






























































































































































































































































LVDS Data Arrangement

6.9.3 DSTN Interface
Table 6-22 DSTN Pack 12 x2 Panel

RxOQUTO DISP.ON RxOUT14 LD10
RxOUT1 (]]4] RxQUT15 LD9
RxQUT2 UD1 RxOUT16 LD8
RxQUT3 ubD2 RxOUT17 LD7
RxQUT4 uD3 RxOUT18 LD6
RxOUT5 uD4 RxOUT19 LD5
RxOUT6 ubD5 RxOUT20 LD4
RxQUT7 uUD6 RxOUT21 LD3
RxOUTS8 ub7 RxOQUT22 LD2
RxQUT9 uD8 RxQUT23 LD1
RxOUT10 » uD9 RxOUT24 LDO
RxOUT11 ubD10 RxOUT25 CLOCK
RxOUT12 uD11 RxOUT26 HSYNC
RxQUT13 LD11 *RxQUT27 VSYNC

Note: Output is from RX1 (e.g N.S. DS90C582I, TI SN75LVDS82)

Table 6-23 DSTN Pack 8 x2 Panel

RxQUTO DISP.ON RxOUT14
RxOUT1 uDo RxOUT15 nc
RxOUT2 UD1 RxOUT16 nc
RxOUT3 uD2 RxOUT17 LD7
RxOUT4 uD3 RxOUT18 LD6
RxOUT5 UD4 RxOUT19 LD5
RxOUT6 uD5 RxOUT20 LD4
RxOUT7 uD6 RxOUT21 LD3
RxOUT8 ub7 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 RX1 (e.g N.S. DS90C5821, TI SN75LVDS82)
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Panel Control Interface

- 6.10 Panel Control Interface

Table 6-24 Panel Control

DlGON ) Controls Panel Digital Power

BIASON Controls Panel Bias Voltage

BLON Control Backlight On/Off

F32KHz 32KHz clock input for memory refresh
It has one of 2 functions:

STANDBY# | ;i(l:tlice!\'/lode. Chip goes into standby mode when this pin is
- 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

_SignalName | PinType | =~ Deseripion =
ZVPORT(18:0) | Zoom Video Port, Video in port, LVDS test mode output

Table 6-26 ZV-Port Pins Multiplexing

ZVPORT(0) I I
ZVPORT(1) Y1 I I
ZVPORT(2) Y2 | |
ZVPORT(3) Y3 I I
ZVPORT(4) Y4 I I
ZVPORT(5) Y5 I I
ZVPORT(6) Y6 | |
ZVPORT(7) Y7 I YUV7 I
ZVPORT(8) uvo I ZVGPIO(0) 110
ZVPORT(9) uVv1 I ZVGPIO(1) 10
ZVPORT(10) uv2 I ZVGPIO(2) I/0
ZVPORT(11) uv3 I ZVGPIO(3) I/0
ZVPORT(12) uva I ZVGPIO(4) I/0
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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General Purpose I/O Interface

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

...t 7V PhilipsPort:

“SignalName " |——————— —_

. 1 PinName . Direction Pin Name
ZVPORT(13) uvs [ ZVGPIO(5) /0
ZVPORT(14) uve | ZVGPIO(6) I/0
ZVPORT(15) uv7 | ZVGPIO(7) /0
ZVPORT(16) HREF I / /
ZVPORT(17) VSYNC I / /
ZVPORT(18) PCLK | PCLK |
Note: In 8-bit video input mode, ZVPORT(17:8) could be used as general purpose

I/0s.

6.12 General Purpose I/O Interface

Table 6-27 General Purpose I/O

Sighal Name| Pin Type Descripton =~
MPP Port

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

Table 6-28 General Purpose I/O Pins Multiplexing

L | I12C SEL()=0 I2C_ SEL()=1 |
Pin Name | —u— . D ———— = Direction

-~ | FunctionMPPPort | FuncionMPPPort |
GPIO(0) SADO SADO 10
GPIO(1) SAD1 SAD1 10
GPIO(2) SAD2 SAD2 10
GPIO(3) SAD3 SAD3 10
GPIO(4) SAD4 SAD4 10
GPIO(5) SAD5 SAD5 10
GPIO(6) SAD6 SAD6 10
GPIO(7) SAD7 SAD7 10
GPIO(8) SIOR SIOR 10
GPIO(9) SIOW SIOW 10
GPIO(10) SRDY 12CCLK 10
GPIO(11) mon ID3 GPIO 10
GPIO(12) I2CSDA I2CSDA 10
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Optional ATl Multimedia Channel Interface

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

MPP P
12CCLK

, ‘mon ID3

GPIO(13)

GPIO(14) mon ID0 mon IDO 10
GPIO(15) mon ID1 mon ID1 10
GPIO(16) mon ID2 mon ID2 10

Note: Inorder to be pin compatible with RAGE LT chip, the position of I12C clock is
programmed with I2C_SEL(1) bit.

6.13 Optional ATI Multimedia Channel Interface

Table 6-29 AMC Interface

S b P . Descriptions
SignalName | = L — e -
ZVPORT(7:0) YUV(7:0) *
ZVPORT(18) /0 CLK Dot (Pixel) Clock
GPIOO M-I/O : * SADO
GPIO1 M-I/O * SAD1
GPIO2 M-I/O * SAD2
GPIO3 I/0 * SAD3
GPI1O4 I/0 * SAD4
GPIO5 /0 * SAD5
GPIO6 /0 e SAD6
GPIO7 /0 * SAD7
GPIO8 0 * SIOR
GPIO9 O * SIoOW
GPIO10 O * SRDY/IRQ
GPIO11 /0 * *
GPIO12 1/0 SDA *
GPIO13 /0 ScL .
oo o * *
Note: Any extra pins not used (*) in a particular mode can be used as a general
purpose I/0 pins GPIO.
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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Power and Ground Pins

6.13.1 LCD SYNC Signals Mapping

Table 6-30
o Panel Type
IL.CDTMGO .‘ ‘I‘Disp'lay' Evnable .‘ Free run cloék forv ex>tbérvnal Eanéi Imk support
LCDTMGH1 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 (VDDC), /O power (VDDR) and PCI power
(VPP). The ground ring (VSS) is common for all of them (VSSC, VSSR and VSSP).

Table 6-31 Power and Ground Pins

SignalName | PinType | Desc
VPP (2 pins) I PCI Power - 3.3V/5V
VDD (10 pins) | Digital Power - 3.3V
VSS (6 + 16 pins) (0] Digital Ground
I
o

LPVDD LVDS PLL Power pin
LPVSS 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

BallRef. Signal Name |Ball Ref. Signal Name |BallF
A1l GPIO0 A2 GPIO2 A3 GPIO4
A4 GPIO8 A5 GPIO11 A6 GPIO14
A7 ZVPORT17 A8 ZVPORT14 A9 ZVPORT13
A10 ZVPORTO09 A1 ZVPORTO06 A12 ZVPORTO02
A13 ADO A14 AD4 A15 AD7
A16 AD10 A17 AD14 A18 PAR
A19 DEVSEL# A20 IRDY# B1 R
© 1997 ATI Technologies Inc. 3D RAGE LT PRO Controller Specifications
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256-pin BGA Pin Listings

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

B2 GPIO1 B3 GPIO3 B4 GPIO7
B5 GPIO10 B6 GPIO13 B7 ZVPORT18
B8 ZVPORT15 B9 ZVPORT12 B10 ZVPORTO08
B11 ZVPORTO05 B12 ZVPORTO1 . |B13 AD1
B14 ADS5 B15 CBEO# B16 AD11
B17 AD15 B18 STOP# B19 TRDY#
B20 FRAME# C1 RSET c2 G
C3 AVSS C4 GPIO6 C5 GPIO9
Cé6 GPIO12 c7 .GPIO16 Cc8 ZVPORT16
C9 ZVPORT11 C10 ZVPORTO07 C11 ZVPORTO04
c12 ZVPORTO00 C13 AD2 Ci14 AD6
C15 ADS8 C16 AD12 Cc17 CBE1#
c18 AD17 C19 AD16 Cc20 CBE2#
D1 PVSS D2 PVDD D3 B
D4 AVSS D5 GPIO5 D6 VDDR
D7 GPIO15 D8 VSS D9 ZVPORT10
D10 vDDC D11 ZVPORTOQ3 D12 VSS
D13 AD3 D14 VPP D15 AD9
D16 AD13 D17 AD21 D18 AD20
D19 AD19 D20 AD18 E1 HSY
E2 VSY E3 AVDD E4 VDDR
E17 CBE3# E18 IDSEL E19 AD23
E20 AD22 F1 LCDDOO F2 LPVSSR
F3 XTALOUT F4 XTALIN F17 AD27
F18 AD26 F19 AD25 F20 AD24
G1 LCDDO4 G2 LCDDO3 G3 LCDDO2
G4 LCDDO1 G17 AD31 G18 AD30
G19 AD29 G20 AD28 H1 LCDDOS8
H2 LCDDO7 H3 LCDDO6 H4 LCDDO5
H17 CLKRUN# H18 RESET# H19 GNT#
H20 REQ# J1 LCDDOS9 J2 LPVSS
J3 LPVDD J4 LPVDDR J9 VSS
J10 VSS J11 VSS J12 VSS

J17 VPP J18 CPUCLK J19 MD62
J20 MD61 K1 LCDDO13 K2 LCDDO12
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256-pin BGA Pin Listings

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

- Sl

K3”

~LCDDO10

LCDDO11 K9 VSS
K10 VSsS K11 VSS K12 VSS
K17 INTR# K18 MD63 K19 MD60
K20 MD59 L1 LCDDO14 L2 LCDDO15
3 LCDDO16 La VDDC L9 VSS
L10 VSS L11 VSs L12 VSS
L17 VDDC L18 MD58 L19 MD57
L20 MD56 M1 LCDDO17 M2 LCDDO18
M3 LCDDO19 Ma LPVSSR M9 VSS
M10 VSS M1 VSS Mi2 VSs
M17 MD52 M18 MD53 M19 MD54
M20 MD55 N1 LCDDO20 N2 LCDDO21
N3 LCDDO22 N4 LCDDO23 N17 MD48
N18 MD49 N19 MD50 N20 MD51
P1 A2VSS P2 A2VSS_ P3 Y
Pa c P17 MD44 P18 MD45
P19 MD46 P20 MD47 R1 COMP
R2 R2SET R3 A2VDD R4 VDDR
R17 MD40 R18 MD41 R19 MD42
R20 MD43 T SYNC T2 LTGIOO
T3 LTGIOf T4 LTGIO2 T17 MD30
T18 MD37 T19 MD38 T20 MD39
U1 cs3 U2 LCDTMGO U3 LCDTMGH
U4 VsS Us OE#1 Us DSF
U7 VDDR us MAS U9 VSS
u10 WE#2 Ut vDDC u12 MD4
NE VDDR Ut4 MD11 U15s MD15
Ute MD19 u17 MD28 NE MD31
U19 MD35 U20 MD36 V1 LCDTMG2
V2 LCDTMG3 V3 BIASON Va CS1
V5 RAS#0 V6 OE#0 V7 MA2
V8 MA6 Vo MA9 V10 WE#3
Vi1 MDO V12 MD3 V13 MD7
Via MD10 V15 MD14 V16 MD18
V17 MD22 V18 MD29 V19 MD32
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256-pin BGA Pin Listings

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

Ball Ref. Ball Signal Name |B

V20 MD34 W1 DIGON ' F32KHZ
w3 SUSPEND# _ |W4 CKE CAS#0
W6 MAO w7 MA3 MA7
W9 WE#0 W10 WE#4 W11 WE#7
W12 MD2 W13 MDG6 W14 MD9
W15 MD13 W16 MD17 W17 MD21
wis MD24 W19 MD27 W20 MD33
Y1 BLON Y2 STANDBY# _ |Y3 S0
Y4 ROMCS# Y5 Ccs2 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

Sign: SignalName  Ball Ref. | Signa
A2VDD R3 A2VSS  P1__ |A2vss
ADO A13 AD1 B13 AD2
AD3 D13 AD4 A14 AD5
AD6 Cl4 AD7 A15 ADS
AD9 D15 AD10 A16 AD11
AD12 C16 AD13 D16 AD14
AD15 B17 AD16 C19 AD17
AD18 D20 AD19 D19 AD20
AD21 D17 AD22 E20 AD23
AD24 F20 AD25 F19 AD26
AD27 F17 AD28 G20 AD29
AD30 G18 AD31 G17 AVDD
AVSS c3 AVSS D4 B
BIASON V3 BLON Y1 C
CAS#0 W5 CBEO# B15 CBE1# c17
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256-pin BGA Pin Listings

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

allfet. . Sl
A12 ZVPORTO03 D11 ZVPORTO04 c1
ZVPORTO05 B11 ZVPORTO06 A1 ZVPORTO7 Cc10
ZVPORTO08 B10 ZVPORTO9 A10 ZVPORT10 D9
ZVPORT11 C9 ZVPORT12 B9 ZVPORT13 A9
ZVPORT14 A8 ZVPORT15 B8 ZVPORT16 Cs
ZVPORT17 A7 ZVPORT18 B7
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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

me | BallRef. Sig

GPIO1

GPIO3

A1 A2

A4 A5 GPIO8 A6 GPIO13

A7 ZVPORT17 A8 ZVPORT12 A9 ZVPORTO08
A10 ZVPORTO4 A1 AD1 A12 AD5

A13 ADS8 A14 AD12 A15 SBA7

A16 PAR A17 SBA2 A18 AD13

A19 SBAO A20 IRDY# B1 B

B2 GPIO2 B3 GPIO4 B4 GPIO6

B5 GPIO9 B6 GPIO14 B7 ZVPORT16
B8 ZVPORT11 B9 ZVPORTO7 B10 ZVPORTO03
B11 ADO B12 AD6 B13 CBEO#
B14 AD15 B15 AGP_BUSY# |B16 SBAS5

B17 STOP# B18 SBAT B19 TRDY#
B20 AD21 C1 PVDD c2 G

c3 R c4 GPIO7 c5 GPIO10
o GPIO15 c7 ZVPORT15 cs ZVPORT10
c9 ZVPORT06 C10 ZVPORTO02 C11 AD2

ci2 AD4 ci3 AD_ST#0 ci4 AD10

ci5 STP_AGP# Ci6 SBA6 c17 SBA3

c18 CBE3# c19 AD17 C20 SB_STB
D1 XTALOUT D2 AVDD D3 RSET

D4 AVSS D5 GPIO11 D6 GPIO16

D7 ZVPORT14 D8 ZVPORT09 D9 ZVPORTO5
D10 ZVPORTO1 D11 ZVPORTO00 D12 AD3

D13 AD7 D14 AD11 D15 AD14

D16 DEVSEL# D17 AD27 D18 AD16

D19 FRAME# D20 AD20 E1 LCDDO3
E2 XTALIN E3 HSY E4 AVSS

E5 GPIO12 E6 ZVPORT18 E7 ZVPORT13
E8 VDDR E9 VSS E10 VDDC

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

E14 AD9 E15 CBE1# E16 SBA4
E17 AD18 E18 AD19 E19 IDSEL
E20 CBE2# F1 LCDDO4 F2 LCDDO2
F3 LCDDOA Fa VSY F5 PVSS

F6 VDDR F7 VSS Fl4 VPP

Fi5 VSs F16 AD31 F17 AD_STH#1
F18 AD22 F19 AD23 F20 AD26

G1 LCDDO7 G2 LCDDO6 a3 LCDDO5
G4 LCDDOO G5 LPVSSR G6 VSs

G15 VPP G16 AD29 G17 RESET#
G18 AD24 G19 AD25 G20 AD30

H1 LCDDOS8 H2 LCDDO9 H3 LPVDDR
Ha LPVDD H5 VDDR H6 VDDC
H16 STO H17 ST1 H18 RBF#
H19 CLKRUN# H20 ST2 J1 LCDDO12
J2 LCDDO11 J3 LCDDO10 Ja LPVSS
J5 VSs J9 VSS J10 VSs

a1 VSs J12 VSS J16 VPP

J17 REQ# J18 GNT# J19 CPUCLK
J20 AD28 K1 LCDDO16 K2 LCDDO15
K3 LCDDO14 Ka LCDDO13 K5 VDDC

K9 VSS K10 Vss K11 VSS

K12 VSs K16 INTR# K17 PAVDD
K18 PAVSS K19 MD63 K20 MD62

L1 LCDDO17 2 LCDDO18 L3 LCDDO19
L4 LCDDO20 L5 LPVSSR L9 VSs

L10 VSS L11 VSs L12 VSs

L16 VDDC L17 MD61 L18 MD60
L19 MD59 L20 MD58 M1 LCDDO21
M2 LCDDO22 M3 LCDDO23 M4 A2VSS
M5 A2VSS M9 VSs M10 VSS

M11 VSs M12 VSS M16 NC/R
M17 MD57 M18 MD56 M19 MD55
M20 MD54 N1 Y N2 c

N3 COMP N4 R2SET N5 VDDR
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312-pin BGA Pin Listings

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

BallRef.  SignalName | BallRef. Signal Name a
N16 MD49 N17  MD53
N19 MD51 N20 MD50
P2 SYNC P3 LCDDO24 P4 LCDDO25
P5 NC/R P6 VDDR P15 VDDR
P16 NC/R P17 MD48 P18 MD47
P19 MD46 P20 MD45 R1 LCDDO26
R2 LCDDO27 R3 LCDDO28 R4 LCDD029
R5 LCDDO30 R6 NC/R R7 VSS
R15 NC/R R16 MD40 R17 MD44
R18 MD43 R19 MD42 R20 MD41
T1 LCDDO31 T2 LCDDO32 T3 LCDDOS33
T4 LCDDO34 T5 VSS T6 MAO
T7 VDDR T8 NC/R T9 VDDR
T10 vDDC T11 NC/R T12 VDDR
T13 NC/R T14 VDDR T15 VSS
T16 NC/R T17 MD39 T18 MD38
T19 MD37 T20 MD36 ut LCDDO35
u2 CS3 us LCDTMGO U4 LCDTMGH1
us RAS# ue NC/R u7 MA4
us VSS U9 WE#1 u10 WE#5
U1 vDDC u12 MDO1 U13 VSS
ui4 MDO08 u1s MD12 uie MD16
u17 MD35 u1s MD34 u19 MD33
u20 MD32 V1 LCDTMG2 V2 LCDTMG3
V3 DIGON V4 PCI33EN V5 DSF
V6 OE#0 v7 MA3 V8 MA7
V9 WE#0 V10 WE#4 \AR| WE#6
V12 MDO02 V13 MDO05 Vi4 MDO09
V15 MD13 V16 MD17 V17 MD20
V18 MD30 V19 MD29 V20 MD31
W1 BIASON w2 F32KHZ W3 CSo
W4 OE#1 W5 ROMCS# Wé CSs2
W7 MA2 w8 MA6 W9 MAS9
W10 WE#3 W11 WE#7 W12 MDO03
W13 MDO06 W14 MD10 W15 MD14

© 1997 ATl Technologies Inc.
Proprietary and Confidential

3D RAGE LT PRO Controller Specifications

6-31



312-pin BGA Pin Listings

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

W16 MD18 W17 MD21 w18 MD23
W19 MD25 W20 MD28 Y1 BLON
Y2 STANDBY# Y3 SUSPEND# Y4 CS1
Y5 CKE Y6 CAS# Y7 MA1
Y8 MAS5 Y9 MAS8 Y10 WE#2
Y11 MDOO Y12 MDO04 Y13 MDO7
Y14 MD11 Y15 MD15 Y16 MD19
Y17 MD22 Y18 MD24 Y19 MD26
Y20 MD27
Note: NC/R is “no connect but reserved for future use.

Table 6-35 312 BGA Pinout by Signal Name

6.16.2 Pinout by Signal Name

_Sig SignalName  Ball Ref.

A2VDD P1 A2VSS M4

AD_ST#0 c13 AD_ST#1 F17 ADO B11
AD1 A1 AD2 c1i AD3 D12
AD4 ci2 ADS5 A12 AD6 B12
AD7 D13 ADS A13 AD9 E14
AD10 Cl4 AD11 D14 AD12 A14
AD13 A18 AD14 D15 AD15 B14
AD16 D18 AD17 C19 AD18 E17
AD19 E18 AD20 D20 AD21 B20
AD22 F18 AD23 F19 AD24 Gi8
AD25 G19 AD26 F20 AD27 D17
AD28 J20 AD29 G16 AD30 G20
AD31 F16 AGP_BUSY#  Bi5 AVDD D2

AVSS D4 AVSS E4 B B1

BIASON W1 BLON Y1 c N2

CAS# Y6 CBEO# B13 CBE1# E15
CBE2# E20 CBE3# c18 CKE Y5

CLKRUN# H19 COMP N3 CPUCLK J19
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312-pin BGA Pin Listings

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

_SignalName  BallRef. | SignalName BallF

cso w3 “lest Ya cs2 W6
cs3 U2 DEVSEL# D16 DIGON V3
DSF V5 F32KHZ w2 FRAME# D19
G c2 GNT# J18 GPIOO Al
GPIO1 A2 GPIO2 B2 GPIO3 A3
GPIO4 B3 GPIO5 A4 GPIO6 B4
GPIO7 ca GPIO8 A5 GPIO9 B5
GPIO10 C5 GPIO11 D5 GPIO12 E5
GPIO13 A6 GPIO14 B6 GPIO15 C6
GPIO16 D6 HSY E3 IDSEL E19
INTR# K16 IRDY# A20 LCDDO029 R4
LCDDOO G4 LCDDOA F3 LCDDO2 F2
LCDDO3 E1 LCDDO4 F1 LCDDO5 a3
LCDDO6 G2 LCDDO7 G1 LCDDOB H1
LCDDO9 H2 LCDDO10 J3 LCDDO11 J2
LCDDO12 T LCDDO13 Ka LCDDO14 K3
LCDDO15 K2 LCDDO16 K1 LCDDO17 L1
LCDDO18 L2 LCDDO19 L3 LCDDO20 La
LCDDO21 M1 LCDDO22 M2 LCDDO23 M3
LCDDO24 P3 LCDDO25 P4 LCDDO26 R1
LCDDO27 R2 LCDDO28 R3 LCDDO30 R5
LCDDO31 e LCDDO32 T2 LCDDO33 T3
LCDDO34 T4 LCDDO35 U1 LCDTMGO U3
LCDTMGH U4 LCDTMG2 V1 LCDTMG3 V2
LPVDD Ha LPVDDR H3 LPVSS Ja
LPVSSR G5 LPVSSR L5 MAO 6
MA1 Y7 MA2 W7 MA3 V7
MA4 U7z MA5 Y8 MAG6 w8
MA7 V8 MAS Y9 MAQ W9
MDO0O Y11 MDO1 Uiz MDO02 V12
MDO3 W12 MDO04 Y12 MDO05 V13
MDO06 W13 MDO07 Y13 MDO08 U4
MDO9 Vid MD10 W14 MD11 Y14
MD12 Uis MD13 Vi5 MD14 W15
MD15 Y15 MD16 U16 MD17 V16
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312-pin BGA Pin Listings

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

MD18 W16 MD19 Y16 MD20 V17
MD21 W17 MD22 Y17 MD23 W18
MD24 Y18 MD25 W19 MD26 Y19
MD27 Y20 MD28 W20 MD29 V19
MD30 V18 MD31 V20 MD32 u20
MD33 u19 MD34 (URF:] MD35 u17
MD36 T20 MD37 T19 MD38 T18
MD39 T17 MD40 R16 MD41 R20
MD42 R19 MD43 R18 MD44 R17
MD45 P20 MD46 P19 MD47 P18
MD48 P17 MD49 N16 MD50 N20
MD51 N19 MD52 N18 MD53 N17
MD54 M20 MD55 M19 MD56 M18
MD57 M17 MD58 L20 MD59 L19
MD60 L18 MD61 L17 MD62 K20
MD63 K19 NC/R M16 NC/R P5
NC/R P16 NC/R R6 NC/R R15
NC/R T8 NC/R T11 NC/R T13
NC/R T16 NC/R Us OE#0 V6
OE#1 W4 PAR A16 PAVDD - K17
PAVSS K18 PCI33EN V4 PVDD c1
PVSS F5 R c3 R2SET N4
RAS# us RBF# H18 REQ# J17
RESET# G17 ROMCSH# W5 RSET D3
SB_STB C20 SBAO A19 SBA1 B18
SBA2 A17 SBA3 C17 SBA4 E16
SBA5 B16 SBA6 C16 SBA7 A15
STO H16 ST1 H17 ST2 H20
STANDBY# Y2 STOP# B17 STP_AGP# C15
SUSPEND# Y3 SYNC P2 TRDY# B19
VDDC E10 vDDC H6 VvDDC K5
vDDC L16 vDDC T10 vDDC un
VDDR E8 VDDR F6 VDDR H5
VDDR N5 VDDR P6 VDDR P15
VDDR T7 VDDR T9 VDDR T12
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312-pin BGA Pin Listings

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

VPP

VPP

T14
VPP F14 VPP G15 VPP J16
V§S E9 VSS E12 VSS F7
VSS - F15 VSS G6 VS8S 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 us VSS u13
VSY Fa WE#0 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 D1, Y N1
ZVPORTO0 D11 ZVPORTO1 D10 ZVPORTO02 c10
ZVPORTO03 B10 ZVPORTO04 A10 ZVPORTO05 D9
ZVPORTO06 C9 ZVPORTO7 B9 ZVPORTO8 A9
ZVPORTO09 D8 ZVPORT10 Cc8 ZVPORT11 B8
ZVPORT12 A8 ZVPORT13 E7 ZVPORT14 D7
ZVPORT15 C7 ZVPORT16 B7 ZVPORT17 A7
ZVPORT18 E6

Note: NC/R is “no connect but reserved for future use”.
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Note: NC/A = “No Connect but Reserved” for future use.
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7.1 Bus Timings
Timing specifications for PCI bus operations are given by:

* Single Read/Write Cycle Timing, see Figure 7-1.
* Disconnect On Burst Cycle, see Figure 7-2.

e 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

At Al el awalalalalalalalalaWal
~T4:T5- : : : -T4:T5. : : : : :
FRAME# —\_J""—" : R R L0 T
I * « o oo T10, .
AD(31:0) —{ Aar X iData From System , } { Adr }——{ Invalid Data Data To SystepH———
C/BE#(3:0) —{ cind X _Byte Enables: —{cnd [ Byte Enables; L)
IDSEL \ / : Don't Care : N \ /I ; : ;
Y S ' R
IRDY# L : ] \_. ' . [
L Je. LT7, i C
TRDY# T W i | \ 1 |
I8 19, : A
DEVSEL# ‘ R ; I X / :
: T4, IS
PAR X ) { - — ) S 1))
I Single Write Cycle = } Single Read Cycle :
1*  The minimum number of clocks from FRAME# active to TRDY# active is programmable.
Figure 7-1. Single Read/Write Cycle Timing - PCI Bus
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Bus Timings

7.1.2 Disconnect On Burst Cycle - PCI Bus

CLK WA AWE WYY
FRAME# o - [

AD(31:0) —{ Adri X Data )( Data2 : )
CBE#(30) —{_ ‘cmd )( oEnT )

IRDY# \ i ! /

LN PLEAN .
TRDY# A

. I?”G.. ET17,

' ‘—'. :4——»,
STOP# ‘ : \ : /

ETB . | §T9
DEVSEL# T\ -

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

7.1.3 Burst Access Timing - PCI

T1
‘T2 T3 :
CLK | S S W L/ :
FRAME# W L / k
T4 T5 T4 1 T5 Co .
AD(31:0) —{ acr X . Datat XD%& ) e Datas ) E—
C/BE#(3:0) —{ cmd X BE#1 XBE;ﬁZ X BE#3 e

IRDY# \_ [T /
" T6 17
TRDY# R L \
E T8 E.Ti.
DEVSEL# Y ;
Figure 7-3. Burst Access Timing - PCl Bus
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Bus Timings

7.1.4 PCI Bus Master Operation

N VAT A AR AN ANAVAVAVAVAVAVAVAS

\T18 ‘ X X ! X Ti8 '
-n ' . . ' ' e,
REQ# 1) I ] :
S ;fii |
GNT# ————X . ¥ ;
S Tis :
FRAME# ! ;\ D : f/ 5
T o
AD(31:0) ‘—_‘;_(( ' Adr :J iData1 W Data2 J Data3 5 )
Lo ;I:;s 1T18 : T8 :
C/BE#(3:0) HCmd: X BE#T | X7 BE#2 X BE#3 : }
T E. 53
DEVSEL# \ Lo }7
IRDY# = 1
Ty
TRDY# \ : Ey

Figure 7-4. PCI Bus Master Operation

Table 7-1 PCI Bus Interface Timing Values

__Symbol | Description .. 2 ) | Ma;
T1 Bus Clock Period 30 -
T2 Bus Clock High Time 12 -
T3 Bus Clock Low Time 12 -
T4 Bus Input Signal Setup to CLK? 7 -
T5 Bus Input Signal Hold from CLK? 0 -
T6 CLK to TRDY# active 2 11
© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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Bus Timings

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

_ Symbol |I

T7 CLK to TRDY# inactive 2 11
T8 CLK to DEVSEL# active 2 11
T9 CLK to DEVSEL# inactive 2 11
T10 CLK to data output tri-state 2 20
T | Gata stopping bty 2 20
T12 CLK to data output invalid delay -

T13 CLK to PAR tri-state 2 20
|G e e BE
T15 CLK to PAR invalid delay 2 -

T16 CLK to STOP# active delay 2 11
T17 CLK to STOP# inactive delay 2 11
T18 CLK to signal valid delay 2 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 : REQUEST 2 ¢ IDLE + REQUEST 3 ¢ IDLE
) [} 1

o [ LT LT LT L L L L

SBA(7:0) (urofermiuuianeioeiack e XookeX  F
SB_STB | [f\ /Y A N A Y B U A U AR W A Y

t
tbvB + ' ttDVA
——————

GNTH T\ [
sT(2:0) ——— o0 }———

IRDY#
WAL, : CtH
TRDY# — !
AD ‘ DO
AD_STBx N o W o U an U
tDVB : :tDVA

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

Table 7-2 AGP 2X Timing Parameters

Clock , 15
Data valid before 1.7
Data valid after . 1.7 -
CLK to control signal and Data valid delay 1 5.5
tH Control signals hold time to CLK 0 -
© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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Bus Timings

' REQUEST 1 IDLE REQUEST 2 © IDLE
) 1
i) )
1)

. [

' CLK
—

SBA(7:0) i@f“"“b@ A1HO)§A1M1>§ A1M0)g A1L1)@ A1Lo)§ FF

VOMVAL ¢ e
- ——

v

A2L1)@ A2L0@ FF )

f
te
ty

e ty

Yy

Y

L [
4 .

GNT# — r

ST(2:0) o0 )

-

IRDY# A\ J

TRDY# ————'——‘\——/ \ f
AD ———v-<oonD1)( b2 X b3 X ba X b5 X DGKD7>—

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

Table 7-3 AGP 1X Timing Parameters

tVAL CLK to control signal and Data valid delay 1 5.5
tH Control signals hold time to CLK 0 -

7.1.6 Mobile AGP/PCI 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, CLKRUNSRB, 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.

e  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 © 1997 ATl Technologies Inc.
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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:
*  Master/Target — “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
CLKRUNRB 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.

© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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CLK / | | 1 A h A h
1: 2: 3: 4: 5: 6: 7: 8: 9: 10:
eames [T
IRDY# : [ : : : : ! : :
A T S S S S S S S
CLKRUN# VA L
DRIVEN BY CENTRAL RESOURCE i PULLUP ENABLED
Figure 7-7. Clock Stop or Slow-down
CLK / / / / / / !
K 2 5 4 5 5 .
CLKRUN# \ N /-\__:_/\ ¢ ' ' 'I ' f
1 v ' v 1 1 ] t 1
REQ# R R S
) PULLUP ENABLED ’ ) DRIVEN BY CENTRAL RESOURCE
DRIVEN BY DEVICE
Figure 7-8. Clock Start or Speed-up
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Bus Timings

CLK g (] { (] i t [ v
1 2 3 a 5 6' 7 8! 9 10
i t Ll t i t l t i t
FRAME# -/ : : : : : : : :
; : ; : ; : ; ; ; :
IRDY# [ ! TCRDEL+ . ! . . .
i i 1 L ———— Ll ' Ll Ll Ll
: : : o~ . ! : : .
CLKRU N# ! ' ' § t [ L t [
o ' ! L N
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 entitiled PCI Mobile Design Guide.

7.1.7 Power-up and Reset Timing

The assertion and deassertion 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-clk will be considered as proper
reset of the internal logic for start-up of the chip.

Table 7-4
Symbol | = Parameter fax | Units
T_rst Reset Active Time After Power Stable ms
T_cyc First Cycle after Reset ns
T_rst-clk Reset Active Time After CLK Stable us
© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications

Proprietary and Confidential 7-11



Bus Timings

VDD —  Valid
PCI_CLK < /A A Y A W A U A U A U A U A
RST# ; ! /
X . T_rst-clk ' Teye -
' ' 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/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

)
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Figure 7-11. DRAM / EDO DRAM Cycle Timing

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

Clock Period tC ,12 » 20
Clock High tCH 4 -
Clock Low tCL 4 -
Read Data Setup tRDS 1 -
Read Data Hold tRDH 3 -
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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Memory Timing

DRAM / EDO DRAM Controller Values

Table 7-6 DRAM /EDO DRAM Cycle Timing Values

Cycle time tRC tRP + tRAS
RAS precharge tRP MEM_TRP [9:8] 1to4
RAS pulse tRAS MEM_TRAS [18:16] 1t08
RAS to CAS (min.) tRCD MEM_TRCD [11:10] 1to4
RAS high - CAS high tCRD MEM_TCRD [12] Oto1
RAS - CAS high tCSH tRCD + 1 2to5
CAS Cycle (page mode) tPC - 2 -
CAS precharge tCP - 1
CAS pulse tCAS - 1
Row address hold tRAH - 1
CAS address hold tCAH - 1
Output enable setup tOES - >1
Qutput enable hold tOEH - >1
Write command setup tWCS - >1
Write command hold tWCH - - 1
Row address setup tASR - >1
Column address setup tASC - >1
Write data setup tDS - 1
Write data hold tDH - 1
© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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Memory Timing
7.2.2 Hyperpage EDO DRAM Cycle Timing
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Figure 7-12. Hyperpage EDO DRAM Cycle Timing

Table 7-7 Hyperpage EDO DRAM Timing Values

XCLK Period tC 12
Cycle time tRC 2tCto 12tC tRP + tRAS
RAS precharge tRP 1tCto4tC MEM_TRP 9:8
RAS pulse tRAS 1tCto 8tC MEM_TRAS 18:16
RAS to CAS (min.) tRCD 1%tCto 412 tC MEM_TRCD + ¥ 11:10
RAS high - CAS high tCRD Oto1tC MEM_TCRD 12
RAS - CAS high tCSH 2tCto5tC tRCD + %2
CAS Cycle tPC 1tC -
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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Memory Timing

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

CAS precharge Y% tC

CAS pulse tCAS 0.4tC -
Row address hold tRAH 1tC -
CAS address hold tCAH 0.4tC -
Output enable setup tOES % tC-5.0 -
Output enable hold tOEH 1tC -
Write command setup tWCS % tC-5.0 -
Write command hold tWCH 0.4tC -
Row address setup tASR 1tC -
Column address setup tASC % tC-5.0 -
Write data setup tDS % tC-5.0 -
Write data hold tDH 0.4tC -
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 1.4V transition level.
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7.2.3 DRAM Refresh Cycle Timing

‘ tc .
—

’tCH:tCL' ' : . :
ek M\ M\ SIS\ L
A X . tRAS : tRP .
RAS# \ f / \
" \CRS . .
cas# :
OE# /
WE# /

Figure 7-13. Refresh Cycle Timing

Table 7-8 Refresh Cycle Timing Values

Memory Cycle Length | DRAM Spec, | XCcke | Register Fielc In MEM.C
Cycle Time | tRC 2to 12 tRP + tRAS‘
RAS# precharge time tRP 1to4 MEM_TRP[9:8]
RAS# pulse width tRAS 1to8 MEM_TRAS[18:16]
CAS# to RAS# setup time tCRS 1 -
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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7.2.4 SDRAM/SGRAM Cycle Timing
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Figure 7-14. SDRAM / SGRAM Cycle Timing
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Table 7-9 SDRAM/SGRAM Cycle Timing Values

Clock period tC 10 20

Clock high time tCH 4.0 -

Clock low time tCL 3.5 -

Command setup time

provided (RAS, CAS, WE,CS, | tCMS 5.0 -

DSF)

(FAS, CAS. WE. Co. DoF) | ‘oM | 18 |-

DQM setup time provided tDQMS 5.5 -

DQM hold time provided tDQMH 1.2 -

Address setup time provided tAS 4.4 -

Address hold time provided tAH 1.3 -

Write data setup time provided| tWDS 3.0 -

Write data hold time provided | tWDH 2.1 -

Read data setup time required| tRDS -0.9 -

Read data hold time required tRDH 3.0 -

Row cycle time tRC - 2tC 12tC MEM_TRP + MEM_TRAS
PRE to ACTV delay tRP 1tC 4tC MEM_TRP[9:8]
ACTV to PRE min delay tRAS 1tC 8tiC MEM_TRAS[18:16]
ACTV to CMD delay tRCD 1tC 4tC MEM_TRCD[11:10]
Write recovery time tWR 1tC 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 / EDO DRAM - Values for 15ns Clock Period (67 MHz)

Specifications

Cycle time tRC = 104 ns min. tRP + tRAS 8

RAS precharge tRP = 40 ns min. MEM_TRP=10 3 45
RAS pulse tRAS = 60 ns min. MEM_TRAS=100 5 75
RAS to CAS (min.) oD = aansmin. | MEM_TRCD = 0f 2 30
CAS high - RAS high tCRD MEM_TCRD=1 1 15
RAS - CAS high tCSH = 40 ns min. tRCD + 1 3 45
CAS Cycle (page mode) tPC 2 30
CAS precharge tCP = 10 ns min. 1 15
CAS pulse tCAS = 10 ns min. 1 15
Row address hold tRAH = 10 ns min. 1 1
CAS address hold tCAH = 10 ns min. 1 15
Output enable setup tOES = 0 ns min. =1 15
Output enable hold tOEH = 0 ns min. >1 15
Write command setup tWCS = 0 ns min. 21 15
Write command hold tWCH = 10 ns min. 1 15
Row address setup tASR = 0 ns min. 1 15
Column address setup tASC = 0 ns min. >1 15
Write data setup tDS = 0 ns min. 1 15
Write data hold tDH = 10 ns min. 1 15

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

Table 7-11 Additional MEM_CNTL Register Bits to be Programmed

RegisterFieldName | ,
MEM_LATENCY 01 (2 clocks)
7:6 MEM_LATCH 10 (positive edge of XCLK)
13 MEM_TR2W 0 (1 clock delay between read and write)
19 MEM_REFRESH_DIS 0 (enabled)
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Table 7-11 Additional MEM_CNTL Register Bits to be Programmed (Continued)

100 (1 every 1031 XCLK or 512 cycles

22:20 MEM_REFRESH_RATE per 7.9 mS for 67MHz operation)

7.3.2 Hyperpage EDO DRAM

Table 7-12 Hyperpage EDO DRAM (Silicon Magic SM81LC256K16A1-35), XCLK
Speed = 83 MHz (12 ns period)

Memory Cycle Length - MEM CNTL or

XCLK Period tC 12
Cycle time tRC = 48 ns min. tRP + tRAS 5tC 60
RAS precharge tRP =17 ns min. MEM_TRP = 01 21tC 24
RAS pulse tRAS = 28 ns min. | MEM_TRAS =010 3tC 36
RAS to CAS (min.) tRCD = 10 ns min.| MEM_TRCD = 00 1%tC 18
CAS high - RAS high tCRD MEM_TCRD = 1 1tC 12
RAS - CAS high tCSH =22 ns min. tRCD + 12 21tC 24
CAS Cycle tPC = 12 ns min. 1tC 12
CAS precharge tCP = 5 ns min. 2 tC 6.0
CAS pulse tCAS = 5 ns min. 0.41tC 4.8
Row address hold tRAH = 6 ns min. 1tC 12
CAS address hold tCAH= 5 ns min. 0.4tC 4.8
Output enable setup tOES % tC-5.0 1.0
Output enable hold tOEH=5 min. 1tC 12
Write command setup tWCS=0 min. %tC-5.0 12
Write command hold tWCH=6 min. 04tC 1.0
Row address setup tASR=0 min. 1tC 12
Column address setup tASC=0 min. % tC -5.0 12
Write data setup tDS=0 min. % tC - 5.0 1.0
Write data hold tDH=6 min. 04tC 4.8

All times are shown to the nearest nano-second (ns).
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Table 7-13 Additional MEM_CNTL Register Bits to be Programmed

WEW CNTLBits | RegisterFieldName | Valie
5:4 MEM_LATENCY 01 (2 clocks)
7:6 MEM_LATCH 10 (positive edge of XCLK)
13 MEM_TR2W 0 (1 clock delay between read to write)
14 MEM_CAS_PHASE 0 (CAS low when clock low)
19 MEM_REFRESH_DIS 0 (enabled)
. 110 (1 every 1250 XCLK or 512 cycles per
22:20 MEM_REFRESH_RATE 7.7 mS for 83 MHz operation)
7.3.3 SGRAM
Table 7-14 SGRAM (Hitachi HM5216326-10), XCLK Speed = 100 MHz, CAS
Latency =3
S SORAN ”'I‘Rﬁ‘e‘gister Fleldl ber | e
aram | Specification el | Provided
Parameter : p Panon MEM CNTL of | 1B :
(ns) 0 (ns)
Row cycle time tRC = 90 min. tRP + tRAS 9 90
PRE to ACTV delay tRP = 30 min. MEM_TRP = 10 3 30
ACTV to PRE min. delay | tRAS =60 min. | MEM_TRAS = 101 6 60
ACTV to CMD delay tRCD = 30 min. MEM_TRCD = 10 3 30
Write recovery time tWR =20 min. |[(MEM_TCRD=1) + 1 2 20

Table 7-15 Additional MEM_CNTL Register Bits to be Programmed

MEM CNTL =
= | RegisterField Name
5:4 MEM_LATENCY
7:6 MEM_LATCH 01 (HCLK feedback)
19 MEM_REFRESH_DIS 0 (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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Table 7-16 Additional EXT_MEM_CNTL Register Bits to be Programmed

0 MEM_CS 1 (allow commands every clock)
9:8 MEM_CLK_SELECT 00 (SD/SGRAM clock from DLL)
11:10 MEM_CAS_LATENCY 11 (SD/SGRAM CAS latency = 3 clocks)
27:24 MEM_GCMRS 0101

74  ZV Port Timing

The timing diagram below depicts the relationship amongst the ZV Port signals. The
associated video interface timing table (YTable 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

This signal is used to clock valid data and HREF signal into the ZV Port.
PCLK 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
VSYNC . :
displays the video data
This signal supplies the horizontal synchronization pulse to the ZV Port that
HREF . : :
displays the video data.
Y[7:0] These signals are 8 bits of luminance data that are input to the ZV Port from
' the PC Card.
UV[7:0] These signals are 8 bits of chrominance data that are input to the ZV Port
’ from the PC Card.
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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ZV Port Timing

=— Even Field +— Odd Field
: _____ l_ - - _\.:
VSYNC ) . \
T8 . T8 -
HREF /
\T6!
— . T5 .
—

PCLK

T6! T7
Y[7:0] / UV[7:0] { o) { 1 ) { 2 }

Table 7-18 ZV Port Timing Parameters

-
-

Figure 7-15. Relationships among ZV Port signals

Symbol f Parameter ~ Minimum Maximum
t1 PCLK fall time ' 4 ns (TBD) 8 ns (TBD)
t2 PCLK low time 20 ns (TBD).
t3 PCLK rise time 4 ns (TBD) 8 ns (TBD)
t4 PCLK high time 20 ns (TBD)
t5 PCLK cycle time 62.5 ns (25 ns)
t6 Y[7:0] / UV[7:0] / HREF setup time 30 ns (TBD)
t7 Y{7:0] / UV[7:0] / HREF hold time 10 ns (TBD)
t8 VSYNC setup / hold time to HREF 100 ns (TBD)

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

"Teh 1 Tel »

Clock

'Tds :Tcl:
' <>
Pixel Data (single/ odd and even) )( X

[
[

—_ e
Tes '+t

'
'
'
1
0
]

Display Enable

Horizontal Timing

; TH THp
Hsyne ¢
— e
THC
' Vertical Timing
: ; v ;
C  TVp .
Vsync b d .
Hsync .
_—
TVH'
Figure 7-16. TFT Panel Timing.
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7.5.2 STN Panel

“Teh + Tel -

PRI,
Clock
: 'Tds 'Tol : :
Pixel Data . : X X : E X
'Horizontal Timing ' :
. Tls . E Th THp .
Hsync f D >
. Vertical Timing
! ! v :
Vsync T :
Hsync L
:I‘h;; Thyh : Tlys g
Figure 7-17. STN Panel Timing.
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7.5.3 LCD Panel Timing Tables

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

TV

THp

THC 10ns
TH 32us

Tch 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

a8 e Timings

Symbol - - = < - = -
s Maximum | Typical
TV 60Hz
THp 1.6us
THC 10ns
TH 26us
Tch 15ns 13ns
Tel 12ns 10ns
Tc 25ns
Tds 12ns
Tdh 10ns
Tes 12ns
TVp 52us
TVH 2us
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LCD Panel Timing

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

|/-|-Vm
THp
THC 17ns
TH 24us
Tch 21.5ns 18ns
Tel 17ns 13.5ns
Tc 35ns
Tds 18ns
Tdh 10ns
Tes 10ns
TVp 34us
TVH 2us
Table 7-22 STN Panel (640x480)
~ Timings
Symbol — - :
Maximum Typical ~ Minimum
Imv 60Hz
THp 2.5us
TH 32us
Tch 83.6ns 80ns
Tl 79.2ns 76.3ns
Tc 160ns
Tds 80ns 79.5ns
Tdh 77.9ns 74.6ns
Tls 2ns
Tlh 1us
TVp 64us
Thys 200ns
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Table 7-22 STN Panel (640x480)

Thyh 3us
Tlys 400ns

Table 7-23 STN Panel (800x600)

TV 60Hz

THp 1.65us
TH 26us

Tch 53.6ns 50ns
Tel 46.3ns 49.2ns
Tc 100ns

Tds 50ns 49.5ns
Tdh 47.9ns 44.6ns
Tis 2ns
Tlh 1us

TVp 64us

Thys 200ns

Thyh 3us

Tlys 400ns

Table 7-24 STN Panel (1024x768)

TV 60Hz
THp 0.2us
TH 41us
Tch 61ns
3D RAGE LT PRO Controller Specifications © 1997 AT/ Technologies Inc.
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Table 7-24 STN Panel (1024x768) (Continued)

Tl T 61n
Tc 123ns
Tds 61ns
Tdh 61ns

Tls 2ns

Tih 1us
TVp 41us
Thys 200ns
Thyh 41us
Tlys 200ns

7.5.4 LVDS Panel Timing

1 0 . 1
- OFF . ON + OFF
VB Z :
' ' +1.2V
\ ! typical
VA ' '
A 1) i
' ' +250 to
G> % ZT =100 €2 :/ \. +400 mV
B 1 i
| vA-vB| oV (Diff)
c Z !
- ___/ \_ -250 to
-400 mV
Figure 7-18. LVDS Panel Timing.
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Table 7-25

Tees

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

100 ps

Tekj

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

200 ps

TXCLKOUT )(

TXOUT3+/- :}( X X X
TXOUT2+/- )( X X X
TXOUT1+/- :X XX X_
TXOUTO+/- ___X X X X X

Figure 7-19. Transmitter Channel to Channel Skew
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7.5.5 Panel Power Sequencing Timing

Panel On Panel Off
DIGON / \

Flat Panel
Control / Data
Signals

/:{ Valid X E

BIASON

BLON#

'
[
‘
1 . N i
'
'
0

' : '
2Tps , 2Tps 'Tps\ /Tps: 2Tps

d *

2Tps

Tpg = power sequencing delay time

Figure 7-20. Panel Power Sequencing Timing

Note: Tps — power sequencing delay time — is programmable (field PWRSEQ_DELAY,
bits 31 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 100MHz 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 .
640 480 60 2MB 2MB 2MB 2MB
640 480 72 2MB 2 MB 2MB 2MB
640 480 75 2MB 2MB 2MB 2MB
640 480 90 2MB 2MB 2MB 2MB
640 480 100 2MB 2MB 2MB 2MB
800 600 60 2MB 2MB 2MB 4 MB
800 600 70 2MB 2MB 2MB 4 MB
800 600 75 2MB 2MB 2MB 4 MB
800 600 90 2MB 2MB 2MB 4 MB
800 600 100 2MB 2MB 2MB 4 MB
1024 768 60 2MB 2MB 4 MB 4 MB
1024 768 . 72 2MB 2MB 4 MB 4 MB
1024 768 . 75 2MB 2 MB 4 MB 4 MB
1024 768 90 2MB 2 MB 4 MB 4 MB
1024 768 100 2MB 2 MB 4 MB 4 MB
1280 1024 43 2MB 4 MB 4 MB 6 MB
1280 1024 60 2MB 4 MB 4 MB 6 MB
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Dual CRTC Modes

Table 8-1 (Continued)

Single CRT Suppo'_" ed Modes (TFT

1280

70

6 MB

1280

8.2

72

indicates modes not supported by secondary display

Dual CRTC Modes

6 MB

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

d | dsp1 hgt }' _ dspz w:d dsp2 hgt dsp‘l Bbpp »dspfl 1 Gbpp
480 640 480 32 bpp - 32 bpp
480 800 600 32 bpp 32 bpp
480 1024 768 32 bpp 32 bpp
480 1280 1024 16 bpp 16 bpp
600 640 480 32 bpp 32 bpp
600 800 600 32 bpp 32 bpp
600 1024 768 32 bpp 32 bpp
600 1280 1024 24 bpp 24 bpp
1024 768 640 480 32 bpp 32 bpp
1024 768 800 600 32 bpp 32 bpp
1024 768 1024 768 32 bpp 24 bpp
1024 768 1280 1024 16 bpp 8 bpp
1280 1024 640 480 32 bpp 32 bpp
1280 1024 800 600 32 bpp 24 bpp
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Dual CRTC Modes

Table 8-2 (Continued)

1280

1024 1024 768 24 bpp
1280 1024 1280 1024 16 bpp 8 bpp
1600 1200 640 480 32 bpp 8 bpp
1600 1200 800 600 32 bpp
1600 1200 1024 768 16 bpp
1600 1200 1280 1024 8 bpp
Table 8-3

480

640

32 bpp 16 bpp

640 480 800 600 24 bpp 16 bpp 16 bpp 8 bpp
640 480 1024 768 16 bpp 8 bpp 8 bpp 8 bpp
640 480 1280 1024 8 bpp 8 bpp

800 600 640 480 32 bpp 24 bpp 16 bpp

800 600 800 600 24 bpp 16 bpp 8 bpp

800 600 1024 768

800 600 1280 1024

1024 768 640 480 32 bpp 8 bpp

1024 768 800 600 16 bpp

1024 768 1024 768 8 bpp

1024 768 1280 1024

1280 1024 640 480 16 bpp

1280 1024 800 600 8 bpp

1280 1024 1024 768
1280 1024 1280 1024
1600 1200 640 480
1600 1200 800 600
1600 1200 1024 768
1600 1200 1280 1024
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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

ndicates memory size not supported
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DVD/Video Modes

8.4 DVD/Video 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 720x480 YUV mode running at 30
frames per second. DVD PAL is a 720x576 YUV mode running at 25 frames per second.
The YUV mode is YUV12 in software MPEG decoding and YUV422 in hardware MPEG

decoding.

8.4.1 Software MPEG Decoding
Table 8-5

lin

dsp wid | dsp hg

Memory with DVD PAL format

6bpp | 24 bpp | 32bpp
640
640
640
640
640
800 600 60 4MB
800 600 70 4MB
800 600 75 4MB
800 600 90 4MB
800 600 100 | 4mB
1024 | 768 60 4MB
1024 | 768 72 4MB
1024 | 768 75 4MB
1024 | 768 90 4 MB
1024 | 768 100 | 4mB
1280 | 1024 43 4MB
1280 | 1024 60 4MB
1280 | 1024 70 4MB
1280 | 1024 74 4MB
1600 | 1200 60 6 MB
1600 | 1200 66 6 Mb
1600 | 1200 76 6 MB
1600 | 1200 85 6 MB

- delta between NTSC and PAL formats
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8.4.2 Hardware MPEG Decoding
Table 8-6

480 60 2MB | 2MB | 4MB | 4MB | 2MB 4MB | aMB

480 72 2MB 2MB 4MB | 4MB

480 75 2MB 2MB 4MB 4MB

480 90 2MB 2MB 4MB 4 MB

480 100 2 MB 2MB 4MB 4MB

600 60 2MB 4MB 4MB. 4 MB

600 70 2MB 4MB 4MB 4MB

600 75 2MB 4 MB 4MB 4MB

600 90 2MB 4 MB 4MB 4MB

600 100 2MB 4 MB 4 MB 4MB

768 60 4 MB 4 MB 4MB 6 MB

768 72 4 MB 4 MB 4MB 6 MB

768 75 4 MB 4 MB 4MB 6 MB

768 90 4 MB 4 MB 4MB 6 MB

768 100 4 MB 4MB 4MB 6 MB

1024 43 4 MB 4 MB 6 MB 8 MB

1024 60 4 MB 4 MB 6 MB 8 MB

1024 70 4 MB 4 MB 6 MB 8 MB

1024 74 4 MB 4 MB 6 MB 8 MB

1200 60 4 MB 6 VB 8 MB -

1200 66 4MB 6 MB 8MB - 4MB 6 MB 8 MB -
1200 76 4MB 6 MB - - 4 MB 6 MB - -
1200 85 4MvB 6 MB - - 4MB 6 MB - -

delta between NTSC and PAL formats
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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

and/or 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

Mode NTSC(60Hz) = | PAL(50Hz)
320x350 yes yes 7
320x400 yes yes
320x480 yes yes
360x400 yes yes
400x600 yes - yes
512x384 yes yes
640x350 yes yes
640x400 yes yes
640x480 yes yes
720x350 yes yes
720x400 yes yes
720x480 yes yes
704x480 yes yes
800x600 yes yes
512x768 yes yes
640x768 yes yes
848x480 yes yes
1024x768 yes yes
1064x600 as 1024x600 as 1024x600
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The electrical and thermal characteristics described in this document are specific to the
3D RAGE LT PRO. Please contact ATI to obtain up-to-date information on how to
support all of ATI’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, VDDC, VDDR -0.50V to +7.00V
Supply Voltage, VEE -0.50V to +7.00V
Input or Output Voltage -0.05V to (VEEy,px + 0.05V)
DC Forward Bias Current -12mA (source) + 24mA (sink)
Storage Temperature (Plastic) -40°C to 125°C
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 (VDDC) 3.3V £5%
Operating Supply Voltage (VDDR) 3.3V +5%
Operating Supply Voltage (VEE) 5V +5%
Operating Case Temperature (TC) TBD
© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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Electrical Characteristics

9.1.3 AC Characteristics
Table 9-3 AC Characteristics

ROMCS# 10pF
AD[31:0], DEVSEL#, TRDY#, STOP#, INTR#, PAR 50pF
ZVPORT[18:0] 25pF
HSYNC, VSYNC 50pF
CAS, MD[63:0], RAS, CS[3:0] 25pF
WE[7:0] . 15pF
MA[9:0] 45pF

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

9.1.4 DC Characteristics

TTL Interface
Table 9-4 DC Characteristics - TTL Interface
VIL Low Level Input ) i ) 0.8 Vv
Voltage
VIH High Level Input i 20 ) ) Vv
Voltage
VOL Low Level Output |0L=Rated Buffer ) 0.2 0.4 Vv
Voltage Current
VOH High Level Output IOH=Rated Buffer 24 3.3 ) Y
Voltage Current
Schmitt Trig. positive ) i
VT+ threshold 2.0 2.4 \
Schmitt Trig negative )
vT- threshold : 06 0.8 v
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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Electrical Characteristics

General

Table 9-5 DC Characteristics - General Interface

m Low level Input VI=VSS . . | uA
Current
IIH High Level Input VI=VCC A ) -1 uA
Current
Tri-State Output _ )
102 Leakage VO=0V or VCC +10 UA
. Freqg=1MHz
CIN Input Capacitance @ oV - 4 6 pF
. Freqg=1MHz
CO Qutput Capacitance @ oV - 6 - pF
Bidirectional I/O Freq=1MHz
clo Capacitance @ oV i 6 10 PF
V<VSS,
IKLU 1/0 Latch-up Current VsVCC 500 - - mA
Electrostatic C=100pF,
VEPO 1 b stection R=1.5KQ 2000 i i v
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Electrical Characteristics

9.1.5 Input/Output Specifications

Table 9-6 Input/Output Electrical Specifications

AD[31:0] 110 4mA -4mA - - 3.3V/5V
C/BE#[3:0] 1/10 18mA -18mA - - 3.3V/5V
CPUCLK | - - - - - 8.3V/5V
CLKRUN# 1/0 18mA -18mA - Yes 3.3V/5V
DEVSEL# 110 18mA -18mA - Yes 3.3V/5V
FRAME# 110 18 -18 - Yes 3.3V/5V
IDSEL | - - - - 3.3V/5V
INTR# (o} 18mA -18mA - Yes 3.3V/5V
IRDY# 1/0 18mA -18mA - Yes 3.3V/5V
PAR 1/10 18mA -18mA - Yes 3.3V/5V
RESET# | - - - - 3.3V/5V
STOP# 1/0 18mA -18mA - Yes 3.3V/5V
TRDY# 1/0 18mA -18mA - Yes 3.3V/5V
REQ# 110 18mA -18mA - Yes 3.3V/5V
GNT# | - - - - 3.3V/5V
CAS# 110 16mA -16mA 50K PU Yes 3.3V, 5V Tol.
MA[9:0] (0] 8mA -8mA 50K PD Yes 3.3V, 5V Tol.
MD[63:0] /0 2mA -2mA 50K PD Yes 3.3V, 5V Tol.
OE#[0] 0 16mA -16mA - Yes 3.3V, 5V Tol.
OE#[1] O 16mA -16mA 50K PU Yes 3.3V, 5V Tol.
CKE O 16mA -16mA 50K PU Yes 3.3V, 5V Tol.
ROMCS# 110 4mA -4mA - Yes 3.3V, 5V Tol.
DSF 110 8mA -8mA 50K PU Yes 3.3V, 5V Tol.
RAS# O 16mA -16mA 50K PU Yes 3.3V, 5V Tol.
WE#[7:0] 110 16mA -16mA 50K PU Yes 3.3V, 5V Tol.
CS[3:0] 1/10 16mA -16mA 50K PU Yes 3.3V, 5V Tol.
R,G,B A - - - - -
RSET A - - - - -
HSYNC O 8mA -8mA - Yes 3.3V, 5V
VSYNC O 8mA -8mA - Yes 3.3V, 5V
R2SET A - - - - -

Y,C A - - - - .

3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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Electrical Characteristics

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

COMP A - - - - -
SYNC (0] 8mA -8mA - Yes 3.3V, 5V Tol.
XTALIN | - - - - 3.3V, 5V Tol.
XTALOUT (0] - - - - -
GPIOQ[17:0] 1/0 8mA -8mA - Yes 3.3V, 5V Tol.
tgggggg;g}* o) 8mA -8mA | 50K PD Yes | 3.3V,5V Tol.
LCDTMG[3:0] (o] 8mA -8mA 50K PD Yes 3.3V, 5V Tol.
LTGIO[2:0]** /0 8mA -8mA 50K PD Yes 3.3V, 5V Tol.
DIGON (0] 2mA -2mA - Yes 3.3V, 5V Tol.
BIASON (@] 2mA -2mA - Yes 3.3V, 5V Tol.
BLON (0] 2mA -2mA - Yes 3.3V, 5V Tol.
F32KHz | - - - - 3.3V, 5V Tol.
STANDBY# I - - . - - 3.3V, 5V Tol.
SUSPEND# I - - - - 3.3V, 5V Tol.
ZVPORT[18:0] /0 2mA -2mA 50K PD Yes 3.3V, 5V Tol.
ST[2:0]) (0] 8mA -8mA - Yes 3.3V
SBA[7:0] l - - - - 3.3V
RBFB* | - - - - 3.3V
ADSTBI1:0]* 1/0 8mA -8mA - Yes 3.3V
SBSTB[1:0] 1/0 8mA -8mA - Yes 3.3V
STP_AGP#[2:0]* I - - - - 3.3V
AGP_BUSY#* (0] 8mA -8mA - Yes 3.3V
PCI33EN* | - - - - 3.3V, 5V Tol.
* Applies to 312 BGA package only.
**A pplies to 256 BGA package only.
© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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Electrical Characteristics

9.1.6 TV DAC Characteristics
Table 9-7 TV DAC Characteristics

. Min

. Parameter

Resolution 8 bits

1.32143 V (NTSC)

Vo (max) Maximum Output Voltage - - A

1.3986 V (PAL)

35.24 ma (NTSC)

lo (max) Maximum Output Current 37.3 ma (PAL) - - A
Full Scale error -10% - +10% B,C
DAC to DAC Correlation 2% - +2% AD
Integral Linearity -1 Isb - +1Isb AE
Rise Time (10% to 90%) - - 3ns AF
Full Scale Settling Time - <8ns - AG,H
Glitch Energy - 60 pv-sec - AH

Monotonicity - - - |

Notes:

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).

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).

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

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

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

Load = 37.5Q +20pf with IREF = -3.04mA. (IREF is the current flowing in the
RSET resistor).

From a 2% change in the output voltage until settling to within 2% of the final value.
This parameter is sampled, not 100% tested.

Monotonicity is guaranteed.

3D RAGE 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*

Symbol |  Parameter | Min.
- Resolution 8

VO(max) | Maximum Output Voltage 1.1 - - \ A

I0(max) |Maximum Output Current - 22.05 - mA A
- Full Scale Error -10 - +10 % B, C
- DAC to DAC Correlation -2 - +2 % A, D
- Integral Linearity -0.5 - 0.5 LSB A E
- Rise Time (10% to 90%) - - 3 ns AF
- Full Scale Settling Time - 8 - ns A G H
- Glitch Energy - 60 - pV-Sec A H
- Monotonicity ) - - - - I

Veerm | Measured Reference Voltagel -6% 1.235 +6% \Y 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).

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

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

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

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

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

© 1997 ATl Technologies Inc.
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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. Vv is the measured value of logged data. It is the idealized V. shifted by

REFM
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 (AVSS) to set the full-scale DAC current. This resistance is typically 422€ for
PS/2 applications where the effective impedance is 37.5Q (doubly terminated 75€2 loads,
shown in the following figure). 422Q is an acceptable value for RSET with a slightly

reduced white level.

coax = 75Q

J“r

75Q

To MONITOR

Figure 9-1. PS/2 Example

The required resistor value can be calculated using the formula:

RSET (@) = (6.22 x Vi, x )/ 1

ourT

where: 6.22 is the idealized 8-bit gain constant
V., . is the idealized reference voltage (1.2V)

REF

0. is the systematic composite skew on idealized Vg and gain
constant. It has been empirically determined to be 1.051
from data logging. This amounts to a 5.1 % overall
correction. (2.9% attributed to Vp .. and 2.2% to the gain

constant)

3D RAGE LT PRO Controller Specifications
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Electrical Characteristics

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

Tour = Vwarre - Verack) ! Zerr
For: VWHITE =0.7V

Varack =V

Zoow  =37.5Q

Iour= 07V - 0V /37.5Q = 0.0186A

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

The variation in o has been set to be 10%, of which 6% has been attributed to the bandgap
(VREFM =1.2x1.029 + 6% = 1.235 + 6%), and the rest (4%) to the variation of the gain
constant. Hence,

IOUT max = 18.6mA x 1.1

IOUT min = 18.6mA x 0.9

PS/2 Example:

RSET (Q) = (6.22 X Voo x o) /1 p
=6.22x1.2x1.051/0.0186
=422Q

Table 9-9 PS/2 DAC Characteristics*

 Parameter | Min. |  Typ. |
Vigrime 630 700 770 mv
lour -10% 18.6 +10% mA

* Values obtained using 37.5Q load, 422Q (+ 1%) RSET with 8-bit white level.

© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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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

D(7:0) —+Q ‘ —»(D

BLKB
IOR,IOB or I0OG
RLoAD

Figure 9-2. Analog Output (DAC)

With a 75Q doubly-terminated load, VREF=1.2V, and RSET=397Q PS/2 levels are
shown below, with pedestal current set to 7.5 IRE.

3 White Level 20.14mA 0.755V

92.5 IRE

—————————— Black Level 1.48mA 0.055V
———————————— Blank Level 0.00mA 0.000V

Composite Video Output (with 7.5 IRE)

Figure 9-3. Analog Output (Composite)

3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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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 6CA (case-to-ambient thermal resistance) and
TAmax (maximum ambient temperature) for different airflows over the chip.
Table 9-10 Single-layer Board
6CA(°C/W) 21.0 15.8 145 11.9 1.3
TAmax(°C) 28 44 49 57 59
Table 9-11 Multi-layer Board with Ground Plane
BCA(°C/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 (TAmax) can be derived from the following
equation:
TAmax = TCmax - P * 6CA
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 1.0W
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 (0JC) of this device is approximately 3°C/W.
Junction temperature (TJ) may be calculated as follows:
Ty=(JC+6CA)*P+TA
The maximum junction temperature allowed (for worst case condition) is 100 degrees C.
© 1997 AT/ Technologies Inc. 3D RAGE LT PRO Controller Specifications
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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

239°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

_ CaseTem

Nominal: 640x480x32bpp at 75Hz
Both 2D and 3D demo off.

TBD

45°C 0.5W

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

TBD

66 °C 0.8W

3D RAGE LT PRO Controller Specifications
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Physical Dimensions

9.4 Physical Dimensions
9.4.1 312-Pin PBGA Package

Package outline PBGA 27x27mm - 312 +16

7 /.
Zb250¢] Z.350[c| b |O]0300 OI[ATBT)
Al IR ~10.100_ ®IC

345678 91011121314151617181920
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PIN A1 INDICATOR (GOLDEN FINGER)

Figure 9-4. 312-pin PBGA Physical Dimensions
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Table 9-13 312-Pin PBGA Package Physical Dimensions

A 2.125 2.595
A1l 0.50 0.70
A2 1.625 1.895
b 0.60 0.90
D 27.00 26.82 27.18
D1 24.13 BASIC

D2 23.90 24.10
e 1.27 BASIC

E 27.00 26.82 27.18
E1 24.13 BASIC

E2 23.90 24.10

Notes:

* Drawing BGA 27x27 finished 14090116-004
¢ Reference document JEDEC M0151
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9.4.2 256-Pin PBGA Package

Package outline PBGA 27x27mm - 256 +16

[A0.250]C] [/10.350[C]
- b mmcmm
Al 0.100_®|C]
123145678 91d11121314151617181920
I ) 0000« Y
1 N | | SBCAOROABCAOEROBOAS W
00006000 ] U
e]\ )! T
) R
QVOO r
6( IC l- ]Iel
o \/
5 S I
a E| E1 o 00 il
O G
Q000 ¥
000C E
Y 983 B
1 Jes
e | B T 88 !
-

IN Al INDICATOR (GOLDEN FINGER)

OPTIONAL 16 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 2.125 2.595

A1 050 0.70

A2 © 1625 1.895

b 0.60 0.90
27.00 26.82 27.18

D1 24.13 BASIC

D2 ' 23.90 24.10

e 1.27 BASIC

E 27.00 26.82 27.18

E1 24.13 BASIC

E2 23.90 24.10

Notes:

* Drawing BGA 27x27 finished 14090116-004
¢ Reference document JEDEC M0151

9.5 Environmental Requirements
9.5.1 Ambient Temperature
Operation: TBD
Storage: - 32°F1t0 162 °F (0°Cto 70 °C)
9.5.2 Relative Humidity
Operation: 5% to 90% non-condensing
Storage: 0% to 95%
3D RAGE LT PRO Controller Specifications © 1997 ATI Technologies Inc.
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A.l.1

AGP Signal Routing

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.1.0. This chapter presents some general guidelines which should be followed. These
guidelines are also covered in the Accelerated Graphics Port Platform Design Guide,
Rev.1.0. 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 65Q with a variation of
+/-15Q.

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 the add-in card.

CPUCLK signal length should be carefully designed to match the 0.6 ns +/-0.1ns 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.) =  854(0,475er +0, 67)

where er is the relative permeability of the substrate.

A.1.2 AGP Signal Grouping and Routing

AD_STB strobe signal is grouped with the address signals AD(15:0) and C/BE[1:0] and
should be routed in the middle of the above address group.

AD_STBI 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 +/-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.

© 1997 ATl Technologies Inc. 3D RAGE LT PRO Controller Specifications
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A13

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.

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, VSS, AVSS, and PVSS should be joined together at one location as
close to the card edge connector as possible.
e Use alow impedance ground, i.e., a continuous ground plane.
*  Provide separate filtered power supplies for analog functions.
e Use capacitors and ferrite beads on RGB signals to reduce EMI for FCC
requirements.
= Apply PCI specifications to routing traces from the PCI bus.
3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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(Oscillator - Recommended) (Crystal - Option)

C1
R3
Xtalin —W— OSC T VCC  Xtalin T |
c3 [ Xtal $R1
;5 T c2
Xtalout N/C Xtalout |
R4

RSET €7
LPVDD

PVDD PVDD
LPVSS

PVSS &

AVDD AVDD

L C10
T AVSS (DAC Analog Ground)
veer—1I I I I I I Y¢©
eonplb—1 1 T T T T
C11 C12 C13 C14 Ci15 C16
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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Routing and Layer Assignments

A.3.1 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, AVSS, 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 (AVSS/AVDD, PVSS/ 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).

3D RAGE LT PRO Controller Specifications © 1997 ATl Technologies Inc.
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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.

A4 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 reflections 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 uf and 0.1 puf 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 22 pf capacitors is for low-frequency power supply ripple and the 0.1 puf
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 reflection.
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LVDS Layout Considerations

Low Voltage Differential Signalling (LVDS) 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 use 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 LVDS Receiver specifications for more details.

3D RAGE LT PRO Controller Specifications
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External Crystal Interface, 6-6

External DAC Interface, 6-20
F
Features
detailed, 2-3
general, 2-2
unique, 2-/
Flash Memory Interface, 4-13

Floating-Point Set-up Engine, 2-§
Functional Block Diagram, 3-1,6-11
Functional Description, 3-1
Functional Subsystems and Interfaces

ATI Multimedia Channel (AMC), 3-8
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Index

CRT Controller, 3-5
Display Controller #1 (Primary), 3-5
Display Controller #2 (Secondary), 3-6
Extended VGA Graphics
Controller, 3-5
Hardware Cursor/Icon, 23-5
Host Bus Interface, 3-4
Six Clock Synthesizers, 3-7
TV Encoder, 3-9

&

General Purpose /O Control, 4-13

H
Hyperpage EDO DRAM Cycle Timing,

f
Input/Output Specifications, 9-4

£

LCD
engine, 3-6
panel control, 2-4
panel interface, 4-18
Local Bypassing, A-4

LVDS
features, 2-3
timing, 7-3/
&f

Memory Controller and Interface, 3-4
Memory Interface Routing, A-2
Memory Interfaces, 4-3, 6-3

DRAM, Dual CAS, 4-6

Dual CAS, 6-3

SDRAM/SGRAM, 6-5

Memory programming example

DRAM, EDO DRAM, 7-21
Hyperpage EDO DRAM, 7-22
SGRAM, 7-23

Memory Strapping, 5-3

Memory Types/Sizes, 3-5

Mobile AGP/PCI Timing, 7-8
Monitor ID for DDC Support, 6-21
Motion Video Acceleration, 2-10

P

Palette DAC #1 (Primary), 3-6
PCB Layout
Component Diagram, A-3
PCB Layout Considerations, A-7,A-2
Physical Dimensions, 9-13
Pin listings
256 BGA pinout by ball
reference, 6-21
256 BGA pinout by signal name,
312 BGA pinout by ball
reference, 6-29
312 BGA pinout by signal name,
Pinout
DRAM Dual-CAS Memory, 6-3
External Crystal Interface, 6-20
Monitor - DDC Support, 6-21
PCI Bus Interface, 6-7
Power and Ground Pins, 6-27
SDRAM/SGRAM Memory, 6-3
Power and Ground Pins, 6-2/
Power Consumption and Case Temperature
Measurements, 9-712

6-24

6-32

£

Ratiometric Expansion, 3-7

Recommended DC Operating
Conditions, 9-1

Routing and Layer Assignments, A-4

RSET Resistance Calculation, 9-8

5

SDRAM Interface, 4-7
SGRAM Interface with 128x32x2 (8 Mbit)

SGRAM, 4-8
SGRAM Interface with 256Kx32x2 (16 Mbit)
SGRAM, 4-9
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SGRAM Interface with 512Kx32x2 (32 Mbit)
SGRAMs, 4-10

Signal Guarding and Trace pitch, A-2

Signal Referencing, A-5

Single Read/Write Cycle Timing, 7-2

SO-DIMM Module Interface, 4-11

Software Support, 2-13

Star Grounding, A-4

STN Panel Timing, 7-27

Strap Resistors, 5-/

Strap Resistors Summary, 3-7

¥
Table Conventions, 6-1
Texels, 3-3

Texture Mapping Engine, 3-3

TFT Panel Digital Interface, 4-18

TFT Panel LVDS Interface, 4-27

TFT Panel or DSTN LVDS Interface, 4-20

TFT Panel Timing, 7-26

The PCI Bus Interface, -4

Thermal Characteristics, 9-11

Timing diagram '
AGP timing, 7-7
Burst Access-PCI Bus, 7-4
Clock Start or Speed-up, 7-10
Clock Stop or Slow-down, 7-10
Disconnect on Burst Cycle-PCI

Bus, 7-3
DRAM Cycle, 7-14
Hyperpage EDO Cycle, 7-16
LVDS panel, 7-31
Maintaining Clock, 7-11
Panel Power Sequencing, 7-33
PCI Bus Master Operation, 7-5
Refresh Cycle, 7-18
Reset timing, 7-12
SDRAM/SGRAM Cycle, 7-19
Single Read/Write Cycle - PCI, 7-2
STN panel, 7-27
TFT panel, 7-26
Transmitter Channel to Channel
Skew, 7-32

ZV Port, 7-25
TinselTown 3D Interface, 3-2
Trace Length, A-I
TTL Interface, 9-2
TV-Out

display modes, &8-7

encoder, 3-9

features, 2-5

interface, 4-23

14
Video Coprocessor, 3-4
Video Timings
Burst Access Timing - PCI, 7-4
Disconnect on Burst Cycle - PCI, 7-3
z

Zoom Video (ZV) Port
features, 2-8
interface, 4-16
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