capacitors should be placed as close as possible 
to the ASIC. Surface mount capacitors are recommended for minimum lead 
inductance. The trace length between groups of power and ground should be as short 
as possible to minimize inductive ringing. 

Power supply decoupling: Pairs of 22 Ilf and 0.1 Ill' capacitors are used to perform 
decoupling on each group of power and ground. These capacitors should be placed as 
close as possible to the associated ASIC pins and connected with short wide traces. 
The 221lf capacitors is for low-frequency power supply ripple and the 0.1 Ilf 
capacitors for high-frequency power supply noise rejection. 

Digital signal interconnect: The digital inputs to the ASIC should be isolated as 
much as possible from the analog outputs and other analog circuitry. These input 
signals should not overlay the analog power plane or analog output signals. 

Analog signal interconnect: Digital traces must not be routed under or adjacent to 
the analog output traces (to avoid crosstalk from digital lines). The video output 
signals should not overlay the analog power plane (to maximize high frequency 
power supply rejection). The load resistor should be as close as possible to the ASIC 
to minimize ret1ection. 
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A.S LVDS Layout Considerations 

Low Voltage Differential Signalling (L VDS) will inherantly allow longer traces by 
cancelling common mode noise. The following layout considerations should be used in 
the PCB layout: 

Keep differential pairs close to each other and parallel to maximize differential benefit 

Maintain identical physical and electrical length of differential pair 

Use rounded (avoid sharp 90 degree) edges to reduce change in impedance especially 
for high frequencies 

Separate TTL/CMOS signals from LVDS differential signals to avoid crosstalk; 
increase distance, run ground trace or usc differential plane between TTL/CMOS and 
LVDS signals 

Use ground plane between differential signal pairs on connector and cable 

Ensure proper impedance matching of PCB trace to avoid reflections 

Place termination resistor as close to the LVDS receiver as possible 

Please refer to reference schematics and L VDS Receiver specifications for more details. 
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