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FEATURES 
• Direct interface to dual-line, dual panel LCDs 

• Full backwards compatibility at the hardware level 

• 256 color modes mapped to 32 gray shades on LCD 

• Text & graphics scaling to fit LCD resolution 

• Programmable for 8 or 16 bit PC bus interface 

• Hardware graphics pointer and caret 

• Fully compatible with GD510N520A VGA chipset 

• Software selectable support for LCD, Plasma, EL 
and digital/analog CRT displays 

• Intelligent 8/16 bit Video Memory read/write 
interface from the microprocessor 

• Can work with multi-frequency synthesizer IC 

• 32 bit non-multiplexed Video Memory interface 

• Supports eight 64kx4 or eight 256kx4 DRAMs, 
or four 128Kx8 pseudo-static RAMs. 

• Support for system power down modes 

• 16 ICs including RAM for motherboard VGA 

Can share video memory & RAMDAC with 
graphics coprocessor (eg 34010) 

• Advanced low power CMOS technology 
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Flat Panel/CRT Enhanced 
VG'A, :Controller 

OVERV,I,EW 
The CL-GD610 Graphics/Attributes chip and the 
CL-GD620 Sequencer/CRT Controller chip are enhanced 
versions of the CL-GD510A/520A VGA chipsets and 
continue to be hardware compatible with the IBM® VGA, 
EGA, CGA, and MDA standards, as well as with the 
Hercules® HGC at all levels-register, data path and BIOS. 
In additiqn, these chips may be used with a variety of flat 
panel displays as well as all popular CRT displays (CD, 
MD, ECD, PS/2, Variable frequency). 

Monochrome LCD panels are driven by duty cycle 
modulation techniques to yield 16 gray scales with no 
screen flickering or stability problems. In addition, 
CIRRUS LOGIC's AutoMapTM technique automatically 
maps 256 colors into as many as 32 shades of gray for 
CRT quality gray scale emulation. Foreground/background 
color attributes are remapped automatically for maximum 
contrast. Expanded Text and Graphics modes provide larger 
character fonts and the ability to fill a panel (via 
ratiometrically determined scan line replication) even with 
low-resolution video modes. If expanded modes are not 
desired, automatic screen centering is performed. 
Panning/data compression allows viewing of 720 col umn 
modes on 640 column panels. 

(cont'd on next page) 
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OVERVIEW (cont'd) 

Operating at dot clock rates up to 33 MHz, the CL-GD610/620 chip set supports high resolution graphics and 
alphanumeric display modes for both monochrome and color, and for high resolution variable frequency and PS/2 
monitors. Refresh rates from 60Hz up to 160Hz are available. 

CIRRUS LOGIC's proprietary technology provides greater contrast, reduced flicker, and lower power dissipation with 
dual-line, dual-panel 400 or 480 scanline LCD panels. 

Video outputs to CRT displays are provided in 4 bits per pixel (all resolutions) and 8 bits per pixel (256 color 
modes). Using analog video output and an external palette, selection may be made from 256K colors. 

Video outputs to flat panel displays are provided in dual-panel format (4 bits each to upper and lower panels). LCD 
panels may be directly driven. 

Plasma panels may be driven by the CRT video signals. AutoMap TM (256 color to 32 gray scale mapping) will 
work with gas plasma panels that can support 16 gray shades. 

The intelligent 8/16 bit Video Memory Interface detects memory map configurations that place adjacent bytes in 
adjacent memory locations and automatically configures the chipset as a 16 bit peripheral. 16 bit operation may also 
be configured by program control. 

The CL-GD610/620 implements all control and data registers in the current graphics standards, including those of the 
6845 CRT Controller. Flexible register write protect control and the ability to save/restore all registers are both key 
elements enabling the chipset to be used in a variety of operating system and application environments. 

The sequencer design provides more video memory cycles for the CPU during the normal video refresh/display cycle. 
During display-blanked intervals, ALL memory cycles can be allocated to process CPU memory requests. 

The hardware supports a mouse/graphics cursor, and a blinking insertion point text cursor. Additional text cursor 
controls include blink disable and replace/invert mode control. The hardware supports simultaneous and independent 
smooth scrolling of two separate text screens. 

The CL-GD610/620 is designed for minimum external circuitry support and is ideal for integrated systems. For 
example, only 18 chips are necessary for a low-cost controller that can drive both a 640x480 LCD panel as well as a 
PS/2 monitor. No PALs are required with this duall00-pin QFP chipset. 
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1. PIN INFORMATION 

L...1 Pin Diagram 

VIDEO RAM DATA 
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VIDBO RAM ADDRESSES 

o (J) co"'" CD &I)~ ('f')N"- om co""'C,It) "'lIlt C"')N _ 0 01 co,.....coLQ) C")N_ 
CI),....,.....,.....,....,.....,....,.....,.....,.....,.....~CD~U) ~CDCDCDU)~~&I)&I)&I) &1)&1)&1) 

50 

O 49 
48 
47 

CL-GD620 
100-PIN QFP 

(SIC) 

46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 

100 <D 8 ~~ 
~ ~ ~ ,.....~~~:~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~g~~~~~~~~~g~~~~~~ ~~ 
81 50 
82 0 49 
83 48 
84 47 
85 46 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

~~O (]) • 

CL-GD610 
100-PIN QFP 
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(*) Denotes negative true signal 
VIDBOINTI!lU'ACB 
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1 .2 Pin Assignment Table 

NAME 
GD610 

PIN NO. 

PROCESSOR INTERFACE 
SBRE* 50 
~ 51 
RESET 52 
BJUJ! 53 
lORD * ,IOWR* 54,55 
MEMR*,MEMW* 57 
CPU-AD [15:0] 59-74 
CPUADDR [18:16] 
CS 
DIR / CARDSEL * 
CRTINT 
REFRESH* 
CPURDY 
MCS16* 

GD620 
PIN NO. 

37 
30 
29 
28 

27,26 
24,25 
7-22 

97-99 
96 
92 
91 
36 
34 

1 

VIDEO MEMORY DATA INTERFACE 
MOD[7:0] 41-48 47-40 
M1D[7:0] 32-39 
M2D[7:0] 82-89 
M3D[7:0] 91-98 
CGSEL (Attr bit 3, M1D3) 38 

TYPE 

I-T 
I-T 
I-T 
I-T 
I-T 
I-T 

LO-T 
I-T 
I-T 
O-T 
m 
I-T 
m 
m 

LO-T 
LO-T 
r~-T 
LO-T 

I-T 

FUNCTION 

Bus High Enable from host CPU 
DMA vs non-DMA bus cycles) 
System Reset 
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Buffered address latch enable from host CPU 
I/O R!W Strobes 
CPU read/write of video memory 
Multiplexed CPU AddressIData/Switch bus 
Upper 3 address bits from host CPU 
Memory decode of LA[23:19] 
Bidirectional CPU data bus transceiver control 
Display retrace interrupt 
System refresh of bus attached RAM 
Data available signal for wait-state logic 
16 bit peripheral access acknowledge 

Byte wide bidirectional data bus to Plane 0 
Byte wide bidirectional data bus to Plane 1 
Byte wide bidirectional data bus to Plane 2 
Byte wide bidirectional data bus to Plane 3 
Selects alpha map 

VIDEO MEMORY ADDRESS INTERFACE 
CAS* 54 
VVE* 55 
RAS[3:0]* 56-59 
AA[8:0] 61-66, 68-70 
AB[8:0] 71-79 

EXTERNAL INTERFACE 
INTERNAL* 
CPWR*,CPRD* 
CXEXT 
CLK32, CLK28, CLK25 
OSC 
BIOSEN* 
BIOSA [15:13] 
ASEL *, DSELH*, DSELL * 
FC [1:0] 4,5 

31 
32,33 

48 
49-51 

52 
87 

88-90 
93-95 

GD610 / 620 
CURSOR* 
BLANK* 
MCLK 

INTERCONNECT 
1 82 

83 
6 
5 
4 
3 
2 

ITS 
S!L* 
LATCH* 
CPUCYC* 
VSYNC 

2 
75 
76 
77 
79 
80 
99 

ill 100 

VIDEO INTERFACE 
LFS 6 
P7/FEATl 8 
P6/FEATO 9 
P5/SR 10 
P4/SG/I 11 
P3/SBN 12 
P2!R 13 
Pl/G 14 
PO/B 15 

84 
86 

O-T 
O-T 
O-T 
O-T 
O-T 

Column address strobe to all planes 
Video memory write enable 
Row address strobe to planes 3-0 
Address bus to byte planes 0 and 1 
Address bus to byte planes 2 and 3 

Selects internal vs. external video drivers. 
Color Palette write/read 

O-T 
O-T 

LO-T 
LO-T 

I-T 

Input from ext clock (feat conn) or output to LCD panel 
Programmable pins, either clock select or clock inputs 
Oscillator input, MUST be connected to a clock 
BIOS ROM output enable select 
BIOS page select (for 27C512 devices) 

O-T 
O-T 
O-T 
O-T 

Address and data select (low and high byte) enables 
Programmable, normally drive fe~ture connector 

Cursor valid signal 
Video blanking signal 
Master clock 
Interchip timing strobe 

GD620 to GD61O-C 
GD620 to GD610-C 
GD620 to GD610-C 
GD620 to GD610-C 
GD620 to GD610-C 
GD620 to GD610-C 
GD620 to GD610-C 
GD620 to GD610-C 
GD620 to GD610-C 

Syncs loading shift registers with CRTC char clock 
Latches video RAM data on CPU or CRT reads 
Indicates CPU read/write cycle to display memory 
Vertical Sync signal 
Display enable 

O-C LCD Frame Start 
OO-C Pixel Data MSB / Feature Bit 1 P7 
LO-C Pixel Data 6 / Feature Bit 0 P6 
O-C Pixel Data 5 / Secondary Red P5 ffi. 
O-C Pixel Data 4/ Second. Gr./ Intens P4 gJ I 
O-C Pixel Data 3 / Second.Blue / Video P3 SB 
O-C Pixel Data 2 / Primary Red P2 R R 
O-C Pixel Data 1 / Primary Green PI G G 
O-C Pixel Data LSB / Primary Blue PO B B 
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1 .2 Pin Assignment Table (cont'd) 
GD610 GD620 

NAME PIN NO. PIN NO. TYPE 

VDClX 
LLCLK 
MJI) 

HSYNC 

16 
17 
18 

70 

BUFFER MEMORY ADDRESS INTERFACE 

O-C 
O-C 
O-C 
O-T 

FROE* 19 O-T 
FRCAS* 20 O-T 
HffiAS* 21 O-T 
FRWE* 22 O-T 
FR-A[7:4] 23-26 O-T 
FR-AD[3:0] 27-30 LO-T 

FUNCTION 

Video Data Clock 
LCD Line clock 
LCD Modulation output 
Horizontal Sync output 

Buffer Output Enable 
BufferCAS* 
BufferRAS* 
Buffer Write Enable 
Upper 4 bits of Buffer address 
Multiplexed Buffer Address/Data 

Note: Under the TYPE column. T -? TTL pad. C-? CMOS pad 

INTERCONNECTION 
HOST CPU IIF 

BIOSA .... SBHE* SBHE* ..... 
[15:13] ~PUADDR [18:16], 

.... ns 0> c: (.) ..... .... ns 
o>'t: ... 

':CPU-AD [15:0] , J 
0> 

.... BIOSEN* Q) CPU-AD f15:01 J • (.) x 0> 
(.) ns W,5 

lpWR* ,CPRD* 
ns ~ IORD*, IOWA· / IORD*, KJWR*/' ~ 't: 
't: J.. Q) Q) 
Q) CI) 

(.) 

,5 Ll. ns ... 
RESET 

, 
RESET ' .... "":" ... ~~ - 't: 0>;;:' 

C~32,CLK28,C~ - Q) .... ... (; E .... 
0 ,5 ':MEMR*,MEMYrI MEMR* 

.... en£!!& ns (/) 

~ INTERNAL * .. c: J.. ... (/) Cl)Ll. ~ 
CD .. (; ... 

AEN 
, 

AEN 
,... 0> ..... a:l :. CKEXT C (.) .. x (/) ..... ... e ::s ...... .... W 0 (/) ... .... 

OSC 0> BALE BALE a.. oP-... 00 (.) .... ... 
..... HSYNC 

,... e - .... 
C\I MCS16* or- J.. 

A~L*,DSELH*,D ~EL~~ 
a.. .... CO::: 

REFRESH* - 0 

cO: ..... 
C<C 

0> 

... cs .. "'0 ...... 
CRTINT :> ,... ,,0 ..... " ........ ...... DIRICARDSEL* ...... 0> 

> I ........ 
CPU ROY 

,... len L5 ..J J.. ... -1.2 13 0 CI) 
... 

0-'= ..... AA [8:0] J ~ 0 C- o ...... , Q) c .... AB [8:0] 1 ~ MCLK .. ctS 
't: CI) ;. J.. - , 
Q) ::s ~ 

ITS C!l ..... RAS*f3:01 I ,5 .... Q) 

C" LATCH * (.) .... ns ..... ns 
>- CI) 't: .... 't: 

~CAS* 0 0> CPUCyc* ... ~ .... E en ,5 
S/L* ;,. oS >-0> .... (.) 

.... WE* Q) 0.. o ns 
~ :c .... .9- E't: ...... BLANK* .. ..c: 
0 E E 0> 0> 
0> 0> CURSOR 

.... ~,5 
CGSEL(M1D3) ... "'0 :s ... 2 o ns :> .... oS ,... DE ..... 0>1U 

MOD[7:0] I ... .... 50 VSYNC , ... ..... 
I 

.... ... 

Pago 3 

FC[1 :0] 
I ...... , ,... 

FR-A 
I~ 

FR-AD 
I .... 
' ... 

..... FRWE*,FRCAS*oIlh 
~ FRRAS*,FROE*' .. 

tv10D ... ,... 
LLCLK • LFS III!.. .. 
VDCLK • VIDEO OUT I ...... 

(P[5:0]) 
, .... 

.... VID OUT IFEA T If'; ... 
...... (P[7:6]) 

..... 

.-L MOD [7:0] 1 ... 

.:. M1D f7:01 
, .... 

1 ... ... , .. 
i.&L M2D [7:0] 1 .... 
~ , .... 

I..III!l M3D r7:01 1 ...... - , .... 
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2.. DETAILED SIGNAL DESCRIPTIQN 

2. 1 Processor Interface 

NAME 

SBHE* 

GD610 

INPUT 

CPUADDR [18:16] 

CPU-AD[IS:0] I/O 

CS 

CPURDY 

CRTINT 

DIR/CARDSEL * 

GD620 DESCRIPTION 

INPUT Host CPU System Byte High Enable. This signal is sampled 
only if the 16-bit mode is enabled (3CS index C7:0), otherwise 
8-bit bus operations are assumed. 16-bit mode is only for 
video memory access. I/O port accesses are always 8-bit. 

INPUT The GD620 uses 3 upper address bits from the host CPU 
along with CPU-AD and CS for all decoding. 

I/O Bi-directional multiplexed address/data bus between the CPU 
and the chip set for video RAM addresses, I/O and switch data . 

INPUT Memory Input, decoded from LA[23:19} for low IMbyte 
operation. 

OUTPUT This signal is inactive (tri-state) when no video memory 
request is pending. The request may be either MEMR* or 
MEMW*. At the beginning of a host CPU access to video 
memory, CPURDY drops low, pUlling the host CPU in a 
wait-state. This condition is held until the video memory 
sequencer fits the memory request into the next available 
"slot". At completion of the sequencers' host CPU memory 
cycle, CPURDY is driven high until MEMR* and MEtJW* 
go inactive and then returns to the tri-state condition. 

OUTPUT This signal is enabled by clearing Bit S of the Vertical Retrace 
End Register and cleared by resetting Bit 4 of the Vertical 
Retrace End Register. When enabled, the CRTINT pin will go 
high at the start of the vertical retrace interval and remain high 
until cleared by a write of "O"to Bit 4 of the Vertical Retrace 
End Register (CR II). CRTINT is enabled by: 

-Clearing bit S of CRII 
- Setting bit 4 of CRll 
If bit 4 is not reset to a "1" after clearing the initial 

CRTINT, interrupts will cease. The CRll of the GD620 is 
also readable. This feature simplifies greatly the task of ORing 
in the proper value for the remaining bits of the CRll register 
(this is not the case for an IBM-EGA or VGA controller). This 
Display Retrace Interrupt may be programmed for the AT Bus, 
or a direct interrupt controller interface. 

OUTPUT Controls the direction of the data flow on the bi-directional 
CPUDATA bus. Driven low when the CPU is performing an 
I/O or memory read cycle. This signal can also be used for PC 
XT slot-8 control. 

(*) Denotes negative true signal. 

Page 4 
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2.1 Processor Interface (cont'd) 

NAME GD610 GD620 DESCRIPTION 

10RD* ,IOWR * INPUT INPUT When low, these signals indicate that an 10RD* or 
10WR*cycle is taking place. The GD610/620 will respond 
only if CS is also active and the proper I/O port addresses have 
been decoded internally, and if not in the sleep mode. 

RESET INPUT INPUT This input is normally connected to the system reset bus sig-
nal and is used as a hardware reset of the GD610/620 chips. 
The GD620 may be partially reset via software by clearing 
SRO-bit 0 or 1. The falling edge of RESET* latches the data 
bus into switch registers to control S/W selectable functions. 
Two pins, CPU-AD1S,14 control H/W options at this time. 

REFRESH* INPUT Indicates host system refresh of bus attached main memory 
and tells GD620 to ignore memory addresses on the bus. 

AEN INPUT Host CPU bus signal that distinguishes between DMA and 
non-DMA bus cycles. The signal is high for a DMA cycle. 

BALE INPUT Host CPU bus buffered address latch enable signal. High 
indicates a valid memory address. 

MCSI6* OUTPUT This output is an acknowledge for 16-bit wide accesses and is 
generated by the GD620 only if the 16-bit peripheral mode is 
enabled and a valid memory address range has been decoded. It 
may be generated by a full internal decode (LAI6:23, 
SAlS: 14), a partial internal decode (without SAlS) or with 
external decoding for fastest response time. 

MEMR*/W* INPUT INPUT Video memory read and write strobes. These inputs are driven 
INPUT low on all CPU memory read/write accesses. Video 
memory will be accessed if the GD610/620 chipset internal 
address decoders determine that the partial decode of the MSB 
addresses of the CPU address bus lies in the AxxxxH or 
BxxxxH range. The GD610 chip is not connected to MEMW* 
signal. It decodes this operation if a valid CPU cycle is in 
progress, (CPUCYC*=O) and a read is not occurring 
{MEMR*=I}. 

(*) Denotes negative true signal. 

Page 5 
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2.2 Video Memory Interface 

NAME GD610 GD620 DESCRIPTION 

AA [8:0] OU1PUT Multiplexed video memory address bus A. This bus contains 
the row/column address information required by the DRAMS 
in the video memory for memory planes 0 and 1. The 
GD610/620 chipset may be programmed to support 64Kx4 or 
256Kx4 DRAMs (256KB or 1MB total video memory). This 
bus carries different addresses than AB in text modes. 

AB [8:0] OU1PUT Multiplexed video memory address bus B. This bus contains 
the row/column address information required by the DRAMS 
in the video memory for memory planes 2 and 3. The 
GD610/620 chipset may be programmed to support 64Kx4 or 
256Kx4 DRAMs (256KB or 1MB total video memory). This 
bus carries different addresses than AA in text modes. 

CAS* OU1PUT Video memory DRAM column address strobe. A low going 
edge on this signal latches the column address (contained on 
the AA and AB address busses) into video memory. 

CGSEL INPUT Enabled by the sequencer character map select register, this bit 
(normally connected to MID3 of the attribute memory plane 
in text mode) can be used to access 1 of 16 secondary character 
sets (instead of the normal intensity function), to give a total 
of 512 active display characters from a total of 4096. 

M3D [7:0] I/O This bi-directional video memory data bus is controlled by the 
GD610 for read/write operations into video memory Plane 3 
which stores graphic data for color plane #3, and eight extra 
alternate fonts in text modes. 

M2D [7:0] I/O This bi-directional video memory data bus is controlled by the 
GD610 for read/write operations into video memory Plane 2 

,. which stores graphic data for color plane #2 or character gener-
ator font tables in the text modes. 

MID [7:0] I/O' Bi-directional video memory data bus controlled by GD610 for 
read/write operations into video memory Plane 1 which stores 
graphic data for color plane #1 or attribute codes in text modes. 

MOD [7:0] I/O INPUT This bi-directional video memory data bus is controlled by the 
GD610 for read/write operations into video memory Plane 0 
which stores graphic data for color plane #0 or attribute codes 
in the text modes. The GD620 uses these character codes in 
text mode to produce the proper address on the memory AB 
bus to access the character generator fonts. 

RAS [3:0]* OUTPUT Video memory DRAM row address strobes. A low going edge 
on these signals latch the row address (contained on the AA 
and AB address busses) into the video memory DRAMs. 

WE* OUTPUT When low, this signal enables a video memory write to the 
bank selected by the appropriate RAS* signal(s). The actual 
write occurs on the falling edge of CAS*. 

(*) Denotes negative true signal. 
Page 6 
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£d Video Interface 

The PIXEL DATA bits drive the analog or digital inputs of color or monochrome displays. When driving 
dual-line LCD panels, P4-P7 drive the upper panel data inputs, and PO-P3 drive the lower panel data inputs. 
PO-P7 pins are described more fully in the following table: 

Analog ECD CD MD LCD 
RAMDAC 64-Color 16-Color Mono-

NAME DESCR. Interface Digital Digital chrome GD610 

P7 I FEAT 1 Tertiary Red P7 0 0 0 UD3 OUlPUT 

Feature Bit 1 t INPUT 

P6/FEATO Tertiary Green P6 0 0 0 UD2 OUlPUT 

Feature Bit Ot INPUT 

P5 I SR Secondary Red P5 SR I Note UDI OUlPUT 

P4 I SG I I Secondary Green! P4 SG I Note uno OUlPUT 

Intensity 

P3 I SB IV Secondary Bluel P3 SB I Note LD3 OUlPUT 

Video 

P2 IR Primary Red P2 R R Note LD2 OUlPUT 

PI/G Primary Grecn PI G G Note LDI OUlPUT 

PO/B Prim~Blue PO B B Note LDO OUlPUT 

t FEATI and FEATO (Feature Bits 1 and 0) are programmable as inputs to the FC Register (Feature 
Control), and can be read at port address 3CA. 

Note: 
In Monochrome modes, video outputs are driven from GD610 Palette Registers 0, 7, 8, 15 as follows: 

Palette Register 
Intensity Video Selected Mode 

0 0 0 Mono Text or HGC Graphics 
0 1 7 Mono Text or HGC Graphics 
1 0 8 Mono Text Only 
1 1 15 Mono Text Only 

Intensity = Text mode attribute byte bit 3 
Video = Normal output to the monochrome display 

NAME 

MOD 

GD610 

OUTPUT 

GD620 DESCRIPTION 

Used to prevent DC polarization of LCD. MOD changes 
polarity at least once per frame period. Some panels generate 
randomized alternating signals derived from LLCLK to perform 
this function, and may not need this signal. Its pulse width is 
programmable. The period is twice the number of line clocks 
written to register 3C5:D9 

Page? 



2.3 Video Interface (cont'd) 

NAME GD610 

LLCLK OUTPUT 

VDCLK OUTPUT 

LFS OUTPUT 

HSYNC 

VSYNC INPUT 

2.4 External Interface 

NAME GD610 

BIOSA[l5:13] 

OSC 

CLK32,CLK28,CLK25 

CKEXT 

CPWR*,CPRD* 
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GD620 DESCRIPTION 

The LCD line clock is used to latch column segment data into 
the horizontal shift registers. 4 bits of data for the upper panel, 
and 4 bits of data for the lower panel are simultaneously 
latched by this signal, for two corresponding scanlines. 

The V ideo clock is used to clock data through the horizontal 
shift registers. This signal should be used for all video timing 
purposes. It is used as a shift clock in LCD mode, and a pixel 
clock in CRT modes. 

LCD Frame Start pulse that indicates the start of a new frame, 
resetting horizontal and vertical logic to the first nibble of the 
first (of top and bottom panel) scanline. 

OUTPUT Horizontal Sync. The active polarity of this signal can be se-
lected by bit 6 of the miscellaneous output register (I/O address 
3C2hex) or bit 6 of the timing control register (extension ad-
dress 85H). 

OUTPUT Vertical Sync. The active polarity of this signal can be selected 
by bit 7 of the miscellaneous output register (I/O address 
3C2H) or bit 7 of the timing control register (extension ad-
dress 85H2. 

GD620 DESCRIPTION 

OUTPUT These 3 pins select one of the five 8kbyte pages mapped into 
th~ lower 8kbyte of the 32kbytc BIOS address space, allowing 
a 64kbyte ROM to be used in this 32kbyte space. 

INPUT 

I/O 

I/O 

Oscillator input which MUST be connected to a clock, 
typically the 14.318 MHz clock from the system bus. 

These pins are configured as inputs or outputs based on the 
state of CPU-AD 14 latched from the bus on the falling edge of 
RESET*. They may be driven from crystal oscillators to 
provide 32.514, 28.332, and 25.172 MHz inputs to the 
GD620's internal mux (a 16.257 MHz clock, when required, is 
internally generated). When configured as outputs, they provide 
select signals to an external PLL-based multi-frequency 
synthesizer circuit. 

External clock input, typically from the feature connector, or 
used for LCD clock requirements. 

OUTPUT Color Palette write/read strobes. These pins 
are active when valid I/O reads or writes to port addresses xC6-
xC9H are decoded. 
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External Interface (cont'd) 
NAME GD610 GD620 DESCRIPTION 

FC[l:O] OUTPUT 

INTERNAL* 

BIOSEN* 

ASEL * ,DSELH* ,DSELL * 

General-purpose programmable output pins, normally used to 
drive the feature connector. Can be used to enable/disable 
battery-save modes for low-power laptop PC applications. 
These bits may be write-protected with WRC bit 6. 

OUTPUT Programmable output pin,normally driving tri-state control 
pins of video drivers for internal or external (feature connec­
tor) video operation in CRT mode. This disables external 
driver in LCD mode. MISC reg bit 4 controls this pin. 

OUTPUT This signal is typically connected to a ROM BIOS's OE* 
input. It enables the BIOS ROM's outputs if a memory 
address in the COOOOH -CFFFFH range has been decoded and 
ROM control register bit 7 is cleared. This pin will not 
activate if the BIOS resides on the 'CPU' side of the 
address/data muxes as indicated by a low state of CPU-AD I 5 
latched from the bus during the falling edge of RESET. 

OUTPUT Address and data select (high and low byte) enables. 

CL-G0610 ( 620 Interconnect Signals 

NAME GD610 GD620 DESCRIPTION 

BLANK* /DE INPUT OUTPUT CRT Video Blanking signal and Display Enable signal. These 
signals function as follows: 

LCD CRT CRT/LCD 
BLANK* BLANK* DE FUNCTIQN 

dontcare 0 OFF {Scrccn is black~ 
dontcare 1 0 Bordcr dis121a:z: 
dontcare 1 I Active Screen 

CPUCYC* INPUT OUTPUT Active low during an actual CPU Video RAM read or write 
cycles. This signal brackets the LATCH* signal during a read 
operation. The GD610 also uses this signal to differentiate be-
tween CPU and CRT write cycles. 

CURSOR* INPUT OUTPUT Active during valid cursor position. 

ITS INPUT OUTPUT Interchip Timing Strobe. This signal is in a critical timing 
path. Loading on this pin and the S/L * pin must be the same. 

MCLK INPUT OUTPUT Derived from the currently selected clock, this is the master 
clock used to produce all of the signals in the GD610/GD620. 

LATCH* INPUT OUTPUT Latches data to and from the video RAM in the GD610. 

S/L* INPUT OUTPUT Shift / Load. Synchronizcs the loading of the shift registers in 
the GD610. This signal is in a critical timing path. Loading 
on this pin and the ITS pin must be the same. 

VSYNC INPUT OUTPUT Sec dcscriQtion under video interface. 
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2.6 LCD Display Frame Buffer Interface Sianals 

NAME GD610 GD620 DESCRIPTION 

FR-A[7:4] OUTPUT Upper four bits of frame buffer address 

FR-AD[3:0] I/O Multiplexed frame buffer address/data 

FRWE* OUTPUT Buffer write enable 

FROE* OUTPUT Buffer output enable 

FRCAS* OUTPUT BufferCAS* 

FRRAS* OUTPUT BufferRAS* 

(*) Denotes negative true signal. 
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FUNCTIONAL DESCRIPTION 

Functional Operation 

The CIRRUS LOGIC GD610 Graphics/ Attri­
butes chip and CIRRUS LOGIC GD620 
Sequencer/CRT Controller chip are tightly 
c?upled and interface with the host processor, 
VIdeo memory, the display device and other 
ex terna! I/O. 

The host interface may be 8 or 16 bits wide, 
under program control. Register LCDCNTL3 
is provided to switch bus sizes. 
Video memory may be 256Kbytes or 1Mbyte 
of DRAM. 

The display device is typically a 640 by 
400/480 line LCD (or other flat panel type) 
but .all standard TTL and analog CRT 
momtors are supported as well. 

The four major operations supported by the 
CL-GD610/620 are: 

• Host access to CL-GD610/620 registers 
Host access to video memory 

• Memory refresh 
• Display access to vidco memory 

Host Access to Registers 

The host (typically an 8088/80286/80386 
processor in an IBM PC/XT/AT bus compati­
ble environment) can access CL-GD610/620 
registers by setting up 24 bit addresses and 
generating lOR * / 10W* / MEMR * / 
MEMW* signals to read or write 8-bit or 16-
bit data. 

DRAM and screen refresh activities occur 
concurrently and independently (unless display 
parameters are being changed by the host 
CPU's actions on CL-GD610/620 registers). 

The registers that may be accessed by the host 
are listed in sections 4 and 5. They include 
the registers of the IBM VGA, EGA. CGA. 
MDA. and Hercules HGC. including those of 
the 6845 CRT controller. Non-VGA registers 
have also been made host-readable and writable 
in order to allow BIOS and driver software to 
detennine the state of the graphics adapter. 
The state may thus be readily switched and 
restored in multi-tasking and windowing 
environments. These so-called extension 
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registers provide the numerous enhancements 
to the basic VGA function listed in the 
features/benefits section. 

Host access to video memory is channelled via 
the CL-GD6l0/620. The host must set up the 
proper address/data/timing parameters in CL­
GD610/620 registers. then handshake with the 
CL-GD610/620 in order to connect the host 
data bus to one of the 4 video memory byte 
plane buses. For example, consider 
VGNEGA operation: 

Byte planes 0 and 1 share address bus A· 
planes 2 and 3 share the address bus B. Th~ 
GD620 Sequencer/CRT Controller chip takes 
17-bit addresses from the host, and transforms 
them according to the selected addressing mode 
and ~ddress space mappings. finally issuing 
multIplexed addresses to the different planes 
via the A and B address buses. The CAS* 
signal, four RAS* signals, and WE* are also 
generated. 

Note that the GD620 Sequencer/CRT 
Controller chip also contains an intelligent 
address sequencer that allocates video memory 
cycles not only to the host. as just described. 
but also to the DRAM refresh controller and 
the display CRT controller. 

Memory Refresh 

Memory bandwidth is allocated to each pro­
cess according to the actual realtime needs of 
the process, ensuring efficient use of the 
available bandwidth. In the case of a CRT 
display device, the display is blanked during 
horizontal and vertical retrace intervals, freeing 
up memory bandwidth for host access and/or 
memory refresh. 

The CL-GD610/620, unlike early VGA 
implementations that gave the host only 14% 
of memory cycles. can give the host from 25-
50% access to video memory (lout of 2 
memory cycles), largely due to the sequencing 
strategy. 

Display Access to Video Memory 

The GD620 Sequencer/CRT Controller chip 
works very closely with the GD610 
Graphics/Attributes chip in all video modes. 
as the GD610 actually contains the video 
memory data interface as well as the video 
outputs to the display device. Thus the 



display data is latched in the GD610 after the 
GD620 detennines where it is. Note that due 
to the 32-bit memory data interface, character 
data and attribute data can be pipelined. The 
GD610 contains the video shift registers to 
interface to the display device. The GD620 
works with the GD610 in order to fetch scan 
line data from the font bitmaps, separately 
controlling the A and B address buses. 

Foreground and background attributes are spe­
cified for each character in alphanumeric mode. 
Cursors and borders are also controlled by the 
GD610 in alpha modes. 

In bit-mapped graphics (All Points Addres­
sable) modes, pixel data is latched into the 
GD610 Graphics/Attributes chip, transferred 
to shift registers, and shifted out upon trans­
lation through the color palette registers, 
which are also contained in the GD610. 

The GD620 Sequencer/CRT Controller chip 
supplies a clock (ITS) to the GD610 
Graphics/Attributes chip, as well as display 
memory read strobe (LATCH*), CPU read/ 
write cycle (CPUCYC*), and shift register 
load (SIL *). 

The GD620 Sequencer/CRT Controller chip 
keeps track of the active and unused areas of 
the screen and cursor positions and conse­
quently supplies screen control signals 
(VSYNC, BLANK, Display Enable DE, and 
CURSOR) to the GD610 Graphics/ Attributes 
chip. 

When the GD610/620 are interfaced to an 
LCD display, an additional 64Kx4 DRAM is 
needed. This device is used by the chipset to 
accelerate panel refresh without using high­
frequency clocks, thus reducing power, and, 
allowing vertical refresh rates from 60Hz to 
160Hz for improved contrast and freedom from 
flicker. 

~ CRT Display Compatibility Modes 

The CL-GD610/620 includes all registers and 
data paths required for VGA/EGA, CGA, 
MDA, and HGC controllers. VGA enhance­
ments to baseline EGA functionality include 
320x200 eight-bitlpixel mode and support for 
an external color palette, 16 (double IBM's 
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capability) simultaneously loadable text fonts, 
write mode 3, and readable registers. 
These devices provide support for new 
extended resolution display modes with CRT 
displays. 

Extended graphics resolutions beyond the 
64Ox480 IBM VGA standard are available us­
ing either multiple frequency monitors such as 
the NEC MultiSync™ or Sony MultiScan™ \ 
or single frequency PS/2 monitors such as the 
IBM 8514. These include a 720 x 540 mode 
which has a 4:3 aspect ratio (square pixels on 
typical monitors). This mode is supported on 
both PS/2 monitors as well as multi­
frequency displays. In addition there is an 800 
x 600 mode which has a 4:3 aspect ratio (the 
same as 640 x 480 and 720 x 540). This 
mode requires a multi-frequency display. 
There are also . high resolution text modes 
from 100 columns by 30 rows up to 132 
columns by 60 rows. 

Additional 256 color modes (besides IBM 
mode 13) are available in the chipset and the 
Cirrus Logic BIOS supports these as well. 

The chip set also supports an extended mode 
13 where 4 (256Kb RAM) or 16 (1Mb RAM) 
pages of 64K blocks of memory can be 
switched and displayed instead of the IBM 
VGA's single page. This will allow for 
animation using 256 displayable colors with­
out requiring a large amount of data to be ma­
nipulated (64K maximum size per image). 

a....a Flat panel Display Compatibility 
Modes 

The GD610/620 chip set will directly drive all 
of the popular dual panel/dual scan flat panels 
from manufacturers such as Sharp, Hitachi, 
Sanyo, Epson, Kyocera, Optrex, Toshiba etc 

Proprietary techniques minimize flicker, noise 
and pattern motion while enhancing contrast 
within the gray scales being used. 

Gray-scaling is accomplished by modulating 
the ON to OFF time of individual pixels in 
the panel and allowing the eye to integrate the 
superposed pixels to 16 perceptible gray 
scales. Flicker is eliminated by proprietary 
techniques involving distribution of time 
between ON and OFF pixels during frame 
modulation. 
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The GD610/620 provides various mechanisms 
in order to allow the full spectrum of PC 
applications, written for various TIL and 
analog monitors, and various video modes, to 
run on standard 640x400 and 640x480 flat 
panels. 
These mechanisms include color emulation, 
attribute remapping, resolution mapping, etc 

In addition, summing circuitry allows rapid 
generation of IBM-compatible gray-scale 
equivalents of color images. Up to 32 gray 
scales are available using algorithms similar 
to those used with IBM PS/2-monochrome 
CRT monitors, enhanced with Cirrus Logic­
proprietary 2-dimensional stippling logic. 
This allows running all applications 
generating monochrome, 4, 16, or 256 color 
images with a monochrome flat panel display. 
CIRRUS LOGIC's AutoMapTM logic is capable 
of mapping 256 colors to a stunning 
monochrome image appearing in 32 gray 
scales. The hardware-based algorithm 
maintains independence of the particular 
palette map being used by calculating and 
storing (in real time) 5 bit gray scale values in 
an internal palette RAM that refIccll) all writes 
to the external RAMDAC. RAMDAC data 
may be stored as desired by the application in 
orderly sequences or in random sequences 
without affecting the consistently realistic 
renditions of color images. 

In color text modes, foreground and 
background attributes can be automatically 
remapped to black and white for maximum 
contrast. Positive or negative raster may be 
selected under program control to match the 
visual qualities of the display and/or needs of 
the application. Bold characters are generated 
by using built-in intensified text fonts when 
the attribute calls for intensification. 

The video resolutions that an application has 
selected are remapped to a flat panel according 
to whether compatibility mode, compression 
mode or expanded mode was selected. 

In compatible text mode, the image is centered 
on the display with no change in the number 
of scanlines (200 line modes are double 
scanned to 400, however). 9 dot character 
fonts are replaced by 8 dot character fonts 
(HGC and VGA text) in order to fit within 
640 columns. If alternate fonts from plane 3 
are used, 9-dot fonts are no longer available. 
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In compatible graphics mode, the image is 
centered on the screen, with no change to the 
number of pixels displayed (except for double 
scanning 200 line CGA graphics modes). 
HGC images are 720x348, so panning with a 
640 pixel wide window may be performed to 
view the entire image. 

Compression mode allows the 720 horizontal 
pixels of an HGC generated image to be 
displayed on a 640 pixel-wide display. Under 
program control, the 8th and 9th bit of each 9-
bit word may be AND'ed or suppressed to 
generate the compressed bit. This compression 
provides very little degradation to text, and 
panning is always available if compressed 
graphics do not look satisfactory. 

Expansion mode lets the display be filled in a 
symmetric and ratiometrically determined 
fashion and is available for both text and 
graphics video modes. In text modes, 9-dot 
characters are replaced by 8-dot characters, and 
character cell heights are expanded (from 8, 
14, or 16 scanlines) to 19 scanlines. Thus 25 
text-lines become 475 scan lines filling most 
of a 480 scanline panel. The filling algorithm 
was designed for a symmetric, pleasing 
expansion of the text, and automatically 
extends pixels used in character-based graphics 
applications to the cell boundaries. 

Laptop PCs have stringent power dissipation 
limits. The GD610/620 chip set supports 
these objectives by being fabricated in low­
power CMOS, and by having the ability to 
drop down to a low-power mode. In this low­
power mode, the clock to the GD610 is 
stopped, and the clock to the RAMDAC is 
stopped. Low-power static or pseudo-static 
RAM may also be used in the system. 

The FC bits may be used to control power to 
devices such as the RAMDAC, LCD back­
panel, and other H/W. 

Low total system component count also 
contributes to minimizing power 
consumption. This low chip count is achieved 
by eliminating most glue logic. For example, 
an add-in card with an 8-bit host interface can 
be designed with 16 ICs or less; one with a 
16-bit I/F would need no more than 21 ICs. 
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3.4 Supported Screen Formats 

PS/2 (Single Frequency Analog Display, IBM 85xx series-compatible) 
Mode No. of Char. Char. Video Display Screen Buffer CRT Dot 
No. Colors x Row Cell Mode Mode Format Start H/V S~nc. Clock 
0 4/256K 40x25 8x8 aJA Text 320x200 B8000 31.5KH7f]OHz 25. 172MHz 
0* 16/256K 40x25 8x14 OOA Text 320x350 B8000 31.5KH7f]OHz 25. 172MHz 
0/1+ 16/256K 40x25 9x16 VGA Text 360x400 B8000 31.5KH7f]OHz 28.332MHz 
1 4/256K 40x25 8x8 aJA Text 320x200 B8000 31.5KH7f]OHz 25. 172MHz 
1* 16/256K 40x25 8x14 OOA Text 320x350 B8000 31.5KH7f]OHz 25. 172MHz 
2 4/256K 80x25 8x8 aJA Text 640x200 B8000 31.5KH7f]OHz 25. 172MHz 
2* 16/256K 80x25 8x14 OOA Text 640x350 B8000 31.5KH7f]OHz 25. 172MHz 
2/3+ 16/256K 80x25 9x16 VGA Text 720x400 B8000 31.5KHZnOHz 28.332MHZ 
3 4/256K 80x25 8x8 aJA Text 640x200 B8000 31.5KH7f]OHz 25. 172MHz 
3* 16/256K 80x25 8x14 OOA Text 640x350 B8000 31.5KH7f]OHz 25. 172MHz 
4 4/256K aJA Graphics 320x200 B8000 31.5KhznOHz 12.586MHz 
5 4/256K aJA Graphics 320x200 B8000 31.5KH7f]OHz 12.586MHz 
6 2/256K aJA Graphics 640x200 B8000 31.5KH7f]OHz 25. 172MHz 
7 4 80x25 9x14 HGClMDA Text 720x350 BOOOO 31.5KH7f]OHz 28.332MHz 
7+ 4 80x25 9x16 VGA Text 720x400 BOOOO 31.5KH7f]OHz 28.332MHz 
HGC 2 HGC Graphics 720x348 AOOOO 31.5KH7f]OHz 28.332MHz 
D 16/256K OOA Graphics 320x200 AOOOO 31.5KH7f]OHz 12.586MHz 
E 16/256K OOA Graphics 640x200 AOOOO 31.6KH7f]OHz 25. 172MHz 
F* 4 OOA Graphics 640x350 AOOOO 31.5KH7f]OHz 25. 172MHz 
10* 16x256K OOA Graphics 640x350 AOOOO 31.5KH7f]OHz 25. 172MHz 
11 2/256K VGA Graphics 640x480 AOOOO 31.5KHz/6OHz 25. 172MHz 
12 16/256K VGA Graphics 640x480 AOOOO 31.5KHz/6OHz 25. 172MHz 
13 256/256K VGA Graphics 320x200 AOOOO 31.5KH7f]OHz 25. 172MHz 
40 16/256K 100x30 8x13 Extended Text 800x390 A8000 31.5KH7f]OHz 32.514MHz 
41 16/256K 100x50 8x8 Extended Text 800x400 A8000 31.5KH7f]OHz 32.514MHz 
42 16/256K 100x60 8x8 Extended Text 800x536 A8000' 31.5KHz/56.2Hz 32.514MHz 
53 16/256K 80x60 8x8 Extended Text 640x480 B8000 31.5KH7f]OHz 32.514MHz 
63 16/256K Extended Graphics 720x540 AOOOO 31.6KHz/56.5Hz 32.514MHz 
70 256/256K VGA Graphics 360x480 AOOOO 31.5KH7f]OHz 28.332Mllz 

Note: Modes 40-52 and 63-64 require at least a 32.514 MHz dot clock and lOOns DRAM or faster. In monochrome modes, 4 colors is 
defined as Black, White, "Blinking" White, and "Intensified " White. 
Note that "*" and "+" are part of the IBM mode names. 

IBM Enhanced Color Display (Model 5154) or Compatible 
Mode No. of Char. Char. Video Dfsplay Screen Buffer CRT Dot 
No. Colors x Row Cell Mode Mode Format Start H/V S~nc. Clock 
0 4 40x25 8x8 aJA Text 320x200 B8000 15.75KHz/60Hz 14.318MHz 
0* 16/64 40x25 8x14 OOA Text 320x350 B8000 21.85KHz/60Hz 16.257MHz 
1 4 40x25 8x8 aJA Text 320x200 B8000 15.75KHz/60Hz 14.318MHz 
1* 16/64 40x25 8x14 OOA Text 320x350 B8000 21.85KHz/60Hz 16.257MHz 
2 4 80x25 8x8 aJA Text 640x200 B8000 15.75KHz/60Hz 14.318MHz 
2* 16/64 80x25 8x14 OOA Text 640x350 B8000 21.85KHz/60Hz 16.257MHz 
3 4 80x25 8x8 rnA Text 640x200 B8000 15.75KHz/60Hz 14.318MHz 
3* 16/64 80x25 8x14 OOA Text 640x350 B8000 21. 85 KHz/60Hz 16.257MHz 
4 4 rnA Graphics 320x200 B8000 15.75KHz/60Hz 14.318MHz. 
5 4 rnA Graphics 320x200 B8000 15.75KHz/60Hz 14.318MHz 
6 2 rnA Graphics 640x200 B8000 15.75KHz/60Hz 14.318MHz 
10* 16/64 OOA Graphics 640x350 AOOOO 21.85KHz/60Hz 16.257MHz 
D 16/64 OOA Graphics 320x200 AOOOO 21. 85KHz/60Hz 16.257MHz 
E 16/64 EGA Graphics 640x200 AOOOO 21.85KHz/60Hz 16.257MHz 
F* 4 OOA Graphics 640x350 AOOOO 21.85KHz/60Hz 16.257MHz 
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a..:.! Supported Screen Formats (cont'd) 

IBM Color Display (Model 5153) or Compatible 
Mode No. of Char. Char. Video Display Screen Buffer CRT Dot 
No. Colors x Row Cell Mode Mode Format Start H/V Slnc. Clock 
0 4 40x25 8x8 CXJA Text 320x200 B8000 15.75KHz/60Hz 14.318MHz 
1 4 40x25 8x8 CXJA Text 320x200 B8000 15.75KHz/60Hz 14.318MHz 
2 4 80x25 8x8 CXJA Text 640x200 B8000 15.75KHz/60Hz 14.318MHz 
3 4 80x25 8x8 CXJA Text 640x200 B8000 15.75KHz/60Hz 14.318MHz 
4 4 CXJA Graphics 320x200 B8000 15.75KHz/60Hz 14.318MHz 
5 4 CXJA Graphics 320x200 B8000 15.75KHz/60Hz 14.318MHz 
6 2 CXJA Graphics 640x200 B8000 15.75KHz/60Hz 14.318MHz 
D 16/64 EGA Graphics 320x200 AOOOO 15.75KHz/6OKHz 14.318MHz 
E 16/64 ffiA Graphics 640x200 AOOOO 15.75KHz/60Hz 14.318MHz 
Note: In monochrome modes, 4 colors is defined as Black, White, "Blinking" White, and "Intensified" White. 

IBM Monochrome Display (Model 5151) or Compatible 
Mode No. of Char. Char. Video Display Screen Buffer CRT Dot 
No. Colors x Row Cell Mode Mode Format Start H/V Sloe. Clock 
7 4 80x25 9x14 IIGC/MDA Text 720x350 BOOOO 18.4KHz/50Hz 16.257MHz 
F* 4 ffiA Graphics 640x350 AOOOO 18.4KHz/50Hz 16.257MHz 
IIGC 2 IIGC Graphics 720x348 BOOOO 18.4KHz/50Hz 16.257MHz 
Note: In monochrome modes,4 colors means Black, White, "Blinking" White, and "Intensified" White. 

Multl·Frequency Display (NEC Multisync'Jl.C, SonyMultiscan™, or compatible) 
Mode No. of Char. Char. Video Display Screeo Buffer CRT Dot 
No, Colors x Row Cell Mode Mode Format Start H/V Sloe. t Clockt 
0 4/256K 40x25 8x8 a,A Text 320x200 B8000 
O· 16/256K 40x25 8x14 r:GA Text 320x350 B8000 
0/1+ 16/256K 40x25 9x16 VGA Text 360x400 B8000 
I 4/256K 40x25 8x8 CXJA Text 320x200 B8000 
1· 16/256K 40x25 8x14 FGA Text 320x350 B8000 
2 4/256K 80x25 8x8 CXJA Text 640x200 B8000 
2· 16/256K 80x25 8x14 I:GA Text 640x350 B8000 
2/3+ 16/256K 80x25 9x16 VGA Text 720x400 B8000 
3 4/256K 80x25 8x8 a,A Text 640x200 B8000 
3· 16/256K 80x25 8x14 IrJA Text 640x350 B8000 
<1 4/256K CXJA Graphics 320x200 B8000 
5 4/256K CXJA Graphics 320x200 B8000 
6 2/256K CXJA Graphics 640x200 B8000 
7 4 80x25 9x14 HGC/MDA Text 720x350 BOOOO 
7+ 4 80x25 9x16 VGA Text 720x400 BOOOO 
IIGC 2 HGC Graphics 720x348 AOOOO 
D 16/256K EGA Graphics 320x200 AOOOO 
E 16/256K ffiA Graphics 640x200 AOOOO 
F* 4 ffiA Graphics 640x350 AOOOO 
10· 16/256K ffiA Graphics 640x350 AOOOO 
11 2/256K VGA Graphics 640x480 AOOOO 
12 16/256K VGA Graphics 640x480 AOOOO 
13 256/256K VGA Graphics 320x200 AOOOO 
40 16/256K 100x30 9x13 Extended Text 900x390 B8000 
41 16/256K 100x50 8x8 Extended Text 800x400 B8000 
42 16/256K 100x60 8x8 Extended Text 800x480 B8000 
43 16/256K 100x75 8x8 Extended Text 800x600 B8000 
50 16/256K 132x30 8x13 Extended Text 1056x390 B8000 
51 16/256K 132x50 8x8 Extended Text 1056x400 B8000 
52 16/256K 132x60 8x8 Extended Text 1056x480 B8000 
53 16/256K 80x60 8x8 Extended Text 640x480 B8000 
63 16/256K Extended Graphics 720x540 AOOOO 
64 16/256K Extended Graphics 800x600 AOOOO 
70 256/256K VGA Graphics 360x480 AOOOO 

Note: Modes 40h-52h and 63h-64h require at least a 32.514 MHz dot cIock and lOOns DRAM or faster. In monochrome modes, 4 
colors is defined as Black, White, "Blinking" White, and "Intensified" White. 
Note that "." and "+" are part of the IBM mode names. 
t These values will vary depending upon which monitor and which monitor parameters are used in the BIOS. 
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LS LCDlCBI S~[een EQrmat CQmgariSQD Table 

CRT 
ode 

0,1 16/256K 40x25 CGA text 
2,3 16/256K 80x25 CGA text 
0*,1 * 16/256K 40x25 EGA text 
2*,3* 16/256K 80x25 EGA text 
0+,1+ 16/256K 40x25 VGA text 
2+,3+ 16/256K 80x25 VGA text 
4,5 4/256K 320x200 CGA gr 
6 2/256K 640x200 CGA gr 
7 Mono 80x25 MGA text 
7+ Mono 80x25 VGA text 
D 16/256K 320x200 EGA gr 
E 16/256K 640x200 EGA gr 
F* Mono 640x350 EGA gr 
10* 16/256K 640x350 EGA gr 
11 2/256K 640x480 VGA gr 
12 16/256K 640x480 VGA gr 
13 256/256K 320x200 VGA gr 

Mono 720x348 HGC gr 

Notel: ACB: 
Note2: Color Attribute Emulation: 

Mono Attribute Emulation: 

Compatible mode Expansionl 
Compression Mode 

Color Video Display Cell Display Cell 
r a i e r z 

14.17 640x400 16x16 640x475 16x19 
28.33 640x400 8x16 640x475 8x19 

Color Attr. ernul 14.17 640x350 16x14 640x475 16x19 
Color Attr. ernul 28.33 640x350 8x14 640x475 8x19 
Color Attr. ernul 14.17 640x400 16x16 640x475 16x19 
Color Attr. ernul 28.33 640x400 8x16 640x475 8x19 
4 Gray Sc1-ACB 14.17 640x400 2x2 640x475 2x2 
2 Gray Sc1-ACB 28.33 640x400 1x2 640x475 1x2 
Mono Allr. ernul 28.33 640x350 8x14 640x475 8x19 
Mono Allr. ernul 28.33 640x400 8x16 640x475 8x19 
16 Gray Scales 14.17 640x400 2x2 640x475 2x2 
16 Gray Scales 28.33 640x400 Ix2 640x475 lx2 
On,Off,B I, Halftn 28.33 640x350 Ixl 640x475 Ix1 
16 Gray Scales 28.33 640x350 IxI 640x475 Ix1 
2 Gray Scl-ACB 28.33 640x480 IxI 640x480 1x1 
16 Gray Scales 28.33 640x480 IxI 640x480 Ix1 

32 Gray Scales 14.17 640x400 2x2 640x475 2x2 
Image comp/pan 28.33 640x350 IxI 640x475 1x1 

- Automatic Contrast Balancing 
-when foreground and background colors are different, they are mapped to high 
contrast gray scales. 
-when foreground and background colors are the same, then different gray 
scales are selected to enhance contrast. 
-straightforward mapping of monochrome attributes to gray scales similar to 
CRT case 
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!. VGA. EGA. CGA. AND HGC REGISTER PORT MEMORY MAP 

Address VGA/EGA Port CGA Port HGC Port 
2BO/3BO CRTC Index (RIW) (EGA Only) 6845 Index (R!W) 

2Bl/3Bl CRTC Data (R!W) (EGA Only) 6845 Data (R/W) 

2B2/3B2 CRTC Index (RIW) (EGA Only) 6845 Index (R/W) 

2B3/3B3 CRTC Data (R!W) (EGA Only) 6845 Data (R/W) 

2B4/3B4 CRTC Index (R/W) (EGA Only) 6845 Index (R!W) 

2B5/3B5 CRTC Data(WW) 6845 Data (R/W) 

2B6/3B6 CRTC Index (RIW) (EGA Only) 6845 Index (R!W) 

2B7/3B7 CRTC Data (R!W) (EGA Only) 6845 Data (R/W) 

2B8/3B8 Mode Control (R/W) 

2B9/3B9 Set Light Pen Flip Flop (W) 

2BA/3BA Feature Control(W). Display Status(R) Display Status (R) 

2BB /3BB Clear Light Pen Flip Flop (W) Clear Light Pen Flip Flop (W) 

2BC/3BC Set Light Pen Flip Flop (W) 

2BD/3BD 

2BE/3BE 

2BF/3BF Configuration (RIW) 

2CO /3CO Attribute Controller Indcxmata (R/W) 

2Cl/3Cl Attribute Controller Indcxmata (R/W) 

2C2/3C2 Misc Output (W). Feature (R) 

2C3/3C3 Misc Output (W). Feature (R) 

2C4/3C4 SequencerlExtensions Index (R/W) 

2C5/3C5 SequencerlExtensions Data (RI\V) 

2C6/3C6 Palette Pixel Mask (R/W) 

2C7 /3C7 Palette Address Register R Mode (R/W) 

2C8/3C8 Palette Address Register W Mode (R/W) 

2C9/3C9 Palette Data (R/W) 

2CA/3CA G. Pos. 2 (W) (EGA Only) 

2CB/3CB (Reserved) 

2CC/3CC G. Pos. 1(W)(EGA Only) Misc Output (R) 

2CD/3CD (Reserved) 

2CE/3CE Graphics Controller Index (R/W) 

2CF/3CF Graphics Controller Data (R/W) 

2oo/3DO CRTC Index (RIW) (EGA Only) 6845 Index (R/W) 

201/301 CRTC Oata (R/W) (EGA Only) 6845 Oata (RIW) 

202/302 CRTC Index (R/W) (EGA Only) 6845 Index (R/W) 

203/303 CRTC Oata_(RIW) QiGA Only) 6845 Data (RIW) 

204/304 CRTC Index (RIW) (EGA Only) 6845 Index (R/W) 

205/305 CRTC Oata (RIW) 6845 Data (RIW) 

206/306 CRTC Index (RIW) (EGA Only) 6845 Index (R/W) 

207/307 CRTC Oata (R!W) (EGA Only) 6845 Oata (RIW) 

208/308 Mode Control (RIW) 

209/309 Color Select (RIW) 

20A/30A Feature Control(W), Display Status(R) Display Status (R) 

20B/30B Clear Light Pen Flip Flop (W) Oear Light Pen Flip FloR (W) 

20C/3DC Set Light Pen Flip Flop (W) Set Light Pcn Flip Flop (W) 

200/300 

20E/30E 

20F/30F 
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~ CGAs MDAs AND HG~ REGISTERS 
5.1 ~olor Gra~hlc§ Adagter {~GAl Com~alible Registers 

READ! REG! 
ABBBEY ~GA REGISlEB NAME B.lI..S. REG TYPE lYBIlE INDEX fQRl ADDRESS 
MODE Mode Control 7 QlltlQJGD620:f: R/W 3D8 
COLOR Color Select 6 GD610 R/W 3D9 
STAT Display Status 7 GD610LGD620:f: R 3DA 
CLPEN Clear Light Pen Flip Flop 0 GD620 W 3DB 
SLPEN Set Light Pen Flip Flop 0 GD620 W 3DC 
CRX 6845 Index 5 GD620 R/W 3D4 (3DO,3D2,3D6)t 
RO Horizontal Total 8 GD620 R/W 00 3D5 (3Dl,3D3,3D7)t 
Rl Horizontal Displayed 8 GD620 R/W 01 3D5 (3Dl,3D3,3D7)t 
R2 Horizontal Sync Position 8 GD620 R/W 02 3D5 (3Dl,3D3,3D7)t 
R3 Sync Width 4+4tt GD620 R/W 03 3D5 (3Dl,3D3,3D7)t 
R4 Vertical Total 7 GD620 R/W 04 3D5 (3Dl,3D3,3D7)t 
R5 Vertical Total Adjust 5 GD620 R/W 05 3D5 (3Dl,3D3,3D7)t 
R6 Vertical Displayed 7 GD620 R/W 06 3D5 (3Dl,3D3,3D7)t 
R7 Vertical Sync Position 7 GD620 R/W 07 3D5 (3Dl,3D3,3D7)t 
R8 Interlace Mode 2 GD620 R/W 08 3D5 (3Dl,3D3,3D7)t 
R9 Character Cell Height 5 GD620 R/W 09 3D5 (3Dl,3D3,3D7)t 
RA Cursor Start 5+2tt GD620 R/W OA 3D5 (3Dl,3D3,3D7)t 
RB Cursor End 5 GD620 R/W OB 3D5 (3Dl,3D3,3D7)t 
CRC Start Address High 8 GD620 R/W OC 3D5 (3Dl,3D3,3D7)t 
CRD S tart Address Low 8 GD620 R/W OD 3D5 (3Dl,3D3,307)t 
CRE Cursor Address High 8 GD620 R/W OE 3D5 (3Dl,3D3,3D7)1" 
CRF Cursor Address Low 8 GD620 R/W OF 305 (30I,303,3D7)t 
LPENH Light Pen High 8 GD620 R 10 3D5 (3Dl,3D3,3D7)t 
LPENL Light Pen Low 8 GD620 R 11 3D5 (3Dl,3D3,3D7)1-

~ MQnQ~hrQme DISgla~ Adagler {MDA} and Her~ules ~r~gbl~s Ad~gler {H~Cl 
CQmgalible Registers 

READ! REG! 
Ann BEY MDALHGC BEGISlEB NAME lllI.S BEG lyrE WRIlE INDEX PQRl ADURESS 
MODE Mode Control 7 GD610!GD620:f: R/W 3B8 
STAT Display Status 7 GD610LGD620:f: R 3BA 
CONFIG Configuration 2 GD61OLGD620:f: R/W 3BF 
CLPEN Clear Light Pen Flip Flop 0 GD620 W 3BB 
SLPEN Set Light Pen Flip Flop 0 GD620 W 3B9 
CRX 6845 Index 5 GD620 R/W 3B4 (3BO,3B2,3B6)t 
RO Horizontal Total 8 GD620 R/W 00 3B5 (3B 1,3B3,3B7)t 
Rl Horizontal Displayed 8 G0620 R/W 01 3B5 (3B 1,3B3,3B7)t 
R2 Horizontal Sync Position 8 G0620 R/W 02 3B5 (3B 1,3B3,3B7)t 
R3 Sync Width 4+4tt GD620 R/W 03 3B5 (3Bl,3B3,3B7)t 
R4 Vertical Total 7 GD620 R/W 04 3B5 (3Bl,3B3,3B7)t 
R5 Vertical Total Adjust 5 GD620 R/W 05 3B5 (3Bl,3B3,3B7)t 
R6 Vertical Displayed 7 GD620 R/W 06 3B5 (3B 1,3B3,3B7)t 
R7 Vertical Sync Position 7 GD620 R/W 07 3B5 (3Bl,3B3,3B7)t 
R8 Interlace Mode 2 G0620 R/W 08 3B5 (3Bl,3B3,3B7)t 
R9 Character Cell Height 5 GD620 R/W 09 3B5 (3Bl,3B3,3B7)t 
RA Cursor Start 5+2tt G0620 R/W OA 3B5 (3B 1,3B3,3B7)t 
RB Cursor End 5 GD620 R/W OB 3B5 (3Bl,3B3,3B7)t 
CRC Start Address High 8 GD620 R/W OC 3B5 (3Bl,3B3,3B7)t 
CRD Start Address Low 8 GD620 R/W OD 3B5 (3Bl,3B3,3B7)t 
CRE Cursor Address High 8 GD620 R/W OE 3B5 (3B 1,3B3,3B7)t 
CRF Cursor Address Low 8 GD620 R/W OF 3B5 (3B 1,3B3,3B7)t 
LPENH Light Pen High 8 GD620 R 10 3B5 (3Bl,3B3,3B7)t 
LPFNL Light Pen Low 8 GD620 R 11 3B5 (3B 1,3B3,3B7) * Physical readback chip is underlined for split/duplicated registers 

t Valid alternate register addresses are presented in parenthesis 
tt Split-field registers are denoted by 'X+ Y' 

Page 18 



CL - GD 6101620 

§. V~A l EGA REGISTERS 

2..J VldeQ Gnn;~tJl~s ArralllEnhan~ed GragtJl~s Adagle[ Cgmgallble BeglSler Table 

ABBBEY EGA BEGISIEB NAME lUI..S. BEG IYfE B.LlY BEGlNIlX MONO fOBI (:Q1,QB fQBI 
MISC Miscellaneous Output 8 ~D620* W 3C2 3C2 
FEAT Input Status 0 (Feature Read) 4 ~* R 3C2 3C2 
STAT Input Status 1 (Display Status) 7 ~ R 3BA 3DA 

Ie Feature Control 3 GD610 W 3BA 3DA 
GPOSI/MISC Graphics 1 Pos (W), Misc (R) 2,8 GD610, !ill2illGD620; R/W 3CC' rc 
GPOS2/FC Grae!!ics 2 Pos (W), FeatCtrl (R) 2,3 GD610,GD610 R/W 3CA 3CA 
GRX Graphics Controller Index 4 GD6lO R/W 3CE 3CE 
GRO SetlReset 4 GD610 R/W 00 3CF 3CF 
GRI Enable Set/Reset 4 GD610 R/W 01 3CF 3CF 
GR2 Color Compare 4 GD610 R!W 02 3CF 3CF 
GR3 Data Rotate 5 GD610 R!W 03 3CF 3CF 
GR4 Read Map Select 3 GD6lO R!W 04 3CF 3CF 
GRS Mode 7 GD610 R!W 05 3CF 3CF 
GR6 Misccllaneous 4 GD620 R!W 06 3CF 3CF 
GR7 Color Don't Care 4 GD610 R!W 07 3CF 3CF 
GR8 Bit Mask 8 GD6lO R!W 08 3CF 3CF 
ARX Attribute Controller Index 6 ~D620* R!W 3CO 3CO 
ARO-F Color Palette Regs 0-15 8 GD610 R!W OO-OF 3CO 3CO 
ARlO Mode Control 7 GD610 R!W 10 3CO 3CO 
ARB Overscan Color 8 GD610 R!W 11 3CO 3CO 
AR12 Color Plane Enable 6 GD610 R!W 12 3CO 3CO 
AR13 Horizontal Pixel Panning 4 GD610 R!W 13 3CO 3CO 
AR14 Color Select 4 GD610 R!W 14 3CO 3CO 
CLPEN Clear Light Pen Flip Flop 0 GD620 W 3BB 3DB 
SLPEN Set Lisht Pen Fli2 Flo2 0 GD620 W 3BC/3B9 3DC 
SERX Sequencer / Extension Reg. Index 7 GD620 R!W 3C4 3C4 
SRO Reset 2 GD620 R!W 00 3C5 3C5 
SRI Clocking Mode 6 GD620 R!W 01 3C5 3C5 
SR2 Plane Mask 4 GD620 R!W 02 3C5 3C5 
SR3 Character Map Select 6 GD620 R!W 03 3C5 3C5 
SR4 Memory Mode 3 GD661 0/20 R!W 04 3C5 3C5 
SR6 Extensions Control (see Ext. Table) 1 ~D620* R!W 06 3C5 3C5 
SR7 Reset H. Character Counter 1 GD620 W 07 3C5 3C5 
CRX CRTCIndex 6/5 GD620 R!W 3B4 3D4 
CRO Horizontal Total 8 GD620 R!W 00 3B5 3D5 
CRI Horizontal Display End 8 GD620 R!W 01 3B5 3D5 
CR2 Jlorizontal Blanking Start 8 GD620 R!W 02 3B5 3D5 
CR3 Horizontal Blanking End 5+2+ltt GD620 R!W 03 3B5 3D5 
CR4 Horizontal Retrace Start 8 GD620 R!W 04 3B5 3D5 
CR5 Horizontal Retrace End 5+2+1tt GD620 R!W 05 3B5 3D5 
CR6 Vertical Total 8 GD620 R!W 06 3B5 3D5 
CR7 Overflow 8 GD620 R!W 07 3B5 3D5 
CR8 Screen A Preset Row Scan 7 GD620 R!W 08 3B5 3D5 
CR9 Character Cell Height 5+1+1+1 GD620 R!W 09 3B5 3D5 
CRA Cursor Start 6 GD620 R!W OA 3B5 3D5 
am Cursor End 5+2tt GD620 R!W OB 3B5 3D5 
CRC Screen A Start Address High 8 GD620 R!W OC 3B5 3D5 
CRD Screen A Start Address Low 8 GD620 R!W (J) 3B5 3D5 
CRE Cursor Location High 8 GD620 R!W OE 3B5 3D5 
CRF Cursor Location Low 8 GD620 R!W OF 3B5 3D5 
LPENH Light Pen High 8 GD620 R 10 3B5 3D5 
LPENL Light Pen Low 8 GD620 R 11 3B5 3D5 
CRI0 Vertical Retrace Start 8 GD620 W 10 3B5 3D5 
CRll Vertical Retrace End 4+2+1+1tt GD620 W 11 3B5 3D5 
CR12 Vertical Display End 8 GD620 R!W 12 3B5 3D5" 
CR13 Offset 8 GD620 R!W 13 3B5 3D5 
CR14 Underline Location 5+2tt GD620 R!W 14 3B5 3D5 
CR15 Vertical Blanking Start 8 GD620 R!W 15 3B5 3D5 
CR16 Vertical Blanking End 8 GD620 R!W 16 3B5 3D5 
CR17 CRT Mode Control 7 GD620 R/W 17 3B5 3D5 
CR18 Line Compare 8 GD620 R/W 18 3B5 3D5 
CR22 Readback CRT Latches 8 GD610 R 22 3B5 3D5 
CR24 Attribute Index Toggle 7 GD610 R 24 3B5 3D5 
CR26MSB CRTC serA str addr MSB 2 GD620 R/W 26 3B5 3D5 
CR27MSB CRTC cursor addr MSB 2 GD620 R/W 27 3B5 3D5 
CR30-CR3F Frame Blank I GD620 W 3X 3B5 3D5 

* Physical readback chip is underlined for split/duplicated registers 
tt Split-field registers are denoted by 'X+Y' or "X+Y+Z" or 'X+Y+Z+M.' 

Pago 19 



CL - GD 6101620 

~ Extension Register Table (GD510A/520A compatible) 

ABBBEY EXIENSION BEGISIEB ll.IIS BEG IYPE BEAD/WBIIE BEGlINDEX eOBI ADDS 
SERX Sequencer Extensions Register Index 7 .QD.Ql.WGD620* RJW 3C4 
SR6 Extension Control 1 GD610/GD620* RJW 06 3C5 
CR7F Identification 8 GD620 R 7F 3B5/3D5 
MCI Misc. Control I 8 GD620 RJW 80 3C5 
GPOSI Graphics 1 Position 2 GD6lO RJW 81 3C5 
GPOS2 Graphics 2 Position 2 GD610 RJW 82 3C5 
ARX Attribute Controller Index 7 GD610 RJW 83 3C5 
WRC Write Control 8 GD6lO/~* RJW 84 3C5 
1C Timing Control 7 GD620 RJW 85 3C5 
BWC Bandwidth Control 6 GD620 RJW 86 3C5 
MC2 Misc. Control 2 8 GD620 RJW 87 3C5 
HSS H. Sync Skew 4 GD620 RJW 88 3C5 
IDNfC CGA, HGC Font Control 4 GD620 RJW 89 3C5 

-reserved- 0 8A 3C5 
SBPR Screen B Preset Row Scan 5 GD620 RJW 8B 3C5 
SBSH Screen B Start Address High 8 GD620 RJW 8C 3C5 
SBSL Screen B Start Address Low 8 GD620 RJW 8D 3C5 
GAVER GD610 Version Code 8 GD6lO R BE 3C5 
SCVER GD620 Version Code 8 GD620 R 8F 3C5 

CRI0 Vertical Retrace Start 8 GD620 R/W 90 3C5 
CRII Vertical Retrace End 8 GD620 R/W 91 3C5 
!.PENH Light Pen High 8 GD620 R/W 92 3C5 
IPENL Light Pen Low 8 GD620 RJW 93 3C5 
PPAH Pointer Pattern Address High 8 GD620 R/W 94 3C5 
CADJ Cursor Height Adjust 5 GD620 R/W 95 3C5 
ON Caret Width 8 GD610 R/W 96 3C5 
GI Caret Height 8 GD610 RJW 97 3C5 
am Caret Horizontal Position High 3 GD610 R/W 98 3C5 
CXL Caret Horizontal Position Low 8 GD6lO R/W 99 3C5 
CYH Caret Vertical Position High 2 GD610 R/W 9A 3C5 
CYL Caret Vertical Position Low 8 GD610 R/W 98 3C5 
PXH Pointer Horizontal Position High 3 GD610 R/W 9C 3C5 
PXL Pointer Horizontal Position Low 8 GD610 R/W 9D 3C5 
PYH Pointer Vertical Position High 2 GD620 R/W 9E 3C5 
PYL Pointer Vertical Position Low 8 GD620 R/W 9F 3C5 

GRJ.1) Graphics Ctrlr Memory Latch 0 8 GD610 R/W AO 3C5 
GRLI Graphics Ctrlr Memory Latch 1 8 GD6tO R/W At 3C5 
GRU Graphics Ctrlr Memory Latch 2 8 GD610 R/W A2 3C5 
GRL3 Graphics Ctrlr Memory Latch 3 8 GD610 RJW A3 3C5 
ax Oock Select 6 GD610 R/W A4 3C5 
CURS Cursor Attributes 8 .QUQlQjGD620* RJW AS 3C5 
ISS Internal Switch Source 8 GGD610 RJW A6 3C5 
NMII NMIMask I 8 GD610 RJW A8 3C5 
NMI2 NMIMask2 8 GD610 RJW A9 3C5 

-reseJVed- 0 M 3C5 
SWITCH State Switch Control 8 ~GD620* RJW A7 3C5 
CACHE NMI Data Cache** 4x24 GD610 R AE 3C5 
NSfATl NMIStatus I 8 GD610 R AB 3C5 
NSfATI NMI Status 2 8 GD610 R AC 3C5 
256 erc 256 Color Page Control 4 GD620 RJW NJ 3C5 
SfA1E Active Adapter State 7 ~GD620* RJW AF 3C5 
SCRO-F Scratch Register O-F 8 GD610 RJW BO-BF 3C5 

* Physical readback chip is underlined for split/duplicated registers 

** NMI Data Cache consists of four 24-bit words. 
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6.3 Added Extension Register Table (New to GD610/620) 

ABBREY EXIENSION REG ISlER ll.lIS REG nfE REAIlllYRIIE REGlINIlEX fQRI AIlIlR 
Graphics Cursor Address 2 GD620 

CR26MSB CRTC serA strt addr highest 2 GD620 R/W 26 3?5 
CR27MSB CRTC Cursor addr highest 2 GD620 R/W 27 3?5 
LC0CN1L1 LCD Control register 1 8 GD610/620 R/W 8A 3C5 
CPURAR CPU Read Access Register 8 GD620 R/W CO 3C5 
CPUWAR CPU Write Access Register 8 GD620 R/W C1 3C5 
LC0CN1L2 LCD Control register 2 8 GD620 R/W C2 3C5 
SWITCIffi Switch Setting Register High 8 GD620 R C4 3C5 
SWITCHL Switch Setting Register Low 8 GD620 R C5 3C5 
SBSHH Screen B strt addr highest 2 GD620 R/W C6 3C5 
LCOCN1L3 LCD Control register 3 3 GD610/620 R/W C7 3C5 
COLOFF Column Offset 8+1 GD610 R/W DO-D4 3C5 
PNlliDIS Panel Horizontal Displayed 8+1 GD610 R/W D1-D4 3C5 
ROWOFF Row Offset 8+1 GD610 R/W D2-D4 3C5 
PRSEG1DT Panel Row Segment Total 8+1 GD610 R/W D3-D4 3C5 
PNLCNfL1 Panel Control 1 8 GD610 R/W D4 3C5 
PNLCNfL2 Panel Control 2 8 GD610 R/W D5 3C5 
FONI'C Plane 3 Alt font enable 1 GD610/620 R/W 89 3C5 
GROFFSET Gray-scale Offset 4 GD610 R/W D6 3C5 
MOD Modulation/AC inversion 8 GD610 R/W D9 3C5 
FRMCOLOR Frame Color 4 GD610 R/W DA 3C5 
PNLCNI'L3 Panel Control 3(reserved) 8 GD610 R/W DB 3C5 
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7 ELECTRICAL SPECIFICATIONS 

L..1 Absolute Maximum Ratings 

7.2 

00610 

GD620 

Ambient Temperature Under Bias ....................................... 0° C to 70° C 
Storage Temperature ........................................................ -65° C to 150° C 
Voltage On Any Pin With Respect To Ground ...................... GND-O.5 to VCC+O.5 Volts 
Operating Power Dissipation (per Chip) .............................. 0.300 Watt 
Standby Power Dissipation (per Chip) ................................ 0.035 Watt 
Power Supply Voltage ..................................................... 7 Volts 
Injection Current (Latch-up) .............................................. 25 rnA 

Note: Stresses above those listed may cause permanent damage to system components. These are stress 
ratings only. Functional operation at these or any conditions above those indicated in the opera­
tional sections of this specification is not implied. Exposure to absolute maximum rating condi­
tions for extended periods may affect system reliability. 

CL-GD610 l 620 D.C. Characteristics 
(VCC=5V±5%, TA=O° to 70° C, unless otherwise specified) 

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

VCC Power Supply Voltage 4.75 5.25 V Normal Operations 
VIL Input Low Voltage -0.5 O.S V 
VIR Input High Voltage 2.0 VCC + 0.5 V 
VOL Output Low Voltage 0.4 V IOL=2mAt 
VOH Output High Voltage 2.4 V lOB = 400JlA 
ICC Operating Supply Current 40 rnA @ 33M Hz, 5V nominal 
ICCpd Powerdown mode current rnA @ 33M Hz, 5V nominal 
IL Input Leakage -10 10 JlA 0< VIN < VCC 
CIN Input Capacitance 10 pF 
COUT Output Capacitance 10 pF 

VCC Power Supply Voltage 4.75 5.25 V Normal Operations 
VIL Input Low Voltage -0.5 O.S V 
VIR Input High Voltage 2.0 VCC + 0.5 V 
VOL Output Low Voltage 0.4 V IOL=2mAtt 
VOH Output High Voltage 2.4 V IOH=400JlA 
ICC Operating Supply Current 40 rnA @ 33MHz, 5V nominal 
ICCpd Powerdown mode current rnA @ 33MHz, 5V nominal 
IL Input Leakage -10 10 JlA 0< VIN < VCC 
CIN Input Capacitance 10 pF 
COUT Output Capacitance 10 pF 

tNOTE: IOL max for OD610 = 12mA for NMI* (IOCHCK*) @ .4 Vol 
= 16mA forNMI* (IOCHCK*)@ .5 Vol 

ttNOTE: IOL max for GD620 = 12mA for CPURDY, CRTINT 
= SmA for DIR / CRDSEL*, WE*, CAS* 

Page 22 



CL - GD 6101620 

~ A.C. Characteristics I Timing Information 

The following timing infonnation assumes that all outputs will drive one Schottky TIL load in parallel 
with 50 pF and all inputs are at TTL level. The MIN and MAX timings are those confonning to the 
operating ranges of a power supply voltage of 5V ± 5% and an ambient temperature of 00 C to 700 C. 

Index of Timing Information 
Page Number 

DRAM Memory Performance Table ............................................ 23 
BIOS Interface, I/O port and RAMDAC Timing Table ................... 24 
BIOS Interface, IORD* and RAMDAC Timing ............................ 25 
10WR* and I/O Bus RESET Timing ......................................... 26 
DRAM Read Timing .............................................................. 27 
DRAM Write Timing ............................................................. 29 
CRT Display Interface Video Timing ......................................... 31 
LCD Display Interface Video Timing ......................................... 32 
Frame accelerator DRAM Timing ............................................... 33 

DRAM Memory Performance Table 

DRAM ACCESS 

80 
100 
120 
150 
80 

100 
120 
150 

80 
100 
120 
150 

80 
100 
120 
150 

TIME (ns) DOT CLOCK FREQ. (MHz) 

25 
20 
16 
13 
33 
30 
25 
20 

FcMaxt 
33 
25 
20 

FcMaxt 
FcMaxt 

30 
26 

t FcMax = Maximum CLKIN frequency = l/Tc = 33MHz 
+ Used when Dot Clock = Clock in/2 

MEMORY BANDWIDTH 
CPU:CRT CYCLE 

INTERLEAVE 

1:1, 1:2 

3:2+ 

1:4 8 dot character clock 

1:7 8 dot character clock 
1:4 9 dot character clock 

Note: 1 character clock is 8 dot clocks in graphics modes and either 8 or 9 dot clocks in text 
modes, depending upon the character width used. 
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BIOS Interface, 110 Port, and RAMDAC Timing Table 

SYMBOL PARAMETER MIN MAX UNITS 

BTl CPU Address to BIOS Address valid Delay 40 ns 

BTI Address to BIOSEN* Delay 40 ns 

BTI ASEL * delay after command active delay 40 ns 

BT4 DSELL/H* low from ASEL * high delay 18 ns 

BT5 ASEL * delay after command inactive delay 40 ns 

BT6 DSEL * high after command inactive delay 32 ns 

BTI Allowable Address hold time after ASEL * inactive 20 ns 

BT8 Allowable Data drive delay from DSELL/H* active 20 ns 

BT9 IORD* access time 100 ns 

BT10 Min inter-command delay for IORD* 80 ns 

BTU Bus address hold time from IORD* low BT3+BTI ns 

BT12 DIR low delay from IORD* command 36 ns 

BT13 CPRD* /CPWR * delay from command 30 ns 

BT14 Bus Address to CPU-AD[7:0] delay 40 ns 

BT15 Command delay after IOWR* inactive 120 ns 

BT16 Data setup time to IOWR* trailing edge 60 ns 

BT17 IOWR* to I/O Port output delay (FC[O,l], INTERNAL*, CLKxx) 80 ns 

BTI8 RESET pulse width 500 ns 

BTl9 Select lines inactive after RESET active 100 ns 

BTIO Select lines inactive hold time after RESET low 30 100 ns 

BTII CPU-AD bus High-Z setup time to RESET low 400 ns 

NOTE: BTI depends on ROM access time from enable and bidirectional buffer prop delay time 
BT4, BTI, BT8, BT9 depend on external components selected. Max delays shown here for reference only 
'Command' implies IOWR * /IORD* or MEMR * /MEMW*; I/O command means IOWR * /IORD* 
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BIOS ADDRESSING TIMING 

CPU-AD[14:13] 

BIOSA[15:13] 

BIOSEN 

ADDRESS VALID 

ADDRESS VALID 

+BT2 ... ..l 
10RD* CYCLE TIMING ..., 

SA[15:0] LID ADDRESS ON CPU BUS 

~-------BT11 ----~~ 

IORD* 

CL - GD 6101620 

8T5 

B T 4 B T 6 --+IIIII~ 
~---~--~~BT9--~ 

ASEL*BT14 

DSELL*,DSEL * 8T7--i41~ 

CPU-AD ADDR 

~--~~T12 BT12~~~ 

DIR 

NOTE: The delay ofCPU-AD[7:0] from ASEL*, DSELL*, DSELH* is dependent on the speed of 
external components selected. Maximum allowable delays are shown here for reference only. 

RAMDAC TIMING 

IORD*/lOWR* 

CPRD*, CPWR* 

Page 25 



CL - GD 6101620 

10WR* CYCLE TIMING 

SA[15:0] ALID ADDRESS ON CPU BUS 
------' 

IOWR* 

ASEL*BT14 

DSELL*, DSEL * BT7--too1a~ 

ADDR 

NOTE: The delay ofCPU-AD[7:0] from ASEL*, DSELL*, DSELH* is del 'ndent on the speed of 
external components selected. Maximum allowable delays are 5h )wn here for reference only. 

DIR (logic high) 
~~~-BT17 

F_C.;...[O_, 1_] ,_'_N_T_E_R_N_A_L *_, _C_L_K_xx ____ ( o_'_d _v_al_ue_)_-JX (n ew val ue) 

1/0 BUS TIMING AT RESET 

RESET 
~--------BT18------~ 

ASEL*, DSELL*, 
B T 1 9 ---f4It---~ 

CPU-AD[15:0] 

~---BT21~~--BT20 
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DRAM Read Timing Table 

x:y. z t 
SYMBOL PARAMETER 1:4·9 1:4·8 1:7·8 3:2·8 1:2·6 1:1 ·8 1:1 ·9 ns 

Tc CLKIN £l:cle Time (100 ns DRAM} 2S 30 25 30 SO 50 50 Typ 

MTl CPURDY Low from MEMR- IS IS IS IS IS IS IS Typ 

MT2 Row Address Setue Time 1.S Tc l.STc l.STc 1.S Tc loS Tc 15Tc loS Tc Typ 

MTI Row Address Hold Time O.STc O.STc O.STc O.STc IS IS IS Typ 

MT4 Colwnn Address Hold Time 4Tc 3Tc 4Tc 3Tc loS Tc 15Tc 1.S Tc :!2:e 
MTS RAS- Low Time 4Tc 3Tc 4Tc 3Tc 2 Tc 2Tc 2 Tc Typ 

MT6 RAS - Precharse 3Tc 3Tc 3Tc 3Tc 2 Tc 2Tc 2Tc Typ 

M17 RAS- to CAS- De1a~ 1 Tc 1 Tc 1 Tc 1 Tc O.STc 05Tc O.STc Typ 

MTB Column Address SetuE! Time S 5 S S 5 5 5 :!2:£ 
MT9 CAS- Low Time STc 4Tc STc 4Tc 2.STc 25Tc 2.STc :!2:e 
MTlO CAS - Precharse 2Tc 2Tc 2Tc 2Tc 1.5 Tc loS Tc 1.STc Typ 

MTlI Data SamEle From CAS- !TI4..o.5Tc} 4.S Tc 3.STc 4.STc 3.STc 2Tc 2Tc 2Tc Typ 

MTl2 Valid Data Setup Time (to LA TCIl·) 0 0 0 0 0 0 0 :!2:£ 
MTl3 Valid Data Hold Time (to LATCH·) 40 40 40 40 40 40 40 Typ 

MTl4 MEMR- Inactive to CPURDY- Tristate IS IS IS IS 15 IS IS Typ 

MTlS CPU Read Cycle End to CPURDY- Inactive 1 Tc 1 Tc 1 Tc 1 Tc 1 Tc 1 Tc 1 Tc Typ 

MTl6 CS valid to MCSI6- active 20 20 20 20 20 20 20 Typ 

MTl7 MEMR- active to ASEL- disable 4O{]:,D 4OG:Q 4O@.! 40GP 40{]P 40GP 4O{]P Maxffyp 

MIIB ~S bgl~ lhlH: .,11C[ ~gI1UllinJ~ 4S 4S 4S 4S 45 ~~ ~~ Min 

MTl9 MEMR- active to DSEL- active delay S8/30 58/30 S8/30 S8/30 58(30 58/30 S8/30 Max/Typ 

MT20 MEMR- to CPU read data hold time 32/16 32/16 32/16 32/16 32/16 32/16 32/16 Max/Typ 

t X:Y • Z (X = CPU Cycles, Y = CRT Cycles, Z = Dots / Character) 

NOTE: All times are in nanoseconds (ns) unless otherwise noted; 50 pf Load capacitance is asswned.; Use parameter MTIO with 110 port parameters BTS, BT6 
00610 latches the video memory data on the rising edge of LATCH·. That is when the data is actually sampled (See MTl1, MT12 and MTl3). 

'command' implies IORD·/lOWR· orMEMR-/MEMWR*; I/O command implies lORD· or IOWR-
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CL-GD610/620 HOST CPU MEMORY READ CYCLE TIMING 

SBHEl(t\\\\, (000101770 
SA0~------------------------------------------------------~~ 

~19In~AooR.~LID 

SA16118~ ADDR.VALID ~ 

SA 1115~ ADDR.VALID ~, 

BALE-f I \~--------------------------------------------------~-----------
AEN~~l ____________________________________________________ ~(~/I~/~II~I~II~/~/I~/II 

CPU-AD01 15EX CPU ADDR. TO GD-620 ~r-----=D~A-=T~A-:T~O~H~O-=S-=T-C=:P:-:U~--~mxxxxxxxxxxxxx 

CS ----fli-; --+---~-~: --;'l,K MT18 iT2~ 
MT16---+: :...-

MCSI6* ~\\ 770mo 
---+:MTI7i-~ _____________________ ~ __ ~ 

ASEL* 

(S)MEMR* 
l ';::, \ 

--------~~ V,.----,-----------------
~r: MMTTl~~~;==;==~--------------------~--+~·MTl~~ 

IO CH ROY --<TRI-STATE~r LB2Jf#J V . i:\....--.(TRI-STATE)--
~MTl~~--------------~~~M~T~I-=5~-+~: 

DSELL*/DSELH* (NOTE-2) '~~; ______________ ~~~M~T~6t=~:====~,:-'------_+----~1 

DIR ---------;=;;;==~~~;_-+~;~t-~M_T_3_=~--~----~;.----~~-M-T-l-0--__ ~,i ____ ~1 

LATCH* 

NOTE-II A CPU READ CYCLE WILL GO 
IN A WAIT STATE IF A CRT CYCLE IS 
IN PROGRESS. THE INTERLEAVE WILL 
DETERMINE THE WAIT LENGTH. 
REF-l DRAM O/P TURN-OFF DELAY 
TOFF 

TYP -20/30 NS FOR 100/120 
NS DRAM DEVICE. 

REF-2 DRAM RAS* ACCESS TIME. 
TRAS 

TYP -100/120 NS FOR 
100/120 NS DRAM DEVICE. 

~T7-+l 
~ 

NOTE-2 8/16-BIT BUS CYCLE CONTROL 
SBHE* A0 DSELL* DSELH* OPERATION 

0 0 0 0 16-BIT WRD 
0 1 1 0 ODD BYTE 
1 0 0 1 EVEN BYTE 
1 1 X X RESERVED 
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DRAM Write Timing Table 

x:y· z t SYMBOL PARAMETER 
1:4·9 1:4·8 1:7·8 3:2·8 1:2·6 1:1 ·8 1:1 ·9 ns 

Tc Mel K C:~lc Dwe 25 30 25 30 50 50 50 Typ 

MT21 cellBD:! ].alli: (Will :MW~· 15 15 15 15 15 15 15 Typ 

MT22 Bcw ~ddrcss Sctng Iircc 1.5Tc 1.5 Tc 1.5 Tc 1.5Tc 1.5 Tc 1.5Tc 1.5Tc Typ 

MT23 BC!I: ~dda;~~ Held Dmc 0.5Tc 0.5 Tc 0.5Tc 0.5Tc 15 15 15 Typ 

MT24 CclnWD ~~da:i~ llald Iiwc 4Tc 3Tc 4Tc 3Tc 1.5 Tc 1.5Tc 1.5Tc :!le 
MT25 B~S"IQ~IjlllC 4Tc 3 Tc 4Tc 3Tc 2Tc 2Tc 2Tc Typ 

MT26 RAS· Precharge 3Tc 3Tc 3Tc 3Tc 2Tc 2Tc 2Tc Typ 

MT27 RAS· to CAS· Delay 1 Tc 1 Tc 1 Tc 1 Tc 0.5 Tc 0.5Tc 0.5Tc Typ 

MT28 Address Setup to CAS· 5 5 5 5 5 5 5 Typ 

MT29 CAS· Low Time 5Tc 4Tc 5Tc 4Tc 2.5 Tc 2.5 Tc 2.5 Tc Typ 

MT30 CAS· Precharge 2Tc 2 Tc 2Tc 2Tc 1.5 Tc 1.5 Tc 1.5Tc Typ 

MTII WE· Setup to CAS· 1.5 Tc 1.5Tc 1.5 Tc 1.5Tc 1 Tc 1 Tc 1 Tc Typ 

MTI2 WE· Hold from CAS· (=T47) 5Tc 4Tc 5Tc 4Tc 2.5 Tc 2.5Tc 2.5Tc Typ 

MTI3 Data Setup to CAS· 5 5 5 5 10 10 10 Typ 

MT34 Data Hold from CAS· (=T47) STc 4Tc 5Tc 4Tc 2.5Tc 2.5Tc 2.5 Typ 

MTI5 
CPU Write Cycle End (=CAS· Low) 
to CPURDY· Inactive 2Tc 2 Tc 2Tc 2Tc 2Tc 2Tc 2Tc Typ 

MTI6 MEMW· Inactive to CPURDY· Tristate 15 15 15 15 15 15 15 Typ 

MTI7 CS active to MCSI6· active delay 21) 20 20 21) 20 21) 21) Typ 

MTI8 CS Hold time after command 45 45 45 45 45 45 45 Max 

MTI9 MEMW· active to ASEL· inactive delay 4O{2J) 40/20 4D/20 4O{2J) 40/20 4D/20 4O{2J) Max{I'yp 

MT40 MEMW· active to DSELL·, DSELH· delay 58/30 58/30 58/30 58/30 58/30 58/30 58/30 Max/Typ 

MT41 MEMW· to CPU write data hold time 32/16 32/16 32/16 32/16 32/16 32/16 32/16 Max/Typ 

t X:Y • Z (X = CPU Cycles, Y = CRT Cycles, Z = Dots / Character) 

NOfE: All times are in nanoseconds (ns) unless otherwise noted; Use parameter MT41 with I/O Port parameters BT5, BT6 
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CL-GD610/620 HOST CPU MEMORV WRITE CYCLE TIMING 
SBHE*\~~~S~~ ______________________________________________________ +y~zz~z~zz~/.zZu/.ZuO~O 

SA0~~: __________________________________________________ ~~ 

LA19123~ ADDR. VALID 

SA16118~ ADDR.VALID ~ 

SA 1'15~ ADDR. VALID ~. 
BALE-f ! \~ __________________________________________________ ~ ________ ___ 
AEN~~i _______________________________________________________ :~a~zuzz~/~ZZ~Z.ZZ~Z~U7 

CPV-AD0115~CPVADDR. TO GD-620 ~r--------~D~A~T~A-=FR~O~M~H~O~S~T-C=P~V~----------~~ 
. +: :+-11T38 =::+--11T 4 ~ 

CS ---I 1 0'--______________________________ ~-------------------
--.; 1+-MT37-

MCSIS* ~\\\\ zzzzzzzo 
--.;MT39r~ ________________________________ ~--~ 

(S):::~: ------------~~ 1 yr---'-------------------
~~:MITT~2II~~~;;;;;=~--------------------~--+==:·MT36+--

10 CH ROY ---< TRI-STATE ~~T LH2J§J V . i'-----< TRI-STATE >---
~MT'1~~-:~I======~M~T33S5======~I: 

DSELL*/DSEL~H*~(~N~OT~E~-~2~)----~~~~~. ______ ~i------:~+--~M~T~2~S~====~I:-·------_+----~1 _
______ ;:::;::;:;;;:;:::;:::;:-' : .J1T28.. i:'! M T30--.1 

DIR ~~~~:--~=~~--~----~----~~·~M~T2~3~F--~----~/ 

AA018/AB018 _____ ~~~~~~~~~~~~~~~~~lt:JC~jt~~~~~~~~~::~~C~R~T~R:OW 
RAS013* 

[M013JD017--------~~----i-------~~l=~~:QDA~T~A~::~=>---------------<~CgR~T[]D§A~T~A~ 
t---MT3~r---~~-------------------------------

~------~--~.---------J . 
It-MT2'1-+l t MT34 . 

NOTE-l A CPV WRITE CYCLE WILL GO NOTE-2 8/16-BIT BVS CYCLE CONTROL 
IN A WAIT STATE IF A CRT CYCLE IS SBHE* A0 DSELL* DSELH* OPERATION 
IN PROGRESS. THE INTERLEAVE WILL 0 0 0 0 IS-BIT WRD 
DETERMINE THE WAIT LENGTH. 0 I I 0 ODD BYTE 

1 0 0 1 EVEN BYTE 
1 I X X RESERVED 
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CRT Display Interface Video Timing Table 

SYMBOL PARAMETER MIN MAX UNITS 

Tc ITSNDCLK Cycle 30 ns 

CTI VDCLK High (measured @ 2.0v) [Tc/2]-5% [Tc/2]+5% 

CT2 VDCLK Low (measured @ OAv) [Tc/2]-5% [Tc/2]+5% 

CT3 P[7:0] Delay 15 ns 

CT4 BLANK* Delay 15 ns 

CT5 VSYNCz HSYNC Dela~ 15 ns 

NOTE: ITSNDCLK will have the same frequency as the clock selected for the current video mode. For example, 
when using the 610/620 internal clock mux, this could be CLK25, CLK28, CLK32, CKEXT, or OSC. 

CRT Video Timing: 

~i~~------------TC--------------------~~i 
~i.~--T6------~.~i.-----T7----~~ .. ~ 

_ITS _____ ~/.~------------~~~ _____________ /.----------------

·~~ • .--------------------Tc ~ 

-VD-C-LK--~I . /~--------~---------------

~T8~ 
P[7:0] I X------------------, _____ 

~T9~ 
BLANK* I Y------------------, _____ 

~T10~ 
H~NC,~m~ Y-----------, __ _ 
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LCD Panel Interface Video Timing Table 

SYMBOL PARAMETER MIN MAX UNITS 

LTI LLCLK pulse width 4Tc ns 

LT2 VDCLK cycle time 4Tc ns 

LT3 VDCLK H level width 2Tc ns 

LT4 VDCLK L level width 2Tc ns 

LT5 Clock setup time 4Tc+20 ns 

LT6 Clock hold time 4Tc-20 ns 

Tr,Tf Clock rise, fall time 4 ns 

LT7 Data setup time 0.5Tc ns 

LT8 Data hold time 0.5Tc ns 

LT9 MOD delay time 30 ns 

LTIO LFS setup time 4Tc+15 ns 

LTl1 LFS hold time 4Tc-15 ns 

Tc MCLK c~cle time 41.7 62.5 ns 

N01E: MCLK is 24MHz max with 5% max skew, and 16MHz min with 5% max skew 

LCD Video Timing: 

LLCLK 

VDCLK 

P4-P7 

PO-P3 

LFS 
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Frame Accelerator DRAM timing Table 

SYMBOL PARAMETER MIN MAX 

Frc MCLK cycle (in LCD mode) 41.7 62.5 

Frl Row address setup time 2Tc 

Fr2 Row address hold time 0.5 Tc 

Fr3 FRRAS* L time 641 Tc 

Fr4 FRRAS* H time 12 Tc 

FrS FRCAS* L time 3.5 Tc 

Fr6 FRCAS* H time 0.5 Tc 

Fr7 Column address setup time to FRCAS* 0.5 Tc 

Fr8 Column address hold time to FRCAS* 0.5 Tc 

Fr9 FRCAS* L delay from FRRAS* L Tc 

FrIO FRRAS* access time 2.5 Tc 

FrU FRCAS* access time 1.5 Tc 

Fr12 FROE* access time Tc 

Fr13 Data out delay from FROE* 0.5 Tc + 10 

Fr14 Write data setup time to FRWE* 0.5 Tc - 10 

Fr15 FROE* active pulse width Tc 

Fr16 FROE* inactive 1.5 Tc 

Ff17 FRWE* active pulse width Tc 

Ff18 FRWE* inactive 3 Tc 

Fr19 Data hold after LCD shift clock (VDCLK) rising edge 0.5 Tc - 10 

Ff20 FRCAS* setup to FRRAS* during refresh 4Tc 

FI21 FRRAS* L during refresh 4Tc 

Fr22 FRCAS* hold time after FRRAS* L during refresh 4Tc 

NOTE: The Frame accelerator DRAM uses page mode read-modify-write cycles and 
CAS before RAS refresh; The DRAM must support page mode access, and 
must be able to work with a maximum RAS* low time of 40 microseconds 
(worst-case is for a 16MHz MCLK) as FRRAS* will be low during an entire 
LCD line display time 
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Frame Accelerator Read-Modify-Write Cycle Timing: 

DE· 

WE· --~--~~--~~ 

Clock 
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!!. TYPICAL APPLICATION 

8. 1 System Block Diagram 

en 
o 

::r: 

HOST IIF 

110 Control 
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Graphics I 
Attributes 

(G/A) 

Frame accelerator 
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~ Parts List 
Core Logic 16 b Interface Display RAM 

• 1 C~GD610 Graphics I Attributes chip • 8 256Kx4 DRAMs or 
• 1 C~D620 Sequencer I CRT Controller chip • 8 64Kx4 DRAMs or 
• 1 BIOS (64 KB 27C512 ROM) or • 2 27C256 ROMs • 4 128Kx8 Pseudo 
• 1 HCT245 Octal Data Bus transceiver or • 2 HCT245 static RAMs 
• 2 HCT244 Octal Address Bus buffer 
!-.l HCT244 Octal Pixel Output Bus buffer 
7 Core ICs for 8b ItF; 9 Core ICs for 16b ItF: 4 RAM chips for 512Kbytes or 8 RAM chips for 256Kbytesll Mbyte 

• 1/2 
• 1 
• 1 
• 1 
• 1 
• 2 
• 2 

Optional Logic 
HCT244 Octal Pixel Output Bus buffer for LCD panel interface 
Refresh accelerator (one 64Kx4 DRAM) for LCD panel interface 
IMSGl71 or BT471 RAMDAC or equivalent (for VGA only) 
MSI device for Plasma or Electroluminescent panel interface 
PLL IC to replace up to 5 crystal oscillators 
Latches to demux addresses for PSRAM or SRAM from RAS,CAS 
MSI devices to control latches for PSRAMISRAM applications 
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~ PACKAGE INFORMATION 

9.1 100-Pin QFP 

0.13 Min 
0.20 Max 

0.40 Min 
1.50 Max 

2.60 Min 

0.575 Typ 

0.65 Typ 

--L 
T 

23.40 Min 
25.20 Max 

CL - GD 6101620 

3.15 Max 

1.50 Min 
2.40 Max 

Note: All dimensions are in millimeters and are nominal unless otherwise stated. 
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ABOUT CIRRUS LOGIC 

CIRRUS LOGIC makes proprietary VLSI circuits for peripheral controller applications. Current product lines include: 
data communications circuits, disk drive controllers, and graphics and display controllers. 

A family of products is offered in each line. Each product provides a VLSI solution to a current system design 
requirement. You will find CIRRUS LOGIC to be different from other semiconductor companies in the way we 
respond to your needs, with VLSI products that are specific to your applications. 

The CIRRUS LOGIC formula combines state-of-the-art IC design automation technology with an understanding of 
system requirements that is uncommon in the semiconductor industry. The result is better VLSI products, with 
richer features, brought to market in a time frame that allows you to lead your field. Our products help you compete. 

Our internally developed, proprietary S/LATM IC design automation technology is unique in the industry.t It gives 
us unparalleled capability in bringing highly complex, high performance logic circuits to market in less than half the 
time of other semiconductor companies. But design technology is only half of the story. It is our knowledge of 
system requirements, and our commitment to meeting the needs of the system design engineer that makes CIRRUS 
LOGIC a different kind of semiconductor company. CIRRUS LOGIC offers system level solutions in silicon. 

So look at our products. Talk to our systems and applications specialists. Consider the system-specific solutions 
that we offer, and consider how your products can benefit from the capabilities of a new kind of semiconductor 
company ... CIRRUS LOGIC. 

t U.S. Patent No. 4,293,783 

Preliminary product infonnation is still subject to changes as a result of continued product characterization. CIRRUS LOGIC believes the infonnation contained in 
this document is accurate and reliable. However, it is subject to change without notice. No responsibility is assumed by CIRRUS LOGIC for its use; nor for 
infringements of patents or other rights of third parties. This document implies no license under patents or copyrights, other than those explicitly stated. The 
grayscale and shading technology, frame buffer, display scaling, and BIOS memory management of the CL-GD610/620 are Patent Pending. Hercules is a 
trademark of Hercules Computer Technology. mM, PC XT, PC AT, PSI2. and VGA are trademarks of International Business Machines, Corp. AutoMapTM is a 
trademark of CIRRUS LOGIC. 

CIRRUS LOGIC, Inc. 1463 Centre Pointe Drive, Milpitas, CA 95035 PHONE 408.945.8300 FAX 263.5682 TLX 171918 
CIRRUS LOGIC, and S/LA are trademarks of CIRRUS LOGIC, © Copyright, cJlm US LOGIC, Inc. 1989 
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1.0 Introduction 
1.1 Scope of Document 

This manual provides technical coverage of the CL-GD610/620 Hat paneVCRT Enhanced 
VGA conttoller chip set. Topics include the modes of operation of the Enhanced VGA con­
troller, the major components and registers, the BIOS functions, and programming informa­
tion including examples. In addition, detailed information is presented on each of the En­
hanced VGA controller registers. 

The following defmitions are used throughout this manual: 

VGA Industry Standard Video Graphics Array 

EGA Industry Standard Enhanced Graphics Adapter. 

CGA Industry Standard Color Graphics Adapter. 

MDA Industry Standard Monochrome Display Adapter. 

HGC Hercules TMGraphics Controller. 

ECD Industry Standard Enhanced Color Display. 

CD : Industry Standard Color Display. 

MD Industry Standard Monochrome Display. 

PS/2, Display Industry Standard 31.5 kHz Monochrome or Cqlor Display 

MFD Multiple-Frequency Color Display (MultiSync™, MultiScan™, etc.) 

LCD Liquid Crystal Display (typically 640x400/480 dual panel, dual line) 

1.2 Chip Revisions Covered 
This manual documents the following chip revisions: 

1.3 Intended Audience 
'.":.-

This manual is directed toward the technically sophisticated audience. It assumes the. 
reader is familiar with assembly language programming on the 80286/80386 or similar" nii- . 
croprocessor, and understands the fundamentals of video display tenninology. 

--..... --------
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3.0 Register Definition Summary 
This chapter presents summary information on the registers of the 610/620 chip-set. The 
register name is shown first (full name and an abbreviation), along with the pon address 
and index if applicable. Below that is a figure illustrating the register configuration and a 
discussion of the register con tents. 

Note that the GD610 has been abbreviated to G/A for Graphics/Attribute controller, and 
the OD620 has been abbreviated to SIC for Sequencer/CRT Controller. 

Note: In all register descriptions in this document, unused bits return 0 when read. 
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3.1 . 610/620 VO Port Summary Table 
Port ~dslJ: YGA/EGA Port eGA Port HGC Port 
2B01lBO CRTe Inda (RW) 6845 Inda (RW) 
2BI13Bl CRTe Dau (RW) 6845 Dill (RW) 
2B2I382 CRTC Inda (RW) 6845 Indu (RW) 
2B31.3B3 CRTC Data (RW) 6845DIlI(RW) 
2B41.3B4 CRTC Index (RW) 68451ndu (RW) 
2B51.3B5 CRTC Dau (RW) 6845DIlI(RW) 
2B61JB6 CRTC Indo (RW) 6845 Indu (RW) 
2B71.3B7 CRTC Dau (RW) 6845 DIU (RW) 
2B8IJBI Mode Ccnttol (RW) 
2B91lB9 Set wahl Pen Rip Flop eN) 
2BAIlBA Faw,. CClIlU'OI(W). Display SLllus(R) Display Slam. (R) 

2BBI.3BB Cear Liat- Pen Flip Rop (VI) Clear Liahl Pm Flip F1cp (W) 
2BC/JBC Set Liahl Pen Rip Rap (VI) 

2BOllBO 

2BEfJBR 
2BF13BP CClIlfiluralion (RW) 
2Cll13CO Auribule Controller IndexJDaLl (W). Index (R) 
2CI13Cl Attribute Controller Index/DaLl (W), DaLl (R) 

2C213C2 Mise Outpul eN), FCIlure (R) 

2C31lC3 Mise Output eN). fCllure (R) 
2C4!lC4 ScquencerI&tensions Index (RW) 

2C51lC5 ScqucnccrI&tensions Dau CR.W) 
2C61lC6 Paleue Pixel Muk (RJW) 

2C713C7 Pale". Addr Rei R Mode (W). DAC State (R) 

2C11JC1 Palcue Address Reli stcr W Mode (R W) 

2C91lC9 Palette Da1a (R W) 

2CAlJCA GraphiCl2 PosiuClll (VI). Fealure Conlrol (R) 

2CBIJCB (Resetved) 

2CCJ3CC GraphiCl I Position (VI), Mise Outpul (R) 

2CDIlC0 (Reserved) 

2CEJ3CE GraphiCl Conuoller tndell (RW) 

2CFIlCF GraphiCl ConucUcr Dat.a (R W) 

2D01JDO CRTCIncla (RW) 6845 Index (RW) 

2011301 CRTC Data (RW) 68~5 Data (RW) 

2D213D2 CRTC IncIa (RW) 684S Index (RW) 

2D31lD3 CRTe Data (RW) 6H~5 D31a (RW) 

2041104 CRTC IncMa (RW) 6845 Index (RW) 

2051lDS aTe DIIa (aW) 6845 Dala (RW) 

2D6lJD6 aTe tnda (aW) 6845 Index (RW) 

2r171lf17 CRTe DIaa (aW) 6845 Data (RW) 

2DIIJDI ~odc CClIltrcl (RW) 

2D91lD9 Color Select (RW) 

2DAJ3DA ~CcmIroI(W), Display St.alus(R) Display Slaws (R) 

2DB/30B Clear [jaM Pen Rip Flop (VI) Clear Liahl Pen Aip Flop (W) 

2DCJ3OC S« Lipl Pen Aip Aap CN) Sel Lighl Pen Rip Aop (W) 

20DI'J00 

20EfJOR 

20FIlOF 
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3.2 . Color Graphics Adapter (CGA) Compatible Registers Table 
Readl Real 

AbbUY ~G6 B~ai51~r Ni1m~ ~ B~K Tuu: Wrilc lruIn fgn ~ddI= 
MODE Mode Control 7 ~S/C R/W 308 

COLOR Color Select 6 G/A R/W 309 
STAT Display Status 7 QlAlS/C R 30A 
CLPEN Clear Light Pen Aip Aop 0 SIC W 30B 
SLPEN Set Light Pen Aip Aop 0 SIC W 3DC 
CRX 6845 Index 5 SIC R/W 304 (300.302.306) 
RO Horizontal Total 8 SIC R/W 00 305 (301.303.307) 
Rl Horizontal Displayed 8 SIC R/W 01 305 (301,303.307) 
R2 Horizontal Sync Position 8 SIC R/W 02 305 (301,303.307) 
R3 Sync Width 4+4 SIC R/W 03 305 (301,303,307) 
R4 Vertical Total 7 SIC R/W 04 305 (301.303.307) 

RS Vertical Total Adjust 5 SIC R/W OS 30S (301.303.307) 
R6 Vertical Displayed 7 SIC R/W 06 30S (301.303.307) 
R7 Vertical Sync Position 7 SIC R/W 07 30S (301.303.307) 

R8 Interlace Mode 2 SIC R/W 08 305 (301.303.307) 
R9 Character Cell Height 5 SIC R/W 09 30S (301.303.307) 

RA Cursor Start 5+2 SJQG/A R/W OA 305 (301,303,307) 

RB Cursor End 5 SIC R/W OB 305 (301,3D3,3D7) 

CRC/SAH Start Address High 8 SIC R/W OC 305 (301,303,3D7) 

CRDISAL Stan Address Low 8 SIC R/W 00 30S (301.303,307) 

CREICAH Cursor Address High 8 SIC R/W OE 30S (301.303,307) 

CRF/CAL Cursor Address Low 8 SIC R/W OF 305 (301.303.307) 

LPENH Light Pen High 8 SIC R/W 10 30S (301.303,307) 

LPENL Light Pen Low 8 SIC R/W 11 305 (301,303,307) 
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3.3 Monochrome Graphics Adapter (MGA) Compatible Registers Table 
&I5Il Hal 

~bbl1! MG4 BalS~[ ~Im~ J!i.U R~&I!H l!J:i1I IJuIu Port Add[w 
MODE Mode Control 7 ~S/C R/W 388 
STAT Display Status 7 QlAlS/C R 38A 
CONFIG Configuration 2 QJeJS/C R/W 38F 
CLPEN Clear Light Pen Flip Flop 0 SIC W 388 
SLPEN Set Light Pen Flip Flop 0 SIC W 389 
CRX 684S Index 5 SIC R/W 384 (380.382.386) 
RO Horizontal Total 8 SIC R/W 00 38S (381.383.3B7) 
Rl Horizontal Displayed 8 SIC R/W 01 38S (381.383.387) 
R2 Horizontal Sync Position 8 SIC R/W 02 38S (381.3B3.387) 
R3 Sync Width 4+4 SIC R/W 03 38S (381.3B3.3B7) 
R4 Venical Total 7 SIC R/W 04 38S (381.3B3.3B7) 
R.S Vertical Total Adjust 5 SIC R/W OS 38S (381.383.387) 
R6 Vertical Displayed 7 SIC R/W 06 38S (3Bl.383.387) 
R1 Vertical Sync Position 7 SIC R/W 01 38S (381.383.387) 
R8 Interlace Mode 2 SIC R/W 08 38S (381.383.387) 
R9 Character Cell Height 5 SIC R/W 09 38S (381.383.387) 
RA Cursor Start 5+2 SJQG/A R/W O~ 38S (381.383.387) 
RB Cursor End 5 SIC R/W 08 38S (381.383.387) 

CRC/SAH Stan Address High 8 SIC R/W OC 38S (381.383.387) 

CRD/SAL Start Address Low 8 SIC R/W 00 38S (381.383.387) 

CREtCAH Cursor Address High 8 SIC RfW OE 38S (381.383.387) 

CRFICAL Cursor Address Low 8 SIC RfW OF 38S (381.383.387) 

LPENH Light Pen High 8 SIC RfW 10 38S (381.383.387) 

LPENL Light Pen Low 8 SIC RfW 11 38S (381.383.387) 
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3.4 VGAlEGA Compatible Registers Table 

Almmx 
MISe 
FC 

FEAT 

STAT 

CLPEN 
SLPEN 
SRX (SQ EX) 

SRO 
SRI 
SRl 
SRJ 
SR4 
SR6 
CRX 

CRO 
CRl 
CR2 

CR3 
CR4 
CR5 
CR6 

CR7 
CRS 
CR9 
CRA 

CRB 

CRC 

CRD 

CRE 
CRF 
LPENH 
LPENL 
CRIO 
CRII 
CR12 

CR13 
CR14 
CR1S 
CR16 
CR11 
CRll 
CR22 

CR24 

CRl6MSB 

CR21MSB 

CRJO-CRJF 

CR7F 

GPOSI 

GPOS2 

GRX 
GRO 
GRI 

GRl 

Revision A, 5/89 

EGA Ruiner Name 
Miscd.laneoul Output 

FcalUre Caul'Ol 
FcalUn: Read (Input Status 0) 
Display StaDJI (Input SLitus 1) 

Cur U,ht Pen Aip Flop 

Sd U&ht Pen Aip Aap 

SequenceriE:ltensions Index 
Resel 

Coc:kinl Mode 
Plane Maslc 

Cl1araClCt Map Select 

Memory Mode 

Extensions Conuol 

CRTCInda 

Horizontal Total 

Horizontal Display End 

HorizonW Blankinl SLirt 

Horizontal mankinl End 

Horizontal Retrace Start 

Horizontal Retrace End 

Vertical Total 

Overflow 

Scn:en A Preset Row Scan 

Cl1arac:ter Cell Hciahl 

Cursor Start 

Cursor End 

Saccn A Start Address High 

Screen A SLlrt Address Low 

Cursor Location Iliah 

Cu rsor Location Low 

Uahl Pen Hiah 

wahl Pen Low 

Vertical Retrace Start 

Vertical Retrlce End 

Vertical Display End 

Orrsa 
Underline Row Scan 

Vertical BlInkina S&aft 

Vertical Slana", End 

CRT Mode Control 
Line Canpanl 

Readback CRT Latches 

Attribute Index TOille 

CRTC SCIftn A SLlrt addr MSR 

CRTC cursor start addt MSB 

Fl'm1e Blank 

610/620 Idc:ntification 
Graphics I POI(W), Misc (R) 

GraphiCi 2 POI \'N), FeatCtrt (R) 

Graphics Conuoller Index 
SetlRelel 

Enable SetIReset 

Color Compare 

llil1 ~ 
8 QJ.Y$/C 

G/A 

4 ~ 

7 ~ 
o SIC 

o SIC 

7 ~S/C 

2 SIC 

4 SIC 

4 SIC 
6 SIC 

4 SIC 

1 ill1::JSIC 

5 SIC 
8 SIC 

8 SIC 

8 SIC 

5+2+ I SIC 

8 SIC 

5+2+ 1 SIC 

8 SIC 

8 SIC 

7 SIC 

5+1+1+1 SIC 

5+1 SIC 

5+2 SIC 

8 SIC 

8 SIC 

8 SIC 

8 SIC 

8 SIC 

8 SIC 

8 SIC 

4+3+1 SIC 

8 SIC 

8 SIC 

5+ 1+1 SIC 

8 SIC 

8 SIC 

IS SIC 

8 SIC 

8 G/A 

GIl\. 

SIC 

Read! 

~ 
W 

W 

R 

R 
W 

W 

RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
R/W 
RJW 
R/W 
RJW 
RJW 
R/w 
R/W 
R/w 
R/w 
R/w 
R/w 
I~/W 

RIW 
RIW 
RIW 
R/w 
R 

R 
W 

W 

RIW 
RIW 
RIW 
RIW 
RIW 
RIW 
R/w 
R 

R 

R/w 
7 

2 

2 

1 

8 

SIC R/w 
SIC W 

SIC R 

1.8 G/,\.ill.M5IC R/w 
(i/A.~ R/w 
G/A R/w 
G/A R/w 
G/" RIW 

(i'" RIW 

3 - 5 

Rell 

InW 

00 

01 

02 

03 

04 

06 

00 

01 
02 

03 

04 

OS 

06 
(17 

08 

09 
OA 
OB 
DC 

00 
OE 
OF 
10 
11 

10 

11 

12 
13 

14 

IS 

16 

17 

18 

22 

24 
26 
27 
3X 

7F 

00 

01 

02 

Mono Port 
30 (3C3) 

3BA 
30 (30) 

3BA 
3BB 

3BC/3B9 

3C4 
30 
30 
30 
30 
30 
30 
384 (0.2,6) 

3BS (1,3,7) 

3BS (1,3,7) 

3BS 0,3,7) 

3B~ 0,3,7) 

3BS 0,3,7) 

3B~ 0,3,7) 

3B~ 0,3,7) 

3BS 0,3,7) 

3BS (1,3,7) 

3BS 0,3,7) 

3BS 0,3,7) 

3BS 0,3,7) 

3B~ 0,3,7) 

3BS 0,3,7) 

3BS (1,3,7) 

3BS 0,3,7) 

3BS 0,3,7) 

3BS 0,3,7) 

3BS 0,3,7) 

3BS 0,3,7) 

3BS (1,3,7) 

lB~ (1,3,7) 

3BS 0,3,7) 

lBS O,l,7) 

lBS 0,3,7) 

3BS (1,3,7) 

lBS (1,l,7) 

3BS 
3BS 
3BS 

3BS 
lB~ 

3BS (1,3,7) 

3Ce 

3CA 

3CE 

3CF 
3CF 
3CF 

ColO[ Port 
3C2 (3C3 

30A 
3C2 (3C3) 

30A 
30B 
3DC 
3C4 

3C5 

30 
3C5 

3C5 

3C5 

30 
304 (0,2.6) 

30S (1,3,7) 

30S O,l,7) 
30S (1,3,7) 

30S (1,3,7) 

305 (1,3,7) 

305 (1,3,7) 

l05 0,3,7) 

305 (1,3,7) 

305 (1,3,7) 

30S (1,l,7) 

30S (1,l,7) 

30S (1,3,7) 

30S 0,3,7) 

30S (1,l,7) 

lOS (1,l,7) 

lOS (1,l,7) 

30S (l,l,7) 

lOS (1,3,7) 

lOS 0,3,7) 

30S (1,3,7) 

lOS 0,3,7) 

30S (1,3,7) 

30S (1,3,7) 

30S 0,3,7) 

30S 0,3,7) 

30S (1,3,7) 

30S (1,3,7) 

30S 

30S 

30S 

30S 

30S 

30S (1,3,7) 

3CC 

3CA 

3CE 

3CF 
3CF 
3CF 
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ORl DaaaRoc.aLe S G/A R/W 03 3CF 3CF 
GR4 Read Map Selecl 3 G/A R/W 04 3CF 3CF 
OR5 Mode 7 G/A R/W 05 3CF 3CF 

GR6 Misc:cllanecu. 4 SIC R/W 06 3CF 3CF 

GR7 Color Don'l Care 4 G/A R/W (17 3CF 3CF 

Read! Real 

~ ~g~ SS;lil"[ t!!lDS; 1li!I &u...I:ta ~ IDm Mafms ~m:f2IS 
GRa Bil Mask S G/A R/W 08 3CF 3CF 
ARX Auribute Controller Index 6 lli.6/S1C R/W 3CO (Xl) 3CO (Xl) 

ARG-P Color Palet1e Real 0·15 8 G/A R/W OO-OF 3CO (Xl) 3CO (Xl) 

ARlO Mode Control S QJ.AjSIC R/W to 3CO (Xl) 3CO (Jet) 

ARlI Ovencan Color 8 G/A R/W 11 3CO (Xl) 3CO (Xl) 

AR12 Color Plane Enable 6 G/A R/W t2 3CO (Xl) 3CO (Xt) 

AR1] Horizorual Pixel Panninl 4 G/A R/W 13 3CO (Xl) 3CO (Xl) 

AR14 Color Selecl 4 G/A R/W 14 3CO (3CI) 3CO (3Ct) 
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3.5 610/620 Extension Registers (Compatible with GDSIOAlS20A) Table 

Abbmjalionl 
ERO TEST 

Rille VGA Ret!i1ter Name 
Hardwan: Teat 

ERI GPOSI 
ER2 
ER3 
ERO 
E.Rj 

ER6 
ER7 
ERI 
ER9 
ERA 
ERB 
ERC 
ERD 
ERB 
ERF 
ERI0 
ERll 
ERl2 

ERl3 
ER14 
ERl5 
ERl6 
ERl7 
ER18 
ER19 
ERlA 

ERIB 
ERIC 
ERIO 
ERIE 
ERIF 
ERlO 

ER21 

ER22 
ER23 
ER24 
ElW 
ER26 
ERn 
ERlI 
ER29 
ERlA 
ERlB 
ERlC 
ERlO 

GPOSl 

ARX 
WRC 
TC 
BWC 

ROMe 

HSYNCSkcw 

FONTC 

SBPR 

SBSH 
SBSL 
GAREV 

SCREV 

CRIO 
CRll 
LPENH 
LPENL 
PPA 
CADI 
cw 
CH 
CXH 
CXL 
CYH 
CYL 
PXH 
PXL 
PYH 
PYL 
GRLO 
GRLl 

GRU 
GRU 
cue 
CURS 

SWITCH 
NMll 
NMI2 

NSTATI 
NSTAT2 

ERlE CACHE 

ERlF STATE 
ER30-3F SCR()'F 

-Graphics 1 Positioo 
-Graphics 2 Positioo 

-Attribute Controller Index 

Write Control 

T min, Control 

Bandwidth Control 

ROM Control 

CMGA Font Cootrol 

reserved· 
Screen B Preset Row Scan 

Screen 8 Stan Address High 

Screen 8 Start Address Low 

GIA Revision Code 

SIC Revision Code 
-Vertical Retncc Stan 

-Vertical Retncc End 

-waht Pen Hilh 

-waht Pen LDw 

Pointer Plltem Address 

Cursor Hei,hl Adjust 

~n:l Width 

Un:l Height 

~n:l Horizontal Position High 

~n:l Horizontal Position Low 

~n:l Vertical Position High 

~n:l Vertical Position Low 

Pointer Horizontal Position High 

Pointer Horizontal Position Low 

Pointer Vertical Position. High 

Pointer Vertical Position Low 

Graphics Clrtr ~(:mory Latch a 
Graphics Clrtr Memory Latch 1 

Graphics Crtr Memory utch 2 

Graphics Crtr Memory utch 3 

Coct Select 
Cursor Aaributes 

-raawd-
SWa Switch Control 

NMI Mask 1 
NMIMask2 
reserved­

NMISUwsl 
NMI SUws2 
reserved-

NMI Ol1a ~che 

Aaive Adapter SLale 

Scratch Relisler O-F 

reserved 

lli!1 
8 

2 
2 
1 

8 

8 

6 

8 
4 

6 

o 
S 
8 

8 

8 

8 

8 

7 

8 

8 

8 

S 

8 

8 

3 
8 

2 

8 

3 
8 

2 

8 

8 

8 

8 

8 

3 

8 

a 
8 

8 
8 

o 
8 

8 

~ 

·h24 

5 

8 

o 

Read. 

B.n.Im ~ 
~ RW 
GIA RJW 
GIA 
G/A 

GINS&.. 
SIC 
SIC 
SIC 

SIC 
. SIC 

SIC 
SIC 
SIC 
G/A 
SIC 
SIC 
SIC 
SIC 
SIC 

SIC 

SIC 
G/A 

G/A 

GIA 
G/A 

G/A 

G/A 
G/A 

G/A 
SIC 
SIC 

G/A 
G/A 
G/A 
G/A 
G/A 
Q8/S/C 

G/A/S/C 

G/A 

G/A 

G/A 
G/A 
SIC 

GIA 
GfA/S/C 

G/A 

RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
88 
RJW 

RJW 
RJW 
RJW 
R 
R 

RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 
R/W 
R/W 
RJW 
RJW 
RJW 
RJW 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

R/W 
R/W 
R/W 

R 

R 

R 

R/W 
R/W 

lnsIu ~ 
80 30 
81 30 

82 

83 

84 

8S 

86 

87 

30 
89 

8A 
8B 

8C 

80 
8E 
8F 

90 
91 
92 
93 
94 
95 
96 
97 
98 

99 

9A 

98 
9C 

90 
9£ 

9F 
AO 

Al 

A2 
AJ 
A4 

AS 

A6 
A7 

AS 

A9 

AA 
AB 

AC 
AD 

30 

30 
30 

30 
30 
30 

30 

30 
30 

30 
30 

30 
30 

30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

3<:.5 
3CS 

30 
30. 

30 
AE 30 

AF 30 
BO-8F 30 

CO-FF 30 

Bml 
oooooooo 
xxuxxOO 

xxuxxOl 

oooooooo 
00000x0x 
xu 10000 

oooooooo 

uxOOOOO 
oooooooo 
oooooooo 
11101010 
11101010 

11111111 

xuOnnoo 
oooooooo 

oooooooo 
oooooooo 
oooooooo 

oooooooo 
oooooooo 

OxOOuOO 

". * Duplicated VGA/EGA registers also accessible as extension registers for state save/restore. 
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1.0 Introduction 
1.1 Scope of Document 

This manual provides technical coverage of the CL-GD610/620 Flat paneVCRT Enhanced 
VGA controller chip set Topics include the modes of operation of the Enhanced VGA con­
troller, the major components and registers, the BIOS functions, and programming infonna­
tion including examples. In addition, detailed infonnation is presented on each of the En­
hanced VGA controller registers. 

The following defmitions are used throughout this manual: 
VGA Industry Standard Video Graphics Array 
EGA Industry Standard Enhanced Graphics Adapter. 
CGA Industry Standard Color Graphics Adapter. 
MDA Industry Standard Monochrome Display Adapter. 

HGC Hercules ™ Graphics Controller. 
ECD Industry Standard Enhanced Color Display. 
CD Industry Standard Color Display. 
MD Industry Standard Monochrome Display. 
PS/2 Display Industry Standard 31.5 kHz Monochrome or Color Display 

MFD 
LCD 

Multiple-Frequency Color Display (MultiSync™, MultiScan™, etc.) 
Liquid Crystal Display (typically 640x400/480 dual panel, dual line) 

1.2 Chip Revisions Covered 
This manual documents the following chip revisions: 

1.3 Intended Audience 
This manual is directed toward the technically sophisticated audience. It assumes the 
reader is familiar with assembly language programming on the 80286/80386 or similar mi­
croprocessor, and understands the fundamentals of video display terminology. 
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4.0 CMGA Registers 
The 610/620 provides additional registers, referred to as the CMGA registers, for direct 
hardware emulation of the CGA (Color Graphics Adapter) and MGA (Monochrome Graph­
ics Adapter). (The MGA is also known in the industry as the Hercules Graphics Conttol­
ler or HOC). These registers are accessible only while in CGA or MGA/HGC emulation 
mode. The registers required include some additional 'external' registers plus the 'timing 
registers' subset (RO-RB) of the 6845. 6845 registers RX (Index), RC-O (Screen Stan 
Address), RE-F (Cursor Location), and RIO-II (Light Pen Address) are the same as 
their CRTC counterpans so are not duplicated. CRTC registers CRX, CRC-CRF, LPENH, 
and LPENL are used for both EGA and CMGA modes. 

The additional CMGA registers are summarized in the table below: 

Abbrey BelL,ter Name Port Ind~~ ~ .MndI Im 
MODE Mode ConD'OI 3?S R/W All CMGA External 
COLOR Color Select 309 R/W All CGA External 
CONFIG Configuration 3 B F R/W All MGA External 
RO 6845 Horizontal Total 3'?5 00 R/W Not EGA Monitor Timing 
Rl 6845 Horizontal Displayed 3?5 01 R/W Not EGA Display Timing 
R2 6845 Horizontal Sync Position 3?5 02 R/W Not EGA Monitor Timing 
R3 6845 Sync Width 3'!5 03 R/W Not.EGA Monitor Timing 
R4 6845 Vertical Total 3'!5 ().t R/W Not EGA Monitor Timing 
RS 6845 Vertical Total Adjust 3?5 05 R/W Not EGA Monitor Timing 
R6 6845 Vertical Displayed J!5 (Xi R/W Not EGA Display Timing 
R7 6845 Vertical Sync Position 3'!5 07 Rf\V Not EGA Monitor Timing 
R8 6845 Interlace Mode . 3?5 O~ Rf\V Not EGA Monitor Timing 
R9 684S Character Ccll Hcight J!5 09 RJW Not EGA Display Timing 
RA 6845 Cursor Start Row 3'!5 OA RJW Not EGA Display Timing 
RB 6845 Cursor End Row T? 5 OB R!W Not EGA Display Timing 

'1' in the above pon addresses are' B' in monodlrome mode and '0' in color mode. 

The 6845 timing registers (RO-RB) are not accessible in VGA mode, instead the CRTC 
timing registers CRO-CRB are accessible at the indicated pon address and index in that 
mode. RO-RB are accessible while in CGA. ~1GA, or EGATXT mode (see active state 
register ER2F). 

The 684S timing registers are grouped into '~'lollitor Timing Registers' and 'Display Timing 
Registers'. These groups may be separately write protected by bits 4 and 5 of the Write 
Conttol Register at extensions index 84. The other CMGA-specific regisiers may be 
write-protected by bits 6 and 7. 

See External Registers section for C~1GA STAT Register definition (same as VGA Sta­
tus Register 1). 

See CRTC Registers section for 6845 Index Rt!gisrer definition (same as CRTC Index Reg­
ister). 

See CRTC Registers section for 6X45 Registers RC-R 11 (same as CRTC Registers CRC­
CRll). 
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CMGA Mode Register: MODE 
I/O Port Address: 3?8 
Protection Bits: WRC[7] 
Jlil! Description ~ Reset ny 
7 (msb) Page (MGA only) R/\V Reset or write to port wI 

CONFIG 01=0 or non-MGA 
6 -unused-
5 Blink Enable R/W Reset 
4 High-Res Graphics (eGA only) R/W 
3 Video Enable Rf\V Reset 
2 Monochrome (eGA only) Rf\V 
1 Graphics R/W Reset or CONFIG 00=0 
o (Isb) High-Res Text (eGA only) R/W 

Bit Descriptions 

Bit 7 Page (MGA only) 
State 1 = Page 1 (display memory at 8ROOO-BFFFF) 
State 0 = Page 0 (display memory at BOOOO-B7FFF) 

Bit 6 unused 
Bit 5 Text Blink Enable 

R~et State. 

0 

0 
0 
0 
0 
0 
0 

State 1 = Enable text character blink for characters with blink attributes set 
(atoibute msb = 1) 

Bit 4 Hi-Res Graphics (CGA only) 
State 1 = 640x200 2-color mode 
State 0 = all other modes (must be 0 in text mode in an IBM CGA; don't care in 
text mode in the 610/620) 

Bit 3 Video Enable 
State 1 = Display Video Enabkd (lise to tum off video while changing 6845 
parameters to prevent screen glitches) 
State 0 = Display Blank (if extensions TC register bit-5 is set in CGA Text mode, 
display remains enabled) 

Bit 2 Monochrome (CGA only) 
State 1 = Monochrome 
State 0 = Color 

Bit 1 Graphics Mode 
State 0 = Text mode: character width = X (CGA) or 9 (MGA) 
State 1 = Graphics mode 
When in text mode, certain attribute ratterns are detected by hardware: 

bOOOiOOO = No display (black) 

Where: 

bOOOiOOl = Underline ~1GA only (line 13) 
bOOOi 111 = Nonnal Video 
bIll iOOO = Reverse Video 
b111iII1 = No display (white) 
bBBBifff = Nonnal char~c(er 

BBB 
fff 

= ba(;kgroll nd 
= foreground 

CGA only 
eGA only 
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b = blinking 
i = intensified 

All other attribute values ~lre ignored in CMGA modes. EGA modes interpret 
attribute bits 0-3 as foreground (character) color and bits 4-7 as background col­
Of. EGA modes use CR 17 to determine where underlining appears. 

Bit 0 High-Res Text (CGA only) 
State 1 = 80x25 
State 0 = 40x25 (divide character clock by 2) 
ifbit-4 = 1, this bit is a don't care (normal clock rate) 

Note: This register is effective only in ~1GA and CGA modes (see the description of 
610/620 extension register ER2F, the 'Active Adapter State' Register). 
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4.2 CMGA Color Register: COLOR 
I/O Port Address: 3 D9 
Protection Bits: WRC[7] 
!ill.! Dssc:ription ~ Reset R~ Re~et State 
7 (msb) -un used-
6 -unused-
S Color Set N urn bcr RJ\Y 
4 Intensity Rf\Y 
3 Color Bit-3 (Intensity) R/W 
2 Color Bit-2 (Red) R/W 
1 Color Bit-! (Grcen) R/W 
o (lsb) Color Bit-O (Blue) RJW 

This register is provided for CGA compatibility. 

Bit Descriptions 
Bit 7 unused 
Bit 6 
Bit 5 

Bit 4 

Bit 3-0 

unused 
CGA Palette Number: This bit determines which of two available eGA palettes . 
are used according to the following table (where 'color number' is the 2-bit pixel 
value in 320x2oo CGA graphics mode): 
Pixel Value Color No. eGA Pnlette 0 eGA Palette 1 
o 0 Color 0 Detern1int:d by bits 0-3 Detennined by bits 0-3 
o 1 Color 1 Green Cyan 
1 0 Color 2 Red Magenta 
1 1 Color 3 Brown White 
This bit is defined for CGA 320x200 graphics mode only and is a don't care other­
wise. 
Intensity 
In text mode, this bit enables intensitied ba<:kground colors. 
In graphics 320x200 mode. this bir t:nables intensified colors 0-3. 
In graphics 640x200 mode. this bit is a don't care. 
Color 
In text mode, these bits determine the border color. 
In 320x200 4-color mode, they determine the background color (color 0). 
In 640x200 2-color mode, they determine the foreground color (the color when the 
pixel value is 1). The background <:olor is black (pixel value = 0). 

Note: This register is effective only in eGA mode (see the description of 610/620 exten­
sion register ER2F, the 'Active Adapter State' Register). In EGA mode, the Attribute 
Controller controls the video data path; in eGA mode, special CGA hardware (which in­
cludes this register) controls the vid~o data path; in MGA mode, special MGA hardware 
controls the video data path. 
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4.3 CMGA Configuration Register: CONFIG 
I/O Port Address: 3BF 
Protection Bits: WRC[7] 
!!i1.! 
7 (msb) 
6 
5 

DssriRtion 
-un used-
-un used-
-un used-

4 -unused-

3 -unused-

2 -unused-

~ Reset By Reset State 

1 Page 1 Enable R/W Reset 0 
o (Isb) Graphics Mode Enable R/W Reset 0 

This register is provided for MGA compatibility. 

Bit Descriptions 
Bit 7 unused 
Bit 6 unused 
Bit S unused 
Bit 4 unused 
Bit 3 unused 
Bit 2 unused 
Bit 1 Page 1 Enable 

State 1 = Pages 0 & 1 enabled (' Full' mode 64K wrap) 
State 0 = Page 0 enabled only ('Half' mode 32K wrap) ('Diag' mode) 
Writes to MODE register will cause bit 7 to capture 0 if this bit is 0 (for ~A 
compatibility). 

Bit 0 Graphics Mode Enable 
State 1 = Graphics Mode (720 x 348) 
State 0 = Text Mode (4K wrap) CDiag' n10de) 
This bit forces MODE register (port 3B8) bit-l to zero (graphics mode bit) if this 
bit is 0 (for MDA compatibility) and if in MGA mode. 

Note: If both bits are off (the default state on reset), the MGA is in "DIAG" mode and 
accesses to display memory by the CPU wraparound every 4K within the 32K space from 
BOOOO-B7FFF (MDA compatibility mode). 
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6845 Horizontal Total Register: RO 
UO Pan Address: 3? 5 
Index: 00 
Protection Bits: WRC[4] 
..Iill.J Dmription ~ Reset Oy 
7 (msb) Horizontal Displayed Bit-7 R/W 
6 Horizontal Displayed Bit-6 R/W 
5 Horizontal Displayed Bit-S R/W 
4 Horizontal Displayed Bit-4 RJW 
3 Horizontal Displayed Bit-3 R/W 
2 Horizontal Displayed Bit-2 Rj\V 
1 Horizontal Displayed Bil-l R/W 
o (1sb) Horizontal Displayed Bil-O RJW 

Regt State 

The Horizontal Total register defines the total number of characters in a horizontal scan 
line, including the retrace time. The character clock input to the device is counted by a char­
acter counter. The value of the character counter is compared with the value in this register 
to provide the horizontal timing. All horizontal and venical timing is based upon the con­
tents of this register. 
The value in the register = Total Number of Characters - 1 (value must be :> 0). 
In Interlace Mode (see register RR), some 6845 chips require that this register be pro­
grammed to an odd number (i.e., an even number of character times). The 610/620 allows 
even or odd values in interlace mode, but requires odd values in scan doubling mode. 
Note: This register is effective only in MGA and eGA modes (see the description of 
610/620 extension register ER2F, the 'Active Adapter State' Register). 

ABC 

_ .... 

R3 MSN 

If f 

Figure 4·1: 68~5 Timing Registers 
RO (H Total) 

R2 (H Sync Pos) 

Active Display Screen 

Bottom Border 

Vertical Retrace (Sync) 

Top Border 

I 
I 

0 E 

~ I ~~N 

F 

f R5 (V Total Adjust) A· R4 (V Total) D • Right Border 
B • R7 (V Sync Pos) 
C • R6 (V Disrl~lycd) 

E • Horizontal Retrace (Sync) 
o . Left Border 
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4.5 6845 Horizontal Displayed Register: R 1 
UO Pon Address: 3?S 
Index: 01 
Protection Bits: WRC[S] 
JW.! DcsdptioD Access Reset ny Rest State 
7 (msb) Horizontal Displayed Bit-7 R/W 
6 Horizontal Displayed Bit-6 R/W 
S Horizontal Displayed Bit-S R/W 
4 Horizontal Displayed Bit-4 R/W 
3 Horizontal Displayed Bit-3 R/W 
2 Horizontal Displayed Bit-2 RIW 
1 Horizontal Displayed Bit-} R/W 
o (lsb) Horizontal Displayed Bit-O RIW 

The Horizontal Displayed register defines the total number of displayed characters in a hor­
izontalline. 

The value in the register = Total Number of Characters Displayed (value must be RO) 

Refer to Figure 4-1 (see register RO) for a summary of 6845 timing registers. 

Note: This register is effective only in MGA and CGA modes (see the description of 
610/620 extension register ER2F, the 'Active Adapter State' Register). 
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4.6 6845 Horizontal Sync Position Register: R2 
110 Port Address: 3?5 
Index: 02 
Protection Bits: WRC[ 4] 
Iill..! Desription 
7' (msb) Horizontal Sync Position Bit-7 

6 Horizontal Sync Position Bil-6 

5 
4 

3 

Horizontal Sync Position Bit-5 

Horizontal Sync Position Bil-4 
Horizontal Sync Position Bit-) 

Access Rest't Oy 
R/W 
R/W 
R/W 
R/W 
R/W 

2 Horizontal Sync Position Bil-2 Rj\V 

1 Horizontal Sync Position B it-1 R/W 
o (lsb) Horizontal Sync Position BiL-O R/W 

Reset State 

The contents of this register define the start position of the horizontal sync pulse in terms 
of horizontal character clocks assuming character positions are numbered starting with 0 as 
the first displayed character at the left side of the screen. The register value must be less 
than or equal to the value in RO. 

Refer to Figure 4-1 (see register RO) for a summary of 6845 timing registers. 

Note: This register is effective only in rvlGA and eGA modes (see the description of 
610/620 extension register ER2F. the' Active Adapter State' Register). 
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4.7 6845 Sync Width Register: R3 
I/O Port Address: 3?s 
Index: 03 
Protection Bits: WRC[ 4] 
IW..! DesriptiQn 
7 (msb) VenicaJ Sync Width Bit·) 
6 VenicaJ Sync Width Bit·2 

Access Res(lt ny 
RJW 
RJW 

5 VenicaJ Sync Width Bit·l RJW 
4 VenicaJ Sync Width Bit·O RJW 
3 Horizontal Sync Width Bit-) RJW 
2 Horizontal Sync Width Bil-2 RJW 
1 Horizontal Sync Width Bit-l RJW 
o (lsb) Horizontal Sync Width Bit-O RJW 

Rest State 

The contents of bits 0-3 of this register define the width of the horizontal sync pulse. The 
value is defined in terms of the number of horizontal character clocks. 

The contents of bits 4-7 of this register define the width of the venical sync pulse in terms 
of raster scan lines. A value of 1-15 in these bits indicates a venical sync pulse width of l­
IS raster scan lines. For compatibility with sonle 6845 chips which do not implement these 
bits, a value of 0 indicates a vertical sync pulse width of 16 scan lines. For scan-doubling 
mode (see the Timing Control register at extensions index 85), a given value in this field 
will produce a vertical sync pulse with twice the nonnal number of raster scan lines. 

Refer to Figure 4-1 (see register RO) for a summary of 6845 timing registers. 

Note: This register is effective only in MGA and eGA modes (see the description of 
610/620 extension register ER2F, the' Active Adapter State' Register). 
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6845 Vertical Total Register: R4 
I/O Pon Address: 3?5 
Index: 03 
Protection Bits: WRC[ 4] 
Jll1.! Description Access Reset Ry 
7 (msb) -unused-
6 Vertical Total Bit-6 MV 

5 
4 

3 
2 

Vertical Total Bit-S 

Vertical Total Bit-4 

Vertical Total Bit-3 

Vertical Total Bit-2 

MV 

R/W 
R/W 
R/W 

1 Vertical Total Bit-l R/W 
o (Isb) Vertical Total Bit-O R/W 

Reset State 

This register, along with the Vertical Total Adjust register (R5), the Character Cell Height 
register (R9), and the scan doubling bit. detennines the total number of scan lines per 
frame. The ·value programmed into this register is defined in tenns of character rows, but 
varies according to the current interlace mode (see register R8): 

Nonnal!lnterlace Modes: Rows - 1 
Interlace Sync & Video Mode: (Rows/2) - 1 

The value in this register is not affected by scan-doubling mode (see the Timing Control 
register at extensions index 85. 

Refer to Figure 4-1 (see register RO) for a summary of 6845 timing registers. 

Note: This register is effective only in i\1GA and eGA modes (see the description of 
610/620 extension register ER2F, the 4Active Adapter State' Register). 
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6845 Vertical Total Adjust Register: RS 
I/O Port Address: 3?S 
Index: OS 
Protection Bits: WRC[4] 
W1.! Desription ~ Reset ny 
7 (msb) -unused-

6 -unused-

5 -unused-
4 Vertical Total Adjust Bit-4 R/W 
3 Vertical Total Adjust Bit-3 R/W 
2 Vertical Total Adjust Bit-2 R/W 
1 Vertical Total Adjust Bit-l R/W 
o (lsb) Vertical Total Adjust Bit-O R/W 

Rest State 

This register, along with the Vertical Total register (R4) detennines the vertical scan fre­
quency (typically either 50 or 60 Hz). It is programmed with the number of scan lines 
required to get exactly the rate desired. This is derived by calculating the total number of 
scan lines required per field and dividing by the number of scan lines per character cell. The · 
integer pan of the result is programmed into R4 and the fractional pan into RS. 

The value programmed into this register is the same independel}t of the current interlace 
mode (see register RS). Scan doubling mode doubles the number of added scan lines per 
field. 

Refer to Figure 4-1 (see register RO) for a summary of 6845 timing registers. 

Note: This register is effective only. in f\1GA and eGA modes (see the description of 
610/620 extension register ER2F. the I Active Adapter State' Register). 
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6845 Vertical Displayed Register: R 6 
I/O Port Address: 3?5 
Index: 06 
Protection Bits: WRC[5] 
IW..! DescriptioD 
7 (msb) -unused-
6 Venical Displayed Bit·6 

5 Venical Displayed Bit-S 

4 Venical Displayed Bit-4 

3 Vertical Displayed Bit-3 

~ Reset fly 

R/W 
R/W 
R/W 
R/W 

2 Venical Displayed Bit-2 Rj\V 

1 Venical Displayed Sit-l RJW 
o (Isb) Venical Displayed Sit-O RJW 

Reset State 

The Vertical Displayed register specifies the number of displayed character rows on the 
CRT screen. The value in this register should be less than or equal to the contents of R4 
(Vertical Total) plus one. 

The value programmed into this register varies according to the current interlace mode (see 
register R8): 

NormallInterlace Modes: Rows 
Interlace Sync & Video Mode: Rows/2 

The value in this register is not affected by scan-doubling mode. 

Refer to Figure 4-1 (see register RO) for a summury of 6845 timing registers. 

Note: This register is effective only in MGA and eGA modes (see the description of 
610/620 extension register ER2F, the' Active Adapter State' Register). 
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4.11 6845 Vertical Sync Position Register: R7 
I/O Pon Address: 3?S 
Index: fJ1 
Protection Bits: WRC[4] 
Jl11l Dac;ription ~ ResetRy 
7 (msb) -unused-
6 Vertical Sync Position Bit-6 R/W 
5 Venical Sync Position Bil-S R/W 
4 Vertical Sync Position Bit-4 R/W 
3 Vertical Sync Position Bit-3 R/W 
2 Vertical Sync Position Bit-2 R/W 
1 Vertical Sync Position Bit-l R/W 
Q (Isb) Vertical Sync Position Bit-Q R/W 

Reset State 

This register controls the position of vertical sync and is programmed in character rows 
assuming the character rows are numbered starting from 0 as the first row of characters at 
the top of the screen. When the programmed value of this register is increased, the display 
position of the CRT screen is shifted lip. When the programmed value is decreased, the · 
display position is shifted down. Any number less than or equal to the vertical total (R4) 
and greater than or equal to the vertical displayed (R6) may be used. 

The value programmed into this register varies according to the current interlace mode (see 
register R8): 

Nonnal!lnterlace Modes: Row Position 
Interlace Sync & Video Mode: Row Position/2 

The value in this register is not affected by scan-doubling mode (see the Timing Control 
register at extensions index S, port 3C9) .. 

Refer to Figure 4-1 (see register RO) for a summary of 6845 timing registers. 

Note: This register is effective only in MGA and eGA modes (see the description of 
610/620 extension register ER2F, the' Active Adapter State' Register). 
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4.12 6845 Interlace Mode Register: R8 
I/O Port Address: 375 
Index: 08 
Protection Bits: WRC[4] 
.Ili1l Dmri olioo ~ Resetny 
7 (msb) -unused-

6 -unused-

S -unused-

4 -unused-
3 -unused-

2 -unused-
1 Interlace Mode Bit-l R/W 
o (Isb) Interlace Mode Bit-O R/W 

Reset State 

This register specifies the interlace mode according to the following table: 

Bit·. Bit·O Interlace Mode 
o 0 Nonnal Sync (Non-Interlace) 
o 1 Interlace Sync Mode 
1 0 Nonnal Sync (Non-Interlace) 
1 1 Interlace Sync and Video Mode 

Nonna! Sync 
Only one field is available. Each scan line is refreshed at the vertical frequency. 

Interlace Sync 
The same information is painted in both fields. This is a useful mode for filling in a 
character to enhance readability. In this mode, some 6845 chips require the hori­
zontal total register (RO) to be odd (i.e., an even number of character times). This 
is not a restriction in the 610/620. 

Interlace Sync & Video 

Revision A, 5/89 

Alternating lines are displayed in the even field and the odd field. This effectively 
doubles the given bandwidth of the CRT Monitor. In this mode, some 6845 chips 
require the cursor stan and end registers (RA and RB) to both be even or both be 
odd, depending on which field the cursor is to be displayed in. This is not a restric­
tion in the 610/620. A full block cursor will be displayed in both odd and even 
fields when the cursor end register (R B) is programmed to a value greater than 
that in the character cell height register (R 9). 
In eGA mode, registers R4, R6, and R 7 must be programmed to half the actual 
number required (the even numbered scan lines are displayed in the even field and 
the odd numbered scan lines are displayed in the odd field). 
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Figure 4·2: 6845 Interlace Mode Summary 
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Interlace Sync and Video 

In the even field of both interlace modes, the VSYNC position is delayed by half a scan line 
(plus half a character if RO contains an even value) to shift the display so that the lines of 
the odd field are displayed between the lines of the even field. Also, an extra scan line is 
added to the end of the blanking time in the even field if the number of scan lines 
(detennined by R4 (venical total) and R9 (scan lines per row» is even, so that the period 
between VSYNC pulses will be constant. Therefore, the number of scan lines per frame (2 
fields) is odd. 

Use of the interlace modes is only practical if the monitor used has a long persistance phos­
phor. Otherwise a perceptible flicker will be present on the display. This flicker effect is 
due to the doubling of the refresh time for all scan lines since each field is displayed alter­
nately. Each scan line is therefore effectively refreshed at 25 or 30 Hz instead of 50 or 60 
Hz, which is slow enough that the off time between scans can be detected. The CRT phos­
phor must be persistant enough to eliminate this off time in order to eliminate flicker. SOf!le 
typical CRT phosphors and characteristics are shown in the table below: 

Il:J2l Color Persistance Derav to 10% Brightness Rum Resistance Interlace 
Operation P4 (W) White Medium 60 microseconds Moderate Not suitable 
P31 (GH) Green Shon 38 microseconds Good Not suitable 
P39 (GR) Yellowish Green Long 150 milliseconds Poor OK 

Note that P39 is not suitable for data displays in which the fonnat is fixed for long periods 
of time. 

Interlace and Scan Line Doubling; 
Scan line doubling mode converts the interlace modes to non-interlace modes in 
which all the scan lines from the even and odd fields are displayed on every field. 
This still doubles the number of scan lines per field, but leaves the same number 
of lines per frame as non-scan-line-doubling mode, except that the extra scan line 
per frame (which otherwise exists when the number of scan lines is even in inter­
lace modes) is not added. 

Note: This register is effective only in ~1GA and eGA modes (see the description of 
610/620 extension register ER2F, the 'Active Adapter State' Register). 
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6845 Character Cell Height Register: R9 
I/O Port Address: 375 
Index: 09 
Protection Bits: WRC[5] 
JW..! Dw;riptjon ~ Reset By Reset State 
7 (msb) -unused-

6 -unused-

5 -unused-
4 Character Cell Height Bit4 R/W 
3 Character Cell Height Bit-3 RJW 
2 Character Cell Height Bit-2 RJW 
1 Character Cell Height Bit-I RJW 
o (Isb) Character Cell Height Bit-O RJW 

This register specifies the number of scan lines per character row per the following table: 
Fields! Scan Lines/Row Scan Lines/Row Data Lines/Row 

N!l ~£!n Lin~ Doyblini Frame In Rach Field Oisnlayed ~er Fram~ . DI~lZlaIesl R~r Fram~ 
Non-Interlace 2 R9 + 1 R9 + 1 R9+ 1 
Interlace 2 R9 + 1 2(R9 + 1) R9+ 1 
Sync & Video 2 (R9 + 1)12 R9 + 1 R9+ 1 
Scan Line Doublini 
Non-Interlace 2 2(R9 + 1) 2(R9 + 1) R9 + 1 
Interlace 2 2(R9 + 1) 2(R9 + 1) R9 + 1 
Sync & Video 2 R9 + 1 R9 + 1 R9 + 1 

Some 6845 chips, including the Motorola MC6845 used in the IBM CGA, restrict the value 
in R9 to be an odd number in interlace sync and video nlode (Le., an even number of scan 
lines). In the 610/620 chip set, this restriction does not apply. 

For scan-doubling mode (see the Timing Control register at extensions index 85), a given 
value in this register will produce twice the nonnal number of raster scan lines. 

Note: This register is effective only in MGA and eGA modes (see the description of 
610/620 extension register ER2F, the 'Active Adapter State' Register). 
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4.14 6845 Cursor Start Register: RA 
YO Port Address: 3?5 
Index: OA 
Protection Bits: WRC[5] 
JW.! Dcgrjptjon 
7 (msb) -unused-
6 Cursor Display Mode Bit-1 
5 Cursor Display Mode B it-Q 

4 Cursor Start Bit-4 
3 Cursor Start Bit-3 
2 Cursor Stan Bit-2 
1 Cursor Stan Bit-l 
o (lsb) Cursor Stan Bit-O 

Bit Descriptions 

~ Reset"y 

R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Reset State 

Bits 0-4 of this register specify the scan line of a character row where the cursor is to begin 
assuming the lines of the character rows are numbered 0-31: 

Figure 4·3: 6845 Cursor Programming Examples 

Scan Line 

11--
Cursor Start Line = 0 

Cursor End Line = 7 

Scan Line 

~--

~--

11 00mE 
Cursor Slan Line = 11 

Cursor End Line = 12 

Scan Line 

1---
11111 

Cursor Stan Line = 9 

Cursor End Line = 5 

Bits 5-6 of this register detennine the cursor display mode according to the following table: 
.JW:j Ili1:5 Cursor Mode (684$ Chip Spec) Actual Cursor Mode in CGA and MGA 610/620 Cursor 
o 0 No Cursor Blink Cursor Blink (1/16 of the field ratc) Fast Blink 
o 1 No Cursor Display No Cursor Display No Cursor Display 

o Fast BUnk (1/16 of the field ratc) No Cursor Display No Cursor Display 
Slow Blink (1/32 of the field rale) Blink al intcrmilumt rale Slow Blink 

The reason that the 6845 cursor display mode and the actual cursor display mode are differ­
ent is that there is external circuicry on the CGA and MGA that blinks the cursor at 1/16 of 
the current field rate (exactly out of phase with the 6845 blink mechanism).· Therefore, the 
6845 cursor display mode must be set to ~no blink' or 'no cursor' and there is nonnally no 
way to turn off cursor blink in the CGA and MGA. The 610/620 provides control over the 
external blink mechanism, however, to allow the full 6845 blink control capability to be used 
(see extension register ER25, Cursor Attributes Register). The 610/620 emulates the ac­
tual eGA and MGA cursor blink operation exactly except for the intermittent blink (slow 
blink occurs instead). 
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Note that displaying a blinking cursor over a blinking character can result in apparently 
erratic blink operation. 

Note: This register is only effective in MGA and eGA modes and in a special Autoswitch 
mode called 'EGA Text' mode (see the description of 610/620 extension register ER2F, 
the 'Active Adapter State' Register). See also the description of 610/620 extension regis­
ter ER15 (Cursor Height Adjust Register) for special interpretation of this register by hard­
ware in 'EGA Text' Autoswitch mode. 

Note: Bits 6:5 are implemented in the 610 (write only) for functional operation and are ef­
fective only in CMGA and NOT in 'EGA TEXT'. 
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4.15 6845 Cursor End Register: RB 
UO Pon Address: 315 
Index: OB 
Protection Bits: WRC[5] 
JliL! Dac;riptjoD 
7 (msb) -unused-
6 -un used-
5 -unused-
4 Cursor End Bit-4 
3 Cursor End Bit-3 
2 
1 
o (Isb) 

Cursor End Bit-2 
Cursor End Bit-l 
Cursor End Bit-O 

~ ResetRy 

R/W 
R/W 
R/W 
R/W 
R/W 

Rest State 

The Cursor End register specifies the scan line of the character row where the cursor is to 
end assuming the lines of the character rows are numbered 0-31. Refer to Figure 4-3 for 
cursor size programming examples (see register RA). . 

The Cursor Start and End registers allow a cursor up to 32 scan lines high to be placed on ' 
any scan line of the character block. The values in the Start and End registers define the 
height of the cursor. 

In Interlace Sync & Video mode for some 6845 chips, the cursor start and end registers 
must both be even or both be odd, depending on which field the cursor is to be displayed in. 
In the 610/620, this is not a restriction. 

A full block cursor will be displayed in both odd and even fields when the cursor end regis­
ter is programmed to a value greater than that in the character cell height register (R9). 

For scan-doubling mode (see the Timing Control register at extensions index 85), the val­
ues in the cursor start and end registers are interpreted as 'logical' scan lines, where there 
are two physical scan lines for every one logical scan line. Or, looking at it another way, 
the register values are interpreted as twice the value programmed with the actual character 
cell height also being twice the nonnal number of scan lines. The cursor height will always 
be an even number of scan lines in scan doubling mode. 

Note: This register is only effective in MGA and eGA modes and in a special Autoswitch 
mode called 'EGA Text' mode (see the description of 610/620 'Active Adapter State' Reg­
ister at extensions index AF). See also the description of 610/620 Cursor Adjust Register 
(extensions index 95) for special interpretation of this register by hardware in 'EGA Text' 
Autoswitch mode. 
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5.0 VGAlEGA External Registers 
The external registers are those not contained in the other major functional blocks 
(Sequencer, Attributes Controller, Graphics Controller, and CRT Controller). These regis­
ters are called external due to being external to the LSI chips that implement these func­
tions in the mM VGA/EGA. 

Abbrey 
MISC 
FC 
FEAT 

Register Name 
Mise Output Registcr 
Feature Control Rcgislcr 
Input Status Registcr 0 (Fc~llurc Read) 

Port Addresses 
3C1 (W), 3CC (R) 
3? A (W), 3CA (R) 

3C2(R) 
STAT Input Status Registcr 1 (Display Sl:.llus) 3? A (R) 
CLPEN Clear light pcn nip flop 3?B (W) 

SLPEN Set light pen flip nap 3B913BC/3DC(W) 

Note: '1' in the above port address is '8' in monochrome mode and 'D' in color mode 

Liiht Pen 

The actual data value written to the 'Set/Clear Light Pen Rip Flop' pons is ignored. Any 
write to these pons sets or clears the Light Pen Flip Flop. The Light Pen Flip Flop is also . 
set by an active-low pulse on the light pen connector strobe input. If the Light Pen Flip 
Flop is clear, setting it by either method also causes the CRT Controller Light Pen Regis­
ters (LPENH and LPENL) to be loaded from the current memory address. The current 
state of the Light Pen Flip Flop may be read as bit-l of Input Status Register 1 (Display 
Status). 

Write Control (WRC) register bit-6 (extensions register ER4) is used to write-protect 
these two pons. If the bit is set, writes to the SLPEN and CLPEN pons are ignored. 
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S.1 Miscellaneous Output Register: (MISe) 
I/O Pon Address: 3C2 (W) 
Index: I/O Pon 3CC(R) 
Protection Bits: Write Protected by WRC[3,O] 
JW.! Description \Vrite Protect ~~2 A~£~S 
7 (msb) Vertical Retrace Polarity WRC(OI w 
6 Horizontal Retnlce Polarity WRC[OI W 

S Page Select WRCl31 W 

4 Disable External Video Drivers \VRC[31 W 

3 Cock Select Bit-l \VRClOl W 

2 Cock Select Sit-O WRC[OI W 

J~~ A~~fS:S 
R 
R 

R 

R 

R 

R 

BmIH! B~SI Slll~ 
Hard Reset 0 
Hard Reset 0 
Hard Reset 0 
Hard Reset 1 
Hard Reset 0 
Hard Reset 0 

1 Enable RAM WRC[3/ W R Hard Reset 0 
o (Isb) CRTC 110 Address WRC[3] W R Hard Reset 0 

This register is normally write-only at 110 port 3C2 in the standard EGA. Reading I/O pon 
3C2 returns the. contents of the Feature Read Register (FEA n (also called Input Status 
0). For state save/restore and VGA compatibility, the 610/620 allows this register to also 
be read at I/O pon 3CC. 

Bit Descriptions 
Bit 7 Vertical Retrace Polarity 

State 0 = active high (positive) 
State. 1 = active low (negative) 

Bit 6 Horizontal Retrace Polarity 
State 0 = active high (positive) 
State 1 = active low (negative)· 

Note: Bits 7 and 6 affect retrace polarity in EGA mode only (see the extensions TC reg­
ister for polarity control in CMGA modes) 

Bit 5 Page Bit for Odd/Even 
This bit acts as the Isb of the display memory address when in the 'OddlEven' 
modes (SR4 bit-2 = I). 
State 0 = selects odd nlemory locations 
State 1 = selects even locations. This bit is set for modes 0, 1,2,3, and 7. 

Bit 4 Disable External Video Drivers 
State 0 = activates 
and 
State 1 = de-activates the LS244 video driver chip located on the board external 
to the 610/620 chip set. 
The LS244 chip nonnally drives the 9-pin video output connector when no feature 
cards are installed. Disabling the external video driver chip allows the feature 
connecter to drive the video output connector pins instead. This bit appears as 
the 'INTERNAL·' pin of the 610 'G/A' chip. 

Bit 3-2 Clock Select 
These bits select the clock source and dipswitch section as follows: 
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futi!£h 
4 
3 
2 

Clo('k Source 

Selc(;L'i 1~.318 MHz <.:\o(;k from the system bus 
Selects 16.257 ~'1Hz dock from an on·board oscillator 
Selects 25.172 ~1Hz clO<.:k from an on·board oscillator or an external 
clock source from the feature connector (jumper selectable) 
Selects 32.514 MHz clock 
Selects 40.000 MHz clock 

This field has been extended to a 3-bit field in the Clock Select (CLK) register 
(extension register ER24) by duplicating these 2 bits at that register and adding a 
new msb. This field should not be changed except during synchronous reset (SRO 
bit-l = 0). 

Bit 1 Enable RAM 
State 0 = the RAM is disabled from access by the processor. 
State 1 = the RAM will respond at addresses set by the value programmed into 
the Control Data Select of the Graphics Controller. 

Bit 0 CRTC I/O Address 
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This bit selects I/O addresses for monochrome or color mode. 
State 0 = sets the CRTC to 3BxH and the Input Status Register 1 to 3BAH 
(monochrome mode). 
State 1 = sets the CRTC to 3DxH ~nd the Input Status Register 1 to 3DAH (color 
mode). 
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5.2 Feature Control Register: Fe 
UO Port Address: 3? ArN) 
Index: I/O Pon 3CA (R) 
Protection Bits: Write Protected by WRC[3] 
JW..! Dcgdption J? A Access 3CA Access Reset By Reset State 
7 (msb) 8-bit Video Out W R 

6 -unused-
5 
4 

3 

-unused-
-unused-
-reserved - (CRTC Interlace) (W) (R) 

2 -unused-
1 Feature Ctrl Bit 1 (Feature Connector Pin 20) W R 

o (lsb) Feature Cui Bit 0 (Feature Connector Pin 21) W R 

This register is nonnally write-only at I/O pon 3?A in the standard EGA. Reading UO pon 
3? A returns the contents of the Display Status R~gister (STAT) (also called Input Status 
1). For state save/restore and VGA compatibility, the 610/620 allows this register to also 
be read at UO port 3CA. 

Bit Descriptions 
Bit 7 8-bit Video 

Bit 6 
Bit 5 
Bit 4 
Bit-3 
Bit-2 
Bit 1-0 
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State 1 = video output bits 6 and 7 are enable. Video output bits 6 and 7 use the 
same pins as Feature Code input bits 0 and 1 (see bits 5 and 6 of the Feature 
Read registeer). Therefore, when this bit is 1, the feature connector feature code 
inputs become extra video output bits instead, which appear on the feature con­
nector. 
State 0 = the feature code inputs perfonn their normal function. 
Unused 
Unused 
Unused 
Reserved - this bit is reserved for control of CRTC interlace 
Unused 
These bits convey infonnntion to the feature connector. The output of these bits 
goes to the feature connector as signals FCO (pin 21) and Fel (pin 20). These 
bits are for general-purpose use. A typical application is for LCD back-panel pow­
er control in a laptop computer. 
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5.3 . Input Status Register 0 (Feature Read): FEAT 
UO Pon Address: 3C2 
Iill.J Description Qlln ~ R~IRX B~fl Sial!: 
7 (msb) CRT Interrupt SIC R 
6 Feature Code Bit-} (Feature Conn Pin 17) G/A R 
S Feature Code Bit-O (Feature Conn Pin 19) G/A R 
4 Switch Sense G/A R 
3 -unused- G/A R 
2 -unused- G/A R 
1 -unused- G/A R 
o (Is b) -unused- G/A R 
Bit Descriptions 
Bit 7 CRT Interrupt 

State 0 = indicates no IRQ2 interrupt is pending. 
State 1 = indicates an IRQ2 interrupt is active. 
CRTC register 11 (CR 11) bit-5 enables CRT interrupts' to occur at the leading 
edge of vertical sync if it is set to O. 
Note: A CRT Internlpt does not properly indicate that the CRT Controller is 
requesting service of a frame interrupt. IBM's implementation has this signal con­
nected directly to the IRQ2 Bus. If other boards use IRQ2, this bit may be a "I" 
even if a CRT interrupt is not pending. For compatibility, the 610/620 duplicates 
this behavior. 

Bit 6-5 Feature Code 

Bit 4 
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These bits are input from the feature connector as signals FEA TO (pin 19) and 
FEA TI (pin 17). If Feature Control (FC) register bit-7 is set to 1, these bits 
indicate the state of video Olltput bits 6 and 7 (FEATO and FEATI input pins 
become VIOE07 and VIDE06 ourput pins instead.) 
S witch Sense 
This bit reads the configuration DIP switches, positions 1-4 or 1-8. The contents 
of the CLKSEL field deternline whi<.:h switch is currently selected. This bit reads 
o if the selected switch is closed and 1 if it is open. Since the CLKSEL field also 
selects the current clock, the switch states are generally only read by power-up 
initialization code. The switch configuration for switches 1-4 may be subsequent­
ly determined by reading bits 0-3 of byte 40:R8h in system RAM. 

CLKSEL =- 0 Switch 4 (IBM EGA standard) 
CLKSEL = 1 Switch 3 (IBM EGA standard) 
CLKSEL = 2 Switch 2 (IBM EGA standard) 
CLKSEL:a 3 Switch I (IBM EGA standard) 

CLKSEL = 4 Switch 5 (Cirrus Logic Extension) 

CLKSEL = 5 Switch 6 (Cirrus Logic Extension) 

CLKSEL = 6 Switch 7 (Cirrus logic Extension) 

CLKSEL = 7 Switch X (Cirrus Logic Extension) 

The CLKSEL field is a 1-bit field in \1iscellaneous Output Register bits 02-03. 
This allows switches 1-4 to be selected for read at this register. The CLKSEL 
field is extended to a 3-bit field in bits 02-04 of the Clock Select (CLK) Register 
(see extensions register ER14) by duplicating bits 02-03 of the MISC register 
and adding a new msb. The extension CLKSEL msb is cleared by writing to the 
standard 2-bit CLKSEL field in the \lISC output register at the 3C2 VO port. 

VGA/EGA External Registers 
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Input Status Register 1 (Display Status): STAT 
I/O Port Address:3? A 
lli1.! Description .QllJl ~ Reset By Rest State 
7 (msb) Not Vertical Retrace (MGA compatible) G/A R 
6 -unused· G/A 
5 Diagnostic Use Bit-! (EGA compatible) G/A R 
4 Diagnostic Use Bit-O (EGA compatible) G/A R 
3 Vertical Retrace rCGA,EGA)!Real-lime Pixel Dal4l (MGA) G/A R 
2 Light Pen Switch SIC R 

1 Light Pen Flip Flop S/C R Reset 0 
o (Isb) Display Enabled G/A R 

Bit Descriptions 
Bit 7 Not Vettical Retrace 

State 0 indicates that venical retrace is in progress. 
Bit 6 Unused 
Bit 5-4 Diagnostic Usage 

These bits are connected to 2 of the 8 outputs of the Attribute Controller. The . 
selection of one of the 4 pairs is controlled by bits 5-4 of the Color Plane Regis· 
ter. Note that the arrangement below matches the Chips and Technologies imple­
mentation of these bits, not IBM's which has 01 and 10 reversed (IBM's EGA 
Technical Reference Manual matches the table but their hardware doesn't). 

Color Plane Register 

lliU nit 4 
o 0 

In out Status Regi~ter 1 (Oi~play Status) 

~ lliU. 
Video 2 - Red Video 0 - Blue 

o 1 Video 3 - Secondary Blue (8') Video 1 - Green 
o Video 5 - Secondary Red (R ') Video 4 - Secondary Green (G') 

Video 7 - Test Video 6 - Test 

Bit 3 CGA/EGA: Vertical Retrace: 1 = indicates that vertical retrace is in progress. 
MGA: Video Data: Real-time video pixel data (secondary blue/video) 

Bit 2 Light Pen Switch 
State 0 = indicates that the light pen switch is closed (on). 
State 1 = indicates that the light pen switch is open (ofO. 

Bit 1 Light Pen Flip Flop: 
State 0 = indicates that a light pen trigger pulse has not been received. 
State 1 = indicates that a pulse has been received (and that LPENH/LPENL con­
tain a valid address value). Receiving a light pen trigger pulse may be simulated 
under software control by writing to the SLPEN and CLPEN I/O ports (3B9 & 
3BB for the MGA, 30e & 30B for the CGA, and 3?C & 3?B for the EGA) to set 
and clear this flip flop respectively. 
The change of this bit from 0 to I loads the light pen address registers LPENH 
and LPENL from the current video memory address. This is independent of 
whether the bit is set by software or hardware. 

Bit 0 Display Enable 
State 0 = indicates display of video data is enabled 
State 1 = indicates that a vertical or horizontal retrace interval is in progress 
This bit is the inverse of the DE (Display Enable) pin of the chip set. 
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VGAlEGA Sequencer Registers 
The Sequencer generates memory timing for tht! display RAMs and the character clock for 
controlling display memory refresh rt:ads. 
Abbrev Register Nnme 
SRX/SQEX Sequencer/Extensions [ndc;!x Rt:gister 
SRO Reset 
SRI Clocking Mode 
SR2 Plane Mask 
SR3 Character Map Se kc.:t 
SR4 Memory Mode 
SR6/EXTC Extensions Control 

Port Address 
3C4 
3C5 
3C5 
3C5 
3C5 
3C5 
3C5 

00 
01 
02 
03 
04 
06 

Access 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Note: The above registers are I.:fft:c.:tivc;! ollly in EGA/VGA mode (refer to extension regis­
ter ER2F). In CGA and ~1GA mocll!s. the seqll~lH:er is forced into a preselected mode of 
operation, independent of the values in tht: above listed registers. The sequencer registers 
may be acces~ed while in non-EGA/VGt\ modt.!s of operation, however the values don't 
have any effect on sequencer operation until tht: 610/620 VGAis returned to EGA/VGA 
mode. 

Note: Sequencer registers 0-4 are \\'rite-protl:(.:tL'cI by bit 3 of the extensions Write Con­
trol register (ER4). 

Sequencer Operation 

The sequencer generates all display memory timing including RAS and CAS to the display 
memory chips. It also refreshes displ:1Y tnl.:ll1ory. During each horizontal scan, display 
memory accesses alternate between CRT a<':cl..'sses and CPU accesses in a ratio controlled 
by the current bandwidth setting (s~t.! Bandwidth Control Register at extensions index 
86). When display enable ends at the t.![H.1 of ~~Ich horizontal scan line (after the proper 
number of displayed chara<:ters have bl.:ell r~ad). CRT a<:cesses are not required until the 
stan of the next scan line, so the cydes art! t'rt.!e for other use. The first five are used by 
the sequencer to generate refresh al'<.:es~t.!s to uisplay memory; the next two are used if 
required to read graphics pointer pattern inronn:ltion; the remaining cycles are available for 
access by the CPU. The total number of cy\:ks (c.:hara<:ter clocks) available during each 
horizontal blanking interval (CRO-CR 1 + I ill CRTC modes and RO-R 1 + 1 in 6845 modes) 
typically ranges from 13 (EGA 35()-li!l~ modt.!) to 34 (eGA text mode). If the number of 
cycles drops below 7, the graphics pointer m:ly not h\! lIsed; if it drops below 5, display 
memory may not be adequately rc:fresh~cI. This is typically no problem for CRT monitors 
built using current technology. 
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Sequencer/Extensions Index Register: SQEX/SRX 
I/O Pon Address: 3C4 
lW.! DrsriDtjon 
7 (msb) Sequencer/Extensions Indcx Bll-7 (m:-.h) 

6 -unused-

.-\l'l't>SS 

Rf\V 

5 Extensions Index Bil·S R/W 
4 Extensions Index Bit-4 R/\V 
3 Extensions Index Bit-3 R/W 
2 Sequencer/Extensions Index ilil-2 R/\V 
1 Sequencer/Extensions Index Bil-I R/W 
o (Isb) Sequcncer/Extensions Index Bil'O (I\h) [{j\V 

Reset Ry Reset State 

The Sequencer/Extensions Index R~gister points to the Sequencer registers and to the 
610/620 Extensions registers. The! three le:lst significant bits detennine the Sequencer 
register which will be pointed to in (he next register read/write operation. The five least 
significant bits detennine the Extension r~gister which will be pointed to in the next regis­
ter read/write operation. 

If the msb of the Index register is set to 0, or access to the extension registers is disabled, ' 
the Sequencer registers will be ac(:ess~d per (he three lsbs of the index. If the index regis­
ter msb is set to 1 and write access to the extt:nsion registers is enabled, the 610/620 ex­
tension registers will be accessed per the 5 Isbs of the index. 

In other words, if extensions access is disabled, the original sequencer registers SRO-4 
plus the new SR6 may be a(:<:essed :ll1ywhere in the range of indices from 00 to FF (0 same 
as 8, 10, 18, etc.). If extensions are l'nablecl, sequel1cer registers SRO-4 and. SR6 are 
accessed in 8-register blocks from 00 to 7F only and the new extension registers are 
accessed at 80-FF (CO-FF are l'~sC!rved for i"urure use and currently repeat registers 80-
BF). 
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Sequencer Reset Register: SRO 
I/O Pon Address: 3C5 
Index: 00 
Protection Bits: Write Protected by \VRCI) I 
Bit # Description ·\n'l'" 

7 (msb) -unused-
·6 -unused-

5 -unused-

4 -unused-

3 -unused-

2 -unused-

1 Synchronous Reset· R/W 

o (lsb) Asynchronous RCSCL· R/W 

Bit Descriptions 

Bit 1 Synchronous Reset* 

Re'\et lly Re~et State 

Setting this bit to 0 caUSeS the scqll~l1cer to clear synchronously and halt 
(disabling display memory RA\1 rl.~rrcsh and display refresh). Setting this bit to 1 
causes the sequencer to run unless DO (~synchronous reset) is cleared to O. Both , 
reset register bits must be "1" to allow the sequencer to operate. In order to pre­
serve display memory contents, this bit should be left set to 0 only for shon peri­
ods of time (a few tens of microst::c.:onds at most). The following registers should 
not be changed unless this bit is 0: 

Clocking ~'lode Register (SR 1) bits () and 3 
Misc Output Regist~r bits 2-3 
Extensions ClK R~gist~r bits 2--l 
Extensions B\VC (Bandwidth Control) Re~ister bits 0-2 
Extensions TC (Timing COllll'ol) Rl'gister bits 0-1 

Setting this bit to () also l'al1S~S \'JriOllS 610/()2() extension registers to be reset to 
their power-on state: TC bit-l (dUr~l(,:t~r width extension), BWC bits 0-2, SB­
PR, SBSH, SBSL, CURS, CR9171 (scan doubling enable) and CR14[6] (double­
word). The clearing of thl!se bits Ol'l'llrs at the transition of the synchronous reset 
bit from 1 to O. . 

Bit 0 Unused in the 610/620 chip set 

CRt7 [7] (0) Enahle H/V I{~lra(~ lCST I ()·.!I (00) ChipTcst 

CRll [5] (0) Disable V I.'rllel! Intrpl WI{C 10·71 (00) W ri lC Protect 

CRll [4] (0) Don't Ckar \'l'rt Illlrp! TC 111 (0) Charactcr Width Extension 

SR6 [0] (0) Extcn~ions En:lble I1\\'C 10·21 (0) Bandwidth Control 

SRJ [().5J (00) Char:lctcr Map Sell-l't I{O\tC 171 (0) ROM Disable 

STAT [11 (0) Light I>l.:n Flip nop ;';RPI{ 1()·41 (00) Screen B Preset Rowscan 

MISe [4J (1) Disa Ext Vidl:O l)ri\'~'r" SnSH 10.71 (00) Screen B Start High 

CONFIG [0] (0) MGA Grapitil:s En:lhk snSL 1()·71 (00) Screen B Start Low 

CONFIG [1] (0) MGA Page 1 En:lhk I'P.·\ 10.71 (FF) Pointer Pattern Addr 

MODE [7] (0) MGA P:I!!l: nit CL I~S 1()·71 (00) Cursor Attributes 

MODE [5] (0) CMGA i1link En,Ii)!..: ~WllCII 10.71 (00) State Switch Control 

MODE [3] (0) C~1(jA Yid\.'o [11:1I,\-: " \ III 10. 7\ (00) NMI Conuol 1 

MODE [1] (0) CMGA CrapI1ll.:-; \I(hk " \112 1{)·71 (00) NMI Control 2 

GPOSO [0-1] (0) Gr:lphi(;s POSition I) "ST.ATI 10.71 (00) NMI Status 1 

OPOSl [0-1 ] (1) GrJphi(;s Po"ilion I \ST:\T2 10. 71 (00) NMI Status 2 

CLK [2-4,71 (10) Clol:k Conlrol :-il"..\ fE 10. 71 (04) State Control 
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6.3 Sequencer Clocking Mode Register: SR I 
va Pon Address: 3C5 
Index: 01 
Protection Bits: Write Protected by \VRCI31 
W1.! Description An'esc; Reset oy Reset State 
7 (msb) -unused-

6 -unused-

5 
4 

3 
2 
1 

o (Isb) 

-unused-

-unused-

Dot Clock (1 = divide master c1o(:k by 2) 
Shift Load 
Bandwidth (0 = 1 :4, 1 = 3:2 imcrlc<lvc) 

8/9 Dot Clocks (0 = 9 dOLI\. 1 = X dOlS) 

R/W 

'. R/W 
R/W 

R/\V in SIC 
W only in G/A 

Bit Descriptions 

Bit 3 Dot Clock 
State 0 = selects the Sequem:er mast~r clock input to be output on the Dot Clock 
output pin. 
State I = causes the mastt!r clock to be divided by 2 to generate the dot clock. As 
the dot clock is the primary dock lIsed by the system, all other timings will be 
stretched as they are derived from the dot dock. Dot clock divided by 2 is used for 
320 x 200 modes (except 256-color mode). 

Bit 2 Shift Load 
State 0 = causes the display serializers in the Graphics Controller to be reloaded 
every character clock, 
State I = causes the display serializcrs in the Graphics Controller to be reloaded 
every other character clo(:k. This mode is llseful when 16 bits are fetched every 
memory cycle and chained tog\!thl'r in the shift registers. This bit is typically only 
set for monochrome graphil's modes. 

Bit 1 Bandwidth 
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State 0 = 1:4 interleave 
State I = 3:2 interleave 
This bit selects the ratio of display memory accesses allowed by the CPU relative 
to accesses by EGA/VGA hardware to r~fresh the CRT display. Higher resolu­
tion modes must fetch more data from memory in a given period of time to refresh 
the CRT display, so allow th\! CPU to access display memory less often. The 
bandwidth bit is therefore provid~d to allow selection of the best possible perfor­
mance for the current mode of oper:ltion. The only allowable selections in the IBM 
EGA and VGA are via this bit: a sl:uing of 0 indicates that a memory access by 
the CPU may occur only once for e\'\!ry 4. CRT accesses (referred to as 1:4 inter­
leave) and a setting of 1 indicates that CPU memory accesses may occur 3 times 
for every 2 CRT acc.:esse!s (3:2 int~rlt:a\'e). Note: 3:2 interleave does not current­
ly support 9 dots per charac.:trr. 
In addition, the bandwidth l'ontrol m~dlanisnls have been extended in the 610/620 
via a new 3-bit field in the! f3 \VC rt:gister (Bandwidth Control) at extensions in­
dex 86. The new field allows a \\'id~r selection of bandwidth settings than are " 
available in the standard EGA to :lc<:oml11odate new high resolution modes. If the 
bandwidth control field of the 8\\'C l\~~i"t~r is set to 0, the bandwidth control bit 
in the Sequencer Clo<.:king \ hxk ['~~i~t~r works as described to select between 
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1:4 and 3:2 interleave. If the bandwidth control field is non-zero, it selects addi­
tional bandwidth control settings. 
Refer to the BWC register (extensions index 86) for additional detail. 

Bit 0 8/9 Dot Clocks 

Revision A, 5/89 

State 0 = causes the Sequencer to t!c,!ner~te character clocks which are 9 dots 
wide. 
State 1 = causes the sequcnc.:er to gener~te c.:haracter clocks which are 8 dots 
wide. The IBM modes th~lt LIS\:! l}-dot wide c.:haracter clocks are monochrome text 
mode (720 x 350 resolution), and the new VGA 400-line text modes (9x16 font, 
40x25 and 80x25 text modes). All other standard modes use 8 dot wide character 
clocks. 
For compatibility. this bit i~ il11!1kmented the same as the standard EGA and 
VGA, but has been extended to i.l 3-bit field in extension register TC (Timing 
Control) at index 5 by dupli(:ating this bit in that register and adding two initially 0 
msbs. This allows more chara<.:ter width selections including 6 bits for implement­
ing 132-column text modes. I f this register is written, the added extension regis­
ter .bits are reset. If the extension register is written, this bit is changed according 
to the lsb of the value written into the field. 
Refer to the description of the TC register at extensions index 85 for additional 
information. 

VGA/EGA Sequencer Registers 



Cirrus Logic 610/620 Technical Reference Manual 

6.4 Sequencer Plane Mask (Map Mask) Register: SR2 
UO Port: 3CS 

64Kx4 
device 

Index: 02 
Protection Bits: Write Protected by \VRC[31 
lW..! Dwription Reset Oy Reset State 
7 (msb) Reserved for future use 
6 Reserved for future usc 

5 Reserved for future use 
4 

3 
2 

Reserved for future usc 
Enable Plane 3 
Enable Plane 2 

Rf\Y 

Rf\V 
1 Enable Plane 1 Rf\V 

o (Isb) Enable Plane 0 R/W 

A "1" in any of the bits 0 through 3 enables the CPU to write to the corresponding memory 
planes 0 through 3. When this register is loaded with OFh, the CPU can do a 32-bit write 
operation in one memory cycle. 

Figure 6·1: Display l\1cmory Plane l\1apping 

Plane 1 Plane 2 Plane 3 
AurtbulC 

I I Font 1 Data I I 
I Text Modes 

til Un?scd ,ta 
: 

Pixell bit-1 Pi:'(cl ~ bil-2 EGA 640x350 & VGA 640x480 
D~ta O~'la h6-c~r G rap ICS Odes 

I 

Ign~rcd 
Pi~cH rnsb 

I Ign~rCli EGA 640x350 4-Color 

OJla Mono Graphics Mode 
! 

Pixc~ msb , 

I I un~SCd CGA 320x200 

Data 
Unused 

4-Color Graphics Mode 

Od4 Byte 
Untscli I I 

t I eGA 640x200 & MGA 72Ox348 ; 

Pixel Data 
Unuscd 

Mono Graphics Modes 

Bvte 1 By~c 2 By~c 3 VGA 320x200 
• 

Pixell Dma Pixel Daca Pi:'(cli D~Il~1 256-Color Graphics Mode 
I 

64Kx4164Kx4 64Kx4 64Kx~ 64Kx4 (14KX4j64Kx4 
i 

device device ! device device devi<.:e de\' i(.'e device 

In EGA 4-bit per pixel graphics modes, planes 0-3 each contain 1 bit of the pixel value 
(this register is set to x 'F). In text modes. this register should be set to 3 (the CPU needs 
to access planes 0 and 1; the font infonnarion is retrieved directly by hardware independent 
of the contents of this register). 

When odd/even modes are selected (by dearing bit 2 of the Memory Mode register) planes 
0/1 and planes 2/3 should have the same plan~ m;lsk value. 

The effective value in this register is 3 (r Lt I1cS () and 1 enabled) in CGA and MGA text and 
graphics modes. The actual <.:ontcnts ot' this register are unchanged; a constant value is . 
effectively substituted for this register in C\ lG,\ modes of operation. 
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6.5 Sequencer Character Map Select Register: SR3 
I/O Pan: 3CS 
Index: 03 
Protection Bits: Write Protected by \VRCr 31 
lli1.! Description 
7 (msb) -unused-

6 -unused-

5 Secondary Character ~fap Se\c<;t bil-O (I."ib) 

4 Primary Character Map SC\c<':l hil-O (lsb) 

3 Secondary Character Map SCIC(.;l bil-2 (msh) 

2 Secondary Characlcr Map Selecl bil-! 

1 Primary Character Map Scle<;l bil-:! (msh) 
o (Isb) Primary Character Map Select bil-! 

Bit Descriptions 

Bit 3,2,5 Secondary Character l\1ap Select 

Rj\V 

RW 

Rf\V 

Rf\V 

R/W 
Rj\V 

Reset Oy 

Reset 
Reset 
Reset 
Reset 
Reset 
Reset 

Reset State 

o 
o 
o 
o 
o 
o 

These bits select the bank Llsed to generate alpha characters when attribute bit-
1 is "1" according to the following table: 

III 02 05 Font# 
000 0 

001 
0 () 2 
0 1 I 3 

0 () ~ 

0 I 5 
() 6 

1 7 

Table Location 
1 st 8K of Plane 2 
2nd 8K of Plane 2 
3rd 8K of Plane 2 

4th 8K of Plane 2 

5th 8K of Plane 2 

6th 8K of Plane 2 

7th 8K of Plane 2 

8th 8K of Plane 2 

Bit 1,0,4 Primary Character Font Select 
These bits select the plane llsed to generate alpha characters when attribute bit-
3 is "0" according to the following table: 

!ll.!2!! O~ Font# Table Location 

o 0 () () 1 sl 8 K of Plane 2 

o 0 I I 2nd 8 K of Plane 2 

o 
o 

1 

I 
o 
o 

() 

I 
() 

, 
3rd 8K of Plane 2 

4th 8K of Plane 2 

5th 8K of Plane 2 

6th 8K of Plane 2 
() () 7th 8K of Plane 2 

I 7 8th 8K of Plane 2 

In alphanumeric modes, bit-3 of the attribute byte nornlally turns the foreground intensity 
on or off. This bit may be redefined to be a switch between character sets. This function is 
enabled when there is a difference between th~ \':tiues of Primary and Secondary Character 
Map Select bits. Whenever the two valul.:s arc the same, the character select function is 
disabled. 

The fonnat of Plane 2 font address bits 15-0 is: F1 Fl FO C7 C6 CS C4 C3 C2 Cl CO R4 
R3 R2 R1 RO where F2-0 is the font '* (03/1/5 or 01/0/4), C7-0 is the character code, and 
R4-0 is the character row adddress. In the EGA. FO (04 and 05) is not implemented and 
is effectively always 0, limiting selt:c.:tion to ollly -+ of the 8 potential font storage areas of 
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. plane 2 (the even numbered fonts in the tables above). 

This register (along with the character attribute value) detennines where font infonnation 
is located for EGA and VGA text modes. For eGA or MGA text modes, which nonnally 
expect font infonnation to be contained in ROM, the FONTC register (Font Control) at 
extensions index 89 detennines where the font information is located. 
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6.6 Sequencer Memory Mode Register: SR4 
I/O Pon: 30 
Index: 04 
Protection Bits: Write Protected by WRCf3j 
JliU 12~s:[i lUi!}!] ~ Reset By Reset State 
7 (msb) -unused-
6 -unused-
5 -unused-
4 -unused-
3 Chain4 R/W in SIC 

2 Odd/Even* (O=Texl/CGA. l=MGAJEGA graphics) 
W only in G/A 

R/W 
1 Extended Memory (O=64KB RAM. 1=256KB RAM) R/W 
o (Isb) Text Mode (<>=Graphics. 1 =TC~l) RNI 
Bit Descriptions 

Bit 7 -4 unused 
Bit 3 Chain4 (double odd/even) 

Bit 2 

This bit is provided for compatibility with the VGA and should always be set to 0 
by EGA programs. 
When this bit is 1, AO provides plane select bit-O and A 1 provides plane select 
bit-l. This is like odd/even mode, ex<.:ept that A 1 is used as well as AO. This bit 
takes priority over bit-2 (odd/even); when this bit is set to 1, bit-2 has no effect. 
There is no separate bit in the Graphics Controller to select double odd/even mode 
as is the case with the odd/even bit; this bit is llsed for both. 
The Graphics Controller Read Map register is ignored when this bit is 1. This bit 
controls plane selection for both reads and writes. 
Odd/Even* 
Setting this bit to a will put the sequencer into the odd/even mode. 
"a" directs even CPU addresses to access planes 0 and 2 while odd CPU address­
es access planes 1 and 3. " 1" callses CPU addresses to sequentially access data 
within a bit plane. The planes ~Ire ~l(.:cessed according to the value in the 
Sequencer Plane Mask Register (SR2). 
This bit should be set to 0 for text modes. This bit should also be set to 0 when 
emulating eGA graphics mode \vith EGA hardware. 
The function of this bit should track the function of bit-4 of the Graphics Controller 
Mode Register (GR5 Odd/Even bit). Note: the binary values will be opposite. 

Bit 1 Extended Memory 
2S6KB display memory is standard on the 610/620 board, so this bit is usually set 
to 1. This bit may, however. be set to 0 to allow emulation of IBM EGA modes 
which assume a display memory size of 64KB. 

Bit 0 Text Mode 
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State 0 = indicates that graphit:s mode is a<.:tive. 
State 1 = indicates th:1t text (alphanumeric) mode is active. This bit enables the 
Character Map Select Register (SR)). 
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6.7 Extensions Control Register: (EXTC) SR6 
I/O Pon: 3CS 
Index: 06 
Jill! 
7 (msb) 
6 
5 
4 

3 
2 

Description 
-unused-
-unused-
-unused-
-unused-
-unused-
-unused-

1 -unused-

Re~et By Reset State 

o (Isb) Extensions Access Enable R from GA Reset 0 

Access to the extended registers of the 610/620 chip set (registers pointed to by Sequenc­
er indices SO-BF) is enabled and disabled by issuing write operations to pon address 3C5 
with an index of 6 stored in the Sequencer!Extensions Index Register. Access is enabled 
by writing hex OCAH; access is disabled by writing OACH. Reading from 3CS with an in­
dex of 6 stored in the index register returns the state of the access enable flag in the Isb 
(O=disabled, l=enabled). 

Access to the extension registers is disabled on reset. The capability to disable access to 
the extension registers is provided to allow the on-board BIOS to initialize the chip set to 
a particular mode of operation (especially one of the backwards-compatibility modes), with 
assurance that extension register contents won't be clobbered inadvenently by older non-
610/620-aware user programs. 
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7.0 VGAlEGA CRT Controller Registers 

Abbrev 
CRX 
CRO 
CRI 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 
CR9 
CRA 
CRB 
CRC 
CRD 
CRE 
CRF 
LPENH 
LPENL 
CR10 
CRll 
CR12 
CR13 
CR14 
CR15 
CR16 
CR17 
CR18 
CR1F 

The CRT Controller provides synchronization signals for the display monitor. The registers 
are shown in the table below: 

Register Name Standard Port Extension Port M2Sk ~ Wr Protect 
CR TC Index Register 3?4 1 ... 00 (RJW) All 
Horizontal Total 3?5 1 ... 00 (RlW) EGA Monitor Tim WRC[O] 
Horizontal Display End 3?5 1-01 (RJW) EGA Display Tim WRC[I] 
Horizontal Blanking Start 3?5 1-02 (RlW) EGA Monitor Tim WRC[O] 
Horizontal Blanking End 3?5 1 ... 03 (RlW) EGA Monitor Tim WRC[O] 
Horizontal Retrace Start 3?5 1 ... 04 (RJW) EGA Monitor Tim WRC[O] 
Horizontal Retrace End 3?5 1,.05 (RJW) EGA Monitor Tim WRC[O] 
Vertical Total 3?5 1-06 (RlW) EGA Monitor Tim WRC[O] 
Overflow 3?5 1-07 (RJW) EGA DispIMon Tim WRC[l:O] 
Screen A Preset Row Scan 3?5 1-08 (RIW) EGA Display Tim WRC[l] 
Character Cell Height 3?5 1-09 (RIW) EGA Display Tim WRC[l] 
Cursor Start 315 I ... OA (RIW) EGA Display Tim WRC[l] 
Cursor End 315 I ... OB (RJW) EGA Display Tim WRC[1] 
Screen A Start Address High 3?5 I-OC (RfW) All WRC(2] 
Screen A Start Address Low 3151-00 (RIW) All WRC[2] 
Cursor Location High 315 I.OE (RJW) All WRC[2] 
Cursor Location Low 315 h.OF (RIW) All WRC[2] 
Light Pen High 3151-10 (R) 3C5 1 .. 12 (RJW) All n/a 
Light Pen Low 315 1-11 (R) 3C5 1 .. 13 (RJW) All n/a 
Vertical Retrace Start 3?5 1-10 (W) 3C5 1:11 10 (RJW) EG A Monitor Tim WRC[O] 
Venical Retrace End 315 1= 11 (W) 3C5 1 .. 11 (R/W) EG A Monitor Tim WRC[O] 
Vertical Display End 3?5 1= 12 (RIW) EGA Display Tim WRC[I] 
Offset 3151= 13 (R/W) EGA Display Tim WRC[1] 
Underline Location 3151-14 (RJW) EGA Display Tim WRC[I] 
Vertical Blanking Start 315 1-15 (R/W) EGA Monitor Tim WRC[O] 
Verucal Blanking End 3151 .. 16 (RfW) EGA Monitor Tim WRC[O] 
CRT Mode Control 3151-17 (RJW) EGA MonitorTim WRC[O] 
Line Compare 3151 .. 18 (RJW) EGA Display Tim WRC[1] 
610/620 Identification 315 I-IF (R) VGAl n/a 

Note: '?' in the above port address is 'B' in monochrome mode and 'D' in color mode. 

Note: CRO-CRB and CRIO-CRI8 are referred to collectively as the 'CRTC Timing Regis­
ters' and are active in EGAJVGA mode to control CRT timing. In CMGA modes, these 
registers are disabled and CRT timing is controlled by the '6845 Timing Registers' (RO­
RB). CRX, CRC-CRF, LPENH, and LPENL are common to both EGAJVGA and CMGA 
modes. As shown in the table above, the timing registers are further categorized as 
'Monitor Timing' or 'Display Timing'; these two groups of registers can be write protected 
separately (refer to the description of the Write Control register at extension index 4 for 
further information). 

Note: All CRTC registers except CRC-CRF (R/W) and LPENHJLPENL (RIO) are write­
only in the standard mM EGA. In addition, CRTC registers CRIO-CR11 and 
LPENHJLPENL are at conflicting locations in the standard EGA, so cannot be made R/W 
at port 3?5 such as was done in the 610/620 VGA chip set for all other CRTC registers. 
The 610/620 VGA, therefore, allows CRI0-CR11 and LPENHfLPENL to be RJW accessed 
at extension register index locations in addition to their normal access as part of the CRTC 
register group. This capability is provided for state save and restore. The IBM VGA does 
not support light pens. 
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CRTC Index Register: CRX 
110 Port Address: 374 
IW.! Desriptjog 
7 (msb) -unused-
6 -un used-

5 -un~ 

~ ResetD! 

4' CRTC Index Bit-4 PJW 
3 CRTC Index Bit-3 RJW 
2 CRTC Index Bit-2 RJW 
1 CRTC Index Bit-l PJW 
o (Isb) CRTC Index Bit-O RJW 

Reset State 

The CRTC Index register points to the internal registers of the CRT Controller. The five 
least significant bits detennine which register will be pointed to in the next register 
read/write operation to 110 port 3B5/3D5. 

Since only 5 bits of index register are currently implemented, CRTC registers O-IF may 
also be addressed using index ranges 20-3F, 4O-5F, 60-7F, 80-9F, AO-BF, CO-DF, and 
EO-FF. This, however, is not recommended, as higher index ranges are resrved for future 
use and this may not be true in fuure chip revisions. 

The same index register is used for access to both CRTC registers (VGAJEGA mode) and 
6845 registers (CMGA modes). 
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7.2 CRTC Horizontal Total Register: CRO 
va Port ft ddress: 3?5 
Index: Of. 
Protecti' ,its: WRC[O] 
Ili1.1t DescriptjoD 
7. (msb) Horizontal Total Bit-7 
6 Horizontal Total Bit-6 
5 
4 

3 

2 

Horizontal Total Bit-S 
Horizontal Total Bit-4 

Horizontal Total Bit-3 

Horizontal Total Bit-2 

~ ResetB! 
RJW 
RJW 
RJW 

RJW 
RJW 

RJW 
1 Horizontal Total Bit-l RJW 
o (Isb) Horizontal Total Bit-O RJW 

Reset State 

The Horizontal Total register defines the total number of characters in a horizontal scan 
line, including the retrace time. Together with the value in the Retrace Timing registers 
CR4 and CRS, the period of the retrace output signal is determined by the value in this reg­
ister. The character clock input to the device is counted by a character counter. The value 
of the character counter is compared with the value in this register to provide the horizontal 
timing. All horizontal and vertical timings are based upon the contents of this register. 

The value in the register = Total Number of Characters - 2. 

Note: This register is effective only in EGNVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 

A-CR6 (V Total) 
B-CRI6 (V Blanking End) 
C-CR 11 (V Retrace End) 
D-CRI0 (V Retrace Start) 
E-CR 15 (V Blanking Start) 
F -CR 12 (V Display End) 
G-Right Border 
H-Display Blanked 
I-Horizontal Retrace (Sync) 
J-Display Blanked 
K-Left Border 
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Figure 7-1: CRTC Timing Registers 
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7.3 CRTC Horizontal Display End Register: CRt 
I/O Port Address: 3?S 
Index: 01 
Protection Bits: WRC[ 1] 
Ili1.! Description ~ Rest By Reset State 
7 (msb) HOOzontal Display End Bit-7 R/W 
6 Horizontal Display End Bit-6 R/W 

S Horizontal Display End Bit-S R/W 

4 Horizontal Display End Bit-4 R/W 

3 Horizontal Display End Bit-3 R/W 

2 Horizontal Display End Bit-2 R/W 

1 Horizontal Display End Bit-l R/W 

o (Isb) Hmzontal Display End Bit-O R/W 

The Horizontal Display Enable End register defines the total number of displayed charac­
ters in a horizontal line. 

The value in ~e register = Total Number of Characters - 1. 

Refer to Figure 6-1 (see register CRO) for a summary ofCRTC timing registers. 

Note: This register is effective only in EGAlVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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7.4 CRTC Horizontal Blanking Start Register: CRl 
va Port Address: 3'?S 
Index: 02 
Protection Bits: WRC[O] 
Jli1it Description MwI Reset By Reset State 
, (msb) Horizontal Blanking Start Bit-' R/W 

6 Horizontal Blanking Start Bit-6 RJW 
S Horizontal Blanking Start Bit-S RJW 
4 Horizontal Blanking Start Bit-4 RIW 

3 Horizontal Blanking Start Bit-3 RIW 

2 Horizontal Blanking Start Bit-2 RJW 
1 Horizontal Blanking Start Bit-l RJW 
o (Isb) Horizontal Blanking Stan Bit-O RJW 

The contents of this register defme the time when the horizontal blanking will start. The 
register is defmed in tenns of the number of horizontal character clocks assuming character 
positions are ~umbered O-n where position 0 is the frrst displayed character position at the 
left side of the screen. The horizontal blanking signal becomes active when the horizontal 
character count is equal to the contents of this register. 

The underline scan line decode output is multiplexed on the cursor output during the blank­
ing period. The underline signal is valid for one character count beyond the end of the 
blanking signal. 

Refer to Figure 6-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGAlVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State J Register). 
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7.5 CRTC Horizontal Blanking End Register: CRJ 
110 Port Address: 315 
Index: 03 
Protection Bits: WRC[O] 
Bi11t Description ~ Reset By Reset State 
7 (msb) UGHTPEN compatibility readback RJW 
6 Display Enable Skew Control RJW 
S Display Enable Skew Control RJW 
4 Horizontal Blanking End Bit-4 RJW 
3 Horizontal Blanking End Bit-3 RJW 
2 Horizontal Blanking End Bit-2 RJW 
1 Horizontal Blanking End Bit-l RJW· 
o (Is b) Horizontal Blanking End Bit-O RJW 

The contents of this register defme the time when the horizontal blanking will end. The 
register is defmed in tenns of the number of horizontal character clocks assuming character 
positions are nu~bered O-n where position 0 is the fJISt displayed character position at the 
left side of the screen. 

The underline scan line decode output is multiplexed on the cursor output during the blank­
ing period. The underline signal is valid for one character count beyond the end of the 
blanking signal. 

Bit Descriptions 

Bit 6-S Display Enable Skew Control 
Prior to displaying data on the screen, the CRT controller has to access the dis­
play buffer to obtain a character to be displayed, access the attribute code, access 
the character generator font, . and fmally read the Pixel Panning register in the 
Attribute Controller. Each of these accesses require the display enable signal to 
be skewed by one character clock to allow for synchronization with the horizontal 
and vertical retrace pulses. The display enable skew bits in this register allow for 
~is skew. The skew can be programmed from 0-3 character clocks as follows: 
12§ JH Skew in character clocks 

o 0 0 
o 1 1 <- typical setting 

1 0 2 
1 . 1 3 

Bit 4-0 End Horizontal Blanking 
The horizontal blanking signal width is detennined as follows: 
Value in Start Blanking Register (R2) + Width of Blanking Signal W = 5-bit value 
to be programmed into the End Horizontal Blanking register. 
The least five significant bits of the horizontal character counter are compared 
with the contents of this register. When a match occurs, the horizontal blanking 
pulse becomes inactive. Note that the five bits of this register limit the length of 
the blanking pulse to 31 character clocks. Note also that if the blanking interval 
extends beyond the end of the line, erratic behavior will result since the horizontal 
character counter gets cleared after the number of character times programmed in 
the horizontal total register. 

Refer to Figure 6-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGAJVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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7.6 CRTC Horizontal Retrace Start Register: CR4 
I/O Port Address: 3?S 
Index: 04 
Protection Bits: WRC[O] 
lli1.1t Deseri plioo Reset By Reset State 
7 (msb) Haizontal Retrace Start Bit-7 
6 Horizontal Retrace Start Bit-6 

5 Horizontal Retrace Start Bit-S 
4 

3 

2 

Horizontal Retrace Start Bit-4 

Hcriz.on tal Retrace Start Bit -3 

Horizontal Retnce Start Bit-2 

RJW 
RJW 
RIW 

RJW 
RJW 

1 Horizontal Retrace Start Bit-l RJW 
o (Isb) Horizontal Retrace Start Bit-O RJW 

This register defmes the character position at which the Horizontal Retrace Pulse becomes 
active assuming character positions are numbered O-n where position 0 is the flI'St dis­
played character position at the left side of the screen. This register centers the monitor 
screen horizontally. The value in the register is the character count at which the Horizontal 
Retrace Pulse becomes active. 

Refer to Figure 6-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGA/VGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 

Revision A, 5/89 7-7 VGAIEGA CRT Controller Registers 



Cirrus Logic 610/620 Technical Reference Manual 

7.7 CRTC Horizontal Retrace End Register: CRS 
]/0 Port Address: 315 
Index: 05 
Protection Bits: WRC[O] 
Ilil! DacriptioQ Awa Reset By Reset State 
7 (msb) Hcxizontal Retrace End Bit-7 RJW 
6 Horizontal Retrace End Bit-6 RJW 
S 
4 

3 

2 

Horizontal Retrace End Bit~S 
Horizontal Retrace End Bit-4 
Hmzontal Retrace End Bit-3 
Hmzontal Retrace End Bit-2 

RJW 
RJW 
RJW 
RJW 

1 Hmzontal Retrace End Bit-l RJW 
o (Is b) Hcrizontal Retrace End Bit-O RJW 

This register defines the character position at which the Horizontal Retrace Pulse becomes 
inactive assuming character positions are numbered O-n where position 0 is the fll"St dis­
played character position at the left side of the screen. 

Bit Descriptions 

Bit 7 Start Odd Memory Address: This bit determines the CRT memory address after 
a horizontal retrace. 0 selects an even address, and 1 selects an odd address. In 
most cases this bit should be set to O. This bit is useful-in applications where hor­
izontal pixel panning is required. 

Bit 6-S Horizontal Retrace Delay: The skew of the horizontal retrace signal is controlled 
by these bits. In some modes, it is necessary to provide a horizontal retrace sig­
nal that takes up the entire blanking period. The horizontal retrace signal also 
triggers some internal timings on the falling edge of the signal. To ensure that the 
signals are latched properly, the retrace signal is started before the end of the dis­
play enable signal. It is then skewed several character clock times to provide the 
proper screen centering. 
Jli m Skew in cbarader clocks 
o 0 0 
o 1 1 
1 0 2 
113 

Bit 4-0 End Horizontal Retrace: The horizontal retrace signal becomes inactive after the 
character count becomes equal to the count in these bits. The width of the retrace 
signal is detennined as follows: 
Value in Retrace Start Register (CR4) + Width of Retrace Signal W = 5-bit value 
to be programmed into the Horizontal Retrace End register. 
The five Isbs of the horizontal character counter are compared to the contents of 
this register. When a match occurs, the horizontal retrace pulse becomes inac­
tive. Note that the five bits of this register limit the length of the retrace signal to 
31 character clocks. Note also that if the retrace interval extends beyond the end 
of the line, erratic behavior will result since the horizontal character counter gets 
cleared after the number of character times programmed in ·the horizontal total reg-
ister. 

Refer to Figure 6-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGAJVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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7.8 CRTC Vertical Total Register: CR6 
I/O Port Address: 315 
Index: 06 
Protection Bits: WRC[O] 
B.iU Description 
7 (msb) Vertical Total Bit-7 
6 Vertical Total Bit-6 

S 
4 

3 
2 

Vertical Total Bit-S 
Vertical Total Bit-4 
Vertical Total Bit-3 
Vertical Total Bit-2 

Ailla 
RJW 
RJW 
RJW 
RJW 
RJW 
RJW 

1 Vertical Total Bit-l RJW 
o (Isb) Vertical Total Bit-O RJW 

Rest By Rest State 

The Vertical Total register defmes the number of horizontal raster scans on the CRT 
screen, including the vertical retrace. The Vertical Total register contains the low order 8 
bits of a 9-bit register. The ninth bit is located in the CRT Cont;roller Overflow register 
(CR 7 bit-O). 

Refer to Figure 6-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGAJVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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7.9 CRTC Overflow Register: CR7 
I/O Port Address: 315 
Index: 07 
Protection Bits: WRC[ 1 :0] 
B.l1.! DaqiptioD 
7 (nub) -un used-

6 -unused-

5 -unused-

Protected By Awa Reset By Reset State 

4 Bit-8 of Line Compare Reg (CRIB) WRC[1] RJW 
3 Bit-8 of Vertical Blanking Start Reg (CR 15) WRC[O] RJW 
2 Bit-8 of Vertical Retrace Reg (CRIO) WRC[O] RJW 
I Bit-8 of Vertical Display End Reg (CRI2) WRC[1] RlW 

o (Isb) Bit-8 of Vertical Total Reg (CR6) WRC[O] RlW 

The CRT Controller Overflow register is used in conjunction with other control registers 
and contains the ninth bit (D8) of these registers. 

The bits of this register are write protected by ones in bits 0 and 1 of the Extensions Write 
Control (WRC) Register (extensions index 84). . 

Note: This register is effective only in EGAlVGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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CRTC Screen A Preset Row Scan Register: CR8 
I/O Port Address: 375 
Index: 08 
Protection Bits: WRC[l] 
lli1.! Descdptjog Reset By Reset State 
7 (msb) -un used-
6 -unused-

5 -unused-
4 Screen A Preset Row Scan Bit-4 R/W 
3 Screen A Preset Row Scan Bit-3 R/W 
2 Screen A Preset Row Scan Bit-2 R/W 
1 Screen A Preset Row Scan Bit-l R/W' 
o (Isb) Screen A Preset Row Scan Bit-O R/W 

This register specifies the starting row scan count of the character cell after a vertical 
retrace (assuming the scan lines of a character row are numbered starting with 0). This is 
the start of the top half of the screen (referred to as 'Screen A ') if split screen mode is in 
effect. Each horizontal rettace increments the horizontal row scan counter. The horizontal 
row scan counter is cleared at maximum row scan count, which is programmed through reg­
ister CR9. In text and certain graphics modes, this register can be used for soft scrolling by 
setting the register value between 0 and the value in CR9. For example, by setting the 
Preset Row Scan to 1 instead of 0, the next frame will start at scan line 1 of the character 
cell, which will give the effect of shifting vertically by 1 row, or vertical scrolling. This regis­
ter should be changed only during vertical retrace. 

Refer also to the descriptions of the 'Line Compare' register (CRI8) and the 'Screen B' 
extension registers for more infonnation on how to implement split-screen mode. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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7.11 CRTC Character Cell Height Register: CR9 
I/O Pon Address: 3?5 
Index: 09 
Protection Bits: WRC[I] 
Jill.! Degriptjog 
7 (msb) Scan Double 
6 -un used-

5 -unused-
4 Character Cell Height Bit-4 R/W 
3 Character Cell Height Bit-3 R/W 
2 Character Cell Height Bit-2 R/W 
1 Character Cell Height Bit-l R/W 
o (Isb) Character Cell Height Bit~ R/W 

Reset By 
Reset or Sync Reset 

This register specifies the number of scan lines per character row minus one. 

Reset Slate 
o 

The msb also enables CRTC scan doubling. When the msb is 0, scan lines are generated 
for the monitor as in the nonnal EGA and VGA. When the msb is 1, every scan line in the 
normal display is displayed twice in succession. The scan doubling bit in this register only 
effects the CRTC (not the 6845), so only effects the display in EGANGA mode. It has no 
effect in CGA and MGA modes. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 
VGA extension register ER2F, the 'Active Adapter State' Register). 
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7.12 CRTC Cursor Start Register: eRA 
110 Port Address: 3?5 
Index: OA 
Protection Bits: WRC[ 1] 
lli11t Description 
7 (msb) -unused-
6 -unused-
5 -unused-
4 Cursor Start Bit-4 
3 Cursor Start Bit-3 

RJW 
RJW 

2 Cursor Start Bit-2 R/W 
1 Cursor Start Bit-l RJW 
o (lsb) Cursor Start Bit-O RJW 

Reset By Reset State 

This register specifies the scan line of the character row where the cursor is to begin 
assuming the scan lines of a character row are numbered staning with O. Some examples 
are shown in the figure below: 

Figure 7·2: CRTC Cursor Programming Examples 

Scan Line 

11--
Cursor Start Line = 0 

Cursor End Line = 8 

Scan Line 

~--

~--

~MmB 
Cursor S tart Line = 11 

Cursor End Line = 13 

Scan Line 

!=-= 
11. 
Cursor Start Line = 9 

Cursor End Line = 6 

Note that if the cursor stan register value is greater than the cursor end register value, the 
cursor wraps around, resulting in a two-pan cursor. Note also that the end register value 
must be one greater than that required for 6845 cursor programming. 

If the cursor stan value is the same as the cursor end value, a 1 line cursor will result. In 
the IBM EGA, only the 4 Isbs are compared, so that a one-line cursor will result if the 
start and end registers are identical or different by exactly 16. The 4-bit comparison is not 
duplicated by the 610/620; the 610/620 produces a one-line cursor only for the expected 
cases of the stan and end registers being different by either 0 or 1. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 ex­
tension register ER2F, the 'Active Adapter State' Register). 
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7.13 CRTC Cursor End Register: CRB 
I/O Port Address: 315 
Index: OB 
Protection Bits: WRC[l] 
.IliU Descriptjog ~ Reset By Reset State 
7 (msb) -un used-

6 -unused- (IBM EGNVGA: Cursor Skew Control Bit-I) 

5 -unused- (IBM EGNVGA: Cursor Skew Control Bit-O) 
4 Cursor End Bit-4 R/W 

RIW 3 Cursor End Bit-3 

2 Cursor End Bit-2 R/W 
1 Cursor End Bit-l RIW 
o (lsb) Cursor End Bit-O R/W 

The Cursor End register specifies the scan line plus one of the character row where the cur­
sor is to end assuming the scan lines of the character row are numbered starting with 0 
(note that this is one greater than that required in the 6845). Refer to the defmition of the 
CRTC cursor start register (CRA) on the previous page for CRTC cursor programming 
examples. 

This register also controls the cursor skew as described below: 

Bit Descriptions 

Bit 6-5 These two bits are unused in the 610/620 VGA. For reference, in the IBM EGA 
and VGA, these two bits control the cursor skew as follows: 
J2j ~ SJw! Comment 
o 0 Zero character skew 
o 1 Zero character skew 
1 0 One character skew IBM EGA Cursor 2 characters wide in column 1 
1 1 Two character skew IBM EGA Cursor 3 characters wide in column 1 

Programming this field with 0 or 1 in the IBM EGA and VGA will result in the cur­
sor being located over the character pointed at by the cursor location registers 
CRE and CRF. This is the desired result. Programming this field, however, with 
a non-zero value in the IBM EGA, will result in the cursor being located 1 or 2 
characters to the right of that position in most cases, but results in a cursor that is 
more than one character wide when in column 1. This is usually non-interesting 
and is not emulated in the 610/620. 

Bit 4-0 These bits define the scan line of the character cell where the cursor is to end plus 
1. The 'plus l' part of the definition limits the maximum cursor height to 31 lines 
instead of the expected 32. An end value greater than the height of the character 
cell results in a full block cursor the same height as the character cell. An end val­
ue less than the stan value results in a wrap-around cursor as shown in the figure 
above. 
If the start and end registers have the same value, a 1-line cursor results. How­
ever, in the IBM EGA, the comparison is perfonned with a 4-bit comparator, 
instead of the expected 5-bit comparator. This, therefore, results in a 1-line cur­
sor also when the cursor start and end registers are different by exactly 16. This 
behavior of the cursor logic is not emulated by the 610/620; programming the cur­
sor start and end registers to values 16 apart will result in a 16-line cursor. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 ex­
tension register ER2F, the 'Active Adapter State' Register). 
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7.14 CRTC Screen A Start Address Register High: CRe 
I/O Port Address: 3?5 
Index: OC 
Protection Bits: WRC[2] 
JW..! Description ~ Reset By Reset State 
7 (msb) Screen A Start Address Bit-IS R/W 
6 Screen A Start Address Bit-I4 R/W 
S Screen A Start Address Bit-I3 R/W 
4 Screen A Start Address Bit-I2 R/W 
3 Screen A Start Address Bit-II R/W 
2 Screen A Start Address Bit-IO R/W 
I Screen A Start Address Bit-9 R/W 
o (1sb) Screen A Start Address Bit-S R/W 

The Screen A Start Address register is a 16-bit value which specifies fust display memory 
address after a vertical retrace at which the display on the screen begins on each screen 
refresh. This register contains 8 high order bits of the address, while the Screen A Start 
Address Low register (CRD) specifies the 8 low-order bits. 

The reason that the name of this register is qualified with 'Screen A' is that under some 
circumstances, two logical screens may be present (split-screen mode). In this case, this 
register specifies the start address of the first of the two (the top one). The start address 
of screen B (the bottom one) is specified by a pair of extension registers (ERe and ERD 
also called SBSH and SBSL). The bottom screen's start scan line on the screen is deter­
mined by the line compare register (CRI8). Refer to the description of the line compare 
register for a diagram of split-screen mode. 

Note that there is no split screen capability in CMGA modes since there is no line compare 
register in the 6845. 

This register is used for both CMGA and EGA/VGA modes. 

Note: This register is also part of the mechanism used to identify the 610/620 chip. Any 
value written to this register can be read back exclusive-or'd with 'EA' hex (binary 
'11101010') at CRTC index IF. 
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7.15 CRTC Screen A Start Address Register Low: CRD 
I/O Port Address: 375 
Index: OD 
Protection Bits: WRC[2] 
JW.J Qesriptjog ~ Reset By Reset State 
7 (msb) Screen A Stan Address Bit-7 R/W 
6 Screen A Stan Address Bit-6 R/W 

S Screen A Stan Address Bit-S R/W 
4 Screen A Stan Address Bil-4 R/W 
3 Screen A Stan Address Bit-3 R/W 
2 Screen A Stan Address Bil-2 R/W 
1 Screen A Start Address Bil-l R/W' 
o (lsb) Screen A Start Address Bit-O R/W 

The Screen A Stan Address register is a 16-bit value which specifies the f1l'st display 
memory address after a vertical retrace at which the display on the screen begins on each 
screen refresh. ,This register contains the 8 low order bits of the address, while the Screen 
A Stan Address High register (CRC) specifies the 8 high-order bits. 

This register is used for both EGANGA and CMGA modes. 
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7.16 CRTC Cursor Location Register High: eRE 
I/O Port Address: 375 
Index: OE 
Protection Bits: WRC[2] 
lW.! Desdptjog 
7 (msb) Cursor Location Bit -15 

6 Cursor Location Bit-14 

5 Cursor Location Bit-13 
4 Cursor Location Bit-12 RJW 
3 Cursor Location Bit-ll RJW 
2 Cursor Location Bit-IO RJW 
I Cursor Location Bit-9 R/W 
o (Isb) Cursor Location Bit-8 RJW 

Reset By Reset State 

The Cursor Location register contains a 16-bit value which specifies the offset of the cursor 
location from the start of physical display memory in character positions. This register con­
tains the 8 high order bits of the value, while the Cursor Loca~on Low register (CRF) 
specifies the 8 low-order bits. 

When the screen start address registers (CRC and CRD) contain 0, programming the cur­
sor location registers (this register and CRF) to 0 positions the cursor over the upper left 
character of the screen (row 1, column 1); programming them to 1 positions the cursor over 
the character in the next column to the right (row 1 column 2), etc. If the screen start regis­
ters are changed, the cursor will remain pointed at the same character (Le., the cursor will 
effectively move the same number of characters as the displayed screen contents to remain 
pointed at the same displayed character). The value in the cursor location registers is rela­
tive to the start of physical display memory, not to the start of the screen. 

Since infonnation is stored in display memory as character/attribute pairs, the address of 
the character under the cursor will be exactly two times the value in the cursor location reg­
isters (plus the base address of the screen). 

This register is used for both EGANGA and CMGA modes. 
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7.17 CRTC Cursor Location Register Low: CRF 
I/O Port Address: 315 
Index: OF 
Protection Bits: WRC[2] 
J!i1l Desriptjop 
7 (msb) Cursor Location Bit-7 
6 Cursor Location Bit-6 
S Cursor Location Bit-S 
4 Cursor Location Bit-4 
3 Cursor Location Bit-3 

~ 
R/W 
R/W 
R/W 
R/W 
R/W 

2 Cursor Location Bit-2 R/W 
1 Cursor Location Bit-l R/W 
o (Isb) Cursor Location Bit-O R/W 

Reset By Reset State 

The Cursor Location register contains a 16-bit value which specifies the offset of the cursor 
location from the start of physical display memory in character positions. This register con­
tains the 8 low order bits of the value, while the Cursor Location High register (CRE) spec­
ifies the 8 high-order bits. 

When the screen stan address registers (CRC and CRD) contain 0, programming the cur­
sor location registers (this register and CRE) to 0 positions the cursor over the upper left 
character of the screen (row 1, column 1); programming them to'1 positions the cursor over 
the character in the next column to the right (row 1 column 2), etc. If the screen start regis­
ters are changed, the cursor will remain pointed at the same character (i.e., the cursor will 
effectively move the same number of characters as the displayed screen contents to remain 
pointed at the same displayed character). The value in the cursor location registers is rela­
tive to the start of physical display memory, not to the start of the screen. 

Since infonnation is stored in display memory as character/attribute pairs, the address of 
the character under the cursor will be exactly two times the value in the cursor location reg­
isters (plus the base address of the screen). 

This register is used in both CMGA and EGANGA modes. 
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7.18 CRTC Light Pen Register High: LPENH 
. 110 Port Address: 3?5 Index 10 

Index: I/O Port 3C5 Index 92 
Bit # Description 3?S Access 3CS Access Reset 8y Reset State 
7 (msb) Light Pen Address Bit-15 R R/W 
6 Light Pen Address Bit-14 R R/W 
5 Light Pen Address B it-I3 R R/W 
4 Light Pen Address Bit-12 R R/W 
3 Light Pen Address Bit-II R R/W 
2 Light Pen Address Bit-IO R R/W 
I Light Pen Address Bit-9 R RIW 
o (lsb) Light Pen Address Bit-8 R RIW 

The Light Pen High register contains the 8 high-order bits of the memory address at the 
time the light pen flip flop is set. The low order 8 bits are stored in the Light Pen Low reg­
ister (LPENL at CRTC index 11). The LPENH and LPENL registers are nonnally read­
only at CRTC index 10 and 11. However, the 610/620 also allows these registers to be ac­
cessed R/W at extension index 92 and 93 for state save and restore. 

Refer to SLPEN and CLPEN for funher infonnation on loading the LPENH and LPENL reg­
isters. 

This register is used in both CMGA and EGA/VGA modes (the two msbs are always 
loaded with 0 when the 6845 is active since the 6845 memory address register is only 14 
bits wide). 
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7.19 CRTC Light Pen Register Low: LPENL 
I/O Pon Address: 315 Index 11 
Index: I/O Pon 3C5 Index 93 

lli1.! Descriptiog ~7~ Acces~ 
7 (msb) Light Pen Address Bit-7 R 
6 Light Pen Address Bit-6 R 
5 Light Pen Address Bit-5 R 
4 Light Pen Address Bit-4 R 
3 Light Pen Address Bit-3 R 
2 Light Pen Address Bit-2 R 
} Light Pen Address Bit-} R 

o (Isb) Light Pen Address Bit-O R 

~~~ AcceD 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

R~sl BI R~st ~tat~ 

The Light Pen Low register contains the 8 low-order bits of the memory address at the 
time the light pen flip flop is set. The high order 8 bits are stored in the Light Pen High reg­
ister (LPENH at CRTC index 10). The LPENH and LPENL registers are nonnally read­
only at CRTC index 10 and 11. However, the 610/620 also allows these registers to be ac­
cessed !.JW at extension index 92 and 93 for state save and restore .. 

Refer to SLPEN and CLPEN for funher infonnation on loading the LPENH and LPENL reg­
isters. 

This register is used in both CMGA and EGANGA modes. 
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7.20 CRTC Vertical Retrace Start Register: CRIO 
I/O Port Address: 3?5 Index 10 
Index: I/O Pon 3C5 Index 90 
Protection Bits: WRC[O] 
J!il! DescriPtjog 3?S Access 3CS Access Reset By Reset State 
7 (msb) Vertical Retrace Start Bit-7 W R!W 
6 Venical Retrace Start Bit-6 W R!W 
5 Venical Retrace Start Bit-5 W R!W 
4 Vertical Retrace Start Bit-4 W R!W 
3 Venical Retrace Start Bit-3 W R!W 
2 Vertical Retrace Start Bit-2 W R/W 
1 Vertical Retrace Start Bit-l W R/W 
o (Isb) Vertical Retrace Start Bit-O W R/W 

The Vertical Retrace Start register is a 9-bit address which defines the position of the ver­
tical retrace stan signal in tenns of horizontal scan lines assuming the scan lines are num­
bered starting from 0 at the top of the screen. The low order 8 bits are programmed through 
this register, while the high order ninth bit is programmed through the CRTC Overflow reg­
ister (CR7 bit-2). 

This register is nonnally accessed at CRTC index 10 as a write-only register (read-back 
at this index returns the Light Pen High Address Register). The 610/620 also allows 
read/write access at extensions index 90 for state save and restore. 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 ex­
tension register ER2F, the 'Active Adapter State' Register). 
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7.21 CRTC Vertical Retrace End Register: CRtt 
I/O Port Address: 315 Index 11 
Index: I/O Port 3C5 Index 91 
Protection Bits: WRC[O] 
W1.! Descriptjon 315 Access 3C5 Access Rest By Rest State 
.7 (msb) O=Nonnal.l=Test W R/W 
6 O=Nonnal. l=Test W R/W 
5 O=Enable Vertical Interrupt W R/W Reset} 
4 O=Clear Vertical Interrupt W R/W Reset 0 
3 Vertical Retrace End Bit-3 W R/W 
2 Venical Retrace End Bit-2 W R/W 
} Vertical Retrace End Bit-} W R/W 
o (lsb) Vertical Retrace End Bit-O W R/W 

This register is nonnally accessed at CRTC index 11 as a write-only register (read-back 
at this index returns the Light Pen Low Address Register). The 610/620 also allows 
read/write acc~ss at extensions index 91 for state save and restore. 
Bit Descriptions 

Bit 7 Test 
For normal operation this bit must be set to "0". This bit is ignored by the 
610/620. 

Bit 6 Test 
For nonnal operation this bit must be set to "0" .Setting this bit to 1 causes line 
counter bits 7-8 to be forced to 1 's ('6845-compatibility' mode). This capability 
is never used. 

Bit 5 A "0" will enable the vertical interrupt of the CRT Controller. (See Input Status 
Register 0 bit-7 at port address 3C2). 

Bit 4 Clear Vertical Interrupt 
This bit clears the vertical interrupt generated on the CRTINT output of the CRT 
controller. A "0" will clear the interrupt. 

Bit 3-0 Vertical Retrace End 
These 4 bits specify the horizontal scan line count at which the vertical retrace 
output pulse becomes inactive assuming the scan lines are numbered starting 
from 0 at the top of the screen. The four bits are compared with the four least sig­
nificant bits of the vertical scan line counter. When the four counter bits are equal 
to the contents in this register, the vertical retrace is terminated. The Width W of 
the vertical retrace pulse can be detennined from the following algorithm: 
Value of Stan Vertical Retrace register (CRI0) + W = 4-bit value to be pro­
grammed into the Vertical Retrace End register. 
Note that the four least significant bits of the algorithm result are to be pro­
grammed into this register. Thus the maximum retrace pulse width can only be 15 
scan lines. Note also that if the blanking interval extends beyond the end of the 
screen, erratic behavior will result since the vertical scan line counter gets cleared 
after the number of scan lines programmed in the vertical total register. 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 ex­
tension register ER2F, the 'Active Adapter State' Register). 
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7.22 CRTC Vertical Display End Register: CR12 
I/O Port Address: 3?5 
Index: 12 
Protection Bits: WRC[ 1] 
1li1.1t Description ~ Reset 8y Reset State 
7 (msb) Vertical Display End Bit-7 R/W 
6 Vertical Display End Bit-6 R/W 
5 Vertical Display End Bit-5 R/W 
4 Vertical Display End Bit-4 R/W 
3 Vertical Display End Bit-3 R/W 
2 Vertical Display End Bit-2 R/W 
1 Vertical Display End Bit-l R/W 
o (Isb ) Vertical Display End Bit-O R/W 

The Vertical Display Enable End register dermes 8 bits of the 9-bit address which speci­
fies the scan line position where the display on the screen ends assuming the scan lines 
are numbered starting from 0 at the top of the screen. The ninth bit is located in the CRTC 
Overflow register (CR7 bit-l). 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 ex-
tension register ER2F, the 'Active Adapter State' Register). · 
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7.23 CRTC Offset Register: CR13 
I/O Pon Address: 375 
Index: 13 
Protection Bits: WRC[ 1] 
JW.! Desriptjog ~ Reset By Reset State 
7 (msb) Logical Screen Line Width Bit-7 R/W 
6 Logical Screen Line Width Bit-6 R/W 
5 Logical Screen Line Width Bit-5 R/W 
4 Logical Screen Line Width Bit-4 R/W 
3 Logical Screen Line Width Bit-3 R/W 
2 Logical Screen Line Width Bit-2 R/W 
1 Logical Screen Line Width Bit-l RJW 
o (Isb) Logical Screen Line Width Bit-O R/W 

The Offset register contents define the logical line width of the screen. The staning 
address of the next character row is determined by the value in the Offset register. 

The following figure is a functional diagram of how the Offset register is used. The register 
stan address is sent to the memory address counter. When the memory address counter 
counts bytes, the next line address is the current line start address + 2 times the Offset 
register contents. This is shown in the figure by the fact that the adder has one of the input 
port's least significant bits forced to a "0". When the memory address counter is counting 
words, the next line address is the current line start address + 4 times the Offset register 
contents. The byte or word mode for the memory address counter is selected by the Mode 
Control register (CR 17), bit 6. The Start Address High and Low bytes in the figure corre­
spond to the frrst address after a vertical retrace at which the display on the screen begins. 

Figure 7·3: CRTC Offset Register Operation 

MEMORY 
ADDRESS 
REGISTER 

Note: This register is effective only in EGA mode (see the description of 610/620 extension 
register ER2F, the 'Active Adapter State' Register). 
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7.24 CRTC Underline Row Scan Register: CR14 
UO Port Address: 315 
Index: 14 
Protection Bits: WRC[I] 
.Ili1..! Description ~ Reset By Reset State 
7 (msb) -unused-

6 Double Word Mode R/W 
5 Count by 4 ? 
4 Underline Row Scan Bit-4 R/W 
3 Underline Row Scan Bit-3 R/W 
2 Underline Row Scan Bit-2 R/W 
1 Underline Row Scan Bit-l R/W 
o (Isb) Underline Row Scan Bit-O R/W 

This register specifies the horizontal row scan of the character cell at which the underline 
will occur assuming the scan lines of the character cell are numbered from the top starting 
atO. 

Underlining occurs in text (alphanumeric) mode only when an attribute value of binary 
'bOOOiOOl' is detected (where b indicates blink and i indicates intensified). 

Underlining is normally only enabled while in monochrome modes (EGA mode 7 and Her­
culesIMGA text modes for example) by setting this register to 13 (the last scan line of the 
8x14 character cell). For color modes, this register is normally programmed to a value larg­
er than the size of the character cell to effectively disable underlining. This is due to bits 0-
2 and 4-6 of the attribute value being used for foreground and background colors respective­
ly in color modes (activating underlining when the character attributes are set to foreground 
color 1 and background color 0 is usually not desirable). 

In hardware MGA mode in the 610/620, the underline row is fixed at line 13 as there is no 
equivalent register in the 6845 for specifying the underline row. 

Note: This register is effective only in EGANGA mode (see the description of 610/620 ex­
tension register ER2F, the 'Active Adapter State' Register). 
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7.25 CRTC Vertical Blanking Start Register: CRtS 
I/O Port Address: 315 
Index: 15 
Protection Bits: WRC[O] 
JW.1t Descriptjog ~ Reset By Reset State 
7 (msb) Vertical Blanking Stan Bit-7 R/W 
6 Vertical Blanking Stan Bit-6 R/W 
5 Vertical Blanking Stan Bit-5 R/W 
4 Vertical Blanking Stan Bit-4 R/W 
3 Vertical Blanking Stan Bit-3 R/W 
2 Vertical Blanking Stan Bit-2 R/W 
1 Vertical Blanking Stan Bit-l RNi 
o (Isb) Vertical Blanking Stan Bit-O R/W 

This register contains the low order 8 bits of the horizontal scan line count at which the ver­
tical blanking pulse becomes active assuming the scan lines are numbered starting from 0 
at the top of the screen. The ninth bit is located in the CRTC Overflow register (CR7 bit-
3). 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGA mode (see the description of 610/620 extension 
register ER2F, the 'Active Adapter State' Register). 
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7.26 CRTC Cursor Vertical Blanking End Register: CR16 
I/O Port Address: 315 
Index: 16 
Protection Bits: WRC[O] 
!li1.1t Description Reset By Reset State 
7 (msb) -un used-

6 -unused-

5 -unused-
4 Vertical Blanking End Bit-4 R/W 
3 Vertical Blanking End Bit-3 R/W 

2 Vertical Blanking End Bit-2 R/W 
1 Vertical Blanking End Bit-l R/W 
o (lsb) Vertical Blanking End Bit-O R/W 

This register specifies the horizontal scan line count at which the vertical blanking pulse 
becomes inactive assuming the scan lines are numbered starting from 0 at the top of the 
screen. The vertical blanking width (W) is detennined from the follo.wing algorithm: 

Value of Start Vertical Blanking register (CR15) + W = 5-bit value to be programmed into 
the Vertical Blanking End register. 

The five least significant bits of the result are programmed into this register. When the five 
least significant bits of the vertical scan line counter are equal to the value in this register, 
vertical blanking is terminated. Note that the maximum width of the vertical blanking is 
limited to 31 scan lines. Note also that if the blanking interval extends beyond the end of 
the screen, erratic behavior will result since the vertical scan line counter gets cleared after 
the number of line times programmed in the vertical total register . 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGA mode (see the description of 610/620 extension 
register ER2F, the 'Active Adapter State' Register). 
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7.27 . CRTC Mode Register: CRt7 
VO Port Address: 3?S 
Index: 17 
Protection Bits: WRC[O] 
lW..! Desriptjog ~ Reset By Reset State 
7 (msb) HN Rettace Enable R/W Reset 0 
6 Byte Mode (1), Word Mode (0) R/W 
5 Address Wrap R/W 
4 -unused- (IBM EGA: CRTC Output Driver Control) R/W 
3 Count by Two R/W 
2 Multiply Venical by 2 (CR6,10,12,15,18) R/W 
I Select Row Scan Counter R/W 
o (lsb) Compatibility Mode Suppon R/W 

The Mode Control register is a multi-function register with each bit defming a different 
option. The following is a description of these bits: 

Bit Descriptions 

Bit 7 Hardware Reset 
State 1 enables vertical and horizontal retrace. 
State 0 disables vertical and horizontal retrace. 

Bit 6 Byte Mode 
State 1 selects byte mode. 
State 0 selects word mode. Word mode causes the memory address counter bits 
to shift down one bit, and the most significant bit of the counter appears on the 
least significant bit of the memory address output. 
Internal Memory Address Counter/Output Multiplexer Relationship 

eRIC Out Pin 
MAO 
MAl 
MA2 

. 

Byte Address Mode 
MAO 
MAl 
MA2 

W Qrd Address Mode 
MA13 orMAl5 
MAO 
MAl 

MA14 MA14 MAl3 
MAIS MA 15 MAl4 

Bit S Address Wrap 
This bit selects the correct memory address counter bit to be output on MAO in 
word mode. MAI3 is selected if this bit is 0 and MAIS is selected if this bit is 1. 
When byte mode is selected through 06 of this register, MAO counter output 
appears on the MAO output pin. This bit is set to 0 in the IBM EGA when less 
than 64K of memory is configured and to 1 if 256K of memory is configured. 
610/620 based systems typically come standard with at least 256K of memory 
configured, so this bit is nonnally always set to 1. 

Bit 4 Unused (this bit must be 0 in the IBM EGANGA to enable the CRTC output driv­
ers) 

Bit 3 Count by Two / 
This bit defines whether the contents of the Offset register (CRI3) are a word or. 
a double word value. When 03 = "0", the memory address counter is clocked by . 
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the character clock input. When D3 = "1 ", the memory address is clocked by the 
character clock input divided by 2. This bit also creates either a byte or word 
refresh address for the display memory. 

Bit 2 Horizontal Retrace Select 
This bit controls the venical resolution capability of the CRT Conttoller. The veni­
cal counter has a maximum resolution of 512 scan lines as defined by the Vertical 
Total register. If the vertical retrace counter is clocked with the horizontal retrace 
clock divided by 2, the vertical resolution is doubled to 1024 horizontal scan lines. 
D2 = "0" selects the horizontal retrace clock, and D2 = "1" selects the horizontal 
retrace clock divided by 2. 
If this bit is set, the following vertical registers must be programmed to half their 
normal value to result in the same number of scan lines: 
CR6 Vertical Total 
CR 10 Vertical Retrace Start 
CR12 Vertical Display End 
CR15 Vertical Blanking Start 
CR 18 Line Compare 
Note that these are the same registers that have overflow bits in the CRTC Over­
flow register CR7. 

Bit 1 Select Row Scan Counter 
This bit allows compatibility with the Hercules graphics card and with any other 
400 line graphics system. If D 1 = "0" the row scan counter bit 1 is substituted for 
memory address bit 14 during active display time. If 01 = "1" no such substitu­
tion takes place. 

Bit 0 Compatibility Mode Support 
This bit allows compatibility with the IBM Color Graphics Adapter. When DO = 
"0" the row scan address bit 0 is substituted for memory address bit 13 during 
active display time. When DO = "1" no such substitution takes place. 

Note: This register is effective only in EGA mode (see the description of 610/620 extension 
register ER2F, the 'Active Adapter State' Register). 
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7.28 CRTC Line Compare Register: CR18 
I/O Pon Address: 315 
Index: 18 
Protection Bits: WRC[ 1] 

JW..! Description 
7 (msb) 610/620 ID: CRTC Reg C Bit-7 xor 1 
6 610/620 IO: CRTC Reg C Bit-6 xor 1 

5 610/620 IO: CRTC Reg C Bit-5 xor 1 
4 610/620 ID: CRTC Reg C Bit-4 xor 0 

3 610/620 IO: CRTC Reg C Bit-3 xor 1 

2 610/620 IO: CRTC Reg C Bit-2 xor 0 
1 610/620 ID: CRTC Reg C Bit-I xor 1 
o (Isb) 610/620 IO: CRTC Reg C Bit-O 

~ R~S18I R~Sl Slal5: 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

The Line Compare register is used to implement the split screen function. It is a 9-bit reg­
ister where the 8 lsbs are in this register and the msb is in the CRTC Overflow register 
CR7 bit-4. When the horizontal scan line counter value is equal to the contents of the Line 
Compare register, the memory address generator is loaded with the contents of the Screen 
B Stan Address Register. In addition, the character row scan count is loaded with the con­
tents of the Screen B Preset Row Scan register. The Screen B registers are not present in 
the IBM EGA (0 is loaded instead). For compatibility, the Screen B registers are cleared 
on power-up. 

The screen area above where the Line Compare register points is called Screen A and the 
screen area below that point is called Screen B (see figure below). In standard EGA 
mode, the Screen B register contents are O. This allows Screen A to be smooth scrolled, 
but not Screen B. The 610/620 provides loadable Screen B extension registers which al­
lows Screen B to also be smooth scrolled independently of Screen A. Each scroll window 
has a starting address for text data in memory and each has a start scan row for the first 
line of character cells in that window (smooth scrolling requires that the fIrst scan row for 
the character cells of the fIrSt row of the window be nonzero). The Line Compare register 
determines the point where Screen A ends and Screen B begins. It is typically set to a val­
ue of FF (along with a 1 in bit-4 of CRTC Overflow Register CR7) to disable the split­
screen feature (no comparison ever occurs so Screen B never starts and the contents of the 
Screen B extension registers are don't care). 

Figure 7-4: CRTC Split Screen Mode Split Screen Definition 

CR8 (Screen A Preset Row Scan) 
CRC-D (Screen A Stan Address) 

CR 18 Line Compare ---

ER8 (Screen B Preset Row Scan) (0 in IBM 
ERC-D (Screen B Stan Address) (0 in IBM 

.. 
EGA\ '/ 

EGA) 

-'" Screen A 

Screen B 

Note: This register is effective only in EGA mode (see the description of 610/620 extension 
register ER2F, the' Active Adapter State' Register). 

Revision A, 5/89 7 - 30 VGA/EGA CRT Controller Registers 



Cirrus Logic 610/620 Technical Reference Manual 

7.29 CRTC 610/620 Identification Register: ID/CRIF 
I/O Port Address: 3?5 
Index: IF 
Bit # DescriPtion ~ 
7 (msb) 610/62010: CRTC Reg C Bit-7 xor 1 R 
6 610/62010: CRTC Reg C Bit-6 xor 1 R 
5 610/62010: CRTC Reg C Bit-5 xor 1 R 
4 610/62010: CRTC Reg C Bit-4 xor 0 R 
3 610/62010: CRTC Reg C Bit-3 )Cor 1 R 
2 610/62010: CRTC Reg C Bit-2 )Cor 0 R 
1 610/62010: CRTC Reg C Bit-l )Cor 1 R 
o (lsb) 610/62010: CRTC Reg C Bit-O xor 0 R 

Reset BX Reset State 

This read-only register may be used to detennine whether the graphics adapter is a 
510A/520A or 610/620 chip sel The value read back from this register is the current value 
in CRTC register C (Screen A Start Address High) exclusive-or'd with hex 'EA'. For ex­
ample, if CRC, contains 0, this register will read back hex 'EA'; if CRC contains hex 'FF', 
this register will read back hex' 15'; and so forth. It is unlikely that any graphics adapter 
other than the Cirrus Logic 510N520A or 610/620 does this in exactly this manner. 

Writes to this register are ignored. 
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8.0 VGAJEGA Graphics Controller Registers 
The Graphics Controller directs data from the display memory to the Attribute Controller 
and the CPU. The Graphics Controller registers are listed in the following table: 

Abbrey Register Name Write Port Read Port 
GPOS 1 Graphics Controller Position Register 1 3CC 3Cslndex 01 
'GPOS2 Graphics Controller Position Register 2 3CA 3Cslndex 02 

GRX Graphics Controller Index Register 3CE Same as write 

GRO Ser/Reset Register 3CF Index 00 Same as write 

GRI Enable Ser/Reset Register 3CF Index 01 Same as write 

GR2 Color Compare Register 3CF Index 02 Same as write 

GR3 Data Rotate Register 3CF Index 03 Same as write 

GR4 Read Map Select Register 3CF Index 04 Same as write 

GRS Mode Register 3CF Index 05 Same as write 

GR6 Miscellaneous Register 3CF Index 06 Same as write 

GR7 Color Don't Care Register 3CF Index 07 Same as write 

GR8 Bit Mask Register 3CF Index 08 Same as write 

Planar 
Planar 

Planar 

Planar 

Note: These registers are only effective in VGA/EGA mode. In CGA and MGA modes, 
the data path is fixed in hardware for compatibility with those modes. 

Note: The registers labeled above as 'planar' have 1 bit for each of the 4 display memory 
planes. The definition of these registers is effected by the contents of GPOS 1 and GPOS2. 
The defmitions in this document assume that GPOS1 and GPOS2 are programmed to their 
nonnal values of 0 and 1 respectively. Refer to the definitions of GPOS 1 and GPOS2 for a 
description of what happens if they aren't. 

Note: The Graphics Controller Position registers and Graphics Controller registers 0-8 are 
write protected by the extensions Write Control (WRC) register (extension register ER4). 
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8.1 Graphics Controller Position Register 1: GPOSI 
I/O Port Address: 3CC (W) 
Index: I/O Port 3C5 Index 01 (R) 
Protection Bits: WRC[3] 
lW.l DesqjptiOD 3CC Access 3CS Index 01 Access Reset By Reset State 
7 (msb) -unused-
6 -unused-
5 -unused-
4 -unused-
3 -unused-
2 -unused-
1 Graphics Position 1 Bit-l W R Reset 0 
o (Isb) Graphics Position 1 Bit-O W R Reset 0 

Graphics Controller 1 controls planes 0 and 1. This register is programmed to select which 
bits of the data bus Graphics Controller 1 will respond to for plane-oriented data opera­
tions: 

GPOSI Value 
o 
I 
2 
3 

Bit-Group Selected for Plane 011 Operations 
0-1 <== Typical value for GPOS 1 
2-3 
4-5 
6-7 

In other words, if GPOS 1 were set to 2, for example, Graphics Controller 1 would respond 
to bits 4 and 5 for I/O write operations to the 'planar' registers and also for graphics data 
read/write operations to display memory planes 0 and 1. 

This register is nonnally programmed to 0 to select bits 0 and 1 of the 'planar' Graphics 
Controller Registers GRO, GRI, GR2, and GR7) for operations involving display memory 
planes 0 and 1. Graphics Controller registers GR3-GR5 and GR8 are 'non-planar' and are 
not effcc.ted by the contents of the position registers. GPOS 1 and GPOS2 should not nor­
mally be set to the same value. 

Plane assignments are fixed for I/O read operations of the planar registers. Plane-O control 
bits always read back on bit-O and plane-l control bits always read back on bit-I, indepen­
dent of the value of this register. No special considerations are required for state save, 
however, for state restore the following sequence must be followed: 

1) Set GPOS 1 and GPOS2 to their default values of 0 and I, respectively 

2) Restore registers GR0-8 from saved values 

3) Restore registers GPOS I and GPOS2 from saved values 

The Graphics Controller Position registers are not implemented in the mM VGA 
(Graphics Controller registers in the IBM VGA are fixed in positions corresponding to val­
ues of 0 and 1 programmed into the Graphics Controller Position registers. The 610/620 im­
plements the Position registers for EGANGA compatibility. 
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Graphics Controller Position Register 2: GPOS2 
UO Port Address: 3CA 
Index: I/O Port 3C5 Index 02 (R) 
Protection Bits: WRC[3] 
JliUt DescriptioQ 3CC Access 3C51ndex 01 Access 
7 (msb) -unused-
6 -unused-
5 -unused-
4 -unused-
3 -unused-
2 -unused-

Reset Bv Reset State 

1 Graphics Position 2 Bit-l W R Reset 0 
o (Isb) Graphics Position 2 Bit-O W R Reset 

Graphics Controller 2 controls planes 2 and 3. This register is programmed to select which 
bits of the data bus Graphics Controller 2 will respond to for plane-oriented data opera­
tions: 

GPOS2 Value 
o 
1 
2 
3 

Bit-Group Selected for Plane 2/3 Operations 
0-1 
2-3 <== Typical value for GPOS2 
4-5 
6-7 

In other words, if GPOS2 were set to 2, for example, Graphics Controller 2 would respond 
to bits 4 and 5 for UO write operations to the 'planar' registers and also for graphics data 
read/write operations to display memory planes 2 and 3. 

This register is normally programmed to 1 to select bits 2 and 3 of the 'planar' Graphics 
Controller Registers GRO, GRl, GR2, and GR7) for operations involving display memory 
planes 2 and 3. Graphics Controller registers GR3-GR5 and GR8 are 'non-planar' and are 
not effected by the contents of the position registers. GPOS 1 and GPOS2 should not nor­
mally be set to the same value. 

Plane assignments are fixed for I/O read operations of the planar registers. Plane-2 control 
bits always read back on bit-2 and plane-3 control bits always read back on bit-3, indepen­
dent of the value of this register. No special considerations are required for state save, 
however, for state restore the following sequence must be followed: 

1) Set GPOS 1 and GPOS2 to their default values of 0 and 1, respectively 

2) Restore registers GRO-8 from saved values 

3) Restore registers GPOS 1 and GPOS2 from saved values 

The Graphics Controller Position registers are not implemented in the mM VGA 
(Graphics Controller registers in the IBM VGA are fixed in positions corresponding to val­
ues of 0 and 1 programmed into the Graphics Controller Position registers. The 610/620 im­
plements the Position registers for EGANGA compatibility. 

Revision A, 5/89 8 - 3 VGA/EGA Graphics Controller Registers 



Cirrus Logic 610/620 Technical Reference Manual 

8.3 Graphics Controller Index Register: GRX 
. va Port Address: 3CE 
D!1.! 
7 (msb) 

6 

DnsriDti09 
-un used-
-un used-

5 -unused-
4 -unused-
3 Graphics Controller Index Bit-3 R/W 
2 Graphics Controller Index Bit-2 R/W 
1 Graphics Controller Index Bit-l R/W 
o (lsb) Graphics Controller Index Bit-O R/W 

Reset By Reset State 

The Graphics Controller Index Register points 'to other internal registers of the Graphics 
Controller. The four least significant bits detennine the register which will be pointed to in 
the next Graphics Controller register read/write operation. 
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8.4 Graphics Controller Set/Reset Register: GRO 
I/O Pon Address: 3CF 
Index: 00 
Protection Bits: WRC[3] 
Bit # Description Access Reset By Reset State 
7 (msb) (see GPOS 1/GPOS2 register description) (W) 

6 (see GPOS 1/GPOS2 register description) 0N) 

5 (see GPOS 1/GPOS2 register description) 0N) 

4 (see GPOS 1/GPOS2 register description) 0N) 

3 Set/Reset Plane 3 R/W 
2 Set/Reset Plane 2 R/W 
1 Set/Reset Plane 1 R/W 
o (Isb) Set/Reset Plane 0 R/W 

The bits in this register define the value written to the corresponding memory planes when 
the processor does a memory write with Write Mode 0 selected and the Set/Reset mode 
enabled with the Enable Set/Reset Register. Note that this can be done on an individual 
memory plane with separate OUT commands to the Enable Set/Reset Register. 

For example, if the Set/Reset register contents are 1101, then a write to display memory 
will result in the following: 

m ~ ill. D4 III 02 01 llil. 
Plane 3 1 1 1 1 1 1 
Plane 2 1 1 1 1 1 1 1 1 
Plane 1 0 0 0 0 0 0 0 0 
Plane 0 1 1 1 1 

This assumes the Enable Set/Reset· register (GR 1) contents are 1111, all planes are 
enabled (Sequencer SR2 = 1111) and all bits are unmasked (GR8 = FFh). 

Note: The above definition assumes GPOS 1 and GPOS2 are set to 0 and 1 respectively. If 
not, the above definition of which bits correspond to which planes will be different (refer to 
the GPOS 1 or GPOS2 register descriptions for further details). At anyone time, 4 of the 8 
bits of this register will be writable; which 4 is detennined by the values in the position reg­
isters. The 4 bits of this register are always readable on bits 0-3. 
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8.5 Graphics Controller Enable SetIReset Register: GRI 
I/O Pon Address: 3CF 
Index: 01 
Protection Bits: WRC[3] 
!!!Ut Description ~ Reset By Reset State 
7 (msb) (see GPOS IIGPOS2 register description) (W) 

6 (see GPOS IIGPOS2 register description) (W) 

5 (see GPOS IIGPOS2 register description) (W) 

4 (see GPOS 1/GPOS2 register description) (W) 

3 Enable Set/Reset Plane 3 R/W 
2 Enable Set/Reset Plane 2 R/W 
1 Enable Set/Reset Plane 1 R/W 
o (Isb) Enable Set/Reset Plane 0 R/W 

The bits in this register enable the SetlReset function in conjunction with the Set/Reset 
Register. If the mode register is programmed to write mode 0, the contents of the 
SetlReset register are written to the respective display memory planes. If the write mode 
is 0 and SetlReset is not enabled on a plane, the plane is written with the data from the 
CPU data bus. 

For example, if the Set/Reset register (RO) contents are 0100, the contents of the Enable 
Set/Reset register (RI) are 0101 (enable Set/Reset on planes 0 and 2) and a write of 
11 0(B1 01 is done to display memory, it will result in the following:' 

.Ill ~ ru: D4 III 02 III ~ 
Plane 3 0 0 0 1 

Plane 2 1 1 1 1 
Plane 1 1 1 0 0 1 1 0 1 

Plane 0 0 0 0 0 0 0 0 0 

This assumes .write mode 0, all planes are enabled (Sequencer SR2 = 1111) and all bits are 
unmasked (GR8 = FFh). 

Note: The above definition assumes GPOS 1 and GPOS2 are set to 0 and 1 respectively. If 
not, the above definition of which bits correspond to which planes will be different (refer to 
the GPOS 1 or GPOS2 register descriptions for funher details). At anyone time, 4 of the 8 
bits of this register will be writable; which 4 is determined by the values in the position reg­
isters. The 4 bits of this register are always readable on bits 0-3. 
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Graphics Controller Color Compare Register: GR2 
. I/O Port Address: 3CF 

Index: 02 
Protection Bits: WRC[3] 
!ill.! DtsqiDtion ~ Reset By Reset State 
7 (msb) (see GPOS IIGPOS2 register description) rw) 
6 (see GPOS IIGPOS2 register description) \W) 
5 (see GPOS IIGPOS2 register description) \W) 

4 (see GPOS IIGPOS2 register description) rw 
3 Color Compare Plane 3 R/W 
2 Color Compare Plane 2 R/W 
1 Color Compare Plane 1 R/W 
o (lsb) Color Compare Plane 0 R/W 

If the Mode Register has Read mode set, the data read from display memory planes 0 to 3 
is compared to the bits DO to D3 in the Color Compare Register. A match will cause a 1 to 
be output on the corresponding data bus bit. 

For example, if the contents of the Color Compare register are 0011 (to compare planes 0 
and 1) and the contents of the plane are as follows: 

ill :Q2 Qi D4 ill 02 01 ~ 
Plane 3 0 0 0 0 0 0 0 0 
Plane 2 1 1 1 1 1 1 1 0 
Planel 0 0 0 0 0 0 0 1 
Plane 0 1 1 

The data bus will contain the following: 

III ~ Qi D4 ill 02 m QQ 
0 0 0 0 0 0 0 

This assumes the Color Don't Care register CGR7) = 111l. 

Note: The above definition assumes GPOS 1 and GPOS2 are set to 0 and 1 respectively. If 
not, the above definition of which bits correspond to which planes will be different (refer to 
the GPOS 1 or GPOS2 register descriptions for further details). At anyone time, 4 of the 8 
bits of this register will be writable; which 4 is detennined by the values in the position reg­
isters. The 4 bits of this register are always readable on bits 0-3. 

NOTE: An IBM VGA compatible read @ 3?5 index 22 will override ReadMode setting. 
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8.7 Graphics Controller Data Rotate Register: GR3 
I/O Pon Address: 3CF 
Index: 03 
Protection Bits: WRC[3] 
Bit # Description ~ Reset By Reset State 
7 (msb) -unused-
6 -un used-

5 -un used-

4 Function Select Bit-l R/W 
3 Function Select Bit-O R/W 
2 Rotate Count Bit-2 R/W 
1 Rotate Count Bit-l R/W 
o (Isb) Rotate Count Bit-O R/W 

This register perfonns a rotate function on the data written by the CPU. If the Mode Regis­
ter is programmed for write mode 0, the value in the Rotate Count field represents the num­
ber of bits the CPU data will be rotated during CPU write cycles. The shift is a right shift 
circular. 

The Function Select Bits (D3 and D4) allow data in the CPU latches to be logically operat­
ed on by the data written into the memory. The bits operate as shown: 

D4 W Operation 
o 0 No change 
o 1 Logical 'AND' between Data and latched data 

o Logical 'OR' between Data and latched data 

Logical 'XOR' between Data and latched data 

Data may be any of the options available with the Write Mode Register. Data cannot be 
the CPU latched data. For example, if the contents of the Data Rotate register (02-00) 
are 011 and a program is writing CAh to display memory: 

PC Data = 1 1 0 0 1 0 1 0 = CAh 
the Result Stored is = 0 1 0 1 1 00 1 = 59h (the result is shifted 3 bits to the righ~ circularly) 

If the contents of Data Rotate register bits 3 and 4 are binary 11 (the XOR function) and 
the Graphics CPU latches have been loaded (by a read of display memory) data will appear 
as follows: 

m I2fi ~ D4 III D2 III I2Q 
Plane 3 Latch 1 0 0 0 1 I 1 
Plane 2 Latch 0 1 1 I 0 0 1 
Plane 1 Larcb 1 1 0 0 1 0 1 
Plane 0 Latch 1 0 1 1 0 0 0 0 

With a write from the PC with data 00 1111 00, an XOR function will be performed on the PC 
data and the CPU latch, with a result in display memory as follows: 

.Q1 ~ ~ D4 III D2 Dl QQ 
Plane 3 1 0 1 0 1 0 I 

Plane 2 0 1 0 0 0 1 0 
Plane 1 III 0 0 0 1 
Plane 0 1 0 0 0 0 0 

This assumes write mode 1, all planes enabled (Sequencer SR2 = 1111) and all bits 
unmasked (GR8 = FF). 
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Graphics Controller Read Map Select Register: GR4 
I/O Port Address: 3CF 
Index: 04 
Protection Bits: WRC[3] 
Bit # Description Access Reset Bv Reset State 
7 (msb) -unused-
6 -unused-
5 -unused-
4 -unused-
3 -unused-
2 Map Select Bit-2 RJW 
1 Map Select Bit-l RIW 
o (Isb) Map Select Bit-O R/W 

The three least significant bits of this register designate the memory plane from which the 
CPU reads the data. This register does not effect the read operation perfonned through the 
Color Compare register. The four memory planes are selected as follows: 

m ill QQ Plane Selected 
o 0 0 Plane 0 
o 
o 
o 
1 

o 
1 

x 

1 
o 

x 

Plane 1 
Plane 2 

Plane 3 
none 
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8.9 Graphics Controller Mode Register: GRS 
I/O Pon Address: 3CF 
Index: 05 
Protection Bits: WRC[3] 
Bit # Description Access Reset By Reset State 
7 (msb) -unused-
6 Shift 256 R!W 
5 Shift Register R!W 
4 OddlEven R/W 

R!W 
R!W 
R/W 
R!W 

3 Read Mode 
2 Test Condition 

1 Write Mode Bit-I 
o (Isb) Write Mode Bit-O 

Bit Descriptions 

Bit 6 Shift 256 
This bit is implemented for VGA compatibility and is set to 0 in all EGA-compati­
ble modes. When this bit is 1, the video shift register is set up for 256-color 
mode. If this bit is set, bit-5 is ignored. 

Bit 5 Shift Register 
The data bits in the memory planes 0-3 are represented as MODO-MOD7, MlDO­
MID7, M2DO-M2D7, and M3DO-M3D7 respectively. When this bit is 1, the 
data in the four serial shift registers will be fonnatted as follows: 
MSli LS!! Output to: 
MIDO MID2 MID4 MID6 MODO MOD2 MOD4 MOD6 ATRO 
MIDI MID3 MID5 MID7 MODI MOD3 MOD5 MOD7 ATRI 
M3DO M3D2 M3D4 M3D6 M2DO M2D2 M2D4 M2D6 ATR2 
M3DI M3D3 M3DS M3D7 M2DI M2D3 M2DS M2D7 ATR3 

The least significant bit is shifted out first. 
When this bit is 0, MOD7-MODO, MID7-MIDO, M2D7-M2DO, and M3D7-
M3DO are shifted out with bit D7 going. out first in all cases. The outputs are 
A TRO-A 1R3 respectively for the MO-M3 planes, and are internally connected to 
the Attribute Controller inputs in the 610 G/A chip. 
The flrst two shift registers correspond to Graphics Controller I, while the remain­
ing two correspond to Graphics Controller 2. 

Bit4 ()ddnEven 
Setting this bit to I will put the Graphics Controller in the OddlEven addressing 
mode. This option is used to emulate the CGA. The function of this bit should 
track the function of bit-2 of the Sequencer Memory Mode register (note: the bina­
ry values will be opposite). 

Bit 3 Read Mode 
When this bit equals 0 the CPU reads the data from the display memory planes. 
The plane is selected through the Read Map Select register. When this bit is 1 
the CPU reads the result of the logical comparison between the data from the four 
display memory planes and the contents of the Color Compare register. 

Bit 2 Test Condition 
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This bit is ignored by the 610/620. Setting this bit to 1 in the IBM EGA will tri­
state various Graphics Controller outputs for testing the chip. 
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Bit 1-0 Write Mode 
Mode 0: 
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Each of the four display memory planes is written with the CPU data rotated by 
the number of counts in the Rotate register. This is always true except when the 
SetlReset register is enabled for any of the four planes. In this case the corre­
sponding plane is written with the data stored in the SetlReset register. 
Mode 1: 
Each of the four display memory planes is written with the data in the CPU latch­
es. These latches are loaded during a previous CPU read operation. Bit mask 
values are overridden in this mode. The effect is the same as if the bit mask regis­
ter is programmed to all zeroes. 
Mode 2: 
Memory planes 0-3 are filled with the value of data bits 0-3, respectively. For 
example, memory plane 0 is filled with the value of data bit DO, memory plane 1 is 
filled with the value of data bus bit D 1, etc. 
Note that this assumes GPOS 1 and GPOS2 are set to 0 and 1 respectively. If 
not, the mapping between planes and bits will be different. 
Mode 3: 
This mode is implemented for VGA compatibility and is undefined in the EGA. In 
this mode, the CPU data is rotated, ANDed with the Bit Mask register, and the 
result fed into the bit mask in place of the Bit M~sk register. In addition, 
SetlReset is enabled for all planes in this mode. 
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8.10 Graphics Controller Miscellaneous Register: GR6 
UO Port Address: 3CF 
Index: 06 
Protection Bits: WRC[3] 
Bit # Description ~ Reset By Reset State 
7 (msb) -unused-
6 -un used-

5 -unused-

4 -unused-

3 Memory Map Bit-l R/W 
2 Memory Map Bit-O R/W 
1 Chain Odd Maps to Even R/W 
o (Isb) Graphics Mode R/W 

Bit Descriptions 

Bit 3-2 Memory Map - These bits control the mapping of the address memory buffers into 
the CPU address space. 
Memory Map 0: AOOOh for 128K 
Memory Map 1: AOOOh for 64K 
Memory Map 2: BOOOh for 32K 
Memory Map 3: B800h for 32K 

Bit 1 Chain Odd Maps to Even 
When this bit is 1, CPU address bit AO is replaced by a higher order address bit. 
The contents of AO determine which memory plane is selected. A "0" will select 
planes 0 and 2; a "1" will select planes 1 and 3. 

Bit 0 Graphics Mcxle 
When this bit is 1, graphics mcxle is selected. This will disable the character gen­
erator latches. 

In the IBM EGA, there are two physical Graphics Controller chips (called 1 and 2). In that 
hardware, bits 0 and 1 of this register are physically connected to pins of Graphics Con­
troller chip 1 and bits 2 and 3 are physically connected to pins of Graphics Controller chip 
2. Therefore, if the Position registers (pons 3CC and 3CA) are not loaded with their nor­
mal values, the contents of this register have to be modified to match. For example, if 
GPOS 1 is loaded with 2 and GPOS2 with 3, bits 6-7 of this register are interpreted as 
Memory Map bits and bits 4-5 of this register are interpreted as Graphics Mode and Chain 
Odd Maps to Even. In other words, in the IBM EGA, GR6 is 'planar' like the other obvi­
ous planar registers GR0-2 and 7. 

In the 610/620 chip set, this register is actually located in the SIC (Sequencer/CRTC) chip 
as part of the address control logic, and is actually not pan of the Graphics Controller logic. 
It is, therefore, non-planar in function. In the mM VGA, the position registers were not 
implemented at all, so all IBM VGA registers are non-planar. 

In the 610/620 chip set, EGA/VGA graphics mode is determined solely by ARlO [0] 
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Graphics Controller Color Don't Care Register: GR7 
110 Port Address: 3CF 
Index: 07 
Protection Bits: WRC[3] 
Bit # Description Access Reset 8y Reset State 
7 (msb) (see GPOS IIGPOS2 register description) rN) 

6 (see GPOS IIGPOS2 register description) rN) 

5 (see GPOS IIGPOS2 register description) rN) 

4 (see GPOS IIGPOS2 register description) rN) 

3 Color Plane 3 = Don't Care R/W 
2 Color Plane 2 = Don't Care R/'W 

1 Color Plane 1 = Don't Care R/'W 

o (lsb) Color Plane 0 = Don't Care R/'W 

Bit Descriptions 

Bit 3 0 indicates that color plane 3 is a "don't care" when the Color Compare register 
test is performed. 

Bit 2 0 indicates that color plane 2 is a "don't care" when the Color Compare register 
test is performed. 

Bit 1 0 indicates that color plane 1 is a "don't care" when the Color Compare register 
test is performed. 

Bit 0 0 indicates that color plane 0 is a "don't care" when the Color Compare register 
test is performed. 

For example, if the contents of the Color Compare register (GR2) are 0011 (to compare 
planes 0 and 1) and the contents of the Color Don't Care register (GR7) are 1011 (ignore 
plane 2) 

Plane 0 

Plane 1 

07 ~ 
1 
o 

ill. D4 

1 1 

o 0 
Plane 2 1 1 0 

Plane 3 0 0 0 1 

The data bus will contain the following: 

III 

1 

0 

D2 Dl QQ 

1 
0 1 

1 0 

0 0 

ill 122 ~ D4 ill D2 Dl llil 
o 000 001 

Note: The above definition assumes GPOS 1 and GPOS2 are set to 0 and 1 respectively. If 
not, the above definition of which bits correspond to which planes will be different (refer to 
the GPOS 1 or GPOS2 register descriptions for further details). At anyone time, 4 of the 8 
bits of this register will be writable; which 4 is detennined by the values in the position reg­
isters. The 4 bits of this register are always readable on bits 0-3. 
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S.12 Graphics Controller Bit Mask Register: GRS 
. I/O Port Address: 3CF 
Index: 08 
Protection Bits: WRC[3] 
!li1.! Description Access Reset By Reset State 
7 Write Enable Data Bit-7 R/VtI 
6 Write Enable Data Bit-6 R/VtI 
5 Write Enable Data Bit-5 R/VtI 
4 Write Enable Data Bit-4 R/VtI 
3 Write Enable Data Bit-3 R/VtI 
2 Write Enable Data Bit-2 R/VtI 
1 Write Enable Data Bit-l R/VtI 
0 Write Enable Data Bit-O R/VtI 

Any bit programmed to 0 in this register 'will cause the corresponding bit in each of the four 
memory planes to be immune to change. The data written into memory in this case will be 
the data which was read in the previous cycle, and was stored in an internal latch on the 
Graphics Controller. 

Any bit programmed to 1 will allow unrestricted manipulation of the data in the correspon­
ding bit in each of the four memory planes. 

The bit mask is applicable to any data written by the CPU, including rotate, logical func­
tions (AND, OR, XOR), SetlReset and No Change. The data to be preserved using the bit 
mask must be latched internally by reading the location. The bit mask applies to all the 
four planes simultaneously. 

For example, if the contents of the Bit Mask register are 01101001 and the data latches 
have been loaded as follows: 

m ~ ru. D4 III 02 01 QQ 
Plane 0 Latch 1 0 1 0 0 1 0 
Plane 1 Latch 1 1 0 0 1 0 1 
Plane 2 Latch 0 0 1 0 1 0 I 
Plane 3 Latch 0 1 0 1 0 0 1 0 

With a write from the PC with data 01100110, will result in display memory as follows: 

III ~ ru. D4 III m 01 QQ 
Plane 3 0 1 1 1 0 0 0 
Plane 2 0 1 0 0 0 1 0 
Plane 1 1 1 0 0 1 0 0 
Plane 0 1 1 1 0 0 0 1 0 
Effect L B B L B L L B (L=Latched data, B=Bus Data) 

This assumes all planes are enabled (Sequencer SR2 = 1111). 
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VGAlEGA Attribute Controller Registers 
The Attribute Controller registers are summarized in the following table: 

Abbrey Regjster Name Port Address Port Address 
ARX Attribute Controller Index Register 3CO (RIW) 3C5 index 83 (R/W) 

ARO-F Palette Registers 3CO index OO-OF M 3C1 index OO-OF (R) 

ARlO Mode Control 3CO index 10 (W) 3C1 index 10 (R) 

ARl1 Overscan Color 3CO index 11 (W) 3C1 index 11 (R) 

AR12 Color Plane Enable 3CO index 12 (W) 3Cl index 12 (R) 

ARB Horizontal Pixel Panning 3CO index 13 (W) 3C1 index 13 (R) 

AR14 Color Select 3CO index 14 (W) 3C1 index 14 (R) 

Note: The above registers are effective only in EGA and VGA modes. In CGA and MGA 
modes the palette is bypassed in hardware. 

Note: The Attribute Controller Index register (ARX) is readable at extensions index 83 for 
state save and restore. An extra bit is available (the data/index pointer) when reads are 
perfonned at the extension pone This bit is not available when ARX is read at the 3CO 
pone Writes to ARX at the 3CO port toggle the data/index pointer, writes to ARX at 3CO 
and read/write accesses at the extension port do not. 

Note: Attribute Controller Registers ARO-AR13 and bit-5 of index register ARX are write 
protected by bit-3 of the Write Control (WRC) register (see extension register ER4). 
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9.1 Attribute Controller Index Register: ARX 
I/O Pon Address: 3CO 
Index: I/O Pon 3C5lndex 83 
Protection Bits: Bit-5 Write Protected by WRC[3] 
.Iill.1t DaqiptiQQ Access at 3CQ Access at 3C5 Reset 8y Reset State 
7 (msb) Index (0) I Data (1) RIO (0) R/W 
6 -un used-

5 Palette Address Source R/W R/W 
4 Attribute Controller Index Bit-4 R/W R/W 
3 Attribute Controller Index Bit-3 R/W R/W 
2 Attribute Controller Index Bit-2 R/W R/W 
1 Attribute Controller Index Bit-} R/W R/W 
o (Isb) Attribute Controller Index Bit-O R/W R/W 

The Attribute Index Register points to the other internal registers of the Attribute Con­
troller. The five least significant bits (DO-D4) detennine which data register is accessed 
on subsequent data pon I/O operations. The index register is accessed at the same I/O 
port address as the data registers in the standard EGANGA; Write accesses to 3CO/l are 
therefore directed to index and data on alternate accesses. The 3CO I/O pon index/data 
pointer may be initialized for access of the index register by reading Status Register 1 (I/O 
pon 3BN3DA). 

Attribute Controller operations are further complicated in the standard EGANGA by hav­
ing only write access to both index and data. There is no provision in the standard 
EGA/VGA for detennining the current state of the Attribute Controller registers or the flip 
flop which detennines whether index or data registers are to be accessed next at pon 3CO. 
To minimize these problems, the 610/620 Attribute Controller implements two extensions 
to the basic functionality of the standard EGANGA: 

1) The Attribute Controller index may be read at 3CO; the data registers may be 
read at 3CI. 

2) An alternate port (extensions index 83 of port 3C4/3C5) is provided to read or 
write the flip flop state which detennines index or data access at 3CO. For conve­
nience, the remainder of the Attribute Controller Index register bits may also be 
read or written at the extension port. 

Bit Descriptions 

Bit 7 This bit indicates whether the Attribute Controller is ready to accept an access to 
its index register (0) or its data registers (1) for read or write accesses to I/O 
pan 3CO. If the read of this register is perfonned at 610/620 extensions index 83 
(I/O port 3C4/3C5), this bit will return a value of 0 or 1. For compatibility with the 
standard EGA and VGA, this bit always reads 0 if the read is performed at 3CO. 
This bit is cleared (to set the Attribute Controller for index accesses at pon 3CO) 
by reading I/O port 3BA or 3DA (EGANGA Status Register I). This bit is tog­
gled by writes to I/O pon 3CO (and not by reads). 

Bit 6 This bit is unused. 
Bit 5 Video Enable - When this bit is set to 0, the screen displays the color indicated 

by overscan register AR11 (nonnally black); when set to 1, nonnal video display 
is enabled. In the standard EGANGA, this bit also selects the address source for 
the palette registers (0 = CPU and 1 = Video), which requires that CPU writes to" 
the palette registers only take place when this bit is 0 (or else the data will be, 
written to random palette register locations as detennined by the video data 
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stream at the time of the write). In the 610/620, the palette is dual poned and 
may be accessed at any time, independent of the state of this bit. 

Bit 4-0 These bits fonn a 5-bit field for storing an index to the data registers in the 
Attribute Controller. 
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9.2 Attribute Controller Palette Registers: ARO·F 
I/O Port Address: 3CO 
Index: OO-OF 
Protection Bits: WRC[3] 
lW..! Descriptiog ~ 
7 (msb) Reserved for future use RN/ 
6 Reserved for future use R/W 

5 Secondary Red Video R/W 

4 Secondary Green Video/Intensity R/W 

3 Secondary BlueIMono Video R/W 
2 Red Video R/W 
1 Green Video R/W 
o (Isb) Blue Video R/W 

Reset Hy Reset State 

These sixteen 8-bit registers are pointed to when the contents of the Index register are 
OOh through OFh. 

These registers allow a dynamic mapping between the text attribute or graphic color input 
and the display color on the CRT screen. The six bits, 00 through 05, are output as B, G, 
R, BSN, GS/I and RS respectively. A logic 1 in a bit position selects the corresponding 
color for that bit while a 0 deselects it. The maximum number of possible displayable col­
ors is 64 for monitors with 6 color inputs. Monitors with 3 color inputs allow a maximum of 
8 displayable colors, while color monitors which also have an intensity input allow a maxi­
mum of 16 displayable colors. 

The upper two bits, 06 and 07, are implemented in the palette as read/write bits, but cur­
rently do not affect the video output. These bits are reserved for future use. 

In the mM EGANGA, the color palette registers should be modified only during retrace in­
tervals to avoid disturbing the displayed image. In the 610/620, the color palette registers 
may be modified at any time due to the dual poned nature of the palette. (See also the 
note on the previous page under. the 'Palette Address Source' bit of the Attribute Control­
ler Index register regarding this same subject). 
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Attribute Controller Mode Control Register: ARlO 
I/O Port Address: 3CO 
Index: 10 
Protection Bits: WRC[3] 

lli11l 
7 (msb) 

6 

5 
4 

3 

DmriptioQ 
Video source? 

Pixel doubling 

Pixel pan compatibility 

-unused-

Blink Enable 

Reset By Reset State 

R/W 
2 Line Graphics Enable R/W 
1 Monochrome Graphics Attributes Enable R/W 
o (Isb) Graphics Mode R/W 
Bit Descriptions 
Bit7 Video Source 4/5 
Bit 6 Pixel ,Width 

Bit 5 
Bit 4 
Bit 3 

Bit 2 

Bit 1 

This bit is used for VGA compatibility and must be programmed to 0 in all 
EGA/VGA-compatible modes. If set to 1, the video shift register is clocked at 
half speed for implementation of 256-color mode. In addition, the internal attribute 
controller color palette is bypassed (the 8 video bits are passed directly to the ex­
ternal palette). In the 610/620, this bit is not implemented; its function is enabled 
by GR6 bit-6 (shift-256). Both bits are typically set in 256-color mode, even 
though this bit is ignored. 
Pixel pan compatibility 

-unused-
Blink Enable 
Setting this bit to 1 enables character blink at a rate detennined by the current 
vertical retrace frequency divided by 32 (16 frames in one state and 16 frames in 
the other state). This is approximately 1/4 of a second each at 60 Hz and about 
1/3 of a second at 50Hz. This is the same rate as the cursor 'slow' blink. 
Blinking is implemented by toggling data at the msb of the palette address input. 
This toggles the palette between registers 0-7 and 8-F. The action of this bit is 
effected by bit-l of this register (Monochrome Attributes). Refer to the table on 
the following page for additional details. 
This bit is effective in both text and graphics modes. 
Line Graphics Enable 
Setting this bit enables the special line graphics character codes by forcing the 
ninth dot of a line graphics character to be identical to the eighth dot of the charac­
ter. The line graphics character codes are COh through DFh. 
For 9-bit wide character modes, the left-most 8 bits are detennined by data from 
the font tables; a ninth bit is added on the right of the character cell. Clearing this 
bit makes the ninth dot the same as the background. For fonts which do not use 
the line graphics codes from COh to DFh, this bit should be set to "0". If character 
widths of 8 dots or less are selected, this bit is a don't care. 
This bit is effective in text mode only; it is ignored in graphics mode. 
Monochrome Attributes 
This bit is programmed to 1 for monochrome '4-color' modes to control the way 
blinking is handled (see bit-3 of this register). The meaning of the pixel patterns 
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in graphics '4-color' mode (mode 'F') are black (00), white (01), blinking (10), 
and intensified white (11). These patterns map to palette entries 0, 1, 4, and 5 if 
plane 3 is off and 8, 9, C, and D if plane 3 is on (2 bits per pixel get mapped to 
planes 0 and 2 with planes 1 and 3 = 0). The' 10' pattern is caused to blink by 
placing different contents in the two palette entries corresponding to pixel pattern 
'10' (entries 4 and C). 
This bit works in both graphics mode only. 

Bit 0 Graphics Mode 
State 1 selects graphics mode. 
State 0 selects text mode. 

Summary of Operation of ARlO (in graphics mode, planes 0-2 select palette inputsAO-2) 

.J!!!1 Bit-2 Bit-l I!.i!::2 ~ Description 
o x x 1 Graphics Plane 3 selects palette A3 

x 0 1 Graphics If plane 3 data =0 then palette input A3= 1 

If plane 3 data =1 then palette input A3 is blinked 
1 xlI Graphics Palette input A3 is blinked (toggled on/off at the blink rate) 

BL LG x' 0 Text If BL--o, characters don't blink (attribute bit·' controls BG intensity) 

If BL= I t characters link if attribute bite' = 1 (BG is non-intensified) 
Character blink toggles the character between foreground color 
(attribute bits 4-6). 
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9.4 Attribute Controller Overscan Color Register: ARll 
UO Port Address: 3CO 
Index: 11 
Protection Bits: WRC[3] 
.Illt.1t Dfsqjp tj on 
7 (msb) Reserved for future use 
6 Reserved for future use 

5 Selects Secondary Red Border Color 
4 Selects Intensified or Secondary Green Border Color 
3 Selects Secondary Blue Border Color 

~ 
R/W 
R/W 

R/W 
R/W 
R/W 

2 Selects Red Border Color R/W 

1 Selects Green Border Color R/W 
o (Is b) Selects Blue Border Color R/W 

Reset 8y Reset State 

This register defines the overscan or border color displayed on the CRT screen. "1" bits 
selects the corresponding color (0 in all bits selects black). The border color is displayed 
when both BLANK and DE (Display Enable) signals are inactive. 

The upper two bits, D6 and D7, are implemented as read/write bits, but currently do not 
affect the video output. These bits are reserved for future use. 

DE 

BLANK 

~---1 
Border 

Note: The Enhanced Color Display (ECD) does not support "Border Colors" in 350 line 
mode. The overscan register should be programmed to 0 in these modes. 
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9.5 Attribute Controller Color Plane Enable Register: AR12 
VO Port Address: 3CO 
Index: 12 
Protection Bits: WRC[3] 
JW..! DnqiptioQ Reset By Reset State 
7 (msb) -unused-
6 -unused-
5 Video Status Mux Bit-l R/W 
4 Video Status Mux Bil-O/Cursor Blink Disable! 

Video Output Disable R/W 
3 Enable Color Plane 3 R/W 
2 Enable Color Plane 2 R/W 

Enable Color Plane 1 R/W 

o (Isb) Enable Color Plane 0 R/W 
Bit Descriptions 
Bit 5-4 Display Status MUX 

Bits 04 and 05 select two of the six color outputs to the CRT screen, which are 2 
outputs of the 4 status bits. The output color combinations are: 
Color Plane Enable ReiWtt Display Status Register (Port 3? Al 
~ ~ BitS 8it4 
o 0 Video 2 - Red Video 0 - Blue 
o 1 Video 3 - Secondary Blue Video 1 - Green 

o Video 5 - Secondary Red Video 4 - Secondary Green 
1 Video 7 - Test Video 6 - Test 

This capability can be used to run diagnostics on the color subsystem card. 
Setting bit-4 will also tri-state the video outputs R, G, B, RS, GS/I, and BSN; 
and disable the cursor blink counter. Bit-4 must be clear for the cursor blink 
counter to function. 

Bit 3-0 Enable Color Plane 
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Setting any bit in this group to "1" enables the respective display memory color 
plane 0-3. A zero in any bit forces the corresponding display memory color plane 
bit to 0 at the address input of the color palette. 
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Attribute Controller Horizontal Pixel Planning Register: AR13 
I/O Port Address: 3CO 
Index: 13 
Protection Bits: WRC[3] 
I!i1.! Desrip dog 
7 (msb) -unused-
6 -unused-
5 
4 

3 

-unused-
-unused-
Horizontal Pixel Panning Shift Count Bit-3 R/W 

2 Horizontal Pixel Panning Shift Count Bit-2 R/W 
1 Horizontal Pixel Panning Shift Count Bit-l R/W 
o (Isb) Horizontal Pixel Panning Shift Count Bit-O R/W 

Reset By Reset State 

Bits 00-D3 of this register select the number of picture elements (pixels) to shift the dis­
play data horizontally to the left. Pixel panning is available in both alphanumeric and graph­
ics modes. The stan address register specifies the byte of the upper left comer of the 
screen display, and pixel panning makes it possible to move it in portions of a byte, pixel by 
pixel. 
The amount of shift varies with the character width according to the following table: 

Count 9·bit Characters 8·bit Characters 6·bit Characters 
o 1 bit left no shift 2 bits right 

1 2 bits left 1 bit left 1 bit right 

2 3 bits left 2 bits left no shift 

3 4 bits left 3 bits left 1 bit left 

4 5 bits left 4 bits left 2 bits left 

5 6 bits left 5 bits left 3 bits left 

6 7 bits left 6 bits left 4 bits left 

7 8 bits left 7 bits left 5 bits left 

8-F no shift 1 bit right 3 bits right 

The Horizontal Pixel Panning register should be changed only during vertical retrace inter­
vals to prevent distorting the display images. 

The Offset Register (CRl3) should be set to at least one more than nonnal when charac­
ters are not aligned with the character cell, since there is a partial character displayed on 
the left and the right (for 81 characters total, for example, in 80 column text mode). 
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10.0 610/620 Extension Registers 

610/620 Extension Register Summary 
The extension registers provide additional functions to the 610/620 beyond the standard 
EGA and VGA. 
A bbreviation~ Register Name f2!1 Index Access 
ERX Extensions Index Register 3C4 R/W 
ER80 TEST Extensions Hardware Test 3CS 80 R/W 
ER81 GPOSI • Graphics 1 Position 3CS 81 R/W 
ER82 GPOS2 • Graphics 2 Position 3CS 82 R/W 
ER83 ARX • Attribute Controller Index 3CS 83 R/W 
ER84 WRC Write Control 3CS 84 R/W 
ER8S TC Timing Control 3CS 85 R/W 
ER86 BWC Bandwidth Control 3CS 86 R/W 
ER87 ROMC ROM Control 3CS 87 R/W 
ER88 SBPR Screen B Preset Row Scan 3CS 88 R/W 
ER89 FONTC Font Control 3CS 89 R/W 
ER8A LCDCNTLI LCD Control 1 3CS 8A R/W 
ER8B SBPR Screen B Preset Row Scan 3CS 8B R/W 
ER8C SBSH Screen B S tan Address High 3CS 8C R/W 
ER8D SBSL Screen B Stan Address Low 3CS 80 R/W 
ER8E GAREV Gf A Chip Revision Level 3CS 8E R 
ER8F SCREV SIC Chip Revision Level 3CS SF R 
ER90 CRI0 • Vertical Retrace Stan 3CS 90 R/W 
ER91 CRll • Vertical Retrace End 3CS 91 R/W 
ER92 LPENH • Light Pen High 3CS 92 R/W 
ER93 LPENL • Light Pen Low 3CS 93 R/W 
ER94 PPA Pointer Pattern Address 3CS 94 R/W 
ER9S CAD] Cursor Height Adjust 3CS 9S R/W 
ER96 CW Caret Width 3CS 96 R/W 
ER97 CH Caret Height 3CS 97 R/W 
ER98 CJgi Caret Horizontal Position High 3CS 98 R/W 
ER99 CXL Caret Horizontal Position Low 3CS 99 R/W 
ER9A CYH Caret Vertical Position High 3CS 9A R/W 
ER9B CYL Carel Vertical Position Low 3CS 9B R/W 
ER9C PXH Pointer Horizontal Position High 3CS 9C R/W 
ER90 PXL Pointei' Horizontal Position Low 3CS 90 R/W 
ER9E PYH Pointer Venieal Position High 3CS 9E R/W 
ER9F • PYL Pointer Ven.ical Position Low 3CS 9F R/W 
ERAO GRLO GC Memory Latch 0 3CS AO R/W 
ERAI ORLI GC Memory Latch 1 3CS Al R/W 
ERA2 ORL2 GC Memory Latch 2 3CS A2 R/W 
ERA3 ORL3 OC Memory Latch 3 3CS A3 R/W 
ERA4 CLK Clock Select 3CS A4 R/W 
ERAS CURS Cursor Attributes 3CS AS R/W 
ERA6 -reserved- 3CS A6 
ERA7 SWITCH Mode Switch Control 3CS A7 R/W 
ERA8 NMIl NMI Mask 1 3CS A8 R/W 
ERA9 NMI2 NMIMask2 3CS A9 R/W 
ERAA -reserved- 3CS AA 
ERAB NSTATI NMI Status 1 3CS AB R 

ERAC NSTAT2 NMI Status 2 3CS AC R 
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r:RAD -reserved- 3CS AD 
ERAE CACHE NMI Data Cache 3CS AE R 
ERAF STATE Active Adapter State 3CS AF R/W 
ERBO-BF SCRO-F Scratch Registers O-F 3CS BO-BF R/W 
ERCO CPURAR CPU Read Access Range 3CS CO R/W 
ERCl CPUWAR CPU Write Access Range 3CS Cl R/W 
ERC2 LCDCNTI...n LCD Control 2 3CS C2 R/W 
ERC3 -reserved- 3CS C3 
ERC4 SWRH Switch Register - High 3CS C4 R 
ERCS SWRL Switch Register - Low 3CS CS R 
ERC6 SBSAM Screen B Stan Addr (msb) 3CS C6 R/W 
ERC7 LCDCNTLm LCD Control 3 3CS C7 R/W 
ERC8-CF -reserved- 3CS C8-CF 
ERDO COLOFF Column Offset Register 3CS DO R/W 
ERDI PHDIS Panel Horizontal Displayed 3CS 01 R/W 
ERD2 ROWOFF Row Offset Register 3CS D2 R/W 
ERD3 PRST Panel Row Segment Total 3CS D3 R/W 
ERD4 PNLCTLI Panel Control 1 3CS D4 R/W 
ERDS PNLCILII Panel Control 2 3CS DS R/W 
ERD6 GROFF Gray Scale Offset 3CS D6 R/W 
ERD7-D8 -reserved- 3CS D7-D8 
ERD9 MOD Modulation Register 3CS D9 R/W 
ERDA FRCLR Frame Color 3CS bA R/W 
ERDB PNLC11JII Panel Control 3 3CS DB R/W 
ERDC-DF -reserved- 3CS DC-DF 
-Duplicated VGA/EGA registers also read/write accessible as extension registers for stale save/restore. 
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Summary or Bits in 610/620 Not Present in 510/520 

Reset 
!:.Ilit S1m E&t B~2 LQgJlima 

Screen A Start Address SIC 2 0 3?S 1.26 [1:0] 
Text Cursor Address SIC 2 0 3?S 1.27 [1:0] 
Plane-3 Font Enable SIC G/A 1 0 3CS 1.89 [6] 

LCDCNTL I: 
Power Save Enable SIC G/A 0 3CS 1·8A [7] 
Force 8-dot text SIC 0 3CS 1.8A [6] 
Divide Ext Cl.k by 2 SIC 0 3CS I.8A [4] 
Use Ext Clk Mux SIC 1 0 3CS 1·8A [3] 
ROM Page Bits SIC 3 0,1,1 3CS I.SA [2:0] 

CPU Read Addr. range SIC 8 0 3CS I·CO 
CPU Write Addr. range SIC 8 0 3CSI·Cl 

LCDCNTL 0: 
2S6K ByteS Vmem addr SIC 1 0 3CS I-C2 [7] 
CPU Addr Shift Left SIC 2 0 3CS I-C2 [6,5] 
4001480 line cnt! SIC 1 0 3CS I-C2 [4] 
Display type select SICO/A 2 0,0 3CS I-C2 [3:2] 
Enable Expanded Graphic SIC 1 0 3CS I-C [1] 
Protect CR TC Vert. Dis. SIC 1 0 3CS I-C2 [0] 

Switch Register (hi) SIC 8 0 3CS I-C4 [7:0] 
Switch Register (low) SIC 8 0 3CS laCS [7:0] 
Screen B Start Address (msb) SIC 2 0 3CS I-C6 [1:0] 

LCDCNTLm: 
Div Mclk by 2 SIC 1 x 3CS I-C7 [4] 

Fcrce 16 bit SIC 1 x 3CS I-C7 [3] 

Shadow Vertical Total SIC 1 0 3CS I-C7 [2] 

All A&B Addr 16-bits SIC 1 0 3CS I-C7 [1] 

Enable 16 bit Interface SleG/A 1 0 3CS 1.C7 [0] 

Column Offset G/A 9 3CS I-DO [7:0] &: 1-04 [4] 

Panel Hen. Displayed G/A 9 3CS I .. Dl [7:0] & 1-04 [S] 

Row Offset G/A 9 3CS 1-02 [7:0] &1-04 [6] 

Panel Row Sea Total G/A 9 3CS 1-03 [7:0] & 1-04 [7] 

PNLCNTLI: 
Panel Row Sea Total (8) G/A 1 x 3CS 1-04 [7] 

Row Offset (8) G/A 1 x 3CS I-D4 [6] 

Panel Hen. Displayed (8) G/A 1 x 3CS 1:aD4 [S] 

Column Offset (8) G/A x 3CS 1=04 [4] 

Auto Center Enable G/A 1 x 3CS 1=D4 [3] 

Extra-Uclk-en G/A x 3CS I-D4 [2] 

Fr-A8-en G/A x 3CS 1.D4 [1] 

rtrc-llclk-en G/A x 3CS 1.D4 [0] 
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Reset 
!:Jill Slm ED B~I Lgg1i2D 

PNLCNTLD: 
LCD Palette enable G/A 0 3C5 I=D5 [7] 
Reverse Video bit G/A 0 3C5 1=05 [6] 
Attribute Emulation G/A 0 3C5 1=05 [5] 
Force 16 bit G/A 1 0 3C5 1=05 [4] 
-unused- G/A 1 0 3C5 1=05 [3] 
Color Palette protect G/A 1 0 3C5 1=05 [2] 
MGA Reduction G/A 2 0 3C5 1=05 [1,0] 

Gray-Scale Offset G/A 4 1101 3C5 1=D6 [3:0] 
Vert -S ti pple-en G/A 0 3C5 1=D6 [7] 

Modulation G/A 8-bit 0 3C5 1=09 [7:0] 
Frame ColCX' G/A 4-Bit x 3C5 I=DA [3:0] 

PNLCNTLm: 
CGA color emulation G/A 0 3C5 I=DB [7] 
MCLK invert G/A 0 3C5 I=OB [6] 
Video Tristate G/A 0 3C5 I=DB [5] 

3C5 I=DC [0] (reserved) 
3C5 I=DE [7:0] (reserved) 
3C5 I=DF [3:0] (reserved) 

Note: Reserved registers do not exist in Stingray. Bits common to SIC & G/A are read-back by Sic. 
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10.1 Extensions Hardware Test Register: TEST 
I/O Pon Address: 3C5 
Index: 80 

Bml 
l!iUl Description Ailla Brsl II! S1ill 
7 (msb) Tristate Video Controls 

6 -un used- RIW 
5 -re serv ed-
4 All-to-CPU Enable RIW Reset 0 
3 RAMDAC State RIW Reset 0 
2 All·to-CPU Horizontal Disable RIW Reset 0 
1 CLKIN Filter Disable RIW Reset 0 
o (Isb) SIC Chip Test RIW Reset 0 

Bit Descriotions 

Bit 7 This bit.tristates the SIC controls to suppon 34010 interface. 
Bit 6 reserved 
Bit 5 reserved 
Bit 4 All-to-CPU Enable 

When this bit is clear, 'all-to-CPU' capability is disabled and the currently select­
ed bandwidth determines CPU access at all times, not just when video is en­
abled. When this bit is 1, the CPU gets all memory access cycles when video is 
disabled (blanked). 

Bit3 RAMDAC State 

Bit 2 

This bit is used to indicate which RAMDAC pon was written to last (0 indicates 
3C/ and 1 indicates 3C8). This is used for state save and restore. This bit essen­
tially emulates the function of the 3C1 readback of the VGA. 
All-to-CPU Horizontal Disable 
This is the same as bit-3 of Rev D, but invened so that the default is enabled 
rather than disabled. 

Bit 1 CLKIN Filter Disable 
This bit disables the filter on the CLKIN input that eliminates clock spikes poten­
tially generated when the clock multiplexer is switched from one clock oscillator to 
another. This should not be necessary I but is provided just in case. 

Bit 0 SIC Chip Test 

Revision G, 5/89 

When this bit is set, registers in the SIC chip (which nonnally read back from the 
G/A chip) read back from the SIC chip. Software should never set this bit when 
both chips are installed in a board. This bit is for standalone chip test only. 
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10.2 Graphics Controller Position Register 1: GPOSI 
I/O Pon Address: 3CS 
Index: 81 
Jli1J 
7 (msb) 

6 
5 
4 
3 

Daqlpdon 
-unused-
-unused-
-unused-
-unused-
-unused-

2 -unused-

3CC Access 3CS1ndex 01 Accm RmtB! Reset State 

1 Graphics Position 1 Bit-l W R Reset 0 
o (Isb) Graphics Position 1 Bit-O W R Reset 0 

Graphics Controller 1 controls planes 0 and 1. This register is programmed to select which 
bits of the data bus Graphics Controller 1 will respond to for plane-oriented data opera­
tions: 

GroSI Value 
o 
1 
2 
3 

Bit-Group Selected for Plane 0/1 Operations 
0-1 <== Typical value forGPOSl 
2-3 
4-5 
6-7 

In other words, if GPOS 1 were set to 2, for example, Graphics Controller 1 would respond 
to bits 4 and 5 for I/O write operations to the 'planar' registers and also for graphics data 
read/write operations to display memory planes 0 and 1. 

This register is normally programmed to 0 to select bits 0 and 1 of the 'planar' Graphics 
Controller Registers GRO, GR1, GR2, and GR7) for operations involving display memory 
planes 0 and 1. Graphics Controller registers GR3-GRS and GR8 are 'non-planar' and are 
not effected by the contents of the position registers. The 'non-planar' registers are dupli­
cated in each Graphics Controller chip in the IBM EGA; the Veg VGA has all Graphics 
Controller sections implemented in one chip so only implements one set of non-planar reg­
isters which control all sections. 

GPOS 1 and GPOS2 should not normally be set to the same value. 

Plane assignments are fixed for 110 read operations of the planar registers. Plane-O control 
bits always read back on bit-O and plane-l control bits always read back on bit-I, indepen­
dent of the value of this register. No special considerations are required for state save, 
however, for state restore the following sequence must be followed: 

1) Set GPOS 1 and GPOS2 to their default values of 0 and I, respectively 

2) Restore registers GR0-8 from saved values 

3) Restore registers GPOS1 and GPOS2 from saved values 

The Graphics Controller Position registers are not implemented in the IBM VGA 
(Graphics Controller registers in the IBM VGA are fIXed in positions corresponding to val­
ues of 0 and 1 programmed into the Graphics Controller Position registers. The Eagle 
VGA implements the Position registers for EGA compatibility. 
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Graphics Controller Position Register 2: GPOS2 
I/O Pon Address: 3C5 
Index: 82 

!!!1.! 
7 (msb) 
6' ' 

5 
4 
3 
2 

Dncripdon 
-unused-
-unused-
-unused-

-unused-
-unused-
-un used-

3CC Access 3CS Index 01 Access Reset By Rest State 

1 Graphics Position 2 Bit-l W R Reset 0 
o (Isb) Graphics Position 2 Bit-O W R Reset 1 

Graphics Controller 2 controls planes 2 and 3. This register is programmed to select which 
bits of the data bus Graphics Controller 2 will respond to for plane-oriented data opera­
tions: 

GPOS2 Value 
o 
1 
2 
3 

Bit-Group Selected for Plane 2/3 Operations 
0-1 
2-3 <== Typical value for GPOS2 
4-5 
6-7 

In other words, if GPOS2 were set to 2, for example, Graphics Controller 2 would respond 
to bits 4 and 5 for I/O write operations to the 'planar' registers and also for graphics data 
read/write operations to display memory planes 2 and 3. 

This register is nonnally programmed to 1 to select bits 2 and 3 of the 'planar' Graphics 
Controller Registers GRO, GRl, GR2, and GR7) for operations involving display memory 
planes 2 and 3. Graphics Controller registers GR3-GRS and GR8 are 'non-planar' and are 
not effected by the contents of the position registers. The 'non-planar' registers are dupli­
cated in each Graphics Controller ,chip in the IBM EGA; the Eagle VGA has all Graphics 
Controller sections implemented in one chip so only implements one set of non-planar reg­
isters which control all sections. 

GPOSI and GPOS2 should not nonnally be set to the same value. 

Plane assignments are rIXed for I/O read operations of the planar registers. Plane-2 control 
bits always read back on bit-2 and plane-3 control bits always read back on bit-3, indepen­
dent of the value of this register. No special considerations are required for state save, 
however, for state restore the following sequence must be followed: 

1) Set GPOS 1 and GPOS2 to their default values of 0 and 1, respectively 

2) Restore registers GR0-8 from saved values 

3) Restore registers GPOS 1 and GPOS2 from saved values 

The Graphics Controller Position registers are not implemented in the IBM VGA 
(Graphics Controller registers in the IBM VGA are fixed in positions corresponding to val­
ues of 0 and 1 programmed into the Graphics Controller Position registers. The Eagle 
VGA implements the Position registers for EGA compatibility. 
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10.4 Attribute Controller Index: ARX 
I/O Pon Address: 3CS 
Index: 83 
lW..! DaqiptJog Acgss It KO Access at 3C$ Rest By Rest State 
7 (msb) Index (0) I Data (1) R,() (0) R/W 
6 -unused-
5 Palette Address Source RIW R/W 
4 Attribute Controll~ Index Bit-4 RIW R/W 
3 Attribute Controller Index Bit-3 RIW R/W 
2 Attribute Controll~ Index Bit-2 RIW R/W 
1 Attribute Controller Index Bit-l R/W R/W 
o (Isb) Attribute Controll~ Index Bit-O R/W RJW 

The Attribute Index Register points to the other internal registers of the Attribute Control­
ler. The five least significant bits (DO-D4) determine which data register is accessed on 
subsequent data pon I/O operations. The index register is accessed at the same I/O pon 
address as the data registers in the standard EGANGA; accesses to 3CO are therefore di­
rected to index and data on alternate accesses. The 3CO I/O pan index/data pointer may 
be initialized for access of the index register by reading Status Register 1 (I/O pon 
3BN3DA). 

A ttribute Controller operations are funher complicated in the standard EGA by having only 
write access to both index and data. There is no provision in the standard EGA for deter­
mining the current state of the Attribute Controller registers or the flip flop which deter­
mines whether index or data registers are to be accessed next at pon 3CO. To minimize 
these problems, the Eagle VGA Attribute Controller implements two extensions to the ba­
sic functionality of the standard EGA: 

I) The Attribute Controller index may be read at 3CO; the data registers may be 
read at 3CI. 

2) An alternate pon (extensions index 83 of pan 3C4/3CS) is provided to read or 
write the flip flop state which determines index or data access at 3CO. For conve­
nience, the remainder of the Attribute Controller Index register bits may also be 
read or written at the extension pon. 

Bit Descriptions 
Bit 7 This bit indicates whether the Attribute Controller is ready to accept an access to 

its index register (0) or its data registers (1) for read or write accesses to I/O 
port 3CO. If the read of this register is performed at Eagle VGA extensions index 
83 (110 pan 3C4/3CS), this bit will return a value of 0 or 1. For compatibility with 
the standard EGA and VGA, this bit always reads 0 if the read is perfonned at 
30>. This bit is cleared (to set the Attribute Controller for index accesses at pon 
3CO) by reading I/O pan 3BA or 3DA (EGA/VGA Status Register 1). This bit is 
toggled by writes to I/O pan 3CO (and not by reads). 

Bit 6 This bit is unused. 
Bit S Video Enable - When this bit is set to 0, the screen displays the color indicated 

by overscan register AR 11 (nonnally black); when set to 1, normal video display 
is enabled. In the standard EGA/VGA, this bit also selects the address source for 
the palette registers (0 = CPU and 1 = Video), which requires that CPU writes to 
the palette registers only take place when this bit is 0 (or else the data will be 
written to random palette register locations as determined by the video data 
stream at the time of the write). In the Eagle VGA, the palette is dual poned and 
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may be accessed at any time, independent of the state of this bit. 
Bit 4-0 These bits fonn a 5-bit field for storing an index to the data registers in the At­

tribute Controller. 
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10.5 . Extensions Write Control Register: WRC 
I/O Pan Address: 3CS 
Index: 84 

Jll1.! DaqlpUog 
7 (msb) Disable Write of Non-6845 CMGA Registers 
6 Disable Write of Non-CRTCI6845 Regs common to VGA/CMGA 
5 Disable Write of 6845 Display Tuning Registers 
4 Disable Write of 6845 Monitor Tuning Registen 
3 Disable Write of Non-CRTC EGANGA Regis&ers 
2 Disable Write of common CRTC/6845 Registen (CRC-CRF) 
1 Disable Write of CRTC Display Timing ResgisterS 
o (Isb) Disable Write of CRTC Monitor Timing and MISC Registers 

Ama Ba~1 D! 
R/W Reset 
R/W Reset 
R/W Reset 
R/W Reset 
R/W Reset 
R/W Reset 
R/W Reset 
RJW Reset 

The most significant nibble of this register is for CMGA register write control. 
significant nibble is for EGA/VGA register write control. 

Bit Descriptions 

Bml 
SillI 
0 
0 
0 
0 
0 
0 
0 
0 

The least 

Bit 7 State 1 = Disable write of eGA and MGA registers other than the 6845 registers: 
Mode, Contig, Color 

Bit 6 State 1 = Disable write of non-6845/CRTC registers common to the EGANGA & 
CMGA: 

CLPEN, SLPEN 
Disable write to FC[I,O] register bits 

Bit 5 State 1 = Disable write of 6845 Display Tuning registers: 
Rl - Horizontal Displayed 
R6 - Vertical Displayed 
R9 - Character Cell Height 
RA - Cursor Start 
RB - Cursor End 

Bit 4 State 1 = Disable write of 6845 Monitor Timing registers: 
RO - Horizontal Total 
R2 - Horizontal Sync Position 
R3 - HorizontallVertical Sync Width 
R4 - Vertical Total 
R5 - Vertical Total Adjust 
R7 - Vertical Sync PositionR8 - Interlace Mode 

Bit 3 State 1 • Disable write of non-CRTC EGA/VGA registers: 
Graphics Controller Registers: GPOS 1-2, GR0-8 
Sequencer Registers: SR0-4 
Attribute Controller Registers: ARO-13, ARX biteS 
External Registers: Feature Control, Mise bits 0-1 and 4-5 

Bit 2 State 1 = Disable write of registers common to the CRTC and 6845: 
CRC-CRF 

Bit 1 State 1 = Disable write of CRTC Display Timing registers: 

Revision 0, 5/89 

CR 1 - Horizontal Display End 
CR7 - Overflow (bits 1 and 4) 
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CR 13 - Offset 
CR8 - Screen A Preset Row Scan 
CR 14 - Underline Location 
CR9 - Character Cell Height 
CR12 - Vertical Display End 
CR 18 - Line Compare 
CRA - Cursor Stan 
CRB - Cursor End 

Bit 0 State 1 = Disable write of CRTC Monitor Timing registers and MISC output regis-
ter clock bits: 

CRO - Horizontal Total 
CR2 - Horizontal Blank Stan 
CR3 - Horizontal Blank End 
CR4 - Horizontal Retrace Start 
CR5 - Horizontal Retrace End 
CR6 - Vertical Total 
CR 7 - Overflow (bits 0, 2, and 3) 
CRI0 - Vertical Retrace Stan 
CR 11 - Vertical Retrace End 
CR15 - Vertical Blank Start 
CR16 - Vertical Blank End 
CRl7 - Mode 
MISC - Misc Register (bits 2-3 and 6-7) 

'Display l1I11ing' registers are defmed as those in which the value detennines how the im­
age is displayed and viewed by the user of the system. Display timing register values 
must be known by the current applications program to determine how to store data to make 
the displayed image appear C01Tectly. These registers may need to be changed during exe­
cution of a user program (especially to switch between text and graphics modes). These 
registers aetermine the displayed horizontal resolution (in character times) and displayed 
vertical resolution (in 'logical' scan lines). They also determine the size and shape of the 
cursor and underline placement. 

'Monitor Timing' registers are defmed as those in which the value determines the timing of 
the horizontal and vertical retrace and blanlcing signals (pulse width, placement, and fre­
quency). These registers must be set to match the current monitor and determine, among 
other tbinp, the number of raster scan lines on the monitor. 

The timing registers are write protected in separate display and monitor timing groups so 
that the monitor timing register group may be set with values for a fixed frequency monitor 
such as a 400-line monitor, then write protected. The scan-line doubling control may then 
be enabled to allow the 610/620 to automatically switch into scan-line doubled 6845 mode 
to run CGA programs on 400-line monitors. 

Note that the extensions active state register (ER2F) also controls write enable of the 
CRTC and 6845 timing registers. Write of CRTC/6845 registers may be disabled by I-bits 
in the Write Control (WRC) register (to override write-enable by ER2F); zeros in the 
WRC register only allow CRTC/6845 writes to occur if writes would otherwise be enabled. 
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10.6 Extensions Timing Control Register: TC 
I/O Pon Address: 3C5 
Index: 85 

IW..! Dnc;riptfOD Ama 
RIW 

BestDy 
7 (msb) CMGA VRTC Polarity Reversal 
6 CMGA HRTC Polarity Reversal R/W 

RIW 
RIW 
RIW 
RIW 
R/W 
R/W 

5 Allow Video Disable in CGA Text MODE 
4 6845 Scan Double 

3 Analog Monitor 
2 Reserved (should be set to 0) 
I Character Width Bit-l Reset or Sync: Reset or SRI write o 
o (lsb) Character Width Bit-O 

Bit Descriptions 

Bit 7 State 1 = Reverse normal Vertical Retrace polarity in CMGA mode. 
Bit 6 State 1 = Reverse normal Horizontal Retrace polarity in CMGA mode. 

When bits 6 and 7 of this register are 0, retrace polarities are as follows: 
CGA MGA EGA 350-line Mode (for reference only) 

Vertical: high low low (MISC bit-7 = 0) 
Horizontal: high high high (MISC bit-6 = 15 

Bit 5 Allow Video Disable in CGA Text Mode 
If this bit is set, CMGA Mode register (pan 318) bit-3 (Video Enable) works as 
described in that register description. If this bit is clear, Mode register bit-3 is ig­
nored in CGA Text mode (video is forced on in this mode). 
In the IBM COA, display memory accesses can only be performed during vertical 
retrace; otherwise 'snow' will be displayed on the screen. In addition, scrolling 
the screen in text mode requires movement of a large amount of characters and 
would take too long if restricted to vertical retrace. Therefore, system BIOS turns 
display memory off temporarily during scrolling. This, however, produces an an­
noying 'flashing' effect during scrolling. This bit is provided to eliminate the flash­
ing, but still allow the hardware to be put into a totally COA-compatible mode if 
desired. 

Bit 4 6845 Scan Line Doubling 

Bit 3 

Revision 0,5/89 

If this bit is set, every, scan line is displayed twice in succession. All vertical re­
ister values (R3 bits 4-7 and R4-R7) are interpreted as twice the programmed 
value. This results in twice the normal number of scan lines being produced if the 
vertical registers are programmed to their standard values, but the same amount 
of actual information is displayed. This allows older 200-line CGA modes to be 
displayed on newer 400-line monitors with bemer readability while maintaining 
software compatibility. Typically, a double-frequency clock is also programmed 
when this mode is selected, in order to maintain the same vertical frequency (see 
bit-3). 
This bit is unused in chip rev DAnalog Monitor - If this bit is clear, the memory 
interleave for COA and MOA modes is forced to 1: 1 or 2: 1, which are adequate 
forelock frequencies up to 16 MHz (the typical clock value programmed for these 
modes). If this bit is set, the interleave is foreed to 1:4 or 3:2, to allow higher 
clock frequencies to be programmed. This bit is typically set along with bit-4 
above (scan doubling) and a clock setting of 28 MHz. 
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In chip rev A, setting this bit also forces the vertical sync width to 1 (6845 R3 
bits 4-7) and forces the horizontal sync position to one less than the value pro­
grammed into 6845 R2. In addition, the memory interleave in chip revision A is no 
longer forced; it is programmable via new bits in the BWe register (extensions 
index 86). 

Bit 2-0 These bits select the character cell width per the following table: 

Revision G, 5/89 

Bit-2 Bit-! Bit-O Character Cell Width 
o 0 0 9 dots - set by hardware for MGA text mode 
o 0 1 8 dots - set by hardware for CGA & MGA graphics mode 
o 1 0 6 dots - limited to 16 MHz max 
o 1 1 Reserved for future use 
1 x x Reserved for future use 
For 9-dot mode, use the following bandwidth settings: 

3:2 for 7 MHz and monochrome I-bit/pixel graphics mode 
1:1 for 16 MHz 
1:4 for> 16 MHz 

Note that bit-O is the same as Sequencer Register 1 bit-O (which selects be­
tween 8 and 9 bits per character) and will continue to perform that function in SRI 
if bits 1-2 of this register are 0 (the default state). Changing bit-O of this register 
will also change SRI bit-O and vice versa (they are the same physical bit internal­
ly). This bit was duplicated here for programmer convenience, since its function 
was expanded into a field that would not fit in the standard register. 
Bit 1 is cleared automatically by the hardware if Sequencer register SRI is writ­
ten. Bit-2 is currently ignored, but should be written to 0 by the user for compati­
bility with future chip versions. 
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10.7 Extensions Bandwidth Control Register: BWC 
I/O Pon Address: 3CS 
Index: 86 

Bml 
.IW.l Dagjption Ama Rest By S1I1c 

. 7 (msb) (reserved) 
6 (reserved) 
5 CMGA Bandwidth Bit-l (not in rev D,E) R/W Reset or Sync Reset 0 
4 CMGA Bandwidth Bit-O (not in rev D,E) R/W Reset or Sync Reset 0 
3 (reserved) 
2 EGANGA Bandwidth Bit-2 R/W Reset or Sync Reset 0 
1 EGANGA Bandwidth Bit-I R/W Reset or Sync Reset 0 
o (lsb) EGANGA Bandwidth Bit-O R/W Reset or Sync Reset 0 
Bit Descriptions 

Bit 7-4 This field selects the memory bandwidth in CMGA states according to the follow­
ing table (assuming 120ns rams): 
xxOO 1:4 CPU to CRT interleave (28 MHz 8-dol, 40 MHz 9-dot) 
xxOI 1:1 CPU to CRT interleave (20 MHz 819-dot) 
xxlO (reserved) 
xxII 1:7 CPU to CRT interleave (33 MH 8-DOT, 9-DOT FORCES 1:4) 
The interleave is automatically forced to 1:4 if 9-dot characters and 1:7 interleave 
are both sleeted. The interleave is automatically forced to 3:2 for CLKIN/2 mode 
('low-res' or '40-column'). 

Bit 3-0 This field selects the memory bandwidth in EGANGA amd TXT states according 
to the following table (assuming 120ns RAMs): 
x()()() Interleave selected by SRI bit-I: 0 = 1:4, 1 = 3:2 
xOOl 1:1 CPU to CRT interleave (20 MHz 819-dot) 
xOlO 1:2 CPU to CRT interleave (20 MHz 6-dot) 
x011 1:7 CPU to CRT interleave (33 MHz 8-dot) 
xlOO 1:4 CPU to CRT· interleave (28 MHz, 32 MHz 819-dot) 
xl01 3:2 CPU to CRT interleave (28 MHz CLKIN/2 modes) 
x II 0 Reserved for future use 
x 111 Reserved for future use 
The above interleave notation is interpreted as follows: 1:4 interleave indicates 
that one CPU cycle is allocated for every four CRT cycles (l-out-of-S allocation of 
memory cycles to procesor read/write operations) 

Note also that when video memory is not otherwise occupied in refreshing the screen or 
fetching papbics cursor data, that ALL memory cycles are available for CPU access (in ef­
fect, 1:0 interleave). This occurs during horizontal and vertical retrace and any time that 
video is disabled (e.g., Attribute Controller Index Register Bit-S = 0), except for video 
memory refresh cycles (which occur for S cycles at the start of horizontal retrace) and point­
er maSk read cycles (which occur for 2 cycles following the refresh cycles· if the pointer is 
enabled). 

It is the responsibility of the programmer to set these bits correctly according to the dot 
clock frequency selected, the number of pixels per character clock, and whether the input 
clock is being divided by 2. Incorrect settings will result in erratic operation of display 
memory readlwrite operations and/or displayed data. Contact Cirrus Logic for more specif­
ic information on the correct settings of these bits for particular sets of timing parameters. 
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10.8 Extensions ROM Control Register: ROMC 
VO Port Address: 3C5 
Index: 87 
Bit# 
7 (msb) 

6 
5 
4 

3 

Description 
ROM Disable 
-unused-
-unused-
-unused-
-unused-

2 -unused-
1 -unused-
o (Isb) -unused-

Bit Descriptions 

Bit 7 ROM Disable 

Rest By 
Reset 

Reset State 
o 

When this bit is set to 1, the 610/620 board will ignore BIOS read operations. 
When this bit is set to 0, the 610/620 board will respond to BIOS read operations 
with data from the BIOS ROM. 

Bit 6-0 Unused 
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10.9 Extensions Screen B Preset Row Scan Register: SBPR 
I/O Pon Address: 3CS 
Index: 88 
1li1.! Desrfpdon ~ Reset By Reset State 
7 (msb) -un used- Reset 
6 -unused-
S -unused-
4 Screen B Preset Row Scan Bit-4 R.W Reset or SRO-D1=O (Sync Reset) 0 
3 Screen B Preset Row Scan Bit-3 R/W Reset or SRO-Dl=O (Sync Reset) 0 
2 Screen B Preset Row Scan Bit-2 R/W Reset or SRO-Dl=O (Sync Reset) 0 
1 Screen B Preset Row Scan Bit-l R/W Reset or SRO-Dl=O (Sync Reset) 0 
o (lsb) Screen B Preset Row Scan Bit-O R/W Reset or SRO-Dl=O (Sync Reset) 0 

This register contains the Preset Row Scan value for the start of screen B. This register is 
used to load the character scan row counter when the line compare register compares with 
the current horizontal scan (see CRTC register CR18). This register allows split-screen 
smooth scrolling to be performed on the lower screen of the split screen (screen B). Refer 
to the Screen A Preset Row Scan Register (CR8) for funher information on split-screen 
smooth scrolling. 
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10.10 Extensions Font Control Register: FONTC 
I/O Port Address: 3C5 
Index: 89 
ID1.! Description RestDy 

Reset 
Reset 

Reset State 
7 (msb) -unused-
6 . Plane 3 Font Enable R/W o 
5 PS2 CGA Vsync Width Ctl R/W 
4 PS2 CGA Hsync Width Ctl R/W 
3 CMGA Font Position R/W 
2 CMGA Font Pointer Bit-2 R/W 
1 CMGA Font Pointer Bit-l R.W 
o (lsb) CMGA Font Pointer Bit-O R/W 
Font infonnation is nonnally located in non-software-accessable ROMs in the real CGA 
and MGA. The 610/620 has RAM-based font tables, so requires a place to put font infor­
mation which doesn't conflict with the EGNvVGA fonts. This is especially important for 
automatically switching into eGA or MGA mode from EGANGA mode where either an 8-
high or 14-high font may be available already (or may not). This register therefore controls 
where the font information is located and how it is arranged. The programmer has the op­
tion of locating the CMGA font information in the unused upper scan lines of the 
EGA/VGA font tables (where is will get saved and restored automatically by existing soft­
ware) or in locations nonnally inaccessable by the standard EGA or VGA. In either case, 
font information is located in plane 2 for all modes. · 

Bit Descriptions 

Bit 6 Plane 3 Font Enable 
Only bit 6 of this register exists in 01 A. Setting this bit selects the font from 
plane3 instead of plane2. This bit has power up reset state of "0" in G/ A. This bit 
exists in SIC for the readback convenience and does not have reset state. 

Bit 5-4 PS2 CGA Vsync/Hsync Width Control 
In CGA HSYNC and VSYNC have a standard width (i.e., the width cannot be 
programmed). This width fits TIL monitors for which CGA was originally con­
ceived. In order to allow CGA programs to run on new monitors, like the flXed fre­
quency monitors, the H/VSYNC pulse width has to be programmed to fit the moni­
tor specification. 
When bits 4 and/or 5 are high, the circuit which nonnally restricts H/VSYNC 
width to a standard value in CGA is bypassed and the width becomes programma­
ble. The programmability is restricted to 6 bits (see 6845 Register R3 descrip­
tion). 

Bit 3 CMGA Font Position 

Revision G, 5/89 

Setting this bit to 0 causes font information to be fetched from increasing address­
es beginning at byte 0 of the indicated character area in the font table while in 
CGA or MGA emulation mode (Le., in the same manner as for EGANGA font in­
fonnation). Setting this bit to 1 causes font infonnation to be fetched from de­
creasing addresses beginning at byte 31 of the indicated character area in the font 
table. 
Typically, when the EGA is in 25-line mode, a 14-line font is loaded into the font 
tables. In this mode, the 610/620 also loads an 8-line font in reverse order into 
the upper end of each character area. So to set up for automatic switching into 
CGA mode, this bit is set to 1 and to set up for automatic switching into MGA 
mode, this bit is set to O. 
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When the EGA is in 43-line mode, an 8-line font is loaded into the font tables. In 
this mode, the 610/620 also loads a 14-line font in reverse order into the upper 
end of each character area. So to set up for automatic switching into CGA mode, 
this bit is set to O. To set up for automatic switching into MGA mode, this bit is 
set to 1. 

Bit 2-0 CMGA font pointer 
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These bits detennine where the font in fonna tion is located when in CGA or MGA 
modes. The value in this field indicates one of eight 8KB blocks in plane 2. Note 
that values of 0, 2, 4, and 6 indicate existing fonts 0, 1, 2, and 3 respectively. Odd 
values indicate the other four 8KB blocks which are not currently used for font in­
fonnation in the standard EGA but are used in the VGA. 
The 8K byte blocks are arranged as 256 consecutive groups of 32 bytes each (8 
bits per character times 32 scan lines each). 
Font selection in EGANGA modes is controlled by the character attribute value 
and Sequencer Register 3 (Character Map Select). 
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10.11 Extensions LCD Control Register: LCDCNTLI 
I/O Port Address: 3C5 
Index: 8A 

1li!.! Description ~ 
7 (msb) Enable Power Save RJW 
6 Force 8-dots text mode RJW 
5 Unused RJW 
4 Divide external clock by 2 for LCD RJW 
3 Use Multiple Frequency Crystal RJW 
2 ROM Page bit-2 R/W 
1 ROM Page bit-I R/W 
o (Isb) ROM Page bit-O R/W 
Bit Descriptions 

Bml 
R~set B! S!!ll 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 1 
Reset 1 

Bit 7 In Power Save mode, the data paths for video signal processing will be disabled, 
and 'the video memory will only be accessed for refreshing. (Setting this bit 
cuts off the clock to "GRAYSCALE" and "HALF-FRAME-BUFFER". This bit 
has no effect on SumtoGray palette. SIC cuts off the "ITS·" clock when this bit 
is set, thus turning off most of the data path in GI A.) 

Bit 6 VGA and MGA text modes are normally 9 dot modes. This bit will force VGA 
and MGA text modes to run with 8 dots per character. This bit will take effect in 
CRTC modes as well as in LCD modes. 

Bit 5 Unused. 
Bit 4 When this bit is set to 1, the external clock selected is divided by 2 before being 

used as the internal primary clock signal. Note that the sequencer registers 
may be programmed to further divide this primary clock signal by 2 in 40 column 
modes. 

Bit 3 When this bit is set to 1 t some clock input pins are used as outputs to drive an 
external multiple frequency crystal. When this bit is set to 0, multiple external 
clock sources can be used. 

Bit 2-0 This 3-bit field is always substituted for the most significant three bits of a 16 
bit BIOS ROM address when system bus address during a BIOS READ points 
to the highest 8K of the 32K BIOS segment This allows access to 4 additional 
8K pages in the BIOS. To access the highest 8K of the 32K BIOS segment at 
C:()()()(), this field must be programmed to 011 t its reset state. 
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10.12 "Screen B Preset Row Scan: SBPR 
I/O Port Address: 3CS 
Index: 8B 
.I!l1! DaqlptiOD MmlI Reset By Rest State 
7 (msb) -unused- Reset 
6 -unused-
S -unused-
4 Screen B Preset Row Scan Bit4 R.W Reset or SRO-Dl=O (Sync Reset) 0 
3 Screen B Preset Row Scan Bit-3 RJW Reset or SRO-Dl=O (Sync Reset) 0 

. 2 Screen B Preset Row Scan Bit-2 RJW Reset or SRO-Dl=O (Sync Reset) 0 

1 Screen B Preset Row Scan Bit-l RJW ~eset or SRO-Dl=O (Sync Reset) 0 
o (lsb) Screen B Preset Row Scan Bit-O RJW Reset or SRO-Ol=O (Sync Reset) 0 

This register contains the Preset Row Scan value for the stan of screen B. This register is 
used to load the character scan row counter when the line compare register compares with 
the current horizontal scan (see CRTC register CRI8). This register allows split-screen 
smooth scrolling "to be performed on the lower screen of the split screen (screen B). Refer 
to the Screen A Preset Row Scan Register (CR8) for further information on split-screen 
smooth scrolling. 
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10.13 Extensions Screen B Start Address Higb Register: SBSH 
ua Pon Address: 3C5 

'-.- Index: 8C 
Bit # Desgiption ~ Reset By Reset State 
7 (msb) Screen B Stan Address Bit-IS R/W Reset or SRO-Dl=O (Sync Reset) 0 
6 Screen B Stan Address Bit-14 R/W Reset or SRO-Dl=O (Sync Reset) 0 
S Screen B Stan Address Bit-13 R/W Reset or SRO-D.1=O (Sync Reset) 0 

4 Screen B Stan Address Bit-12 R/W Reset or SRO-Dl=O (Sync Reset) 0 
3 Screen B Stan Address Bit-II R/W Reset or SRO-Dl=O (Sync Reset) 0 
2 Screen B Start Address Bit-IO R/W Reset or SRO-Dl=O (Sync Reset) 0 

1 Screen B Start Address Bit-9 R/W Reset or SRO-Dl=O (Sync Reset) 0 
o (Isb) Screen B Start Address Bit-8 R/W Reset or SRO-Dl=O (Sync Reset) 0 

This register contains the upper 8 bits of the stan address for screen B (the lower of the 
two screens in split-screen mode). This address is relative to the stan of video memory. 
Refer to the descriptions of CRTC registers CR8, CRC, CRD, CRI8 and extension regis­
ters ER8 and ERD for more infonnation on split-screen mode. 
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10.14 Extensions Screen B Start Address Low Register: SBSL 
I/O Pan Address: 3CS 
Index: SD 
1l!U DgcrJpdon Awa Rmt By Rmt State 
7 (msb) Screen B Start Address Bit-7 R/W Reset or SRO-Dl=O (Sync Reset) 0 
6 Screen B Stan Address Bit-6 R/W Reset or SRO-Dl=O (Sync Reset) 0 
S Screen B Stan Address Bil-S R/W Reset or SRO-Dl=O (Sync Reset) 0 

4 Screen B Stan Address Bit-4 R/W Reset or SRO-Dl=O (Sync Reset) 0 

3 Screen B Stan Address Bit-3 R/W Reset or SRO-Dl=O (Sync Reset) 0 
2 Screen B Stan Address Bit-2 R/W Reset or SRO-Dl=O (Sync Reset) 0 

1 Screen B Start Address Bit-l R/W Reset or SRO-Dl=O (Sync Reset) 0 
o (Isb) Screen B Start Address Bit-O R/W Reset or SRO-Dl=O (Sync Reset) 0 

This register contains the lower 8 bits of the stan address for screen B (the lower of the 
two screens in split-screen mode). This address is relative to the stan of video memory. 
Refer to the descriptions of CRTC registers CRS, CRC, CRD, CR18 and extension regis­
ters ER8 and ERD for more information on split-screen mode. 
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Extensions G/A Chip Revision Register: GAREV 
I/O Port Address: 3C5 
Index: 8E 
!ill..! Description M£.m Reset By Reset State 
7 (msb) G/A Chip Revision Bit-7 R 
6 G/A Chip Revision Bit-6 R 
S G/A Chip Revision Bit-S R 

4 G/A Chip Revision Bit-4 R 
3 G/A Chip Revision Bit-3 R 

2 G/A Chip Revision Bit-2 R 

1 G/A Chip Revision Bit-1 R 
o (lsb) G/A Chip Revision Bit-O R 

The G/A chip revision is detennined by reading back this register. 

The value returned will be flXed for each revision of the chip. 

The value retuq1ed is OAFb for chip revision 'A'. 
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10.16 Extensions SIC Chip Revision Register: SCREV 
I/O Pon Address: 3C5 
Index: 8F 
!!il.! Description Attm Reset By Reset State 
7 (msb) SIC Chip Revision Bil-7 R 
6 SIC Chip Revision Bil-6 R 
S SIC Chip Revision Bil-S R 

4 SIC Chip Revision Bil-4 R 

3 SIC Chip Revision Bil-3 R 
2 SIC Chip Revision Bil-2 R 

1 SIC Chip Revision Bil-l R 
o (lsb) SIC Chip Revision Bil-O R 

The SIC chip revision is detennined by reading back this register. 

The value returned will be fixed for each revision of the chip. 

The value returned is OAFh for chip revision 'A'. 
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10.17 Vertical Retrace Start: CRIO 
110 Port Address: 3C5 
Index: 90 

ID1J Description 
1 (msb) Vertical Retrace Start Bit-1 
6 Vertical Retrace Start Bit-6 
S Vertical Retrace Start Bit-S 
4 Vertical Retrace Start Bit-4 
3 Vertical Retrace Start Bit-3 
2 Vertical Retrace Start Bit-2 
1 Vertical Retrace Start Bit-l 

J?~ Ace§! J~~ AcceSi 
W RIW 
W R/W 
W R/W 
W RJW 
W RJW 
W RJW 
W R/W 

o (Isb) Vertical Retrace Start Bit-O W R/W 

RfSi B! R~Sl Stat$ 

The Vertical Retrace Start register is a 9-bit address which defines the position of the ver­
tical retrace start signal in terms of horizontal scan lines assuming the scan lines are num­
bered starting from 0 at the top of the screen. The low order 8 bits are programmed through 
this register, while the high order ninth bit is programmed through the CRTC Overflow reg­
ister (CR7 bit-2). 

This register is normally accessed at CRTC index 10 as a write-only register (read-back 
at this index returns the Light Pen High Address Register). The Eagle VGA also allows 
read/write access at extensions index 90 for state save and restore. 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGA/VGA mode (see the description of Eagle VGA 
extension register ER2F, the 'Active Adapter State' Register). 
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10.18 Vertical Retrace End: CRll 
I/O Pon Address: 3C5 
Index: 91 
lUl! Desrfption ~1~A"m 3C5 Acqss Rmt By Reset State 
7 (msb) Q.Normal. l=Test W R/W 
6 O=Normal. l=Test W R/W 
5 O=Enable Venical Interrupt W R/W Reset 1 
4 O=Clear Vertical Interrupt W R/W Reset 0 
3 Vertical Retrace End Bit-3 W R/W 
2 Vertical Retrace End Bit-2 W R/W 
1 Vertical Retrace End Bit-I W R/W 
o (Isb) Vertical Retrace End Bit-O W R/W 

This register is nonnally accessed at CRTC index 11 as a write-only register (read-back 
at this index returns the Light Pen Low Address Register). The EEGANGA also allows 
read/write access at extensions index 91 for state save and restore~ 
Bit Descriptions 

Bit 7 Test 
For nonna! operation this bit must be set to "0". This bit is ignored by the Eagle 
VGA. 

Bit 6 Test 
For normal operation this bit must be set to "0" .Setting this· bit to I causes line 
counter bits 7-8 to be forced to 1 '5 ('684S-compatibility' mode). This capability 
is never used. 

Bit S A "0" will enable the vertical interrupt of the CRT Controller. (See Input Status 
Register 0 bit-7 at pan address 3C2). 

Bit 4 Oear Vertical Interrupt 
This bit clears the vertical interrupt generated on the CRTINT output of the CRT 
controller. A "0" will clear the interrupt 

Bit 3-0 Vertical Retrace End 
These 4 bits specify the horizontal scan line count at which the vertical retrace 
output pulse becomes inactive assuming the scan lines are numbered starting 
from 0 at the top of the screen. The four bits are compared with the four least sig­
nificant bits of the vertical scan line counter. When the four counter bits are equal 
to the contents in this register, the vertical retrace is terminated. The Width W of 
the vertical retrace pulse can be detennined from the following algorithm: 
Value of Stan Vertical Retrace register (CRIO) + W = 4-bit value to be pro­
IJ'III11DCd into the Vertical Retrace End register. 
Noce that the four least significant bits of the algorithm result are to be pro­
grammed into this register. Thus the maximum retrace pulse width can only be 15 
scan lines. Note also that if the blanking interval extends beyond the end of the 
screen, erratic behavior will result since the vertical scan line counter gets cleared 
after the number of scan lines programmed in the vertical total register. 

Refer to Figure 7-1 (see register CRO) for a summary of CRTC timing registers. 

Note: This register is effective only in EGANGA mode (see the description of Eagle VGA 
extension register ER2F, the 'Active Adapter State' Register). 
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10.19 Light Pen High: LPENH 
UO Pon Address: 3CS 
Index: 92 
!liU Description 315 Access 3C5 Access Rest By Reset State 
7 (msb) Light Pen Address Bit-IS R R/W 
6 Light Pen Address Bit-14 R R/W 
5 Light Pen Address Bit-13 R RNI 
4 Light Pen Address Bit-12 R R/W 
3 Light Pen Address Bit-II R RNI 
2 Light Pen Address Bit-IO R RNI 
I Light Pen Address Bit-9 R RJW 
o (Isb) Light Pen Address Bit-8 R RJW 

The Light Pen High register contains the 8 high-order bits of the memory address at the 
time the light pen flip flop is set. The low order 8 bits are stored in the Light Pen Low reg­
ister (LPENL at CRTC index 11). The LPENH and LPENL registers are nonnally read­
only at CRTC index 10 and 11. However, the Eagle VGA also allows these registers to be 
accessed R/W at extension index 92 and 93 for state save and restore. 

Refer to SLPEN and CLPEN for further information on loading the LPENH and LPENL reg-
isters. . 
This register is used in both CMGA and EGANGA modes (the two msbs are always 
loaded with 0 when the 6845 is active since the 6845 memory address register is only 14 
bits wide). 

Revision G, 5/89 10 - 27 Extension Registers 



10.20 

Cirrus Logic 610/620 Technical Reference Manual 

Light Pen Low: LPENL 
I/O Port Address: 3CS 
Index: 93 

ID1.! DeKriptlon J1~ A~cess J~~A~~m Bm'S! R~Hl ~lll~ 
7 (msb) Ught Pen Address Bit-7 R R/W 
6 Light Pen Address Bit-6 R R/W 
S Light Pen Address Bit-S R R/W 
4 Light Pen Address Bit-4 R R/W 
3 Light Pen Address Bit-3 R R/W 
2 Light Pen Address Bit-2 R R/W 
1 Light Pen Address Bit-l R R/W 
o (1sb) Light Pen Address Bit-O R R/W 
The Light Pen Low register contains the 8 low-order bits of the memory address at the 
time the light pen flip flop is set The high order 8 bits are stored in the Ught Pen High reg­
ister (LPENH at CRTC index 10). The LPENH and LPENL registers are normally read­
only at CRTC index 10 and 11. However, the Eagle VGA also allows these registers to be 
accessed R/W at extension index 92 and 93 for state save and restore: 

Refer to SLPEN and CLPEN for further information on loading the !..PENH and LPENL reg­
isters. 

This register is used in both CMGA and EGNVGA modes. 
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Extensions Pointer Pattern Address Register: PPA 
I/O Pon Address: 3CS 
Index: 94 
!ill..! . Description M£m Reset By Rest State 
7 (msb) Pointer Pattern Address Bit-13 RJW Reset I 

6 Pointer Pattern Address B it-12 RJW Reset 
5 Pointer Pattern Address Bit-II RJW Reset 

4 Pointer Pattern Address Bit-IO RJW Reset 

3 Pointer Pattern Address Bit-9 RJW Reset 

2 Pointer Pauern Address Bit-8 RJW Reset I 

1 Pointer Pattern Address Bit-7 R/W Reset 

o (1sb) Pointer Pattern Address Bit-6 R/W Reset 1 

This register contains the msbs of the address of the graphics pointer pattern in display 
memory. The fonnat of the address into the 64Kx32 display memory are shown below: 
Bit Description 
15 1 
14 1 
13 PPAH bite' 
12 PP AH bit-6 
11 PPAH bit-5 
10 PPAH bit-4 
9 PPAH bit-3 
8 PPAH bit-2 
7 PPAH bit-l 
6 PPAH bit-O 
5 Mask (0 = 'and' mask, 1 = 'or' mask) 
4 Pattern line # bit 4 (msb) 
3 Pattern line # bit 3 
2 Pattern line #I bit 2 
1 Pattern line # bit 1 
o Pattern line 1# bit 0 (Isb) 
This allows the user to place the pattern on any 256-byte boundary in display memory. 
The pattern takes up 256 bytes and defaults to the last 256 bytes of display memory. The 
pattern consists of a 128-byte screen mask (which is ANDed with display memory at the 
current pointer location) followed by a 128-byte pointer mask (which is XORed with the re­
sult of the previous AND operation). This produces the resulting video data for the 32x32-
pixel area covered by the graphics pointer. 

The patterns consist of 32 consecutive 32-bit values which represent the 32 successive 
lines of the pointer pattern. These 32-bit patterns are stored in display memory across all 
4 planes so that they can be fetched from display memory with two memory read opera­
tions (one for the screen mask and one for the pointer mask) during the horizontal retrace 
interval prior to the scan line on which they are required. Plane-O bite' is shifted out rust; 
plane-3 bit-O is shifted out last. 

Correspondence between the above display memory address and the location of the pattern 
in the system memory space is determined by the state of the graphics controller registers, 
but typically places the pointer pattern from OAFFOOH to OAFFFFH (assuming the PP A 
register is set to OFFH). 
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10.22 . Extensions Cursor Height Adjust Register: CADJ 
I/O Pon Address: 3CS 
Index: 9S 
W1.! DaqIDtiOft Awa Rest By Reset State 
7 (msb) -unused-
6 -un used-
5 -unused-
4 Pointer Pattern Address Bit-tO R/W 
3 Pointer Pattern Address Bit-9 R/W 
2 Pointer Pattern Address Bil-S R/W 
1 Pointer Pattern Address Bit-7 R/W 
o (lsb) Pointer Pattern Address Bit-6 R/W 

This register contains a value used to adjust the 6845 cursor size (RA and RB) during 
'Enhanced Text' mode (see 'STATE' register ER2F). This mode is actually a CGA text 
emulation mode in which the 610/620 uses the CRTC (i.e., EGANGA) to produce en­
hanced (8x14 or . better) text instead of using the 6845 registers which would nonnally pro­
duce 8x8 text. In this mode, the 610/620 does, however, use the 6845 cursor start and end 
registers to control the size of the cursor by modifying their values with the contents of this 
register. This is done by adding the contents of this register to the contents of the cursor 
stan and end registers if the value of those registers are greater than or equal to 4. The 
value in this register depends on the EGANGA font size, but is typically set to 5 for an 
8x14 font and 7 for an 8x16 font 

Figure 10-1: Cursor Adjust Programming Examples 

Scan Line 

l1li 

Cunor SlUt Row • 0 
Cunor End Row • 3 
Cunor 0fI'seI • 5 

Scan Line 

Cursor Start Row :8 7 
Cursor End Row = 7 
Cursor Offset = S 

Scan Line 

Cursor Start Row • 0 
Cursor End Row • 7 
Cursor Offset :8 S 

Note: The value written to this register doesn't take effect to modify the cW'SOr shape until 
the CRTC Cursor Stan or Cursor End registers are written to. 
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10.23 Extensions Caret Width Register: CW 
110 Port Address: 3C5 

'. Index: 96 
!liU Description Attm Reset By Reset State 
7 (msb) Caret Width Bil-7 RJW 
6 ' Carel Width B it-6 RJW 
5 Carel Width Bit-S RJW 
4 Caret Width Bil-4 RIW 
3 Carel Width Bit-3 RIW 
2 Caret Width Bit-2 RIW 
1 Caret Width Bit-l RIW 
o (Is b) Caret Width Bit-O RIW 

This register contains the width in pixels of the caret (graphics text insertion point indica­
tor). It is an 8-bit register which allows the caret to be up to 255 pixels wide. A value of 0 
causes the caret to be turned off, as does a zero in bit-4 of the Cursor Attributes register 
(ER25). 
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10.24 Extensions Caret Height Register: cn 
UO Pan Address: 3C5 
Index: 97 
JW..! Daqlpdog Awa Reset By Rest State 
7 (msb) Caret Height Bit-7 R/W 
6 Caret Height Bit-6 R/W 
5 Caret Height Bit-S R/W 
4 Caret Height Bit-4 R/W 
3 Caret Height Bit-3 R/W 
2 Caret Height Bit-2 R/W 
1 Caret Height Bit-! R/W 
o (lsb) Caret Height Bit-O R/W 

This register contains the height in pixels of the caret (graphics text insertion point indica­
tor). It is an 8-bit register which allows the caret to be up to 255 pixels tall. A value of 0 
causes the caret to be turned off, as does a zero in bit-4 of the Cursor Attributes register 
(ER25). 
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10.25 Extensions Caret Horizontal Position High Register: CXH 
110 Port Address: 3CS 
Index: 98 
!li!.l Dnqiption ~ Reset By Reset State 
7 (msb) -unused-

6 -unused-
5 -un used-
4 -unused-
3 -unused-

2 Caret Horizontal Position Bit-IO RIW 
1 Caret Horizontal Position Bit-9 R/W 
o (lsb) Caret Horizontal Position Bit-S R/W 

This register contains the upper 3 bits of the Caret Horizontal Position in pixels from the 
left edge of the display screen. The lower 8 bits are contained in the CXL register. 

Note: The value programmed into the Caret Horizontal Position is off by 1 or by 2 depend­
ing on the c~ntly programmed character width: for 8-bit characters, add 1 to the actual 
position prior to programming the Caret Horizontal Position regisrers; for 9-bit characters, 
add 2 to the actual position. 

For example, a value of 1 in horizontal position bits 0-10 would position the left-most pixel 
of the caret over the left-most pixel of the display screen if the display is programmed for 8-
bit characters. A value of 2 in horizontal position bits 0-10 would produce the same result 
for 9-bit characters. 
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10.26 Extensions Caret Horizontal Position Low Register: CXL 
UO Port Address: 3CS 
Index: 99 
Jli1.! Description Attm Reset By, Reset State 
7 (msb) Caret Horizontal Position Bit-7 RJW 
6 Caret Horizontal Position Bit-6 RJW 
S Caret Horizontal Position Bit-S RJW 
4 Caret Horizontal Position Bit-4 RJW 
3 Caret Horizontal Position Bit-3 R/W 
2 Caret Horizontal Position Bit-2 R/W 
1 Caret Horizontal Position Bit-l R/W 
o (lsb) Caret Horizontal Position Bit-O RJW 

This register contains the lower 8 bits of the Caret Horizontal Position in pixels from the 
left edge of the display screen. The upper 3 bits are contained in the CXH register. 

Note: The value programmed into the Caret Horizontal Position is off by 1 or by 2 depend­
ing on the currently programmed character wideth: for 8-bit characters, add 1 to the actual 
position prior to programming the Caret Horizontal Position registers; for 9-bit characters, 
add 2 to the actual position. 

For example, a value of 1 in horizontal position bits 0-10 would position the left-most pixel 
of the caret over the left-most pixel of the display screen if the display is programmed for 8-
bit characters. A value of 2 in horizontal position bits 0-10 would produce the same result 
for 9-bit characters. 
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10.27 Extensions Caret Vertical Pos,ition High Register: CYH 
I/O Pon Address: 3C5 
Index: 9A 
lli1J Description ~ Reset 8y Reset State 
7 (msb) -unused-
6 -unused-
5 -unused-
4 -unused-
3 -unused-
2 -unused-
1 Caret Vertical Position Bit-9 R/W 
o (lsb) Caret Vertical Position Bit-8 R/W 

This register contains the upper 2 bits of the Caret Vertical Position in scan lines from the 
upper edge of the display screen. A value of 0 in vertical position bits 0-9 would position 
the upper-most pixel of the caret over the upper-most pixel of the display screen. 
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10.28 Extensions Caret Vertical Position Low Register: CYL 
IJO Pan Address: 3C5 
Index: 9B 
1lit.! Dncripdon ~ Rest By Rest State 
7 (msb) Caret Vertical Position Bit-7 RJW 
6 Caret Vertical Position Bit-6 RJW 
5 Caret Vertical Position Bit-S RJW 
4 Caret Vertical Position Bit-4 RJW 
3 Caret Vertical Position Bit-3 RJW 
2 Caret Vertical Position Bit-2 R/W 
1 Caret Vertical Position Bit-l RJW 
o (Isb) Caret Vettical Position Bit-O RJW 
This register contains the lower 8 bits of the Caret Vertical Position in scan lines from the 
upper edge of the display screen. A value of 0 in vertical position bits 0-9 would position 
the upper-most pixel of the caret over the upper-most pixel of the display screen. 
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10.29 Extensions Pointer Horizontal Position High Register: PXH 
I/O Pan Address: 3CS 
Index: 9C 
!ill.! Daqfotion A££m Reset By Reset State 
7 (msb) -unused-
.6 -unused-
5 -unused-
4 -unused-
3 -unused-
2 Pointer Horizontal Position Bit-10 R/W 
1 Pointer Horizontal Position Bit-9 R/W 
o (Isb) Pointer Horizontal Position Bit-S R/W 

This register contains the upper 3 bits of the pointer horizontal position in pixels from the 
left edge of the display screen. A value of 0 in horizontal position bits 0-10 would position 
the left-most pixel of the pointer pattern over the left-most pixel of the display screen. 

Note: GA-A will only update the counter with the value from this register at vertical 
retrace time. 
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10.30 Extensions Pointer Vertical Position Low Register: PXL 
YO Pen Address: 3CS 
Index: 9D 
lli!.! Description ~ Reset By Reset State 
7 (msb) Pointa' Horizontal Position Bit-7 RJW 
6 Pointer Horizontal Position Bit-6 RJW 
S Pointer Horizontal Position Bit-S RJW 
4 Pointer Horizontal Position Bit-4 R/W 
3 Pointer Horizontal Position Bit-3 RJW 
2 Pointer Horizontal Position Bit-2 RJW 
1 Pointer Horizontal Position Bit-l R/W 
o (lsb) Pointa' Horizontal Position Bit-O R/W 

This register contains the lower 8 bits of the pointer horizontal position in pixels from the 
left edge of the display screen. A value of 0 in horizontal position bits 0-10 would position 
the left-most pixel of the pointer pattern over the left-most pixel of the display screen. 

See Note Page 10-28 for "PXH" register. 
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10.31 Extensions Pointer Vertical Position High Register: PYH 
110 Pon Address: 3C5 
Index: 9E 
Bit. Description ~ Reset By Reset State 
7 (msb) -unused-

6 -un used-
5 -unused-
4 -unused-

3 -unused-

2 -unused-

1 Pointer Vertical Position Bit-9 R/W 
o (1sb) Pointer Vertical Position Bit-8 R/W 

This register contains the upper 2 bits of the pointer vertical position in scan lines from the 
upper edge of the display screen. A value of 0 in vertical position bits 0-9 would position 
the upper-lllOst pixel of the pointer pattern over the upper-most pixel of the display screen. 
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10.32 . Extensions Pointer Vertical Position Low Register: PYL 
I/O Port Address: 3CS 
Index: 9F 
Jl!1.! Description Ama Reset By Reset State 
7 (msb) Pointei' Vertical Position Bit-7 R/W 
6 . Pointei' Vertical Position Bit-6 R/W 
S Pointer Vertical Position Bit-S R/W 
4 Pointer Vertical Position Bit-4 R/W 
3 Pointer Vertical Position Bit-3 R/W 
2 Pointei' Vertical Position Bit-2 R/W 
1 Pointer Vertical Position Bit-l R/W 
o (lsb) Pointer Vertical Position Bit-O R/W 

This register contains the lower 8 bits of the pointer vertical position in scan lines from the 
upper edge of the display screen. A value of 0 in vertical position bits 0-9 would position 
the upper-most pixel of the pointer pattern over the upper-most pixel of the display screen. 
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Extensions Graphics Controller Memory Latch 0: GRLO 
I/O Port Address: 3C5 
Index: AO 
!ill.! Description Mna Reset By Reset State 
7 (msb) Graphics Controller Memory Latch 0 Bit-7 R/W 
6 Graphics Controller Memory Latch 0 Bit-6 R/W 
S Graphics Controller Memory Latch 0 Bit-S R/W 
4 Graphics Controller Memory Latch 0 Bit-4 R/W 
3 Graphics Controller Memory Latch 0 Bit-3 R/W 
2 Graphics Controller Memory Latch 0 Bit-2 R/W 
1 Graphics Controller Memory Latch 0 Bit-l R/W 
o (lsb) Graphics Controller Memory Latch 0 Bit-O R/W 

This register is actually the memory data latch which gets loaded from plane 0 data when­
ever video memory is read by the CPU. This register exists in a standard EGA and VGA, 
it just can't be accessed directly as it can in the 610/620. 

Note: This latch may also be read @ 315.22 for IBM VGA@ compatibility. 
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10.34 Extensions Graphics Controller Memory Latch 1: GRLI 
I/O Port Address: 3C5 
Index: Al 
!lil.l Drsriptfon MmI Rest By Reset State 
7 (msb) Graphics Controller Memory Latch 1 Bit-7 R/W 
6 Graphics Controller Memory Latch 1 Bit-6 R/W 
S Graphics Controller Memory Latch 1 Bit-S R/W 
4 Graphics Controller Memory Latch 1 Bit-4 R/W 
3 Graphics Controller Memory Latch 1 Bit-3 R/W 
2 Graphics Controller Memory Latch 1 Bit-2 R/W . 
1 Graphics Controller Memory Latch 1 Bit-l R/W 
o (lsb) Graphics Controller Memory Latch 1 Bit-O R/W 

This register is actually the memory data latch which gets loaded from plane 1 data when­
ever video memory is read by the CPU. This register exists in a standard EGA and VGA, 
it just can't be accessed directly as it can in the 610/620. 

Note: This latch may also be read @ 315.22 for IBM VGA@ compatibility. 

Revision G, 5/89 10 - 42 Extension Registers 



Cirrus Logic 610/620 Technical Reference Manual 

10.35 Extensions Graphics Controller Memory Latch 2: GRL2 
va Port Address: 3CS 

, Index:A2 

:,.' 

1ill.! DescriPtion ~ Reset By Reset State 
7 (msb) Graphics Controller Memory Latch 2 Bit-7 R/W 
6 Graphics Controller Memory Latch 2 Bit-6 R/W 
S Graphics Controller Memory Latch 2 Bit-S R/W 
4 Graphics Controller Memory Latch 2 Bit-4 RIW 
3 Graphics Controller Memory Latch 2 Bit-3 R/W 
2 Graphics Controller Memory Latch 2 Bit-2 RIW 
1 Graphics Controller Memory Latch 2 Bit-} R/W 
o (Isb) Graphics Controller Memory Latch 2 Bit-O R/W 

This register is actually the memory data latch which gets loaded from plane 2 data when­
ever video memory is read by the CPU. This register exists in a standard EGA and VGA, 
it just can't be accessed directly as it can in the 610/620. 
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10.36 Extensions Graphics Controller Memory Latch 3: GRL3 
I/O Port Address: 3CS 
Index: A3 
J!i1.! DaqiDtiOg MmI Reset By Reset State 
7 (msb) Graphics Controllez Memory Latch 3 Bit-' R/W 
6 Graphics Controllez Memory Latch 3 Bit-6 R/W 
S Graphics Controller Memory Latch 3 Bit-S R/W 
4 Graphics Controller Memory Latch 3 Bit4 R/W 
3 Graphics Controller Memory Latch 3 Bit-3 R/W 
2 Graphics Controller Memory Latch 3 Bit-2 R/W 
1 Graphics Controller Memory Latch 3 Bit-I R/W 
o (Isb) Graphics Controller Memory Latch 3 Bit-O R/W 

This register is actually the memory data latch which gets loaded from plane 3 data when­
ever video memory is read by the CPU. This register exists in a standard EGA and VGA, 
it just can't be accessed directly as it can in the 610/620. 

Note: This latch may also be read@ 375.22 for IBM VGA@ compatibility. 
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10.37 Extensions Clock Select Register: eLK 
ua Pon Address: 3CS 
Index: A4 
lli11t oncription 
7 (msb) CMGA Clock Select Bit-2 (A),cMGA a..K 

Override (D.E) 
6 CMGA Clock Select Bit-l (A) 
5 CMGA Clock Select BIt-O (A) 
4 EGA/VGA Clock Select Bit-2 
3 EGA/VGA Clock Select Bit-l 

(same as MlSC Reg Bit-3) 
2 EGA/VGA Clock Select Bit-I 

(same as MlSC Reg Bit-2) 
1 -unused-
o (Isb) -unused-

Bit Descriotions 

Bit 7 (Rev D,E) CMGA Clock Override 

A.££m R~sl 8! R~Sl 5t;!!! 

R/W Reset 0 
R/W (A) Reset 0 
R/W (A) Reset 0 
R/W Reset o (D.E). I (A) 

RfN 

R/W 

When this bit is 0, clocks are set to fixed values in CMGA modes (14 MHz in 
CGA mode and 16 MHz in MGA mode). When this bit is set to 1, the clock in 
CMGA modes is selected by bits 2-4 of this register. 

Bit 7-5 (Rev A) CMGA Clock Select 
This 3-bit field selects clocks for CMGA modes; bits 2-4 select clocks and 
switches for EGANGA modes. 

Bit 4 When this bit is set to 0, Clock Select 1 and 0 are used to select clock and switch 
sources as defmed in the EGA. When this bit is set to 1, four additional clock and 
switch sources can be selected (typically, the additional clock sources are set up 
for VGA compatibility). 

Bit 3-2 These are the same bits as bits 3-2 of the EGANGA Miscellaneous Output 
Register. 

This register may be used to select 1 of 8 clock: sources. If only 4 clock sources are re­
quired, the two bits in the Mise Output Register (bits 2 and 3) may be used to select the 
clock source, since bits 2 and 3 of this register are the same as Mise Output Register bits 2 
and 3. If external clock sources are connected as shown in the table below, and bit-4 of 
this register is set to 0, EGA-standard clock sources may be selected using the MISC 
Output register; if bit-4 of this register is set to 1, VGA-standard clock: sources may be 
selected: 

~ Bikl 
0 0 
0 0 
0 
0 1 
I 0 
I 0 

lli1:a 
o 
1 
o 
1 
o 
1 

.sM1dl 
Sw4 
Sw3 
Sw2 
Sw 1 
SwS 
Sw6 

Clock Source Comment 
14.318MHz (from the PC Bus) EG A Standard 
16.257 MHz EGA Standard 
25.112 MHzIFeature Connector Eagle Deluxe 24 MHz 
32.514.MHz 610/620 Extension 
25.172 MHz VGA Standard 

28.332 MHz VGA Standard 
o Sw 1 20.000 MHz 610/620 Extension 

1 1 1 Sw 8 40.000 MHz 610/620 Extension 

As shown in the table, these same three CLKSEL bits may.ilm be used to select 1 of 4 or 
1 of 8 switches (EGA standard is 4 switches; the 610/620 provides for 4 more if desired). 
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These switches are typically read at power up by the BIOS by setting the CLKSEL bits to 
·successive values and reading the switches from Input Status Register 0 bit-4 one at a 
time (swaches read as 0 if closed). These switches are used to inform the BIOS of the 
type of monitor attached and the initial mode of operation. The 610/620 PCB is designed to 
allow the analog monitor type code bits to be read back in place of the switches (in Feature 
Read Register bit-4) when the digital video outputs are enabled (Mise Output Register bit-
4 = 0). If connected in this manner, the switches are readable only when digital video is 
disabled (Mise Output Register bit-4 = 1). 
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Extensions Cursor Attributes Register: CURS 
I/O Port Address: 3CS 
Index: AS 
!l!1.! Dncripdog Mtta 
7 (msb) Pointer Enable RIW 
6 Caret Enable RIW 
5 Caret Color (O=Black=OOOO, l=White=llll) RIW 
4 Caret Mode (O=Replace, l=lnvert) RIW 
3 Cursor Mode (O=Replace, l=lnvert) RIW 
2 Blink Rate (O=Fast, l=Slow) RIW 
1 Caret Blink Disable RIW 

R~~B! 
Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

B~SI SliU~ 
0 
0 
0 
0 
0 
0 
0 

o (Isb) Cursor Blink Disable RIW Reset 0 

This register controls the appearance of the text cursor, graphics caret, and mouse pointer 
Note that this register is also reset by synchronous reset in chip rev D. 

Bit Descriptions 

Bit 7 Pointer Enable 
Setting this bit to 1 enables the pointer logic to display the 32x32-pixel hardware 
mouse pointer on the screen at a location determined by the Pointer Horizontal 
and Vertical Position Registers (PXHlPXL and PYH/PYL). Setting this bit to 0 
(the default state) disables this feature. The screen mask pattern for the pointer 
is fetched from display memory at absolute location AnnOO or BnnOO for 128 bytes 
where nn is the contents of the Pointer Position Address Register (PPA at exten­
sions index 94). The screen mask is ANDed with video memory data at the out­
put of the color palette. The pointer mask pattern for the pointer is fetched from 
display memory at absolute location Ann80 for 128 bytes. The pointer mask is 
XORed with the results of the previous screen mask AND operation to produce 
the final video output This results in the following truth table for the mask data: 
ScreenMask PointerMask Resulting Screen Pixel 

o 0 Black 

o 1 ~~ 

o Same as original pixel (poin~r transparent) 

1 1 Inverse of original pixel 
The pointer is available in EGA/VGA (CRTC) modes only. The pointer is not 
available in CMGA (6845) modes. 

Bit 6 Caret Enable 
Setting this bit to 1 enables the caret logic to display an insertion point indicator. 
The graphics caret size (up to 255x25S pixels) is controlled by the Caret Height 
and Width Registers (CH and CW). The location is controlled by the Caret Hori­
zontal and Vertical Position Registers (CXHJCXL and CYH/CYL). The caret 
may be enabled in either graphics or text modes. 
The text cursor size (up to 32 scan rows) is controlled by the 6845/CRTC Cursor 
Start and End Row Registers (RA/CRA and RB/CRB). The location is controlled 
by the Cursor Position Register (CRE and CRF). The text cursor is only enabled 
in text mode. 
The caret is available in EGA/VGA (CRTC) modes only. The caret is not avail­
able in CMGA (6845) modes. The caret is inserted into the video data stream pri­
or to the attribute controller color palette so that the caret color is modified by the 
palette. The caret position is adjusted by smooth scrolling and by horizontal pixel 
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panning. 
Bit 5 Caret Color 

State 0 = Black caret (for use on white background) (Black = color 0000) 
. State 1 = White caret (for use on black background) (White = color 1111) 

Bit 4 Caret Mode 
State 0 shows screen under caret in fixed-color when caret is on (color set by bit-
5) 
State 1 shows screen under caret in reverse video when caret is on (X OR with 
bit-5) 

Bit 3 Cursor Mode 
State 0 overwrites screen under cursor with foreground color when cursor is on 
State 1 shows character under cursor in reverse video when cursor is on 

Bit 2 Blink Rate 

State 0 = Fast blink - caret/cursor blinks at 1/16 of the current field rate (Vrtc + 
16) 

State 1 = Slow blink - caret/cursor blinks at 1/32 of the cUrrent field rate (Vrtc + 
32) 
This bit is used to control the cursor/caret blink rate in EGA modes and the cursor 
blink only in CMGA modes (the caret is not available in CMGA modes). 
In the mM EGA and VGA, the cursor blink rate is fixed at the 'Fast Blink' rate. 
Character blink, if used, occurs at the 'Slow Blink' rate. 
Fast Blink: 1/16 of the field rate means off for 8 vertical retrace times 
(approximately 1/8 second at 60Hz and 1/6 second at 50Hz) and on for 8 vertical 
retrace times. This is approximately 4 Hz at 60 Hz vertical frequency and 3 Hz at 
SO Hz vertical. 
Slow Blink: 1/32 of the field rate means off for 16 vertical retrace times and on for 
16. This is approximately 2 Hz at 60 Hz vertical frequency and 1.5 Hz at 50 Hz 
vertical. 

Bit 1 Caret blink disable 
State 1 = Disable caret blink 
State 0 = Enable caret blink 

Bit 0 Cursor blink disable 
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State 1 = Disable cursor blink 
State 0 = Enable cursor blink 
In EGANGA modes, this bit is used to enable/disable cursor blink. If enabled, 
bit-2 of this register determines the blink rate. 
In CMGA modes, this register has no effect on cursor operation. Bits 5 and 6 of 
the 6845 Cursor Stan Register (RA) determine whether cursor blink is enabled or 
disabled and, if enabled, the blink rate: 
684S Re&isfCr A bits 6-S 

00 
o 1 
1 0 
1 1 

Cursor Function 
Cursor Fast Blink 
No Cursor 
No Cursor 
Cursor Slow Blink 
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10.39 Reserved 
I/O Pon Address: 3C5 
Index: A6 
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10.40 Extensions Mode Switch Control Register: SWITCH 
I/O Port Address: 3C5 
Index: A7 
rut! Description AmD R~Sl BI Resl SIDII 
7 (msb) CRTC Timing Check (Sanity Bit) R/W Reset 0 
6 . Enable S3toS2 Smartswitch B R/W Reset 0 
5 Enable S3toS2 Smartswitch A R/W Reset 0 
4 Enable Enhanced Text Smartswitch R/W Reset 0 
3 Enable MGA Smartswitch R/W Reset 0 
2 Enable eGA Smanswitch R/W Reset 0 
1 Enable EGANGA Smartswitch B R/W Reset 0 
o (lsb) Enable EGA/VGA Smartswitch A R/W Reset 0 

These bits are programmed to control state transitions in the Smartswitch state machine. 
Specific state transitions can be enabled or disabled by setting and resetting these bits. 

B it Descriptions 
Bit 7 CRTC Sanity Bit 

This bit is cleared by software after CRTC timing registers are loaded with a com­
plete set of values. This bit is cleared by hardware if any of the CRTC timing reg­
isters 0-9 are changed. This bit is used to detect whether a CGA or MGA appli­
cations program has messed up the CR TC timing registers (presumably thinking 
it was changing 6845 registers at the same locations) and is used to prevent auto­
matic switching from CGA or MGA mode back into EGANGA mode or Enhanced 
Text (TXT) mode. If the application program behaves 'correctly', it will tum off 
video via the mode port before changing any of the 6845 registers. In this case, 
the automatic switching mechanism will switch on the mode pan hit thus write 
protecting the CRTC registers and allowing a Smanswitch return to EGA/VGA 
mode. This bit is used to catch the case where the program doesn't behave cor­
rectly and just starts programming the 6845 registers with no warning. By detect­
ing this case, the program will just stay in CGAIMGA mode until software inter­
vention (BIOS set mode) rather than attempting to go back to EGA/VGA mode 
with an illEGA/VGA 1 set of timing values in the CRTC (and possibly damaging a 
CRT monitor by giving it incorrect timing signals.) 

Bit 6 Enable TXT to CGA Smanswitch B 
Enable automatic switching from Enhanced Text mode to CGA mode on detection 
of a write to 6845 registers 0-9. 

Bit 5 Enable TXT to COA Smanswitch A 
Enable automatic switching from Enhanced Text mode to CGA mode on detection 
of • write to the CGA mode register with anything other than '80-column text 
mode' (binary 'xxxOlxOl '). 

Bit 4 Enable Enhanced Text Smanswitch 
Enable automatic switching from CGA mode to Enhanced Text mode on detection 
of a write to the CGA mode register in color mode (Le., at 308) with '80-column 
text mode' (binary 'xxxOlxOl ') and the 6845 Character Cell Height register con­
tains a 7 (cell height = 8). Enhanced Text mode allows more readable 
EGAlVGA-type enhanced text to be displayed in place ofCGA text. 

Bit 3 Enable MGA Smanswitch 
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Enable automatic switching from EGANGA mode to MGA mode on detection of 
a write to the MGA mode pon in mono mode (i.e .. , AT 3B8). 
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Bit 2 Enable CGA Smanswitch 

Bit 1 

Enable automatic switching from EGNVGA mode to CGA mode on detection of a 
write to the CGA mode register in color mode (port 3D8) with anything other than 
'80-column text mode' (binary 'xxxOlxOl ') or detection of a write to the CGA col-
or register in color mode (pon 309). 
Enable EGA/VGA Smartswitch B 
Enable automatic switching to EGANGA mode from any other mode on detection 
of a write to any EGNVGA-specific register (pon 3Cx). 

Bit 0 Enable EGA/VGA Smartswitch A 
Enable automatic switching to EGNVGA mode from any .other mode on detection 
of a sequencer synchronous reset (writing 0 to bit-1 of SRO). 

SMARTSwrrCH STATE TRANSITION EQUATIONS· REV E & A 
Cond 1 = 

CGA-Auto - MM· - WElCGA-Modei - «OB[7:O]:;i:xxxOlxOI)+(6845-MaxScan;t'7) - OB[3]=1 
;Write to CGA Mode (308) + 

CGA-Auto - MM· - WElCGA-ModeI- CGA-Mode[1] = 1 
;Only if in graphics mode 
;Write to CGA Color (309) 

Cond2= 

EEGA TXT - CRTC-Sane - WE/CGA-ModeI- (OB[7:0] = xxxOlxOl) - (6845-MaxScan ::I 7) 
;Write to CGA Mode (308) 

Cond3 = 

TXTtoCGAA- WElCGA-MO<kI- «OB[7:0] * xxxOlxOl)+(6845-MaxScan * 7» 
;Write to CGA Mode (308) + 

TXTtoCGAA WEladdr =xDl + xDI + xD5 + xD7'- (6845-Index = 0-9) 
;Write to 6845 R0-9 (301) 

Cond4 = 

EEGATXT. CRTC-Sane • WElCGA-Modei 
;Write to CGA Mode (308) 

- CGA-Auto - MM- • «(08[7:0] = xxxOlxOl) - (6845-MaxScan = 7) + (OB[3] = 0» 
; Vide<Hln/8Ocol (X' video-off 

Cond 5 = 
MGA-Auto • MM • WFJMGA-Model 
;Write to MGA Mode (388) 

Cond6-

EGA-AUIOA • WE/alJAJr-xCJ/ 
;Write to lilY EGA reg(3Cx) 

Cond 7-

C0nd6 • CRTC-Sane 
where: 
6845-MaxScan = 6845 Register R9 (Clwacter Cell Height Register. a value of 7 indicates a cell 
height of 8) 
Data pattern xxxOlxOl written to the CMGA mode register indicates video on and 8Ckolumn text 
CRTC-Sane = 1 indicates that the CRTe contains valid parameters for display of 80-column EGA en­
hanced text 
CRTC-Sane is set by software and cleared by hardware on any write to CRTC aregistelS 0-9 in EGA 
mode 
Mode register bit-3 is the video enable bit (equations are written to transition to TXT if Mode write 
with video oft) 
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Figure 1().2: Smartswitch State Transitions 

,"condl 

c~ ~~ __ 

Note: Smanswitch transitions do not effect the EGANGA control bit (state bit-2). 
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Extensions NMI Mask Register 1: NMII 
I/O Port Address: 3C5 
Index: A8 
!lit.! DnqiDtion ~ 
7 (msb) Mono mode port accessed in color mode Mask R/W 
6 Color mode pon accessed in mono mode Mask R/W 
5 -unlLSed- R/W 
4 Pon Register 309 Update Mask (CGA Cola') RJW 
3 Pon Register 3D8 Update Mask (eGA Mode) RJW 
2 Pon Register 38F Update Mask (MGA Confi&) RJW 

R~t8! B~SI Stat~ 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 

1 Pon Register 389 Update Mask (MGA Set Light Pen FF) R/W Reset 0 
o (Isb) Pon Register 388 Update Mask (MGA Mode) RJW Reset 0 

Each bit enables (when set to 1) or disables (when set to 0) the generation of NMI inter­
rupts when the corresponding register(s) is written. When the mvn type is disabled by 
setting the corresponding mask bit to 0, occurrences of events of that type are not recorded 
in the status registers. 

Bit Descriptions 

Bit 7 Mono Port Accessed in Color Mode 
This bit controls whether an NMI is generated on writes to 3Bx when in color 
mode (color mode ports are at 3Dx). 

Bit 6 Color Port Accessed in Mono Mode 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit 0 

This bit controls whether an NMI is generated on writes to 3Dx when in mono 
mode (mono mode ports are at 3Bx). 
This bit is implemented as a read/write bit but is not currently connected to any­
thing. 
Port 309 Update Mask 
This bit controls whether an NMI is generated on writes to the CGA Color regis­
ter. 
Port 308 Update Mask 
This bit controls whether an NMI is generated on writes to the CGA Mode regis-
ter. 
Port 3BF Update Mask 
This bit controls whether an NMI is generated on writes to the MGA Configura­
tion register. 
Pon 3B9 Update Mask 
This bit controls whether an NMI is generated on writes to the MGA Set Light 
Pen Flip Flop port. 
Pan 3B8 Update Mask 
This bit controls whether an NMI is generated on writes to the MGA Mode regis-
ter. 
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10.42 Extensions NMI Mask Register 2: NMI2 
I/O Pon Address: 3CS 
Index: A9 
1li1.! DacriDtion ~ Reset By Reset State 
7 (msb) CRTC Data Registers 10-18 Update Mask R/W Reset 0 
6 CRTCI684S Data Registers C-F Update Mask R/W Reset 0 
S CRTC/684S Data Registers O-B Update Mask R/W Reset 0 
4 Feature Control Register Update Mask R/W Reset 0 
3 Mise Output Register Update Mask R/W Reset 0 
2 Attribute Conttoller Data Registers Update Mask R/W Reset 0 
1 Graphics Conttoller Data Registers Update Mask R/W Reset 0 
o (Isb) Sequencer Data Registers Update Mask R/W Reset 0 

Each bit enables (when set to 1) or disables (when set to 0) the generation of NMI inter­
rupts when the corresponding register(s) is updated. When the NMI type is disabled by 
setting the corresponding mask bit to 0, occurrences of events of that type are not recorded 
in the status registers. 

NMIs are never produced on writes to index register. 

Bit Descriptions 

Bit 7 CRTC Data Registers 10-18 Update Mask 
This bit controls whether an NMI is generated on writes to CRTC registers CRIO­
CR18. These registers are unique to the CRTC. 

Bit 6 CRTC/684S Data Registers C-F Update Mask 
This bit controls whether an NMI is generated on writes to CRTC registers C-F. 
The registers at this index range are common to the 6845 and CRTC and work the 
same way for both. 

Bit 5 CRTC/6845 Date Registers O-B Update Mask 
This bit controls whether an NMI is generated on writes to 684S/CR TC registers 
0-8. The 6845 and CRTC both have registers at this index range, but the register 
sets have different functions. 

Bit 4 Feature Control Register Update Mask 
This bit controls whether an NMI is generated on writes to the EGA/VGA Fea­
ture Control register (pon 3BA in mono mode or 3DA in color mode). 

Bit 3 Mise Output Register Update Mask 
This bit controls whether an NMI is generated on writes to the EGA/VGA Misc 
Output register (pon 3C2 or 3C3). 

Bit 2 Attribute Controller Data Registers Update Mask 
This bit controls whether an NMI is generated on writes to the EGANGA At­
tribute Controller data registers (pon 3CO). 

Bit 1 Graphics Controller Data Registers Update Mask 
This bit controls whether an NMI is generated on writes to the EGANGA Graph­
ics Controller position or data registers (pons 3CA, 3CC, and 3CF). 

Bit 0 Sequencer Data Registers Update Mask 
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This bit controls whether an NMI is generated on writes to the EGANGA Se­
quencer Registers (pon 3CS). 
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10.43 Reserved 
UO Pon Address: 3C5 
Index: AA 
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10.44 Extensions NMI Status Register 1: NST ATI 
I/O Port Address: 3CS 
Index: AB 
.IliU Desgiptiog M£m 
7 (msb) Mono mode port accessed in color mode RJ 
6 Color mode pon accessed in mono mode RJ 
S Stale Change RJ 
4 Pon Register 309 Updated (CGA Color) RJ 
3 Pon Register 308 Updated (CGA Mode) RJ 
2 Pon Register 3BF Updated (MGA Con fig) RJ 

ReSl8I R~SI Slill 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 

1 Port Register 3B9 Updated (MGA Set Light Pen FF) RJ Reset 0 
o (lsb) Port Register 388 Updated (MGA Mode) RJ Reset 0 

A bit in this register is set to 1 when the corresponding register(s) is updated and the cor­
responding mask bit is 1. Creating the condition which sets one of the bits in this register 
will also generate an NMI interrupt if so enabled by the corresponding mask bit in the NMI 
Mask 1 Register. 

This register is read-only. A read operation on this register resets every bit to O. 
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Extensions NMI Status Register 2: NST A T2 
UO Pon Address: 3C5 
Index: AC 
Bit # Description M£m Reset By Reset State 
7 (msb) CRTC Data Registers 10-18 Updated RJ Reset 0 

6 CRTC/6845 Data Registers C-F Updated RJ Reset 0 
S CRTC/6845 Data Registers O-B Updated R Reset 0 

4 Feature Control Register Updated R Reset 0 

3 Mise Output Register Updated R Reset 0 

2 Attribute Controller Data Registers Updated R Reset 0 

1 Graphics Controller Data Registers Updated R Reset 0 

o (Isb) Sequencer Data Registers Updated R Reset 0 

A bit in this register is set to 1 when the corresponding register(s) is updated and the cor­
responding mask bit is 1. Creating the condition which sets one of the bits in this register 
will also generate an NMI interrupt if so enabled by the corresponding mask bit in the NMI 
Mask 1 Register. 

This register is read-only. A read operation on this register resets every bit to O. 
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10.46 Reserved 
I/O Pon Address: 3C5 
Index: AD 
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10.47 Extensions NMI Data Cache: CACHE 
I/O Port Address: 3C5 
Index: AE 
!ill..! Fint Read Second Read Thirsj Read 
7 (msb) Data[7] Write Cache Empty 
6 Data [6] Addr[7:41 = 0 Cache Overrun 
5 Data[5] Addr[7:41 = C Index[5] 

4 Oata[41 Addr[7:41 = B Index[4] 

3 Data[31 Addr[31 Index[3] 

2 Oata[21 Addr(21 Index [2] 

~ 
R 
R 
R 

R 
R 
R 

1 Oata[I1 Addr[l] Index[l] R 
o (Isb) Oata[O] Addr[O] Index[O] R 

Rm1 8! Rest Sllt~ 

The NMI data cache is used to capture data from NMI-producing I/O write cycles (lIO 
write cycles which NMI Mask registers 1 and 2 have been set up to detect). Each such 
event to occur causes the corresponding bit in NMI Status Register 1 or 2 to be set and in 
addiition causes 3 bytes of information about the event to be saved in the cache. the first 
such event to occur following the setup of the NMI subsystem will cause the NMI line to 
be assened; however, the CPU may not recognize the NMI until several such events have 
occurred. Therefore, the cache contains 4 sets of 3 save registers. Readback of the save 
registers occurs in sequence, with the rust set of 3 bytes out of th~ cache corresponding to 
the fll'St event to occur. The 3 bytes of information for each event are read in the order 
shown. The last byte of the 3 contains a bit which indicates if any more data remains in the 
cache. The cache contains data if and only if NST A Tl or NST A T2 are non-zero. If the 
cache is full (4 sets of save data values stored) and another NMI events occurs, an over­
run bit is set and the data from that event is not saved (the cache contents are preserved.) 

Bit Descriptions (First Sequential Read) 

Bit 7-0 Data [7:0] 
This is the data value written by the system CPU during the NMI event 

Bit Descriptions (Second Sequential Read) 

Bit 7 Write 
This bit will be set if the I/O operation attempted was a write operation. This bit 
will currently always be set as all currently defined NMI conditions are I/O writes. 

Bit 6 Decoded A[7:4] 
This bit will be set if the second nibble of the I/O address is hex '0' 

Bit 5 Decoded A[7:4] 
This bit will be set if the second nibble of the I/O address is hex 'C' 

Bit 4 Decoded A[7:4] 
This bit will be set if the second nibble of the I/O address is hex 'B' 

Bit 3-0 Address [3:0] 
This is the lower nibble of the I/O address during the NMI event 

Bit Descriptions (Third Sequential Read) 

Bit 7 Cache Empty 
This bit will be set on the last value read out of the cache 

Bit 6 Cache Overrun 
This bit will be set if the cache is already full when an NMI event occurs 
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Bit 5-0 NMI Index 

Revision G, 5/89 

These bits hold a copy of the index register value in effect when an NMI event oc­
cUl'l'ed, (i.e., if the write was to an odd address for which there is an index register 
at the next lower even address, this field will save the value in that index regis­
ter). If not, the value save in this field should be ignored. 
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10.48 Extensions Active Adapter State Register: STATE 
I/O Port Address: 3C5 
Index: AF 
Bit. Dewiption 
7 (msb) StaLe Change Occurred 
6 Previous Adapter State Bit-2 

5 Previous Adapter State Bit-! 

4 Previous Adapter State Bit-O 

3 -unused-
2 Current Adapter State Bil-2 

1 Current Adapter State Bit-I 

o (Isb) Current Adapter State Bit-O 

Bit Descriptions 

Bit 7 State Change Occurred 

R/W(Rev A) 

R/W 
R/W 

R/W(Rev A} . 

R/W 
R/W 

Reset By 

Reset and read of this register 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset State 
o 
0-1 (Rev A) 
o 
o 

o (D-E), 1 (A) 

o 
o 

If this bit is set, a state change has automatically occurred; also, an NMI condi­
tion. The other bits in this register indicate the type of change. Reading this reg­
ister clears this bit. 

Bit 6-4 Previous State 

Bit 3 
Bit 2-0 

SU 
xOI 
xlO 
000 
100 
011 

If bit-7 of this register is set, these bits indicate the state of the adapter 
(according to the state table below) prior to the immediately preceding state 
change. These bits get copied from bits 2-0 immediately preceding every state 
change. If bit-7 is 0, the state of these bits is unknown. 
Unused 
Current State 
These bits always indicate the current adapter state (mooe) according to the table 
below, independent of whether a state change has occurred. 

Mode Name Video Timing Control Cursor Control 315 I/O Write 
CGA 6845 6845 6845 

315 UORead 
6845 

MGA 6845 6845 6845 6845 
EGA CRTC (EGA Mode) CRIC (EGA) 6845 &: CRIC CRIC 
VGA CRTC (VGA Mode) CRIC (VGA) 6845 &: CRTC CRTC 
EGA Enhanced Text CRTC (EGA Mode) 6845 6845 6845 

III VGA Enhanced Text CRIC (VGA Mode) 6845 6845 6845 

The registers that control video timing in the 6845 are RO-R9. The registers that control 
video timing in the CRTC are CRO-CR9 and CR 1 O-CR 18. The cursor control registers are 
RA & RB in the 6845 and CRA & CRB in the CRTC. 

In order to perform state save operations from EGA or VGA mooe without effecting moni­
tor timing, the current adapter state should be temporarily set to state 'xll' (TXT mode) 
to read 6845 registers RO-RB in place of CRTC registers CRO-CRB at I/O pon 3?5 (index 
= OO-OB). 

Note that in enhanced text mode, the video timing is controlled by the CRTC except that 
the cursor size is controlled by the 6845 cursor size registers (modified per the Cursor Ad­
just Register at extensions index 95). Enhanced text mode is for programs that are written 
to produce CGA text. The 610/620 automatically substitutes high-resolution text by using 
this mode resulting in much more readable text 

The msb of the status number is the EGNVGA control bit. If 0, the CRTC is EGA-com-
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patible; if 1, the VGA extensions of the CRTC are enabled to control CRTC activity. The 
VGA extension bits may be read and written in EGA mode, but will have no effect until the 
VGA control bit in this register is set. In revision 0 and E chips, the EGANGA CRTC 
control bit is always 0; in rev A chips it is implemented and defaults to 1 on reset. The 
EGANGA control bit is not considered pan of the state number for Smanswitch transi­
tions; transitions occur only between the 4 basic states: CGA, MGAt EGANGA, and 
TXT. 
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10.49 Extensions Scratch Registers O-F: SCRO-F 
UO Port Address: 3CS 
Index: 80-BF 
Bit # Description ~ Reset By Reset State 
7 (msb) Scratch Register Bit-7 R/'N 
6 Scratch Register Bit~ R/'N 
5 Scratch Register Bit-S RJW 
4 Scratch Register Bit-4 RJW 
3 Scratch Register Bit-3 RJW 
2 Scratch Register Bit-2 RJW 
1 Scratch Register Bit-l RJW 
o (Isb) Scratch Register Bit-O RJW 

These sixteen 8-bit read/write registers are provided for software (BIOS, etc.) to store 
whatever is needed. None of the bits are connected to direct hardware functions. None are 
reset on power-up or reset. 

All of these registers are reserved for use by the 610/620 BIOS and associated Cirrus Log­
ic utility programs. None of these registers are available for use by user programs. 
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10.50 Extensions CPU Read Access Register: CPURAR 
I/O Port Address: 3CS 
Index: CO 

Jlil.Jl 
7 (msb) 

6 
5 
4 

3 
2 

Bml 
Desqiption Ama Reset By Sl!ll 
CPU Read Access Address Bit 7 R/W Reset 0 

CPU Read Access Address Bit 6 R/W Reset 0 

CPU Read Access Address Bit 5 R/W Reset 0 

CPU Read Access Address Bit 4 R/W Reset 0 

CPU Read Access Address Bit 3 R/W Reset 0 

CPU Read Access Address Bit 2 R/W Reset 0 

CPU Read Access Address Bit 1 R/W Reset 0 

o (1sb) CPU Read Access Address Bit 0 R/W Reset 0 

This register contains an 8-bit index to be added to bits 16 through 12 of the CPU address 
during a video memory read operation. This indexing operation allows accesses to 4K byte 
segments in the video memory. The 8 bit result is used as the most significant bits of a 20 
bit video memory address. Depending on the actual size of the video memory installed, 
some of these bits may be ignored. 
Every read address is indexed. This register must be programmed to all O's for CPU read 
addresses to be passed unmodified to the video memory. 
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Extensions CPU Write Access Register: CPUW AR 
UO Port Address: 3C5 
Index: Cl 

Bit # Description Access 
7' (msb) CPU Write Access Address Bit 7 R/W 
6 CPU W rite Access Address Bit 6 R/W 
5 CPU Write Access Address Bit 5 R/W 
4 CPU Write Access Address Bit 4 R/W 
3 CPU Write Access Address Bit 3 R/W 
2 CPU Write Access Address Bit 2 R/W 

Bml 
Reset BX ~ 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 

1 CPU Write Access Address Bit 1 R/W Reset 0 

o (lsb) CPU Write Access Address Bit 0 R/W Reset 0 

This register contains an 8-bit index to be added to bits 16 through 12 of the CPU address 
during a video memory write operation. This indexing operation allows accesses to 4K byte 
segments in the video memory. The 8 bit result is used as the most significant bits of a 20 
bit video memory address. Depending on the actual size of the video memory installed, 
some of these bits may be ignored. 

Address indexing is always in effect. This register must be programmed to all O's to pass 
the system addresses unmodified to the video memory. 
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10.52 Extensions LCD Control Register: LCDCNTLII 
I/O Pon Address: 3C5 
Index: C2 

Bit # Desqiption 
7 (msb) 2S6K Bytes Video Memcxy Addressing 

6 CPU Address Shift Left., Bit-I 
5 CPU Address Shift Left, Bit-O 
4 400/480* Lines LCD Panel 
3 Display Type Select, Bit-I 
2 Display Type Select, Bit-O 
I Enable LCD expanded graphics mode 
o (1sb) Protect CRTC Vertical Display Parameters 

Bit Descriptions 

Awa 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

RfSl 8! 
Reset 
Reset 
Reset 
Reset 
Reset 
Reset 
Reset 
Reset 

B.cBl 
S!!1t 
0 
0 
0 
0 
o 
o 
o 
o 

Bit 7 This bit is set to 1 when there are 256K bytes of video memory per plane. In 
this video memory addressing scheme, the Screen A Starting Address, Screen B 
Starting address, and . the cursor address can all be programmed as 18-bit val­
ues. When this bit is set to 0, the address pin assigned to the 9th RAS address 
bit and the 9th CAS address bit is held low. To suppon 256K bytes of video 
memory, the refresh counter is also extended to 9 bits, and the memory address 
counter is extended to 18 bits. 

Bit 6-5 Mter indexing, the CPU address is shifted to the left under control of this field. 
This shift control is always in effect So it must be set to 0 if no address shifting 
is desired. 

Bit 4 This bit is set to 0 for 480 line LCD panels, and set to 1 for 400 line LCD panels. 
Bit 3-2 This field specifies the type of display driven by Stingray: 

00: CRT (power up state) 
01: LCD 
10, 11: reserved 

Bit 1 When this bit is set to 1, a predetermined set of scan lines will be replicated in 
LCD graphics modes. 

Bit 0 When this bit is set to 1, the Max Scan Line field in CR09, the Vertical Dis­
played parameter in CR12 and CR07 are write protected. This mechanism is 
used to suppon expanded LCD text modes using 19 line character fonts. 
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10.53 Reserved 
110 Pon Address: 3C5 
Index: C3 
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10.54 Extensions Switch Setting Register: SWRH 
110 Port Address: 3CS 
Index: C4 

Bad 
IUl! Drsqipdon MmI Reset By SlI1I 
7 (msb) Switch Setting Bit IS R Reset Pin CPU·AnI5 
6 Switch Setting Bit 14 R Reset Pin CPU·ADI4 
5 Switch Settina Bit 13 R Reset Pin CPU·ADI3 
4 Switch Settina Bit 12 R Reset Pin CPU·ADI2 
3 Switch Setting Bit II R Reset Pin cpu·AD 11 
2 Switch Setting Bit 10 R Reset Pin cpu·ADtO 
I Switch Setting Bit 9 R Reset Pin cpu.AD9 
o (Isb) Switch Setting Bit S R Reset Pin cpu·ADS 

This register is initialized at power up to store switch settings. The setting of most of 
these switches is interpreted by the BIOS which then configures Stingray accordingly. 
There is only 1 switch bit, bit 15, which controls the Stingray hardware directly. 

Bit Descriptions 
Bit 15 When this switch is set, Stingray will not respond to any BIOS read operation 

on power up. When BIOS operations are disabled by this switch setting, it 
CANNOT be reactivated by any other programmable control mechanism. 

... 
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Extensions Switch Setting Register: SWRL 
110 Pon Address: 3C5 
Index: C5 

Rm1 
Bit # Description ~ Reset By ~ 

7 (msb) Switch Setting Bit 7 R Reset Pin CPU-AD7 

6 Switch Setting Bit 6 R Reset Pin CPU-AD6 

S Switch Setting Bit S R Reset Pin CPU-ADS 
4 Switch Setting Bit 4 R Reset Pin CPU-AD4 

3 Switch Setting Bit 3 R Reset Pin CPU-AD3 
2 Switch Setting Bit 2 R Reset Pin CPU-AD2 

I Switch Setting Bit I R Reset Pin CPU-AD I 

o (Isb) Switch Setting Bit 0 R Reset Pin CPU-ADO 

This register is initialized at power up to store switch settings. The setting of most of 
these switches is interpreted by the BIOS which then configures Stingray accordingly. 
There is only 1 switch bit, bit 15, which controls the Stingray hardware directly. 
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10.56 Extensions Screen B Start Address Highest Register: SBSAM 
I/O Port Address: 3CS 
Index: C6 

Bit # Desgiption 
7 -2 . -unused-
I Screen B Start Address Bit-17 

o Screen B Start Address Bit-16 

Bit Descriptions 

Bit 7-2 Unused 

R/W 
R/W 

RmtBy 

Reset 
Reset 

o 
o 

Bit 1-0 This 2 bit field constitutes the two most significant bits in an I8-bit Screen B 
starting address for use with a 256K bytes video memory. 
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10.57 Extensions LCD Control Register: LCDCNTLnI 
110 Port Address: 3CS 
Index: C7 

lll1.! Description ResetB, 
7 -S unused 

4 Div Mclk by 2 RIW 

3 Fo~ 16 bit RIW 
2 Shadow Vertical Total RIW Reset 

Reset 
Reset 

o 
1 All A and B Addresses for 16 bits RJW o 
o (Isb) Enable 16 bits interface RJW o 
Bit Descrlotlons 

Bit 7-5 Unused 
Bit 4 Setting this bit divides Mclk by 2. 
Bit 3 When this bit is set to 1, it forces 16 bit write/read of video memory, indepen­

Bit 2 

Bit 1 

BitO 
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dent of any mode. 
When this bit is set to 1, the CRTC vertical total parameter stored in CR06 and 
CR07 is protected from modification, for use in LCD frame rate control. A shad-
ow register is activated so that new vertical total parameters can be written and 
read back, but these new parameter values will have no effect in LCD screen 
control. When this bit is 0, values written into CR06, and bits 8 and 9 for the 
CRTC vertical total parameter in CR07 will control the display frame rate. 
When this bit is set to 1, the entire video memory address range from A:OOOO to 
B:FFFF is accepted as the valid address range in accepting 16 bit memory oper-
ations. When this bit is 0, only addresses in the valid address subrange in effect 
will be accepted for 16 bit memory operations. 
When this bit is set to 0, all system bus operations to the video memory are 
handled as 8 bit operations. When this bit is set to 1, all system bus operations 
to the video memory are handled as 16 bit operations in all planar modes. 
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10.58 Reserved 
UO Pon Address: 3C5 
Index: C8-CF 

Revision G, 5/89 10 -72 

-

Extension Registers 



'-... 

' ......... _ .... 

Cirrus Logic 610/620 Technical Reference Manual 

10.59 Column Offset: COLOFF 
I/O Pan Address: 3C5 
Index: DO (and 04[4]) 

Jlit! Description 
7 (msb) 

6 
5 
4 
3, 

2 

1 
o (Isb) 

Bit Descriptions 

As£m 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Rest By 

The main purpose for this register is to provide the panning function, (left 640 or right 640 
pixels) for MGA reduction mode. A value of zero (0) (and a "0" for bit-8 at ext reg index 
location 04(6]) will cause the data being sent to the display to stan with the first (left­
most) pixel of the display to stan at the fll'St displayable location (0). This value is used 
for MGA reduction to display the left-most 640n20 pixels. In non-MGA modes this value 
should be set to 0 for nonnal operation. Setting a non-zero value will cause the display to 
stan at the programmed location, thus, for displaying the right-most 640n20 pixels in 
MGA mode, a value of 80 decimal (50Hex) should be programmed. 
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10.60 Panel Horizontal Displayed: PHDIS 
I/O Pon Address: 3C5 
Index: Dl (and D4[5]) 

Bit# Description 
7 (msb) 

6 
5 
4 

3 
2 
1 
o (Isb) 

Bit Descriptions 

Access 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Rest By 

This 9-bit register (see D4[5] for the 8th-msb) determines how many nibbles (4-bit 
groups) wide the' panel is. For 640 column panels this register should be programmed to 
640/4 -1 = 159 decimal (9FH). Panels up to 2048 bits wide can be accommodated. 

Revision G, 5/89 10 -74 Extension Registers 

-



Cirrus Logic 610/620 Technical Reference Manual 

10.61 Row Offset: ROWOFF 
va Pon Address: 3C5 

',- Index: 02 (and 04[6]) 

!ill.!! Description 
7 (msb) 

6 
5 
4 

3 
2 
1 
o (1sb) 

Bit Descriptions 

M£m 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
RJW 

Reset By 

If the Auto-Center-Enable bit is "off' (disable auto-center) , the value in this register de­
termines where the displayable image will appear on the panel. 
If Automatic centering is required, the value stored in this register is given by the following 
equation and example: 
Auto-Center = enabled: 

ROWOFF = LCDVTOTAL(C6) - PANEL VERTICAL SIZE 
= 506 - 480 = 26 

If manual centering is required, the value stored in this register is given by the following 
equation and example: 
Auto-Center = disabled: 

ROWOFF = LCDVTOT AL(C6) - PANEL ROW SEGMENT TOTAL 
= 506 - 239 = 267 

All of the non-displayed lines (i.e., 80 blank lines in a 640x400 mode on a 640 x 480 panel) 
will appear at the bottom of the screen. 
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10.62 Panel Row Segment Total: PRST 
I/O Pon Address: 3CS 
Index: 03 (and 04[7]) 

1U1J Qrsription 
7 (msb) 

6 
S 
4 

3 
2 
1 
o (Isb) 

Bit Descriptions 

Ama 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Bml 
RISi BI S1IH 

For dual-drive double panel LCDs, the value programmed into this register is half the pan­
el vertical size (Le., 239 for a 480 line panel). The maximum panel size which can be ac­
commodated is then 2 times the value loaded in this register (and bit 8 located in 04[7]) or 
512 x 2 = 1024. 
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10.63 Panel Control 1: PNLCTLI 
I/O Port Address: 3CS 
Index: 04 

Bit # Dnafption 
7 Bit-8(msb) Panel Row Seg Total 

6 Bit-8(msb) Row Offset 
S Bit-8(msb) Panel Horz. Displayed 

4 Bit-8(msb) Column Offset 

3 Auto Center Enable 

2 Extra-llclk-en 

1 Fr-A8-en 

o (Isb) rttc-llclk-en 

Bit Descriptions 

~ 
R/W 
RJW 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Reset By 

Bit 7-4 These are the over-flow (8th) bits from previously defined registers. 
Bit 3 When in compatible modes of operation (non-expanded graphics or text modes) 

which do not completely fill the panel (i.e., a 400-line text mode on a 480 line pan­
el), the non-displayed lines will be equally divided on the top of the screen and 
the bottom of the screen. 

Bit 2 

Bit 1 

Bit 0 

Revision G, 5/89 

See also Panel Row Segment Total register description. 
When this bit is set, it generates an extra ~lk pulse for lower panel. This is use­
ful for panels requiring an extra Llclk pulse for lower panel. 
When this bit is set to 1, the 8th address bit for frame buffer is put out on NM1* 
pin. 
(Note: NMI* is an open collector pin.) 
When this bit is set to 1, llclk (line CLK) is generated during vertical retrace time. 
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10.64 Panel Control 2: PNLCTLII 
YO Pon Address: 3C5 
Index: D5 

Bad 
J!!U Desc:rigtign Ama RauB! ~ 
7 (msb) LCD RAMDAC Enable R/W Reset 0 
6 Reverse Video bit R/W Reset 0 
5 Attribute Emulation R/W Reset 0 
4 Force 16 bit 

~ ,-..:? 'f .r r..~ 1-< 
R/W Reset 0 

3 ~ I<it?ver\c? R/W Reset 0 
2 Color Palette protect R/W Reset 0 

MGA Reduction (msb) R/W Reset 0 
o (lsb) MGA Reduction (lsb) R/W Reset 0 

Bit D~cril2ti2n~ 
Bit 7 

Bit 6 
Bit 5 

Bit4 

Bit 3 
Bit 2 
Bit 1-0 

Revision 0, 5/89 

Setting this bit with LCD panels enables the internal gray-scale generation circuit 
to receive its input data from the 256x4 internal palette which keeps track of the 
CRT RAMDAC contents, applies the sum-to-gray conversion and stores the re­
sult in 256-4-bit locations. Setting this bit in non-LCD modes can also be useful if 
sum-to-gray is desired (i.e., Plasma Panels which can accept 4-bits/pixel and pro­
duce gray-scales). Clearing this bit bypasses the LCD palette. 
Setting this bit reverses the screen image when in LCD and Text mode. 
Setting this bit maps colors in text-modes to shades of gray which produce the 
highest contrast image. 
Clearing this bit allows colors to be freely mapped to shades of gray under control 
of the attribute palette and LCD Palette RAM. 
Setting this bit forces 16 bit memory operation. Note: This does not depend on 
any modes. The user should know what he/she is doing. 
~ ~ .. ·-I1~/·.c,).~.6.,1 . . <,,~.'!i ..I '/'-1., .... j'..;I't:...,j> ~ ~. >Y//lIA.-.t: ;cv~:r.l-c. .~ 

t; , • t.( lUXe. (j.;<.h': 4'., ,=r'~. -r ,_~) I.' 1.r rAn'/ ... ·7· ~~ U, /'w--" ~ 
Setting this bit protects the attribute palette. ;,' -:-h' ,t:~ ·:rr...ft.-. --
Displays 720 pixel Hercules Graphics images on a 640 pixel display as follows: 
1 Q ~scriprion 
o X Display left 640 or right 640 pixels of 720 depending on the value 

stored in the Column Offset Register. 
1 0 Skip every 9th pixel '/ 
1 1 "or" every 8th and 9th pixel I-f ·>'1 ;~.JC ~ 

_" _ /.;.;.,,:..c.~ . .- -~ .. 
:.J'1 ... f;. ;; ~, 

)'t~/,!t/'f ; 
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10.65 Gray Scale Offset: GROFF 
I/O Pon Address: 3C5 
Index: 06 

1li1.! l2~rilU]2n 
7 Vert Stipple enable 

6 Reserved 

5 Reserved 

4 Reserved 

3 (msb) Grofn 
2 Groff2 
1 Groffl 
o (Isb) GrofID 
Bit Descriotion 
Bit 7 When this bit is set, stippling occurs vertically. 
Bit 6-4 Reserved 

R/W 
R/W 
R/W 
RJW 

Reset By 
Reset 

Reset 

Reset 

Reset 

Reset 

1 
o 
1 

Bit 3-0 The 4-bit value stored in this register is used to offset the staning gray-scale 
wave position of the current line with respect to the previous displayed line. This 
value is not used on the fll"St displayed line. The current Gray-scale algorithm us­
es value 13 which is the reset state of this register. 
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10.66 Reserved 
UO Pon Address: 3C5 
Index: 07 -D8 

Revision G, 5/89 10 - 80 Extension Registers 



,----

Cirrus Logic 610/620 Technical Reference Manual 

10.67 Modulation (Ae Inversion): MOD 
YO Port Address: 3CS 
Index: D9 

Bit# Description 
7 (msb) 

6 
5 
4 

3 
2 
1 
o (Isb) 

Bit Descriptions 

~ 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

BnU 
ReSl BI &m 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 

LCD panels must have a modulation signal (sometimes referred to as AC inversion) to: 

inven the LCD drive voltages in order to prevent any net DC voltage from 
appearing on the LCD fluid which can cause chemical breakdown of the LCD 
material and destroy the panel. 
Reduce LCD crosstalk 

Some panels have this function built into the panel. The contents of this register deter­
mines the width of 1/2 of the square-wave output of an 8-bit counter which is clocked by 
LCD Line clock. Nonnally, some number which does not divide evenly into the panel size is 
used (i.e., 13 or 17). 
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10.68 Frame Color: FRCLR 
I/O Pon Address: 3CS 
Index: DA 

Bit# Description 
7 Reserved 
6 Reserved 
5 Reserved 
4 Reserved 
3 (msb) FRCLR3 
2 FRCLR2 
1 FRCLRI 
o (lsb) FRCLRO 

Bit Descriptions 

Ailla 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Bau 
RfSt BI Slall 

Bit 3-0 These bits control the gray-shade of the non-displayed portion of the screen. Up 
to 16-shades can be selected to provide as close a match as possible between the 
LCD non-display area and the color of the Display's cosmetic Bezel. (<>=darkest 
shade, F=brightest shade regardless of the state of the Reverse Video bit) 
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10.69 Panel Control 3: PNLCTLm: 
I/O Pon Address: 3CS 
Index: DB 

Bit# 
7 (msb) 

6 
5 
4 

3 

Description 
eGA palette select 

MCLK invert 

Video Tristate 

Reserved 

Reserved 

2 Reserved 

1 Reserved 

o (Is b) Reserved 

Bit Descriptions 

~ 
R/W 
R/W 
R/W 

Reset By 
Reset 

Reset 

Reset 

Bml 
S!!!t 
o 
o 
o 

Bit 7 Setting this bit to a "1" forces CGA color mapping and bypasses internal palette 
in "LCD" modes. Setting this bit to "0" forces the video thrOugh internal palette in 
LCD modes and uses the CGA hardware as in EAGLE G/A. 

Bit 6 Setting this bit inverts the MCLK used in G/A. This bit is provided in case we 
have ITS and MCLK skews. 

Bit 5 Setting this bit to "1" tristates video (po, PI, P2, P3, P4, P5, P6/FEATO, 
P7 /FEA Tl) & VDCLK pins. 
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10.70 Reserved 
UO Pon Address: 3CS 
Index: DC-OF 
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10.71 CRTC Screen A Start Address Register Highest: CR26 
I/O Port Address: 3?5 
Index: 26 

Bit # Description 
7 -2 -unused-
I Screen A Start Address Bit-17 
o Screen A Start Address Bit-16 

Bit Descriptions 

Bit 7-2 Unused 

Rest By 

Reset 
Reset 

o 
o 

Bit 1-0 This 2 bit field constitutes the two most significant bits in an 18-bit Screen A 
starting address for use with a 256K bytes video memory. 
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10.72 CRTC Cursor Location Register Highest: CR27 
I/O Port Address: 3?S 
Index: 27 

Bit # Dmription 
7 -2 -unused-
1 Cursor Location Bit-17 

o Cursor Location Bit-16 

Bit Descriptions 

Bit 7-2 Unused 

R/W 
R/W 

RestB! 

Reset 
Reset 

o 
o 

Bit 1-0 This 2 bit field constitutes the two most significant bits in an I8-bit cursor 
location address for use with a 2S6K bytes video memory. 
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10.65 Gray Scale Offset: GROFF 
UO Pon Address: 3C5 
Index: D6 

Bit# l!mri~tion 
7 Vert Stipple enable 

6 Reserved 

5 Reserved 
4 Reserved 

3 (msb) GrofO 
2 Groffl 
1 Grofn 
o (Isb) GroffO 
Bit Description 
Bit 7 When this bit is set, stippling occurs vertically. 
Bit 6-4 Re~rved 

R/W 
R/W 
R/W 
R/W 

Reset By 
Reset 

Reset 

Reset 
Reset 

Reset 

1 

o 

Bit 3-0 The 4-bit value stored in this register is used to offset the starting gray-scale 
wave position of the current line with respect to the previous displayed line. This 
value is not used on the first displayed line. The current Gray-scale algorithm us­
es value 13 which is the reset state of this register. 
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10.66 Reserved 
UO Pon Address: 3C5 
Index: D7-D8 
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10.67 Modulation (AC Inversion): MOD 
I/O Port Address: 3CS 
Index: 09 

Bit! Description 
7 (msb)' 

6 

5 
4 

3 
2 

1 
o (1sb) 

Bit Descriptions 

MmI 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Bm1 
R~Hi B1 S1!ll 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 
Reset 0 

LCD panels must have a modulation signal (sometimes referred to as AC inversion) to: 

invert the LCD drive voltages in order to prevent any net DC voltage from 
appearing on the LCD fluid which can cause chemical breakdown of the LCD 
material and destroy the panel. 
Reduce LCD crosstalk 

Some panels have this function built into the panel. The contents of this register deter­
mines the width of 1/2 of the square-wave output of an 8-bit counter which is clocked by 
LCD Line clock. Nonnally, some number which does not divide evenly into the panel size is 
used (Le., 13 or 17). 
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10.68 Frame Ctil4it'f FRCLR ,.~ _.' 

f~:f.~:; 
rf 

110 Pen Address: 3CS 
Index: DA 

Bit.! 
7· 

6 

5 
4 .--~.' 

3 (msb)::;: 

2 
1 
o (Isb) 

Description 
Reserved 
Reserved 
Reserved 
Reserved 
FRCLR3 
FRCLR2 
FRCLRI 
FRCLRO 

Bit Descriptions 

Ama 
R./W 
RNI 
R/W 
R/W 
RJW 
R/W 
R/W 
R/W 

Reset By 

Bit 3-0 These bits control the gray-shade of the non-displayed portion of the screen. Up 
to 16-shades can be selected to provide as close a match as possible between the 
LCD non-display area and the color of the Display's cosmetic Bezel. (<>=darkest 
shad~, F::brightest shade regardless of the state of the Reverse Video bit) 

. \ 
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10.69 Panel Control 3: PNLCTLm: 
I/O Port Address: 3CS 
Index: DB 

!ill..! 
7 (msb) 

6 
5 
4 

3 
2 

Descriptfon 
CGApalette select 

MCLK invert 

Video Tristate 

Reserved 

Reserved 
Reserved 

1 Reserved 
o (Isb) Reserved 

: Bit Descriptions .. 

~., 

R/W :,'" 
R/W -, . , 
R/W . 

RestB!: 
Reset .' 
Reset 

Resc;J., (,.,', ': 
.... 101'1' .... , .• \ 

Bml 
S!!l! 
o 
o 
o 

Bit 7 Setting this bit to a "1" fo~es CoA color mapping and bypasses internal palette 

Bit 6 

in "LCD" modes. Setting this bit ·to "0" f~es .the video through internal palette in 
LCD modes and uses the eGA hardware as in EAGLE G/ A. 
Setting this bit inverts the MCLK used in 0/ A. This bit is provided in case we 
have ITS and MCLK skews. 

Bit S Setting this bit to "1" tristates video (PO, PI, P2, P3, P4, PS, P6/FEATO, 
P7 /FEA Tl) & VDCLK pins. 
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UO Port Address: 3CS 
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10.71 CRTC Screen A Start Address' Registet' Higlleti: CR26 
I/O Pon Address: 3?S 
Index: 26 

Bit# D~Dtion A.wa 
7 -2 -unused-
1 Screen A Start Address Bit-17 R/W 
o Screen A Start Address Bit-16 R/W 
Bit Descriptions 

Bit 7-2 Unused 

1.1 

Bml····· ... ' \, ::5'r,r1; 
RestB! SlB!l 

Reset 0 
Reset 0 

Bit 1-0 This 2 bit field constitutes the two most significant bits in an IS-bit Screen A 
starting address for use with a 2S6K bytes video memory. 
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.. , , "Inde:x: ·if ':, :,', 

Bitl D~ption ~ 
7 -2 -un~· " '. 
1 ' : Cursor LOcation B it-I7 , R/W-
o . Cursor tocauon' Bit-16 R/W 
Bit Descripfit)t1S' , 

., . Bit 7-2' Unused . ," 

'Rmt tiy 

, ... Reset 
,Reset 

Bml 
Slm 

0 
0 

Bit 1-0 '., This:.7. bit.field;co,nstitu~~.s .. :the-::tyvo"rtl~sf:~si~ificant bits '-:in: an I8-bit cursor ;,;. 
, .,.loca~n aqdre-ss-J()r.u~~·wit.tf·a 2?6K·byt~::!id~o:memory. 
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Preface 

The Phoenix Extensible Video BIOS functions and external interface for VGA are described in this 
document. This BIOS is 100% IBM compatibile, easily extensible and faster and more reliable than the 
previous implementation. This implementation: 

Is designed with future enhancements in mind. 
Is not intricately tied to a specific environment or input/output situation. 
Allows enhancements without danger of affecting compatability. 
Allows modification for chipset changes/enhancements without affecting general utility. 

The purpose of this document is to descnbe the functions and external interface provided by the 
Phoenix implementation of the VGA BIOS for the Cirrus Logic CL-GD610/620 chip set. Following is a 
brief outline of the material covered in this document. 

Chapter 1 Overview - A high level overview of the design and functions of the VGA BIOS. 

Chapter 2 Compatibility - An overview of the Interrupt 10H and hardware registers compatibility. 

Chapter 3 Cirrus Logic CL.GD610/620 Implementation· A description of the Cirrus Logic 
CL-GD610/620 VGA BIOS implementation extensions and features. 

Appendix A VGA Analysis and Verification - A discussion of the general approach for Engineering 
Verification, and a brief description of GSCRIPT script mes to be used in testing. 

Related Documentation 

Cirrus Logic Video Subsystem External Software Specification, Cirrus Logic, Inc., 1989 

Preliminary Data Sheet, CL~GD 610/620, Cirrus Logic, Inc., April 1989 

GD610/620 Hardware Technical Reference Manual, Cirrus Logic, Inc., July 1989 

mM Personal System/2 Technical Reference for ModeISO/60 or Model 80. 

.z 
Programmer's Guide to the EGA and VGA Cards, Richard F. Ferraro, Addison-Wesley Ppblishing 
Company, 1988 

Programmer's Guide to PC & PS/2 Video Systems, Richard Wilton, Microsoft Press, 1987 

Guide to Features, Advanced Video BIOS, VGA Compatible, Phoenix Technologies, 1988 

FOCUS User's Guide, Phoenix Technologies, 1989 
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CHAPTER 1 
OVERVIEW 

1.1 Compatibility 

The Phoenix Extensible VGA BIOS is 100% IBM compatible at the hardware register and interrupt 
10H levels. 

1 .2 Design Overview 

1.2.1 Table Driven Code Structure 

The Phoenix Extensible VGA BIOS (PEVB) is implemented using a table driven software structure. 
This approach provides for a dean design as well as straight forward modification for enhancements. 

1.2.1.1 Easilv Extensible 

The Extensible VGA is designed to facilitate modification to meet new VGA chipset demands. By 
removing mode parameters such as number of rows, columns, scan lines, and page length from inline 
sections of code and placing them in globally known tables, the profile of any particular mode of 
operation can be clearly seen. VGA extensions are added by filling in these well defined structures and 
providing access to the extensions through call tables. This design allows customized options to be 
implemented with a much shorter development time, especially where extensions are dermed across a 
wide range of monitors and emulation states. 

1.2.1.2 Emulation or Other Video Subsystems 

For chipsets that provide backwards emulation (i.e. EGA, CGA, MGA) the design incorporates two 
special structures: one that branches the emulation state, and one that branches the monitor type. Both 
structures help clarify the parametric differences between a VGA state driving an ECD display and a 
VGA state driving an PS/2 display. These structures give the software a standard access mechanism to 
state display specific HW register values and emulation compatible function blocking. The state 
structures provide function blocking of nonemulation state compatible function calls. This type of 
organization significantly reduces the amount of engineering effort necessary to support new modes. 

1.2.1.3 Designed In Performance 

In order to provide table driven code that is performance oriented, time critical mode parameters are 
contained in primary structures indexed by mode number and Segment O4Oh VGA input parameters. 
These primary structures provide fast address translation of cursor offsets to Regen buffer cells, general 
alpha/ grafix information, column count, page size, flags, and other frequently used mode specific data. 
Infrequently used data (such as GRAFIX crRL values) are branched from the primary structures 
through a series of linked lists. . 

Overview 
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CHAPTER 2 
COMPATIBILITY 

2.1 Interrupt 10H Interface 

The Phoenix Extensible VGA BIOS is fully compatible with the Interrupt lOH external interface as 
defined by IBM ~ for the VGA. Figure 2-1 lists the Int lOH functions and subfunctions. On call, the 
function is specified in AH. 

2.1.1 Video Modes 

One of the functions provided by the Video BIOS external interface is video mode selection. Not all 
video modes are available to all video subsystems. Since the VGA implementation of the video BIOS 
includes emulation of subsystems other than VGA, Figure 2-3 is provided to show the different video 
modes supported by various video subsystems. 

2.2 Hardware Registers 

In addition to Interrupt lOH compatibility, the Phoenix Extensible VGA BIOS is completely register 
level compatible with the mM VGA BIOS. Figure 2-2 provides an overview of the VGA hardware 
registers. 

2.3 Emulation of Other Adapter Types 

Compatibility with other adapter types is also provided. Certain hardware vendors provide true 
hardware compaubility of other adapter types as part of the adapter. In these cases, the Phoenix 
Extensible VGA exploits this feature. When compatibility is not provided in the hardware, emulation of 
other adapter types may be accomplished through software. 

. . .. . .... 

Compauoility 
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AHValue 
(hex) 

00 

01 

02 

03 

04 

OS 

06 

(J1 

08 

09 

OA 

OB 

OC 

00 

OE 

OF 

10 

4 

Function Description 

Set Video Mode 

Set Cursor Size 

Set Cursor Position 

Get Cursor Position 

Read Light Pen Position (not supported in BIOS for VGA implementations) 

Select New Video Page 

Scroll Active Page Up 

Scroll Active Page Down 

Read Character and Attribute at Cursor 

Write Character and Attribute at Cursor 

Write Character at Cursor 

Set CGA Color Palette 
BH OIl 00 sets border or background color 

OIl 01 selects 4 color palette for mode 4 or 5 (320x200) 

Write Pixel to Screen 

Read Pixel 

Write Character in TrY Mode 

Get Current Video State 

Set Palette Registers 

AL- 00 set specified palette register 
OIl 01 specify overscan (border) color 
OIl 02 set aU palette registers and overscan 
OIl 03 set background intensity or blink bit 
OIl (J1 read specified palette register 
OIl 08 read overscan register 
OIl 09 read all palette registers and overscan .. 10 set specified DAC color register .. 12 set block of DAC color registers .. 13 set Attribute ControUer Color Select State 
:II 15 read specified DAC color register 
OIl 17 read block of DAC color registers .. 18 set OAC Mask register .. 19 read DAC Mask register .. 1A . read Attribute ControUer Color Select Register 
OIl IB grey scaling on block of DAC Color Registers 

.. 
Figure 2·1 • Compatible Interrupt 108 Functions (lor 2) 
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AHValue 
(hex) 

11 

12 

13 

1A 

1B 

1C 

Compatibility 

Function Description 

Character Generator 
AL = 00 load user text font 

= 01 load ROM monoch.rome 8x14 text font 
.. 02 load ROM 8x8 text font 
= 03 select displayed character definition tables 
.. 04 load ROM 8x16 text font 
.. 10 load user text font and program CRTC 
.. 11 load ROM monochrome 8x14 text font and program CRTC 
.. 12 load ROM 8x8 text font and program CRTC 
= 14 load ROM 8x16 text font and program CRTC 
.. 20 load pointer to 8x8 user graphics font 
.. 21 load user graph.ics font 
.. 22 load ROM 8x14 graphics font 
= 23 load ROM 8x8 graphics font 
= 24 load ROM 8x16 graphics font 
= 30 get current character generater information 

Alternate Select 
BL = 10 return EGA video configuration information 

.. 20 select alternate print screen routine 
=- 30 select scan lines for text modes 
=- 31 select default palette loading during set mode 
= 32 CPU video buffer access 
.. 33 grey scale summing 
.. 34 cursor emulation 
.. 3S PS/2 video display switch 
.. 36 video refresh on/off 

Display String 
AL = 00 BL contains attribute for string, cursor position unchanged 

.. 01 BL contains attribute for string, cursor position updated 
=- 02 String contains attribute bytes, cursor position unchanged (text 

modes only) 
.. 03 String contains attribute bytes, cursor position updated (text 

modes only) 

Get/Set Video Display Combination Codes 
AL .. 00 get display combination code 

.. 01 set display combination code 

Get Fu.naionality/State Information 

Save/Restore Video State 
AL .. 00 return buffer size for requested state(s) • 

.. 01 save requested state(s) to buffer 

.. 02 restore requested state(s) from buffer 

Figure 2·1 • Compatible Interrupt 108 Functions (2 of 2) 
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Register Group Register Name 

General Registers (GENR) Miscellaneous Output 
Input Status 0 
Input Status 1 
Feature Control 
VGAEnable 
DACState 

CRT Controller Registers (CRTC) CRT Controller Address 
Horizontal Total 
Horizontal Display Enable End 
Start Horizontal Blanking 
End Horizontal Blanking 
Stan Horizontal Retrace Pulse 
End Horizontal Retrace 
Vertical Total 
CRT Controller Overflow 
Preset Row Scan 
Maximum Scan Line 
Cursor Stan 
Cursor End 
Start Address High 
Start Address Low 
Cursor Location High 
Cursor Location Low 
Vertical Retrace Start 
Vertical Retrace End 
Vertical Display Enable End 
Offset 
Underline Location 
Start Vertical Blank 
End Vertical Blank 
CRTC Mode Control 
Line Compare 
Read CRT Latches 
Attrib Toggle State 

? .. 8 in Monochrome Emulation Modes ? ~ D in Color Emulation Modes 

NOTE: ? in address depends on Bit 0 of Miscellaneous Output register 

Figure 2-2 • VGA Register Oveniew (1 of 2) 
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Read Write Index 
Port Port 

03CCh 03C2h -
03C2h - -
031Ah - -
03CAh 031Ah -
03C3h 03C3h -
03C7b - -
0314h 0314h -
031Sh 031Sh 00 
031Sh 031Sh 01 
031Sh 031Sh 02 
031Sh 031Sh 03 
031Sh 031Sh 04 
031Sh 031Sh OS 
031Sh 031Sh 06 
031Sh 031Sh 07 
031Sh 031Sh 08 
031Sh 031Sh 09 
031Sh 031Sh OA 
031Sh 031Sh 08 
031Sh 031Sh OC 
031Sh 037Sh 00 
031Sh 03?Sh OE 
031Sh 031Sh OF 
037Sh 031Sh 10 
031Sh 031Sh 11 
031Sh 031Sh 12 
031Sh 037Sh 13 
037Sh 037Sh 14 
037Sh 037Sh 1S 
037Sh 037Sh 16 
037Sh 03?Sh 17 
037Sh 037Sh 18 
037Sh 031Sh 22 
031Sh 031Sh 24 

Compatibility 



Register Group Register Name 

Graphics Controller Registers (GRFX) Graphics Address 
Set/Reset 
Enable Set/Reset 
Color Compare 
Data Rotate 
Read Map Select 
Graphics Mode Register 
Miscellaneous 
Color Don't Care 
Bit Mask 

Sequencer Registers (SEQ) Sequencer Address 
Reset 
Oocking Mode 
Map Mask 
Character Map Select 
MemorvMode 

Attribute Controller Registers (A1TRIB) Attribute Address 
Palette Registers 
Attribute Mode Control 
Overscan Color 
Color Plane Enable 
Horizontal PEL Panning 
Color Select 

Digital to Analog Converter (DAC) PEL Address (Write Mode) 
PEL Address (Read Mode) 
DACState 
PEL Data 
PEL Mask 

Figure 2·2 • VGA Register Oveniew (2 of 2) 
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Read Write Index 
Port Port 

03CEh 03CEh -
03CFh 03CFh 00 
03CFh 03CFh 01 
03CFh 03CFh 02 
03CFh 03CFh 03 
03CFh 03CFh 04 
03CFh 03CFh 05 
03CFh 03CFh 06 
03Cfh 03CFh (J1 

03CFh 03CFh 08 

03C4b 03C4h -
03CSb 03CSh 00 
03CSb 03CSh 01 
03CSb 03CSh 02 
03CSh 03CSh 03 
03CSh 03CSh 04 

03COh O3COh -
O3C1h 03COh OO-OF 
O3C1b OJCOh 10 
03C1b OJCOb 11 
03C1h 03COh 12 
03Clh 03COh 13 
O3Clb 03COb 14 

03C8b 03C8b -
- 03C7h -

03C7b - -
03C9b 03C9h -
03C6h 03C6h -

7 
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MODE M e E V 
(hex) RESOLUTION COLORS TYPE SEGMENI' 0 G G G eoMMENrS 

A A A A 

00 4Ox25 chazs (320x200 pixels) 16 A B800 X X X Modes 0 & 1 are the same. 
00· 4Ox25 chars (320x3S0 pixels) 16 A B800 X X VGA vertical pixel resolution 
00+ 4Ox25 chazs (36Ox400 pixels) 16 A B800 X selected using INT 10H fune 12H. 

01 4Ox2S chazs (320x200 pixels) 16 A B800 X X X VGA vertical pixel resolution 
01· 4Ox25 ehazs (320x3S0 pixels) 16 A B800 X X selected using INT 10H func 12H. 
01+ 4Ox25 cbars (36Ox400 pixels) 16 A B800 X 

02 8Ox2S cbars (640x200 pixels) 16 A B800 X X X Modes 2 & 3 are the same. 
02· 8Ox2S chars (640x3S0 pixels) 16 A B800 X X VGA vertical pixel resolution 
02+ 8Ox2S chars (72Ox400 pixels) 16 A B800 X selected using INT 10H fune 12H. 

03 8Ox2S chars (640x200 pixels) 16 A B800 X X X VGA vertical pixel resolution 
03- 8Ox2Scbars(~Opixels) 16 A B800 X X selected using INT 10H fune 12H. 
03+ 8Ox2S chars (720x400 pixels) 16 A B800 X 

04 320x200 pixels 4 0 B800 X X X Modes 4 & 5 are the same for VGA 
and EGA. 

OS 320x200 pixels 4 0 B800 X X X eOA 4 color palette contains black. 
cyan. red and white. 

06 640x200 pixels 2 0 B800 X X X 

07 8Ox2S chars (720x3S0 pixels) 2 A BOOO X X X VGA vertical pixel resolution 
07+ 8Ox2S chars (72Ox400 pixels) 2 A BOOO X selected using INT 10H func 12H. 

00 320x200 pixels 16 0 AOOO X X 

OE 640x200 pixels 16 0 AOOO X X 

OP- 64Ox3SO pixels 2 0 AOOO X X 

10· 640x3S0 pixels 16 0 AOOO X X 

11 640x480 pixels 2 0 AOOO X 

12 640x480 pixels 16 0 AOOO X 

13 320x200 pixels 2S6 0 AOOO X 

A • Alphanumeric O· Graphics . 
- modes arc the EOA default 
+ modes arc the VOA default 

NOTE: Modes Q8.OA arc reserved for pqr only, Modes OB and OC are used by EGA video BIOS. 

Figure 2-3 • Standard BIOS Video l\lodes 

Version 1.009/19/89 
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CHAPTER 3 
CIRRUS LOGIC CL-GD61 0/620 IMPLEMENTATION 

This implementation of the VGA BIOS is written for the Cirrus Logic CL-GD610/620 chip set. The 
features provided by this chip set are as follow: 

Fully VGA Compatible at the hardware level, including register and data path. 
Full backwards compatibility with EGA, CGA, ~IDA and MGA (Hercules) at the hardware 
level, including register and data path. 
No extended feature control registers or bits are placed in the I/O address spaces used by 
any IBM graphics controller or the Hercules controller. 
Hardware support for I/O address 3C3 (motherboard) sleep mechanism 
Flat Panel Mode 

16 shades of grey for color emulation (32 shades of grey by stippling) 
Automatic foreground/background color attribute remapping 
AutoMap ® automatically maps 256 colors into 16 shades of grey 
Expanded text mode provides more readable characters using 8x19 character fonts 

NOTE: The 8x19 font is used with extended modes CO", 1",2",3" and 7" 
640x475). Refer to Figure 3-2 for a description. 

Expanded graphics modes allow 200, 348 and 350 scanline resolutions (CGA, MGA and 
EGA) to fill either 400 or 480 line panels (software selectable) via hardware scanline 
replication (ratiometrically determined). 
Hercules 720 pixel Graphics support on a 640 pixel display via user choice of screen pan 
or data compression. 
Automatic centering of screen when expanded mode is not selected (Compatibility 
Mode) 
Refresh rate up to 110Hz to provide greater contrast and reduce flicker 
Software selectable Positive Raster (reverse video) 
Support for 400 or 480 scan line panels 
Support for dual line flat panels 

Supports CD, MD, ECD, PS/2, Variable Frequency Monitors 
IMPLEl'tIENTATION NOTE: Digital monitor support is not implemented for the 
general release of the Phoenix Video BIOS for the Cirrus Logic CL-GD610/620 
chip set; however, the mechanism is present to allow full support to be added later. 

Extended features of Cirrus Logic CL-GD610/620 
Graphics cursor 
Insertion caret 
Hardware switching between graphics controller types 
Flexible register write protect control 

CIRRUS CL-GD610/620 
Version 1.0 09/19/89 
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3.1 Configuration 

The initial configuration data must be available to the VGA BIOS. Two Cirrus Logic Extension 
registers, Switch Register - High and Switch Register - Low, Index OC4H and OCSH respectively, contain 
hardwired configuration data. In the case of an adapter card VGA BIOS, portions of this data are 
defined with hardware DIP switches (Refer to 3.12 Adapter: DIP Switches). In the case of a planar 
VGA BIOS, the registers contain predetermined default data unless there are hardware DIP switches 
present. These registers contain the following: 

bits 0-2 
bits 3-4 

bits 5-7 

bits 8-10 

bits 11-13 
bit 14 

bit 15 

Monitor Sense Lines 
Monitor Type 

o = Monochrome Display 
1 = Color Display 
2 = Enhanced Color Display 
3 = Color or Monochrome PS/2 (or compatible) Display 

Panel Type 
(dual panel/dual screen - 2 drivers) 

o = Balance line clock and dot clock/2 (Sharp LCD Display) 
241 scan lines upper panel 
241 scan lines lower panel 

1 = Free running line clock and dot clock/2 
241 scan lines upper panel 
248 scan lines lower panel 

2 = Constrained line clock and dot clock/2 
240 scan lines upper panel 
241 scan lines lower panel 

State Control 
0= Reserved 
1 = CGA Locked State 
2 = MGA Locked State 
3 = EGA Locked State 
4 = VGA Locked State 
5 - VGA Protected State 

Reserved = 0 
Clock Mux, InternaljExternal 

o = External 
1 = Internal 

BIOS Location 
o = COOOH (Video Controller side) 
1 = EOOOH (CPU side) 

3.1.1 Planar: CMOS Soft Switches 

.. 
:> 

In addition to the default configuration data available in the Cirrus Logic Extension registers, the planar . 
implementation of the VGA BIOS reads the switch infonnation by making an Interrupt 15 call to the; .. 
system BIOS. 

IMPLEMENTATION NOTE: The Interrupt 15 interface is not implemented for the general 
release of the Phoenix Video BIOS for the Cirrus Logic CL-GD610/620 chip set. 

The system BIOS returns the information by reading from CMOS RAM. Refer to 3.6 Interrupt 15H 

10 
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Support and 3.7 Get Configuration or User Options for details on the Interrupt 1SH calls. 

NOTE: If Interrupt 15H is not supported in the system BIOS, the alternative is to use hardware 
switches to provide configuration information. 

3.1.1.1 Setup 

The Phoenix Setup program allows a user to configure their system. This configuration data is stored in 
CMOS RAM and may be retrieved using Interrupt 15H as descnbed in 3.7 Get Configuration or User 
Options. 

3.1.2 Adapter: DIP Switches 

Since it is not possible to use Setup with a VGA adapter card, DIP switches are used as shown in Figure 
3-1. 

NOTE: Switch values not shown in the figure have no meaning for the particular option being 
described. 

The switch information is contained in two Cirrus Logic Extension registers (Switch Register - High, 
Switch Register - Low Index OC4H and OCSH respectively). These registers are read only and therefore 
always contain the initial configuration data. 

3.1.2.1 Read DIP Switches 

Eight bits of configuration and option data are latched when reset is applied to the chips. These bits are 
latched and available to the BIOS. 

Three bits of monitor identification are latched when reset is applied to the video system. These bits are 
latched and available to the BIOS to determine the presence and type of monitor attached. 

CIRRUS CL-GD610/620 
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sw8 sw7 sw6 swS sw4 sw3 sw2 swl Option Description 

0 0 Monochrome Display 

0 1 Color Display 

1 0 Enhanced Color Display 

1 1 Color or Monochrome PS/2 (or compatible) 
Display 

x x x These bits arc used to identify the panel display 
type. These panels are dual panel/dual screen with 
two drivers. 

0 0 0 Balance line clock and dot clock/2 (Sharp LCD 
Display). 241 scan lines upper panel, 241 scan lines 
lower panel. 

0 0 1 Free running line clock and dot clock/2. 241 scan 
Jines upper panel, 248 scan lines lower panel. 

0 1 0 Constrained line clock and dot clock/2. 240 scan 
lines upper panel, 241 scan lines lower panel. 

0 0 0 Reserved 

0 0 1 eGA Locked State 

0 1 0 MGA Locked State 

0 1 1 EGA Locked State 

1 0 0 VGA Locked State 

1 0 1 VGA Protected State 

swi - sw2 represent the Monitor type 
sw3 - swS represent the panel type 
sw6 - sw8 represent the State of the VGA adapter 

Figure 3-1 • VGA Flat Panel Adapter DIP Switch Settings 

•. 
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3.2 Extension Features 

The Cirrus Logic CL-GD610/620 implementation of the Phoenix Extensible Video BIOS includes 
support for twelve additional video modes. Extension features include inquiry functions and 
miscellaneous options (i.e. set video state, fast mode, protect mode, etc). To support these features, 
extensions to Interrupt 10H function 12H have been added in the form of Cirrus Logic specific 
subfunctions. 

The FOCUS utilities provide users with control of certain features provided by the video BIOS. 

3.3 Flexible Online Configuration Utility System (FOCUS) 

The Flexible Online Configuration Utility System (FOCUS) consists of two Terminate and Stay 
Resident (TSR) utilities provided with the flat panel Video BIOS. FOCUS gives the user both 
command line and hot key access to functions and menus which provide video BIOS controlled features. 

NOTE: These Utilities are provided to Cirrus Logic as a sales tool to be used for 
demonstration purposes only and may not be resold by Cirrus Logic to any third party. 

Refer to the FOCUS User's Guide for detailed information on using these utilities. 

3.3.1 Phoenix Video Control Console 

The Phoenix Video Control Console portion of FOCUS provides both command line and state/mode 
sensitive versions of the configuration menu. The command line version of the menu provides all of the 
configuration options described below. A state/mode sensitive menu is produced when the menu 
system is entered using the hot key. There are eleven variations of the hot key menu. Which variation is 
presented depends on the current display type, video state and mode. The hot key menu types are: 

CRT - Graphics Modes ( all states) 
CRT - Text Modes (all states) 
LCD - VGA Text Modes 
LCD - VGA Graphics Modes 4, 5 and 6 
LCD - VGA Graphics Modes OD-12 . 
LCD - VGA 256 Color Graphics Mode 13 
LCD - VGA 256 Color Graphics Mode 70 
LCD - MGA (Hercules) Text Modes 
LCD - MGA (Hercules) Graphics Modes 
LCD - EGA and CGA Text Modes 
LCD - EGA and CGA Graphics Modes 

.... 

Following is a brief description of all of the FOCUS menu options. Included in the descriptiOli is a list 
of when the option is available to the user: 

OPTION NAME 

Display Type 

. Video State 

DESCRIPTION 

Controls which display is active, CRT or Flat Panel (LCD). 
Available in all Menus. 

Controls the state the video subsystem runs in: MGA, CGA, EGA or VGA. 
Available in all Menus. 

CIRRUS CL-GD610/620 
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Hom Compensation Specifies how to display a 720 dot image on a 640 dot panel. 
Available in the full configuration menu, both LCD MGA menus and the LCD 
VGA 256 Color Graphics Mode 70 menu. 

Vertical Position Specifies how to vertically position an image that does not fill the flat panel 
screen. 
Available in the full configuration menu, the LCD VGA menus with the 
exception of the Mode 70 menu, both LCD MGA menus and both LCD 
EGA/CGA menus. 

Expanded Text Uses a font with a larger character box (8x19) to allow the text to completely fill 
a 480 line flat panel. 
Available in the full configuration menu and LCD VGA text modes menu. 

Expanded Graphics Vertically expands the graphics image to to fill as much of a 480 line flat panel 
as possible. 
Available in the full configuration menu, all three LCD VGA graphics modes 
menus, LCD MGA graphics modes menus and LCD EGA/CGA graphics 
modes menus. 

32 Grey Shades Controls mapping color into 32 shades of grey, which is the default in Mode 13. 
Available in the full configuration menu and both LCD VGA 256 Color 
Graphics mode menus. 

Maximum Contrast Selects the highest level of contrast possible on the flat panel. 
Available in the full configuration menu, CRT Text modes menu and all LCD 
text modes menus (VGA, MGA and EGA/CGA). 

Intensity w/ Fonts Allows the differentiation of intensified characters while maximum contrast is in 
effect. 
Available in the full configuration menu, CRT Text modes menu and LCD 
VGA text modes menu. 

Text Reverse Video Specifies if text modes are displayed in reverse video or not. 

Grfx Reverse Video ... '" . - . 

Fast Mode 

3.3.2 Power User 

Available in the full configuration menu, CRT text modes menu and all LCD 
text modes menus (VGA, MGA and EGA/CGA). 

Specifies if graphics modes are displayed in reverse video or not. 
Available in the full configuration menu, CItT graphics modes menu and all 
LCD graphics modes menus (three for VGA, one for MGA and one for 
EGA/CGA). 

Specifies if fast mode is enabled or not. When fast mode is enabled the 
CL-GD620 can be programmed to provide more CPU access to video memory. 
Available in all Menus. 

The Power User (P\\'RUSER) utility provides a means to map BIOS functions to hot key combinations. 
A saipt file defines the individual keys associated with each function that is to be available via the hot 
key intc;rfacc. These keys are used in combination with the Power User hot key to perform the specific 

14 
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function. The script provided with PWRUSER defmes keys for Universal Horizontal Compensation 
and Vertical Position. 

3.4 Video Modes 

The VGA BIOS implementation for Cirrus Logic CL-GD610/620 supports twelve video modes not 
included in standard VGA and new variations for modes 0-3 and 7. These modes are described in 
Figure 3-2. Refer to Figure 2-3 for a description of the standard modes. 

NOTE: The new expanded modes ( .... ) are only available to a flat panel display. The Cirrus 
Logic extended modes which use more than 480 scan lines are not available to a flat panel 
display. 

CIRRUS CL-GD610/620 
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Mode Resolution Cols. Rows Colors Type Segment Comments 
(hex) 

0" 320x475 pixels 40 2S 16 A B800 Used with 480 line flat panels. 
Modes 0'" and I'" are the same. 

I'" 320x475 pixels 40 2S 16 A B800 Used with 480 line flat panels. 

2'" 640x475 pixels 80 2S 16 A B800 Used with 480 line flat panels. 
Modes 2" and 3'" are the same. 

3'" 640x475 pixels 80 2S 16 A B800 Used with 480 line flat panels. 
Power on default mode for VGA. 

r 640x475 pixelS 80 2S 2 A BOOO Used with 480 line flat panels. 

40 900x390 pixels 100 30 16 A B800 Character box of 9x13.· 

41 800x400 pixels 100 SO 16 A B800 Character box of 8x8. 

42 800x48O pixels 100 60 16 A B800 Character box of 8x8. 

43 8OOx6OO pixels 100 75 16 A B800 Character box of 8x8. Multi 
Frequency monitor required (i.e. 
NEe Multisync, SonyMultiscan, 
or compatible.) 

50 10S6x390 pixels 132 30 16 A B800 Character box of 8x13.· Multi 
Frequency monitor required (i.e. 
NEe Multisync, SonyMultiscan, 
or compatible.) 

51 10S6x400 pixels 132 SO 16 A B800 Character box of 8x8. Multi 
Frequency monitor required (i.e. 
NEe Multisync, SonyMultiscan, 
or compatible.) 

52 10S6x48O pixels 132 60 16 A B800 Character box of 8x8. Multi 
Frequency monitor required (i.e. 
NEe Multisync, SonyMultiscan, 
or compatible.) 

S3 640x48O pixels 80 60 16 A B800 Character box of 8x8. 

62 640x4SO pixels 80 28 16 G AOOO Character box of 8x16. 

63 72OxS4Opixels 90 33 16 G • AOOO Character box of 8xl6. 

64 8OOx6OOpixels 100 37 16 G AOOO Character box of 8x16. Multi 
Frequency monitor required (i.e. 
NEe Multisync, SonyMultiscan, 
or compatible.) 

70 360x48O pixels 45 30 2S6 G AOOO Character box of 8x16. 

... New panel modes beyond + and •• ... modes use a character box of 8x19. 
A • Alphanumeric: G· Graphics 
• The characters appear on screen as ?x13, however they are actually ?x14 fonts with one line thrown away. 
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3.5 Extended Function Calls 

The PEVB implementation for the Cirrus Logic CL-GD610/620 includes extended support for 
Interrupt 10H. Interrupt lOH Function OOH is extended to recognize the Cirrus Logic extended modes. 
Twenty two extended subfunctions have been defmed for Interrupt lOH Function 12H. Refer to 3.8 Set 
Video Mode, page 22 and 3.9 Alternate Select, page 25 for details. 

3.6 Interrupt 15H Support 

Interrupt 15H is used to retrieve configuration and user option information stored in CMOS RAM. 

IMPLEl'tIENTATION NOTE: The Interrupt 15 interface is not implemented for the general 
release of the Phoenix Video BIOS for the Cirrus Logic CL-GD610/620 chip set. 

If the system BIOS supports the Interrupt 15H calls documented on the following pages, the Phoenix 
VGA BIOS could use them to obtain configuration information at POST time. The configuration data 
is defined using the Setup program. 

NOTE: If Interrupt 15H is not supported in the system BIOS, the alternative is to use hardware 
switches to provide configuration information. 

'. ..... '. 
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Get Configuration or User Options 
INT 15, AH=44 

3.7 Get Configuration or User Options 

CIRRUS CL-GD61 0/620 

This is a system BIOS call and must be implemented if there are no hardware switches for the VGA 
BIOS to read on the mother board. 

NOTE: Adapter card implementations of the Phoenix VGA BIOS will use hardware switches 
to obtain configuration information. 

The Cassette Interface interrupt (Int 15H) is used to obtain the configuration byte or the user options 
word stored in CMOS RAM. 

IMPLEMENTATION NOTE: The planar BIOS must support subfunction AL=8E unless 
Interrupt 15 returns a known value for unsupported calls which cannot be mistaken as a 
configuration byte value. . 

The AH value is 44H, the AL value is shown below: 

AL Value 
(hex) 

SE 
SF 

.. .. 

18 

Function Description 

Get Configuration Byte 
Get User Option Word 

.--
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CIRRUS CL-GD61 0/620 
Get Configuration Byte 

INT 15, AH=44, AL=8E 

3.7.1 Get Configuration Byte 

Returns the Configuration Byte stored in CMOS RAM. 

ON CALL: 

Proc Regs: AH = 44 
AL = 8E Return Configuration Byte 

ON RETURN: 

Proc Regs: DL = Configuration Byte 
bits 0-3 Monitor Type 

o = Monochrome Display 
1 = Color Display 
2 = Enhanced Color Display 
3 = Digital Multi Frequency Display (Not implemented) 
8 = PS/2 or Compatible Display 
9 = Analog Multi Frequency Display 

bits 4-7 Flat Panel Type 
o = Balance line clock and dot clock/2 (Sharp LCD Display) 

241 scan lines upper panel 
241 scan lines lower panel 

1 = Free running line clock and dot clock/2 
241 scan lines upper panel 
248 scan lines lower panel 

2 = Constrained line clock and dot clock/2 
240 scan lines upper panel 
241 scan lines lower panel 

REMARKS: The monitor type defmitions available here are more extensive than those available 
through DIP switches on an adapter or in the Cirrus Logic Extension Switch Registers . 

". 
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Get User Options Words 
INT 15, AH=44, AL=8F CIRRUS CL-GD61 0/620 

3.7.2 Get User Options Words 

Returns the User Options Configuration words stored in CMOS RAM. 

ONeALL: 

Proc Regs: AH = 44 
AL = 8F Return User Options Words 

ON RETURN: 

Proc Regs: AH = 0 for success 

20 

BX = Second User Option Word 
OX = FIrst User Option Word 

First User Option configuration word: 
bits 0-1 Vertical Position (LCD) 

o = Automatic Centering 
1 = Display at Top of Panel 
2 = Display at Bottom of Panel 

bits 2-3 Universal Horizontal Compensation (LCD) 
o = Display left most 640 dots 
1 = Display right most 640 dots (of 720 dots) 
2 = Skip every 9th dot 
3 = 'OR' each 8th dot with 9th dot and drop 9th 

bit 4 Graphics Mode Reverse Video (LCD) 
o = Reverse Video Enabled 
1 = Reverse Video Disabled 

bits 5-7 State Control 
o = Reserved 
1 = CGA Locked State 
2 = MGA Locked State 
3 = EGA Locked State 
4 = VGA Locked State 

bit 8 CRT Operation 
o = Flat Panel is Display 
1 = CRT is Display 

bit 9 Expanded Graphics Mode (LCD) 
o = Expanded mode enabled 
1 = Normal VGA size displays 

bit 10 Force 8 bit Operation 
o = Run as 16 bit device if possible 
1 = Force 8 bit opertion 

bit 11 Text Mode Reverse Video (LCD) 
o = Reverse Video Enabled 
1 = Reverse Video Disabled. 

bit 12 Text Mode Maximum Contrast (LCD) 
o = ?vfaximum Contrast Enabled 
1 = Maximum Contrast Disabled 

Version 1.0 09/19/89 
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Get User Options Words 

CIRRUS CL-GD61 0/620 INT 15, AH=44, AL=8F 

bit 13 Text Mode Intensity with Fonts (LCD) 
o = Intensity with Fonts Enabled 
1 = Intensity with Fonts Disabled 

bit 14 Fast Mode 
o = Safe Mode 
1 = Fast ~fode 

bit 15 Protect Mode 
o = Monitor timing not protected 
1 = Monitor timing protected 

Second User Option configuration word: 
bits 0-1 Reserved = 0 
bits 2-3 Mode Sensitive Horizontal Compensation (LCD) 

o = Display left most 640 dots 
1 = Display right most 640 dots 
2 = Skip every 9th dot 
3 = 'OR' each 8th dot with 9th dot and drop 9th 

bit 4 Graphics Mode Reverse Video (CRT) 

bits 5-9 
bit 10 

bit 11 

bit 12 

bit 13 

bit 14 

bit 15 

o = Reverse Video Enabled 
1 = Reverse Video Disabled 

Reserved = 0 
256x4 Memory Check 

o = No (memory is not 256x4) 
1 = Yes (memory is 256x4) 

Text Mode Reverse Video (CRT) 
o = Reverse Video Enabled 
1 = Reverse Video Disabled 

Text Mode Maximum Contrast (CRT) 
o = Maximum Contrast Enabled 
1 = Maximum Contrast Disabled 

Text Mode Intensity with Fonts (CRT) 
o = Intensity with Fonts Enabled 
1 = Intensity with Fonts Disabled 

Expanded Text Mode (LCD) 
o = Expanded Font (19 high) 
1 = Normal Size Font (16 high) 

32 Grey Shades (LCD) 
o = 32 Grey Shades Enabled 
1 = 32 Grey Shades Disabled 

REMARKS: The user options words available here are the same as those available through Int 10H 
function 12H subfunction 84H. 

CIRRUS CL-GD610/620 
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Set Video Mode 

INT 10, AH=OO CIRRUS CL·GD61 0/620 

3.8 Set Video Mode 

Puts the video subsystem into the specified video mode. 

All of the video modes are not supported for all emulation states. The following list is meant to provide 
a brief overview of modes available and is not detailed. Some of the modes listed may include +, • or '" 
modes also. Refer to Figures 2-3 and 3-2 for details on the modes supported by the Phoenix BIOS 
implementation for Cirrus Logic CL-GD610/620 chip set. 

ONeALL: 

Proc Regs: AH = 00 
AL = video mode number: 

00 40 x 25 16 color alphanumeric 
01 40 x 25 16 color alphanumeric 
02 80 x 25 16 color alphanumeric 
03 80 x 25 16 color alphanumeric 
04 320 x 200 4 color graphics 
05 320 x 200 4 color graphics 
06 640 x 200 2 color graphics 
07 80 x 25 monochrome alphanumeric 
08 Reserved (pCjr) 
09 Reserved (pCjr) 
OA Reserved (pCjr) 
OB Reserved 
0<: Reserved 
OD 320 x 200 16 color graphics 
OE 640 x 200 16 color graphics 
OF 640 x 350 monochrome graphics 
10 640 x 350 16 color graphics 
11 640 x 480 2 color graphics 
12 640 x 480 16 color graphics 
13 320 x 200 256 color graphics 
40 900 x 390 16 color alphanumeric 
41 800 x 400 16 color alphanumeric 
42 800 x 480 16 color alphanumeric 
43 800 x 600 16 color alphanumeric • 
50 1056 x 390 16 color alphanumeric 
51 1056 x 400 16 color alphanumeric 
52 1056 x 480 16 color alphanumeric 
53 640 x 480 16 color alphanumeric 
62 640 x 450 16 color grap~cs 
63 720 x 540 16 color graphics 
64 800 x 600 16 color graphics 
70 360 x 480 256 color graphics 

NOTE: If bit 7 in AL is set to 1, the video buffer is not cleared. 

VGA Regs: None 

22 
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CIRRUS CL-GD61 0/620 
Set Video Mode 

INT 10, AH=OO 

Cirrus Regs: Scratch Registers 0-3 (SCR0-3) Index BO-B3 
These scratch registers hold the User Options Configuration Words 

Seg 4OH: All information about monitor types and scan lines. 

Also uses pointer to primary save pointer table to get information about primary and 
secondary alpha numeric text overrides. 

ON RETURN: 

Proc Regs: None 

VGA Regs: All of the VGA Hardware registers are modified by this function. 

Cirrus Regs: 

Seg 4OH: 

Write Control Register (WRC) Index 084H bits 0 and 4 
Bandwidth Control Register (BWC) Index 86H bits 0-2 and 4 
LCD Control Register (LCDCNTLI) Index BAH bit 6 
Clock Select Register (CLK) Index OA4H bit 4 
Cursor Attribute Register (CURS) Index OASH 
Column Offset Register (COLOFF) IndexODOH) 
Row Offset Register (ROWOFF) Index OD2H 
Panel Controll (PNLCfU) Index OD4H bits 4 and 6 
Panel Control 2 (PNLcrLII) Index ODSH bits 0-3 and 6 
Scratch Register (SCRl) Index OBOH bit 7 

[49] 
[4A] 
[4C] 
[4E] 
[SO] 
[52] 
[54] 
[56] 
[58] 
[SA] 
[5C] 
[SE] 
[60] 
[62] 
[63] 
[65] 
[66] 
[84] 
[85] 
[87] 
[88] 
[89] 

CRT MODE 
CRT COLS 
CRT PLEN 
CRT POFF 
CURSPOSO 
CURSPOSI 
CURSPOS2 
CURSPOS3 
CURSPOS4 
CURSPOS5 
CURSPOS6 
CURSPOS7 
CURSMODE 
ACI1VPAG 
ADDRCRTC 
MDCfLVAL 
CLRSLVAL 
ROWSMNSl 
BYTESCHR 
GENlNFOl 
GENlNF02 
GENINF03 

REMARKS: When a request for a legal mode is given, the BIOS clears the screen and positions the 

CIRRUS CL-GD610/620 
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Set Video Mode 

INT 10, AH=OO CIRRUS CL-GD61 0/620 

24 

cursor in the top left hand comer. The screen is not cleared if bit 7 is set in AL. 

NOTE: When an undefmed mode is requested the BIOS returns without doing 
anything. The system remains in the mode it was in before the request was 
issued. 

Invalid modes are modes that are defmed but are not permitted for the current 
monitor or state. When an invalid mode is requested, IBM forces mode 0 if a 
color monitor is attached, mode 7 if a monochrome monitor is attached . 

Version 1.0 09/19/89 
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CIRRUS CL-GD61 0/620 

3.9 Alternate Select 

Alternate Select 
INT 10, AH=12 

In addition to the basic VGA functions provided by this call, the Cirrus Logic CL-GD610/620 
implementation provides the following: 

BL Value Function Description 
(hex) 

80 Get VGAType 
81 Get BIOS Version 
84 Get User Options Configuration Words 
8S Get Installed Memory 
86 Set Video State 
87 EnablefDisable Fast Mode 
88 EnablefDisable Protect Mode 

89 EnablefDisable Text Reverse Video 
BA- Set Frame Color 
8B EnablefDisable Text Mode Intensity with Fonts 
8e EnablefDisable Maximum Contrast or Auto Grey Scale Mapping 
80 EnablefDisable ATIRIB Palette Lock 
8E- Grey Scale Lookup Bypass 
SF- EnablefDisable Expanded Graphics Mode 
90- Vertical Position 
9P Horizontal Compensation 
92 Set Display Type 
93 Set 8 bit Operation 
94- Power Conserve Mode 
95- EnablefDisable Expanded Text 
96- EnablefDisable 32 Grey Shades 
rn EnablefDisable Grapbics Reverse Video 

- Only bas an effect when tbe LCD is the active display 

These functions are fully described on the following pages. 

CIRRUS CL-GD610/620 
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GetVGA Type 

INT 10, AH=12, BL=80 CIRRUS CL-GD61 0/620 

3.9.1 Get VGA Type 

Returns the type of Cirrus Logic VGA controller. 

ON CALL: 

Proc Regs: AH = 12 
BL = 80 

Cirrus Regs: None 

ON RETURN: 

Proc Regs: AL = Controller Type 
00 Extended alternate select not supported 
01 Eagle I 
02 Eagle II 
03 Stingray 

AH = Capabilities Mask 
All bits reserved = 0 

Cirrus Regs: None 

REMARKS: Provides a mechanism for software to determine the type of VGA controller and its 
corresponding hardware capabilities. 

26 

NOTE: The Phoenix BIOS recognizes the Cirrus Logic CL-GD610/620 chip set 
and always returns 03 (Stingray). 

Version 1.0 09/19/89 
PHOENIX Confidential CIRRUS CL-GD610/620 



CIRRUS CL-GD61 0/620 

3.9.2 Get SIOS Version 

Returns BIOS version number. 

ON CALL: 

Proc Regs: AH = 12 
BL = 81 

Cirrus Regs: None 

ON RETURN: 

Proc Regs: AH = Major BIOS version number 
AL = minor BIOS version number 

Cirrus Regs: None 

REMARKS: The version number is hard coded in ROM. 

The version number is of the form MM.mm where: 
MM The Major BIOS version number 
mm The minor BIOS version number 

CIRRUS CL-GD610/620 
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Get User Options 

INT 10, AH=12, BL=84 CIRRUS CL-GD61 0/620 

3.9.3 Get User Options 

Returns the user options configuration words. 

ON CALL: 

Proc Regs: AH = 12 
BL = 84 

Cirrus Regs: The user options configuration words are held in four Cirrus Extension Scratch 
registers: 

Index OBOH = Upper byte (bits 15-8) of Fust User Options Word 
Index OBlH = Lower byte (bits 7-0) of Fust User Options Word 
Index OB2H = Upper byte (bits 15-8) of Second User Options Word 
Index OB3H = Lower byte (bits 7-0) of Second User Options Word 

ON RETURN: 

28 

Proc Regs: AX = Fust User Options Word 
BX = Second User Options Word 

Fust User Options configuration word: 
bits 0-1 Vertical Position (LCD) 

o = Automatic Centering 
1 = Display at Top of Panel 
2 = Display at Bottom of Panel 

bits 2-3 Universal Horizontal Compensation (LCD) 
o = Display left most 640 dots 
1 = Display right most 640 dots 
2 = Skip every 9th dot 
3 = 'OR' each 8th dot with 9th dot and drop 9th 

bit 4 Graphics Mode Reverse Video (LCD) 

bits 5-7 

o = Reverse Video Enabled 
1 = Reverse Video Disabled 

State Control 
o = Reserved 
1 = CGA Locked State 
2 = MGA Locked State 
3 = EGA Locked State 
4 = VGA Locked State 

• 

bit 8 CRT Operation 
o = Flat Panel is Display 
1 = CRT is Display 

bit 9 Expanded Graphics Mode (LCD) 
o = Expanded mode enabled 
1 = Normal VGA size displays 

bit 10 Force 8 bit Operation 
o = Run as 16 bit device if possible 
1 = Force 8 bit opertion 

Version 1.009/19/89 
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Get User Options 
CIRRUS CL-GD61 0/620 INT 10, AH=12, BL=84 

bit 11 Text Mode Reverse Video (LCD) 
o = Reverse Video Enabled 
1 = Reverse Video Disabled 

bit 12 Text Mode Maximum Contrast (LCD) 
o = Maximum Contrast Enabled 
1 = Maximum Contrast Disabled 

bit 13 Intensity with Fonts (LCD) 
o = Intensity with Fonts Enabled 
1 = Intensity with Fonts Disabled 

bit 14 Fast Mode 
o = Safe Mode 
1 = Fast Mode 

bit 15 Protect Mode 
o = Monitor timing not protected 
1 = Monitor timing protected 

Second User Options configuration word: 

Cirrus Regs: None 

bits 0-1 Reserved = 0 
bits 2-3 Mode Sensitive Horizontal Compensation (LCD) 

o = Display left most 640 dots 
1 = Display right most 640 dots 
2 = Skip every 9th dot 
3 = 'OR' each 8th dot with 9th dot and drop 9th 

bit 4 Graphics Mode Reverse Video (CRT) 

bits 5-9 
bit 10 

bit 11 

bit 12 

bit 13 

bit 14 

bit 15 

o = Reverse Video Enabled 
1 = Reverse Video Disabled 

Reserved = 0 
256x4 Memory Check 

o = No (memory is not 256x4) 
1 = Yes (memory is 256x4) 

Text Mode Reverse Video (CRT) 
o = Reverse Video Enabled 
1 = Reverse Video Disabled 

Text Mode Maximum Contrast (CRT) 
o = Maximum Contrast Enabled 
1 = Maximum Contrast Disabled 

Text Mode Intensity with Fonts (CRT) 
o = Intensity with Fonts Enabled 
1 = Intensity with Fonts Disabled 

Expanded Text Mode (LCD) 
o = Expanded Font (19 high) 
1 = Normal Size Font (16 high) 

32 Grey Shades (LCD) 
o = 32 Grey Shades Enabled 
1 = 32 Grey S·hades Disabled 

REMARKS: Refer to the corresponding BIOS call for details on each of the areas for which 
information is returned. 
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Get Installed Memory 
INT 10, AH=12, BL=85 

3.9.4 Get Installed Memory 

Returns the amount of video memory. 

ON CALL: 

Proc Regs: AH = 12 
BL = 85 

Cirrus Regs: Scratch Register Index OB2H bit 2 

CIRRUS CL-GD61 0/620 

At initialization, a memory test is done to determine if one meg of video memory 
is available. If it is, bit 2 of scratch register OB2H (bit 10 of Second User Options 
word) is set to 1. This bit is then referenced to check if one meg of video memory 
is available. If not, memory available is read from segment 40 data. 

Seg 40H: GENINF01 [0040:0087] bits 6-5 (read if less than one meg video memory available) 

ON RETURN: 

Proc Regs: AX = Amount of video memory in 64k units. 

Cirrus Regs: None 

REl\1ARKS: None 
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CIRRUS CL-GD61 0/620 
Set Video State 

INT 10, AH=12, BL=86 

3.9.5 Set Video State 

Controls the state the video subsystem runs in. 

ON CALL: 

Proc Regs: AH = U 
BL = 86 
AL = video state 

00 Reserved 
01 CGA Locked 
02 MGA Locked 
03 EGA Locked 
04 VGA Locked 

Cirrus Regs: Scratch Register Index OBlH bits 5-7 
These bits are bits 5-7 First User Options word - State Control 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Timing Control Register (TC) Index 085H bits 4, 6 and 7, 
Bit 4 - 6845 scan line doubling 
Bit 6 - CMGA HRTC Polarity Reversal 
Bit 7 - CMGA VRTC Polarity Reversal 

Active Adapter State Register (STATE) Index OAFH 
Contains current state info and maintains a record of the previous state. 

Scratch Register Index OBlH bits 5-7 
These bits are bits 5-7 rrrst User Options word - State Control 

This call updates all of the registers updated by a setmode (Int 10, AH = (0) call. 
Refer to 3.8 Set Video Mode, page 22 for details. 

VGA Regs: Since this call performs a set mode, all of the VGA hardware registers may be 
modified by this function. 

REMARKS: The specified state takes effect immediately and remains in effect until the next set state 
function call or the next cold boot. When the state is changed the mode is set to the • 
power on default mode for the specified state and monitor(s) combination as follows: 
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Set Video State 

INT 10, AH=12, BL=86 CIRRUS CL-GD61 0/620 

32 

STATE ~IQNITQR(S) DEFAULT 

VGA LCD and Color CRT LCD-Mode 3''', Color CRT-Mode 3+ 
LCD and Mono CRT LCD-Mode 7 .... , Mono CRT-Mode 7 + 
LCD alone Mode 3"" 

EGA LCD and Color CRT Both - Mode 3· 
LCD and Mono CRT Both - Mode 7 
LCD alone Mode 3· 

CGA LCD and Color CRT Both- Mode 3 
LCD and Mono CRT Both- Mode 7 
LCD alone Mode 3 

MGA LCD and Color CRT Both - Mode 7 
LCD and Mono CRT Both - Mode 7 
LCD alone Mode 7 

SYSTEl\'1 DEFAULT: To whatever state is specified by the hardware switches. 
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CIRRUS CL-GD61 0/620 
Fast Mode 

INT 10, AH=12, BL=87 

3.9.6 Fast Mode 

Enables/Disables fast mode. 

ON CALL: 

Proc Regs: AH = 12 
BL = 87 
AL = enable/disable 

00 safe mode (disable fast mode) 
01 enable fast mode 

Cirrus Regs: Scratch Register Index OBOH bit 6 
Bit 6 is bit 14 rust User Options word· Fast Mode 

Seg 40H: [4A] CRT COLS Number of character columns displayed (40 or 80) 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Bandwidth Control Register (BWC) Index 86H 
Selects memory bandwidth. The content of this register only has meaning if 
Miscellaneous Control Register 1 (MC1) Index OBOH bit 4 is set to zero (0). 

Scratch Register Index OBOH bit 6 
Bit 6 is bit 14 rust User Options word· Fast Mode 

REl\tIARKS: Allows the CL·GD620 to be programmed to provide more CPU access to video memory. 
Takes effect immediately. The CPU access is determined by the CPU to CRT interleave 
ratio. In 40 column modes this ratio is 3:2 and cannot be changed. In all other display 
modes the safe mode ratio is 1:4 and can be changed to 1:1 for fast mode. 

SYSTEM DEFAULT: Safe Mode 
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Protect Mode 

INT 10, AH=12, BL=88 CIRRUS CL-GD61 0/620 

3.9.7 Protect Mode 

EnablesjDisables protect mode. 

ON CALL: 

Proc Regs: AH = 12 
BL = 88 
AL = enable/disable 

00 disable protect mode 
01 enable protect mode 

Cirrus Regs: Scratch Register Index OBOH bit 7 
Bit 7 is bit 15 rust User Options word - Protect Mode 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Write Control Register (WRC) Index 084H bits 4 and 0 
Bit 4 enables/disables write of 6845 Monitor Timing registers. 
Bit 0 enables/disables CRTC Monitor Timing registers and MISC Output 
Register clock bits. 

Scratch Register Index OBOH bit 7 
Bit 7 is bit 15 rust User Options word - Protect Mode 

REMARKS: When protect mode is enabled, the registers that control monitor timing are write 
protected. Takes effect immediately. 

34 

NOTE: Protect mode remains in effect until the next set mode call or when the 
system is booted. 

SYSTEM DEFAULT: Disabled 
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CIRRUS CL-GD61 0/620 
Text Reverse Video 

INT 10, AH=12, BL=89 

3.9.8 Text Reverse Video 

Enable/disable text mode reverse video. 

NOTE: This Video BIOS function only has effect in text modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 89 
AL = enable/disable 

00 enable text reverse video for LCD 
01 disable text reverse video for LCD 
02 enable text reverse video for CRT 
03 disable text reverse video for CRT 

Cirrus Regs: Scratch Register Index OBOH bit 3 

ON RETURN: 

Bit 3 is bit 11 rust User Options word - LCD Text Mode Reverse Video 
Scratch Register Index OB2H bit 3 

Bit 3 is bit 11 Second User Options word - CRT Text Mode Reverse Video 

Proc Regs: None 

Cirrus Regs: Cursor Attributes (CURS) Index OASH 
At initialization, the Caret Width (CW) and Caret Height (CH) registers Indices 
096H and 097H respectively, are both initialized to 1. This permits the Cursor 
Attnoutes register to be used to enable/disable reverse video on the CRT. 

Scratch Register Index OBOH bit 3 
Bit 3 is bit 11 rust User Options word - LCD Text Mode Reverse Video 

Scratch Register Index OB2H bit 3 .. 
Bit 3 is bit 11 Second User Options word - CRT Text Mode Reverse Video 

Panel Control 2 (PNLCfLll) Index OOSH bit 6 
Enables/ disables text reverse video for the LCD 

REl\'IARKS: Det~rmines if text modes are displayed in reverse video or not. . If a request for reverse 
video is issued and the current mode is a text mode, reverse video takes effect 
immediately. If the current mode is a graphics mode, reverse video takes effect when the 
mode is changed to a text mode. 

NOTE: In LCD modes, if a frame color was explicitly set using the Set Frame 
Color function (lnt 10, AH= 12, BL=8A), changing from or to reverse video will 
cause the frame color to be 'reversed' also. 

SYSTEM DEFAULT: LCD - Enabled 
CRT - Disabled 
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Set Frame Color 
tNT 10, AH=12, BL=8A CIRRUS CL-GD61 0/620 

3.9.9 Set Frame Color 

Controls the grey shade of the panel in the portions of the panel not occupied by the current video 
mode. 

NOTE: This Video BIOS function only has effect in LCD modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = SA 
AL = Grey shade for frame color (0 to 15) 

Cirrus Regs: None 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Frame Color (FRCLR) Index ODAH 

REMARKS: Validates grey shade (AL) value and determines the grey shade for screen areas not 
occupied by the current video mode (i.e. above or below the display, depending upon 
expanded mode and centering). Setting the frame color explicitly overrides the default 
frame color. The frame color set by this call remains in effect until the next set frame 
color call or the next set mode call. Takes effect immediately. 

36 

SYSTEM DEFAULT: LCD - Black (00) 

NOTE: Since the system defaults to reverse video, the 
default frame color of black shows up as white in 
reverse video . 

.... 
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CIRRUS CL-GD61 0/620 
Intensity with Fonts 

INT 10, AH=12, BL=8B 

3.9.10 Intensity with Fonts 

Enable/disable text mode intensity with fonts. 

NOTE: This Video BIOS function only has effect in text modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 8B 
AL = enable/disable 

00 Enable intensity with fonts for LCD 
01 Disable intensity with fonts for LCD 
02 Enable intensity with fonts for CRT 
03 Disable intensity with fonts for CRT 

Cirrus Regs: Scratch Register Index OBOH bits 4 and 0 
Bit 4 is bit 13 First User Options word - Intensity with Fonts LCD 
Bit 0 is bit 8 Fust User Options word - CRT Operation 

Scratch Register Index OB2H bit 4 
Bit 4 is bit 13 rust User Options word - Intensity with Fonts CRT 

VGA Regs: Character Map Select (SEQ Index 03) 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Scratch Register Index OBOH bit 4 
Bit 4 is bit 13 Fust User Options word - Intensity with Fonts LCD 

Scratch Register Index OB2H bit 4 
Bit 4 is bit 13 Fltst User Options word - Intensity with Fonts CRT 

VGA Regs: Character Map Select (SEQ Index 03) 

REMARKS: Controls visible font differentiation for intensified text mode attributes. When 'Intensity 
with Fonts' is in effect, a 'thin' font is used as" the default font and the normal default font 
is used as a 'bold' font. The intensity bit triggers ~e use of the bold font. Takes effect -
immediately. 

NOTE: On CRT monitors the 'bold' font characters will also be intensified since 
the intensity bit is on. 

If a request for 'Intensity with Fonts' is issued and the current mode is a text mode, use of 
the thin and normal fonts takes effect immediately. If the current mode is a graphics 
mode, the request takes effect when the mode is changed to a text mode. 

SYSTEM DEFAULT: LCD - Enabled 
CRT - Disabled 
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Max Contrast or Auto Grey Scale Mapping 
INT 10, AH=12, BL=8C CIRRUS CL-GD61 0/620 

3.9.11 Max Contrast or Auto Grey Scale Mapping 

Enables maximum text mode attribute contrast in flat panel or monochrome CRT modes. 

NOTE: This Video BIOS function only has effect in text modes on either the flat panel or in 
monochrome CRT modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 8C 
AL = enable/disable 

00 Enable maximum contrast mode for LCD 
01 Enable automatic grey scale mapping for LCD 
02 Enable maximum contrast mode for CRT 
03 Disable maximum contrast mode for CRT 

Cirrus Regs: Scratch Register Index OBOH bits 0 and 4 
Bit 0 is bit 8 First User Options word - CRT Operation 
Bit 4 is bit 12 rrrst User Options word - Text Mode Maximum Contrast (LCD) 

Scratch Register Index OB2H bit 4 
Bit 4 is bit 12 Second User Options word - Text Mode Maximum Contrast (CRT) 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Scratch Register Index OBOH bit 4 
Bit 4 is bit 12 rrrst User Options word - Text Mode Maximum Contrast (LCD) 

Scratch Register Index OB2H bit 4 . . 
Bit 4 is bit 12 Second User Options word - Text Mode Maximum Contrast (CRT) 

Panel Control 2 (pNLCTLn) Index ODSH bit 5 
Bit 5 enables/disables maximum contrast color mapping. 

REMARKS: This creates the highest level of contrast possible by mapping colors in text modes to 
shades of grey. Operates by selecting the grey shade based on the comparison of the 
foreground and background attnoute values. When foreground is equal to background, 
the grey shade is that value. When foreground is greater than background, the 
foreground is white and the background is black and vice versa. The flat panel internal 
palette and the attnoute controller palette registers are bypassed. 
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CAUTION: If the display is a color CRT in a color mode, this call produces 
strange looking output. 

If a request for 'Maximum Contrast' is issued and the current mode is a text mode, , 
maximum contrast takes effect immediately. If the current mode is a graphics mode, the 
request takes effect when the mode is changed to a text mode. 

If the LCD is the current display, automatic grey scale mapping is used when maximum 
contrast is disabled. 
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Max Contrast or Auto Grey Scale Mapping 

CIRRUS CL-GD61 0/620 INT 10, AH=12, BL=8C 

SYSTEM DEFAULT: LCD - Enabled 
CRT - Disabled 

CIRRUS CL-GD610/620 
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ATTRIB Palette Lock 

INT 10, AH=12, BL=8D CIRRUS CL-GD610j620 

3.9.12 ATTRIB Palette Lock 

Enable/disable write protect of the Attribute Controller Palette Registers (Indices OO-FF). 

ON CALL: 

Proc Regs: AH = 12 
BL = 80 
AL = enable/disable 

00 enable write protect of palette registers (lock) 
01 disable write protect of palette registers (unlock) 

Cirrus Regs: None 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Panel Control 2 (pNLCI'Lll) Index ODSH bit 2 
Bit 2 enables/disables attnoute palette protection. 

REMARKS: While the palette registers are locked, all BIOS function calls to load the palette, except 
set mode (AH=oo), have no effect. When the palette registers are locked, a set mode 
call clears the lock and loads the palette registers as expected. This function takes effect 
immediately. 
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NOTE: Maximum Contrast (AH=12, BL=8C) supercedes this function since it 
causes the internal palette to be bypassed. 

SYSTEM DEFAULT: Disabled 

... 
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CIRRUS CL-GD61 0/620 
Grey Scale Lookup Bypass 
INT 10, AH=12, BL=8E 

3.9.13 Grey Scale Lookup Bypass 

Part of the grey scale management. A lookup table maps the CRT DAC values to shades of grey for the 
flat panel. 

NOTE: This Video BIOS function only has effect in LCD text modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 8E 
AL = enable/disable 

00 use the flat panel grey scale look up table. 
01 bypass the flat panel grey scale look up table. 

Cirrus Regs: None 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Panel Control 2 (pNLCfLll) Index ODSH bit 7 

REMARKS: Attnoute Controller output goes directly to the flat panel display while the flat panel grey 
scale mapping is bypassed. Takes effect immediately. 

NOTE: Maximum Contrast (AH= 12, BL=8C) supercedes this function since it 
causes the internal palette to be bypassed. 

SYSTEM DEFAULT: Use flat panel grey scale lookup table 

CIRRUS CL-GD610/620 
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Expanded Graphics Mode 

INT 10, AH=12, BL=8F CIRRUS CL-GD61 0/620 

3.9.14 Expanded Graphics Mode 

Enable/disable expanded mode for graphics modes. 

NOTE: This Video BIOS function only has effect in LCD modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = SF 
AL = enable/disable 

00 enable expanded graphics mode 
01 disable expanded graphics mode 

Cirrus Regs: Scratch Register Index OBOH bits 0 and 1 
Bit 0 is bit S First User Options word - CRT Operation 
Bit 1 is bit 9 rrrst User Options word - Expanded Graphics Mode (LCD) 

Scratch Register Index OBlH bits 0-1 
These bits are bits 0-1 rrrst User Options word - Vertical Position (LCD) 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Scratch Register Index OBOH bit 1 
Bit 1 is bit 9 rrrst User Options word - Expanded Graphics Mode (LCD) 

LCD Control 2 (LCDCNTLll) Index 0C2H bit 1 
Enables/disables scan line replication in flat panel graphics modes. 

Row Offset (ROWOFF) Index OD2H 
If auto centering is off, this register determines where the image appears on the 
panel (top or bottom). 

Panel Control 1 (PNLcrLI) Index OD4H bits 6 and 3 
Bit 6 is the overflow (9th) bit for ROWOFF 
Bit 3 enables/disables flat panel centering for nonexpanded modes. 

REMARKS: Controls the vertical expansion of the display in graphics modes to fill as much of the flat 
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panel as possible. Takes effect -immediately. . ... .... 

NOTE: This is not the same as using the expanded text font to fill the LCD 
screen in text modes. 

SYSTEM DEFAULT: Disabled 
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CIRRUS CL-GD610j620 
Vertical Position 

INT 10, AH=12, BL=90 

3.9.15 Vertical Position 

Used to control the vertical position of an image that does not fill the flat panel. 

NOTE: This Video BIOS function only has effect in LCD modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 90 
AL = 00 enable automatic centering 

01 display at top of panel 
02 display at bottom of panel 

Cirrus Regs: Scratch Register Index OBOH bits 0 and 1 

ON RETURN: 

Bit 0 is bit 8 Fll'st User Options word - CRT Operation 
Bit 1 is bit 9 Fll'st User Options word - Expanded Graphics Mode (LCD) 

Scratch Register Index OBlH bits 0-1 
These bits are bits 0-1 FIrst User Options word - Vertical Position (LCD) 

Proc Regs: None 

Cirrus Regs: Scratch Register Index OBlH bits 0-1 
These bits are bits 0-1 FIrst User Options word - Vertical Position (LCD) 

Row Offset (ROWOFF) Index OD2H 
If auto centering is off, this register determines where the image appears on the 
panel (top or bottom). 

Panel Control 1 (PNLCfU) Index OD4H bits 6 and 3 
Bit 6 is the overflow (9th) bit for ROWOFF 
Bit 3 enables/disables flat panel centering for nonexpanded modes. 

REl\<IARKS: Controls the vertical position of the display image on the panel for video modes that have 
fewer scan lines than the panel size. Takes effect immediately. 

SYSTEM DEFAULT: Automatic Centering 

CIRRUS CL-GD610/620 
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Horizontal Compensation 
INT 10, AH=12, BL=91 CIRRUS CL-GD61 0/620 

3.9.16 Horizontal Compensation 

Used to control the horizontal position or width of an image. Specifies how 720 dot modes are 
displayed on the 640 dot panel. 

NOTE: This Video BIOS function only has effect in LCD modes. The 'mode sensitive' options 
for this function have effect in Cirrus Extended mode 70 (a VGA mode) and MGA (Hercules) 
mode only. 

The 'universal' options for this function have effect for all modes and all states. 

ON CALL: 

Proc Regs: AH = 12 
BL = 91 
AL = 00 display left 640 pixels (universal) 

01 display right 640 pixels (universal) 
02 skip every 9th pixel (universal) 
03 'OR' every 8th and 9th pixel (universal) 
04 display left 640 pixels ( mode sensitive) 
05 display right 640 pixels (mode sensitive) 
06 skip every 9th pixel ( mode sensitive) 
07 'OR' every 8th and 9th pixel (mode sensitive) 

Cirrus Regs: Scratch Register Index OBlH bits 2-3 
These bits are bits 2-3 rust User Options word - Universal Horizontal 
Compensation 

Scratch Register Index OB3H bits 2-3 
These bits are bits 2-3 Second User Options word - Mode Sensitive Horizontal 
Compensation 

ON RETURN: 
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Proc Regs: None 

Cirrus Regs: LCD Control Register (LCDCNTIJ) Index BAH bit 6 
Forces VGA and MGA text modes to run with 8 dots per character. Good for 
both CRT and flat panel modes. 

Scratch Register Index OB1H bits 2-3 
These bits are bits 2-3 rust User Options word - Universal Horizontal 
Compensation 

Scratch Register Index OB3H bits 2-3 
These bits are bits 2-3 Second User Options word - Mode Sensitive Horizontal 
Compensation .. • • 

Column Offset Register (COLOFF) Index ODOH bits 7-0 
Used to select whether to display left most or right most 640 pixels. 

Panel Controll (PNLCIU) Index OD4H bit 4 
Tne overfiow(9th) bit for COLOFF 

Panel Control 2 (PNLCTLII) Index ODSH bits 1-0 
Selects how to display 720 pixel images on a 640 pixel display; left or right 640 
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CIRRUS CL-GD61 0/620 
Horizontal Compensation 

INT 10, AH=12, BL=91 

pixels, skip every 9th Pixe4 OR every 8th and 9th pixel. Uses COLOFF reg to 
determine left or right 640 display. 

REl\'IARKS: Although this call is designed for 720 dot modes, the universal options work in any mode. 
If the image is greater than 72!) dots wide, the 'display right 640 option' displays a 640 dot 
wide portion of the image beginning with dot 81. Takes effect immediately. 

NOTE: The Mode Sensitive options are only available if the current state of the 
Universal Horizontal Compensation is 'display left most 640 dots'. If Universal 
Horizontal Compensation is set to anything else, the Mode Sensitive options 
have no effect. 

SYSTEM DEFAULT: Left 640 Pixels 

CIRRUS CL-GD610/620 
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Set Display Type 
INT 10, AH=12, BL=92 CIRRUS CL-GD61 0/620 

3.9.17 Set Display Type 

Specifies whether the flat panel or the CRT is the active display. 

NOTE: This Video BIOS function only works in VGA mode. 

ON CALL: 

Proc Regs: AH = 12 
BL = 92 
AL = 00 enable Flat Panel for display 

01 enable CRT for display 

Cirrus Regs: Scratch Register Index OBOH bits 0 and 3-5 

Seg40H: 

Bit 0 is bit 8 Fust User Options word - CRT Operation 
Bit 3 is bit 11 Fust User Options word - Text Mode Reverse Video (LCD) 
Bit 4 is bit 12 Fust User Options word - Text Mode Maximum Contrast (LCD) 
Bit 5 is bit 13 Fust User Options word - Intensity with Fonts (LCD) 

Scratch Register Index OB 1H bits 0-7 
Bits 5-7 are bits 5-7 First User Options word - State Control 
Bit 4 is bit 4 Fust User Options word - Graphics Mode Reverse Video (LCD) 
Bits 2-3 are bits 2-3 First User Options word - Universal Horizontal 
Compensation (LCD) 
Bits 0-1 are bits 0-1 Frrst User Options word - Vertical Position (LCD) 

Scratch Register Index OB2H bits 3-5 
Bit 3 is bit 11 Second User Options word - Text Mode Reverse Video (LCD) 
Bit 4 is bit 12 Second User Options word - Text Mode Maximum Contrast (LCD) 
Bit 5 is bit 13 Second User Options word - Intensity with Fonts (LCD) 

Scratch Register Index OB3H bits 2-3 
Bits 2-3 are bits 2-3 Second User Options word - Mode Sensitive Horizontal 
Compensation (LCD) 

[49] 
[63] 
(85) 
[87] 
[89] 

CRT MODE 
ADDRCRTC 
BYTESCHR 
GENINFQl 
GENINF03 

Video mode setting 
6845 compatible I/O port address for current mode .. 
Height of character matrix 
Informational byte 

.. .. Informational byte 

ONR.E1URN: 
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Proc Regs: None 

Cirrus Regs: Clock Select (CLK) Index OA4H bits 5-7 
Selects clocks for MGA modes 

LCD Control 2 (LCDCNTLll) Index 0C2H bits 3-2 
Specifies CRT or LCD for type of display. 

Column Offset Register (COLOFF) Index ODOH bits 7-0 
Used to select whether to display left most or right most 640 pi.~els. 

Row Offset (ROWOFF) Index OD2H 
Used to determine the vertical position of a displayable image (top, bottom or 
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CIRRUS CL-GD61 0/620 
Set Display Type 

INT 10, AH=12, BL=92 

center) 
Panel Control 1 (pNLcrLI) Index OD4H bit 6 

Bit 6 is the overflow (9th) bit for ROWOFF 
Panel Control 2 (PNLCTLII) Index OOSH bits 2 and 7 

Bit 2 protects the attnDute palette 
Bit 7 enables the internal grey scale generation circuit to receive input data from 
the 256x4 internal palette which keeps track of the CRT RAMOAC contents, 
applies the sum to grey conversion and stores the result in 256 4 bit locations. 

This call updates all of the registers updated by a setmode (Int 10, AH = (0) call. 
Refer to 3.8 Set Video Mode, page 22 for details. 

VGA Regs: Feature Control Register (GENR) bits 0-1 

Seg 408: 

NOTE: These bits are not used for standard VGA and are specified as 
reserved by IBM, Cirrus Logic uses them as described below: 

bit 1 bit 0 Description 
0 0 Flat Panel Standby mode 
0 1 Flat Panel Active 
1 0 CRT Active 
1 1 Undefined 

Since this call performs a set mode, all of the VGA hardware registers may be 
modified by this function. 

[50+ (ACTIVPAG ·2)] CURSPOSn Used to decide where to put character and whether 
or not to wrap the cursor position. 

[87] GENINFOI Informational byte 

REMARKS: Takes effect immediately when in VGA state (not at all in any other state). The BIOS 
attempts to preserve the screen image exactly as it appears when the display is switched. 
The CRT will be driven as a color monitor if it is PS/2 compatible and was not connected 
at the time the system was powered up. There is no other error checking on this function .. 

SYSTEM DEFAULT: Flat Panel (LCD) 

CIRRUS CL-GD6l0/620 
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Set 8 bit Operation 

INT 10, AH=12, BL=93 

3.9.18 Set 8 bit Operation 

Used to force the system to run as an 8 bit device. 

ON CALL: 

Proc Regs: AH = 12 
BL = 93 
AL = 00 allow system to run as 16 bit device 

01 force system to run as 8 bit device 

Cirrus Regs: Scratch Register Index OBOH bits 2 

CIRRUS CL-GD61 0/620 

Bit 2 is bit 10 FIrst User Options word - Force 8 bit Operation 

ON RETURN: 

Proc Regs: None 

Clrrns Regs: Scratch Register Index OBOH bits 2 
Bit 2 is bit 10 Fust User Options word - Force 8 bit Operation 

LCD Control 3 (LCDCNTLm) Index 0C7H bit 0 
Selects 8 or 16 bit bus operation. 

RE~IARKS: Used to force 8 bit operation in an environment where 16 bit operation is possible. Takes 
effect immediately. 
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SYSTEM DEFAULT: Allow system to run as 16 bit device 

.. . ...... 
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CIRRUS CL-GD61 0/620 
Power Conserve Mode 

INT 10, AH=12, BL=94 

3.9.19 Power Conserve Mode 

Enable / disable power conserve mode. 

NOTE: External hardware is required to actually perform a power shutdown. 

ON CALL: 

Proc Regs: AH = 12 
BL = 94 
AL = 00 normal operation 

01 power conserve mode 

Cirrus Regs: Scratch Register Index OBOH bit 0 
This bit is bit 8 FJIst User Options word - CRT Operation 

Seg 4OH: [63] ADDRCRTC 6845 compatible I/O port address for current mode. 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: LCD Control Register (LCDCNTLI) Index BAH bit 7 
Enable/disable power save mode. 

VGA Regs: Feature Control Register (GENR) bits 0-1 

NOTE: These bits are not used for standard VGA and are specified as 
reserved by mM, Cirrus Logic uses them as described below. While the 
system is in power conserve mode, these bits are write protected. 

bit 1 bit 0 Description 
0 0 Display in Standby mode 
0 1 Flat Panel Active 
1 0 CRT Active 
1 1 Undefined 

REMARKS: Useful in power management. When the system is in power conserve mode, the screen is 
blanked, the flat panel backlight is turned off, video DRAM refresh is reduced, RAS and 
CAS are reduced, and the ITS clock to the CL-GD610 is turned off. Writes to the video 
buffer work normally while in power conserve mode. When normal operation is 
resumed, the video system is restored to the state it was in before power conserve mode 
was entered. This include,s restoring the screen image. Takes effect immediately. 

NOTE: It is the responsibility of the·software that placed the system in power 
conserve mode turn it back on when needed. 

SYSTEM DEFAULT: Normal Operation 

CIRRUS CL-GD610/620 
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Expanded Text Mode 
INT 10, AH=12, BL=95 CIRRUS CL-GD61 0/620 

3.9.20 Expanded Text Mode 

Enable/disable expanded text for text modes. 

NOTE: This Video BIOS function only has effect in LCD text modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 95 
AL = 00 enable expanded text mode 

01 disable expanded text mode 

Cirrus Regs: Scratch Register Index OBOH bit 0 

Seg40H: 

This bit is bit 8 Fll'st User Options word - CRT Operation 
Scratch Register Index OB2H bit 6 

This bit is bit 14 Second User Options word - Expanded Text Mode (LCD) 

[85] BYTESCHR Height of character matrix 
[89] GENINF03 Information byte bits 7 and 4 

These bits are used to determine the number of scan lines in the current mode. 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Scratch Register Index OB2H bit 6 
This bit is bit 14 Second User Options word - Expanded Text Mode (LCD) 

LCD Control 2 (LCDCNTLll) Index 0C2H bit 0 
Supports expanded LCD text modes using 19 line character fonts. 

This call updates all of the registers updated by a setmode (lnt 10, AH = (0) call. 
Refer to 3.8 Set Video Mode, page 22 for details. 

VGA Regs: Since this call performs a set mode, all of the VGA hardware registers m~y be 
modified by this function. '. 

REMARKS: Uses font with an 8x19 chara~t;r box to allow the text to completely fill a 480 line flat 
panel 

50 

NOTE: The expanded font is only used in VGA 400 line text modes using a 16 
high (or greater) font on an LCD. In all other cases, the normal font size is used 
even if this option is enabled. 

Takes effect immediately. 

NOTE: This is not the same as using the expanded graphics mode used to fill the 
screen in graphics modes. 

SYSTEM DEFAULT: Enabled 
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CIRRUS CL-GD61 0/620 
32 Grey Shades 

INT10,AH=12,BL=96 

3.9.21 32 Grey Shades 

EnablesjDisables stipple (32 grey shades). 

NOTE: This Video BIOS function only has effect on the LCD in VGA graphics mode 13 and 
Cirrus Extended mode 70. 

ONeALL: 

Proc Regs: AH = 12 
BL = 96 
AL = enable/disable 

00 enable 32 grey shades 
01 disable 32 grey shades 

Cirrus Regs: Scratch Register Index OB2H bit 7 
This bit is bit 15 Second User Options word - 32 Grey Shades (LCD) 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: Scratch Register Index OB2H bit 7 
This bit is bit 15 Second User Options word - 32 Grey Shades (LCD) 

Grey Scale Offset Register (GROFF) Index OD6H bit 7 
Bit 7 enables/disables stippling 

REMARKS: 256 color modes are displayed on a monochrome flat panel display in 32 (instead of 16) 
shades of grey when stippling is enabled. Each pixel is represented by two bits and one 
bit gets a different color value than the other bit when stippling is enabled. 

SYSTEM DEFAULT: Enabled 

CIRRUS CL-GD610/620 
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Graphics Reverse Video 
INT 10, AH=12, BL=97 CIRRUS CL-GD610j620 

3.9.22 Graphics Reverse Video 

Enable/disable graphics mode reverse video. 

NOTE: This Video BIOS function only has effect in graphics modes. 

ON CALL: 

Proc Regs: AH = 12 
BL = 97 
AL = enable/disable 

00 enable graphics reverse video for LCD 
01 disable graphics reverse video for LCD 
02 enable graphics reverse video for CRT 
03 disable graphics reverse video for CRT 

Cirrus Regs: Scratch Register Index OBOH bit 0 
This bit is bit 8 Fll'st User Options word - CRT Operation 

Scratch Register Index OBlH bit 4 
This bit is bit 4 Fll'st User Options word - Graphics Mode Reverse Video (LCD) 

Scratch Register Index OB3H bit 4 
This bit is bit 4 First User Options word - Graphics Mode Reverse Video ( CRT) 

ON RETURN: 

Proc Regs: None 

Cirrus Regs: CW'Sor Attributes (CURS) Index OASH 
At initialization, the Caret Width (CW) and Caret Height (CH) registers Indices 
096H and 097H respectively, are both initialized to 1. This permits the CW'Sor 
Attributes register to be used to enable/disable reverse video on the CRT. 

Scratch Register Index OBlH bit 4 
This bit is bit 4 Fll'st User Options word - Graphics Mode Reverse Video (LCD) 

Scratch Register Index OB3H bit 4 
This bit is bit 4 FlI'st User Options word - Graphics Mode Reverse Video (CRT) 

Panel Control 2 (PNLCTLll) Index ODSH bit 3 
Enables/disables graphics reverse video. 

REMARKS: Determines if graphics modes are displayed in reverse video or not. If a request for 
reverse video is issued and the current mode is a graphics mode, reverse video takes 
effect immediately. If the current mode is a text mode, reverse video takes effect when 
the mode is changed to a graphics mode. 

S2 

NOTE: In LCD modes, if a frame color was explicitly set using the Set Frame .. ~ 
Color function (Int 10, AH= 12, BL=8A), changing from or to reverse video will' 
cause the frame color to be 'reversed' also. 

SYSTEM DEFAULT: LCD - Enabled 
CRT - Disabled 
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APPENDIX A 
VGA ANALYSIS AND VERIFICATION 

The following sections descnl>e the proposed verification plan for the Extensible VGA. The verification 
is done using the GSCRIPT utility developed by Phoenix. GSCRIPT is a tool for modifying and/or 
watching the environment before and after an interrupt call. 

A.1 Theory 

For the purpose of this discussion PC BIOS interrupt services are treated as black boxes - although the 
data environment can be observed before and after an interrupt call, the internal workings of the BIOS 
as it services the interrupt cannot be watched. 

For the purpose of verifying compatibility these black boxes are examined as follows: 

Data in the environment are set up and a BIOS interrupt is invoked, affecting the data environent of the 
caller. The data environment input to the interrupt can be any/all of the following data elements: 

Processor Registers AX,Bx, ... ,BP 
Mother Board Memory -Segment 40h 

-Save Tables 

Adapter Registers 
Adapter Memory 

-User Defmed Tables 
-etc. 

After a BIOS interrupt call is complete any part of the data environment might be changed, depending 
on the service invoked. 

Interrrupt compatibility between two systems exists if for every possible input condition they both 
produce the exactly same output condition. 

Interrupt compatibility between two systems is verified by making calls to both BIOSes with exactly the 
sam.e. input data (registers, memory. etc.) and then verifying that both produce exactly the same effect 
for a'" set of input conditions. This set of input conditions should cover a large number of BIOS calls 
which ae with.iJl the defiD~d bouncls of~gal.requests as well as a fair number of calls which are outside 
the defined boundaries of normal operation. In this manner is is possible to verify that a given BIOS is . 
compat.ible with another not· ony under normal operating conditions, but also under undermed 
conditionS. 

Once a set of test cases which encompass the full range of input conditions is established, verification of 
functional compat.ibility can begin At this point verifying compatibility between two BIOSes becomes a 
simple three step process: 

1. Run the test cases on one BIOS and collect the results. -. 
2. Run the test cases on the other BIOS and collect the results. 
3. Compare the results. 

If the comparision finds no functional differences, then the two BIOSes are compatible. 
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A.2 Operation 

Testing for complete compatibility involves running a large number of tests on both BIOSes under 
consideration and then comparing the results for functional differences. In the interest of conserving 
person hours the test process is automated as much as possible. This process of running tests and 
comparing results requires two tools - a program to run the tests and a program to compare the results. 
As of this writing we have the program to run the tests, GSCRIPT. 

The program GSCRIPT takes three command line arguments - an initialization me, an script file, and a 
name for the output me. The initialization me contains information about which data elements are 
looked at during test execution and whether to report the value of any given data element after every 
BIOS call or only if it has changed. The script file contains information about actually running the test -
what values to put in which data elements, and which interrupt calls to make when. It is also possible in 
the script file to instruct GSCRIPT about which data elements to report on. The output me name is 
simply the desired name for the me where GSCRIPT dumps its results. 

When testing for compatibility it is important to use a robust set of test cases which encompass the full 
range of input conditions. This set of test cases is bound to be large and, unless it is dealt with in a 
systematic and organized fashion, completely unmanagible. 

Critical to managibility is the concept of input data hierarchy. For any given BIOS call there are one or 
more input data elements which have an effect on the output data. Of these input data, some have a 
greater effect than others, and are therefore higher on the input data hierarchy. For example, in the 
video BIOS world there is a variable in memory at location 40:49 - Current Mode Number - which has 
an effect on the functionality of every video BIOS call. This scope of effect puts 40:49 at the top of the 
input data hierarchy. As an example of lesser effect there is in the video BIOS world a bit in memory, bit 
Oat 40:87, which indicates whether or not cursor emulation is enabled. This bit contributes to the 
calcuation of the start and ending lines of the alphanumeric cursor. Not very many functions care about 
the state of this bit. Bit 0 of 40:87 is close to the bottom of the input data hierarchy. 

This concept of hierarchy of input data effect is instrumental in any discussion of how to create a 
managible input data set. 

Fast, the ideal approach. For any given BIOS call there are a fmite number, X, of input data which have 
an effect on the output data. Ideally X-I of the input data is kept constant while changing a single input 
datum between BIOS calls. After making BIOS calls with all of the values in the range of the single 
changing datum, one of the other data may be changed which were previously held constant. At this 
point we can begin again to cycle through all of the values in the range of the single changing datum. In ' 
order to keep things simple it is best to change those input dati ~t the top of the hierarchy as seldom as 
possible. 

As an example, let's consider a test for write character at cursor. This function allows one to specify at 
which video page to write a character. Depending upon the current mode it is possible to write to any . 
one of as many as eight pages. For the sake of discussion we will consider this function to have three 
input data - video mode number, video page number, and cursor location. In this example mode number 
is highest in the hierarchy and cursor location is lowest. Accordingly, the mode number and page 
number would be set to the first values in their test range and then left constant while changing the 
cursor position, the lowest in the hierarchy, between BIOS calls. This would continue until all of the 
values in the test range of cursor position were exausted. At this point the page number would be 
changed, the next lowest in the hierarchy, to the next value in its test range and cycle once again through 
all the values for cursor position. 

56 
Version 1.009/19/89 

PHOENIX Confidential CIRRUS CL-GD610/620 



This cycling of values continues until BIOS calls for all possible combinations of values in the test ranges 
of page number and cursor position have been made. Once all of those combinations are tested, the 
video mode number can be changed, highest in the hierarchy, using the set mode function and start 
cycling cursor position and page number all over again. 

The main point of all this cycling through values is NEVER change more than one input variable at a 
time, ALWAYS be consistant about how you change groups of interdependant input variables, and BE 
CERTAIN to change the highest item in the hierarchy at LEAST OFfEN. The benefit to organizing 
tests in this fashion is that test mes are easier to create and manage, and the result files are easier to 
interpret. 

Placing all test cases for verifying complete compatibility in a single script fLle is not a viable option 
because it would take too long to run and would not allow one to test an individual aspect of one 
function by itself. The alternative to one huge script file is a number of smaller script files. The main 
problem with having more than one script me is keeping them organized in a managable fashion. 

The first level of organization should be by function. As an example, in the VGA video BIOS world the 
functions one can request are numbered 0 through leh. A person creating test scripts should create a 
directory for each function to be tested and place each function's scripts in it's directory. 

Just as it is not practical to create one huge script for a given BIOS it is not practical to create one big 
script for a given function. It is easier to break the testing into a number of levels and create a test 
script for each level. In testing for compatibility there are three levels of testing: 

1. Desired results (e.g. was the character really written) - This level of testing should test 
normal operating conditions. 

2 Undefined side-effects - This level of testing should test operation under 
undefmed/non-standard/ out of bounds conditions. 

3. Side effects - are any occuring? This level should examine the entire environment for 
side-effects/changes. 

Levell testing involves looking at the place in the data environment where the BIOS function is 
expected to do its main work before and after the BIOS call to verify that the work got done. 

Level 2 testing involves making BIOS calls with input parameters that are probably not what the BIOS 
designers had in ~d when they put it together. 

Level 3 testing involves making c.omplete dumps of the entire data environment before and after BIOS 
calIs to keep track of side effed\, The fun4ionality tested by level three scripts is the same as that 
tested by level one scripts. The only difference between level one scripts and level three scripts is that 
level one scripts report changes in the entire data environment while level three scripts report the 
contents of the entire data environment, regardless of changes. 

In all cases it is important to co~pare the results from our BIOS with the results from mM's to r;nake 
sure our's is compatible. . .. 
A.3 Interrupt 10H • 

Each Interrupt will be verified using one or more GSCRIPT script fLIes. 
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A.3.1 Set Video Mode -Int 10H, AH=OO 

SOOOOAOJn 

SOOOOBOJn 

SOOOOCOJn 

This script requests a set mode for all legal modes. To get monochrome modes it is 
necessary to change DEVFLAG 40:10 bits 4-5 to indicate a mono display is installed. 
Because the purpose of function zero is to set up the data environment, the entire data 
environment is dumped before and after calls to set mode. 

Try to set undefined/illegal modes. Try to set color modes when DEVFlAG says a 
mono display is installed and vice versa. Also call setmode with all the various override 
character sets, number of lines etc. set to a number of combinations. 

Due to the nature of this function and SOOOOAO.in, this script may not be needed. Look 
into it. 

A.3.2 Set Cursor Size - Int 1 OH, AH = 01 

SOlOOAOJn 

SOlOO80Jn 

SOlOOCOJn 

This script tests set cursor size in all text modes~ Cursor size is set to underbar, 
overbar, halfblock and fullblock in both emulation and non-emulation modes. 
Emulation mode is on when 40:87[0] = o. 

This script tests out of bounds and undefined conditions such as setting cursor size 
while in a graphics mode, using values appropriate for non-emulation while cursor 
emulation is on etc. 

This me should be like SOI00AO.in, but with all the data environment being examined 
for side effects. 

A.3.3 Set Cursor Position - Int 10H, AH = 02 

S0200AOJn 

S020080Jn 

S0200COJn 

This script tests set cursor location in all modes. Processor and CRTC registers and 
segment 40h are checked for differences. Test cases include setting cursor location to 
all four comers of the screen. These test cases are tried on all valid pages. 

This saipt tests set cursor location in all modes. Processor and CRTC registers and 
segment 40h are checked for differences. Cases tested include setting cursor of a 
non-current page, setting current page's cursor to point to another page, setting current 
page's cursor to point to a nonexistant page by specifying bad page in BH and by 
specifying out of bounds location in DX. ." ":' :}6 . 
This me is like S02OOAO.in, but with all the data environment being examined for side 
effects. 

A.3.4 Get Cursor Status -Int 10H, AH=03 

S0300AOJn 

S03OOBOJn 

58 

This function is tested by first using GSCRIPT to set segment 40h (40:SO-SE) and then 
calling int 10 function 03 to retrieve the values put there. All pages in all mode~are 
tested. Testing always reads the current page's cursor location. Processor and ~TC 
registers as well as segment 40h are checked for differences. 

This function is tested by first using GSCRIPT to set the variable CURPOS in segment 
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S0300COJn 

40h (4O:50-SE) and then calling int 10 function 03 to retrieve the values put there. All 
pages in all modes are tested. This script concentrates on non-current and invalid 
pages. Processor and CRTC registers as well as segment 40h are checked for 
differences. 

This flle should be like S03OOAO.in, but with all the data environment being examined 
for side effects. 

A.3.S Read Light Pen Position - Int 10H AH = 04 

This function is not supported on the VGA adapter. 

A.3.6 Select New Video Page - Int 10H, AH = OS 

SOSOOAOJn 

SOSOOBOJn 

SOSOOCOJn 

For this function there is a different cursor position for each page to see how CRTC 
registers are set. Test cases include all valid pages and modes. Processor and CRTC 
registers as well as segment 40h are examined for differences. 

For this function there is a different cursor position for each page to see how CRTC 
registers are set. This script tests for dependencies on CRT _ COLS (4O:4a) and 
CRT _ PLEN (4O:4c) by dividing the values held there by two and calling function 05. 
Processor and CRTC registers as well as segment 40h are examined for differences. 

This file should be like SOSOOAO.in, but with all the data environment being examined 
for side effects. 

A.3.7 Scroll Active Page Up -Int 10H, AH=06 

S06OOAOJn 

S06OOBOJn 

S06OOCOJn 

S06OODOJn 

This function is tested by writing a pattern to the regen buffer with GSCRIPT's FILL 
command, invoking the service and then using the DUMP command to verify that the 
pattern was shifted appropriately. All pages in all modes should be tested. at least six 
different kinds of boxes should be scrolled - full screen, each of the four comers and a 
box in the middle of the screen. Each box should get scrolled three different ways - by 
one line, by zero lines ( scroll clear), and by as many lines as the box is big (should be 
the same as scroll clear) In addition to DUMPing the regen buffer to see if the scroll 
happened, we should check processor and CRTC registers and segment 40h for 
changes. 

In this script we use the regen buffer FILL and DUMP commands from the script 
above but the actual scroll requests are invalid - top of box is lower on screen than 
bottom, left side of box is farther right than right side, etc. In addition to DUMPing 
the regen buffer to see if the scroll happened, we check processor and CRTC registers 
and segment 40h for changes. 

This script tests for CRT_COLS (4O:4A) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S06OOAOlN. Processor and VGA registers are checked for changes. 

This script tests for CRT_PLEN (4O:4C) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S06OOAOlN. Processor and VGA registers are checked for changes. 
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S06OOEOJn 

S06OOFOJn 

S06OOGOJn 

This script tests for CRT_POFF (4O:4E) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S06OOAO.IN. Processor and VGA registers are checked for changes. 

This script tests for BYrESCHR (40:85) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S06OOAO.IN. Processor and VGA registers are checked for changes. 

This file should be like S06OOAO.in, but with all the data environment being examined 
for side effects. 

A.3.S Scroll Active Page Down - Int 1 OH, AH = 07 

S0700AOJn 

S0700BOJn 

S0700cOJn 

S 0700 DOJn 

S0700EOJn 

S0700FOJn 

S0700G0Jn 
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This function is tested by writing a pattern to the regen buffer with GSCRIPT's FILL 
command, invoking the service and then using the DUMP command to verify that the 
pattern was shifted appropriately. All pages in all modes should be tested. at least six 
different kinds of boxes should be scrolled - full screen, each of the four comers and a 
box in the middle of the screen. Each box should get scrolled three different ways - by 
one line, by zero lines (scroll clear), and by as many lines as the box is big (should be 
the same as scroll clear) In addition to DUMPing the regen buffer to see if the scroll 
happened, we should check processor and CRTC registers and segment 40h for 
changes. 

In this script we the regen buffer FILL and DUMP commands from the script above 
but the actual scroll requests are invalid - top of box is lower on screen than bottom, 
left side of box is farther right than right side, etc. In addition to DUMPing the regen 
buffer to see if the scroll happened, we check processor and CRTC registers and 
segment 40h for changes. 

This script tests for CRT _ COLS (4O:4A) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S0700AO.IN. Processor and VGA registers are checked for changes. 

This script tests for CRT_PLEN (4O:4C) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S0700AO.IN. Processor and VGA registers are checked for changes. . 

This script tests for CRT POFF (4O:4E) dependencies by dividing the val~ foUnd 
there by 2. One or two p;ges in each mode are tested in the manner used by • 
S0700AO.IN. Processor and VGA registers are checked for changes. 

This script tests for BYTESCHR (40:85) dependencies by dividing the value found 
there by 2. One or two pages in each mode are tested in the manner used by 
S0700AO.IN. Processor and VGA registers are checked for changes. 

This file should be like S0700AO.in, but With all the data environment being examined 
for side effects. 
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A.3.9 Read Character and Attribute at Cursor • Int 10H, AH = 08 

SOSOOAOJn 

SOSOOBOJn 

S0800COJn 

S08OODOJn 

S08OOEOJn 

S08OOFOJn 

The script for this function uses FILL to load characters into the regen buffer before 
reading them back. That is not feaSable for graphics modes in which case function 9 is 
used. The script puts a different character at all four comers of every page and then 
reads it back using function 08h for all modes. This script tests every page while it is 
not the active page. Instead of using function 02h to set the cursor between calls to 
function OSh, the cursor position variable is changed at 4O:50-5E. 

The script for this function should use FILL to load characters into the regen buffer 
before reading them back. That may not be feasable for graphics modes but it should 
defmitely be done for the text modes. The script should put a different character at all 
four comers and the middle of every page and then read it back using function 08h for 
all modes. In this script test every page while it is not the active page. Instead of using 
function 02h to set the cursor between calIs to function 08h, it changes the cursor 
position variable at 4O:50-SE. 

This script tests for CRT _ COLS( 4O:4a) dependencies. 

This script tests for CRT _PLEN( 40:4c) dependencies. 

This script tests for BYTESCHR( 4O:S5) dependencies. 

This me should be like S08OOAO.in, but with all the data environment being examined 
for side effects. 

A.3.10 Write Character and Attribute at Cursor • Int 10H, AH = 09 

S09OOAOJn 

S09OOBOJn 

S09OOCOJn 

S09OODOJn 

S09OOEOJn 

S0900IDJn 

Test all legal pages in all modes, always writing to the current page. Write three 
characters to all four comers of screen. Use ICE probe and SEEREGEN macro to 
verify write. Write to current page with CX set so that the characters write past the 
end of line/end of screen. Make special note of what happens in this case - it is a big 
compatibility issue. Write different attributes. Check processor and CRTC registers as 
well as segment 40h variables for differences. 

Test for DEVFlAG (40:10) dependencies by setting bits 4 and 5 to each of the four 
possible values and calling function 9. 

Test for CRT _ COLS (40:4A) dependencies by dividing contents of 4O:4A by 2 and 
calling function 9. 

Test for CRT_PLEN (4O:4C) dependencies by dividing contents of 4O:4C by 2 and 
calling function 9. 

Test all pages in all modes, writing to non-current pages by calling function with BH 
< > AcrIVPAGE Write to invalid pages. Write a character to all four comers of 
screen. Use ICE probe SEEREGEN macro to verify write. Write different attributes. 
Check processor and CRTC registers as well as segment 40h variables for differences. 

This file is like S09OOAOln, but with all the data environment being examined for side 
effects. 

' .. 
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A.3.11 Write Character at Cursor - Int 1 OH, AH = OA 

SOAOOAOJn 

SOAOOBOJn 

SOAOOCOJn 

SOAOODOJn 

SOAOOEOJn 

SOAoom.in 

Test all legal pages in all modes, always writing to the current page. Write three 
characters to all four corners of screen. Use ICE probe and SEEREGEN macro to 
verify write. Write to current page with CX set so that the characters write past the 
end of line/end of screen. Make special note of what happens in this case - it is a big 
compatibility issue. Write different attributes. Check processor and CRTC registers as 
well as segment 40h variables for differences. 

Test for DEVFlAG (40:10) dependencies by setting bits 4 and 5 to each of the four 
possible values and calling function 9. 

Test for CRT COLS (4O:4A) dependencies by dividing contents of 4O:4A by 2 and 
calling functio~ 9. 

Test for CRT PLEN (4O:4C) dependencies by dividing contents of 4O:4C by 2 and 
calling function 9. 

Test all pages in all modes, writing to non-current pages by calling function with BH 
< > ACTIVPAGE Write to invalid pages. Write a character to all four corners of 
screen. Use ICE probe SEEREGEN macro to verify write. Write different attributes. 
Check processor and CR TC registers as well as segment 40h variables for differences. 

This me should be like S09OOAO.in, but with all the data environment being examined 
for side effects. 

A.3.12 Set CGA Color Palette - Int 10H, AH = 08 

SOBOOAOJn 

SOBOOBOJn 

SOBOOCOJn 

-. 

Test sub-function 0 (BH = 0) in all graphics modes. Test with all legal values in BL 
(0-31). Check processor, attribute controller and CRTC registers as well as segment 
40h variables for differences. In CGA hardware emulation modes check the CGA 
COLOR register at port 3D9h for changes. Test sub-function 1 (BH = 1) in all 
graphics modes. Test with all legal values in BL (0,1). Check processor, attnoute 
controller and CRTC registers as well as segment 40h variables for differences. In 
CGA hardware emulation modes check the CGA COLOR register at port 3D9h for 
changes. 

Test both sub-functions in all modes including text. In graphics modes' qlncentrate on 
out of bounds values for register BL. Check processor, attribute controller arl'd CRTC 
registers as well as segment 40h variables for differences. In CGA hardware em ulatioD 
modes check the CGA COLOR register at port 3D9h for changes. 

This me should be like SOBOOAO.in, but with all the data environment being examined 
for side effects. 

A.3.13 Write Pixel to Screen • Int 10H, AH = OC 
. , 

SOCOOAOJn 

62 

Test all legal pages in all modes, always writing to the current p~e. Write a dot to all 
four corners of screen. Use Ice probe and S1='JiREGEN macro to verify write. Try all 
legal color values. Check processor and CRTC registers as well as segment 40h 
variables for differences. 
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SOCOOBOJn 

SOCOOCOJn 

Test all pages in all modes, writing to non-current pages by calling function with CX 
and/or OX = a value past the bounds of the current page. Write to invalid pages. 
Write a dot to all four comers of screen. Use Ice probe and SEEREGEN macro to 
verify write. Test color values. Check processor and CRTC registers as well as 
segment 40h variables for differences. 

This me should be like SOAOOAO.in, but with all the data environment being examined 
for side effects. 

A.3.14 Read Pixel - Int 1 OH, AH = 00 

SODOOAOJn 

SODOOBOJn 

SODOOCOJn 

The script for this function should use FILL to load dots into the regen buffer before 
reading them back. The script should put a different dot at all four comers of every 
page and then read it back using function OOh for all modes. In this script test every 
page while it is the active page. 

The script for this function should use FILL to load dots into the regen buffer before 
reading them back. The script should put a different dot at all four comers and the 
middle of every page and then read it back using function OOh for all modes. In this 
script test every page while it is not the active page with a number not equal to the 
current page in BX and/or OX & CX pointing off the end of the page. 

This me should be like SODOOAO.in, but with all the data environment being examined 
for side effects. 

A.3.1S Write Character in TTY Mode - Int 1 OH, AH = OE 

SOEOOAOJn 

SOEOOBOJn 

SOEOOCOJn 

SOEOODOJn 

SOEOOEOJn 

SOEOOroJn 

Test all legal pages in all modes, always writing to the current page. Write a character 
to all four comers of screen. Use ICE probe and SEEREGEN macro to verify write. 
Write to current page with ex set so that the characters write past the end of line/end 
of screen. Make special note of what happens in this case - it is a big compatibility 
issue. Write control characters BS,BELL,CR,LF. Check processor and CRTC 
registers as well as segment 40h variables for differences. 

Test for OEVFl.AG (40:10) dependencies by setting bits 4 and 5 to each of the four 
possible values and calling function 9. 

Test for CRT _ COLS (4O:4A) dependencies by dividing contents of 4O:4A by 2 and '. 
calling function 9. 

Test for CRT _ PLEN (40:4C) dependencies by dividing contents of 4O:4C by 2 and 
calling function 9. 

Test all pages in all modes, writing to non-current pages by calling function with 
CURPOSn past end of page. Write a character to all four comers of screen. Use ICE 
probe SEEREGEN macro to verify write. Write different attributes. Check processor 
and CRTC registers as well as segment 40h variables for differences. 

This file should be like S09OOAO.in, but with all the data environment being examined 
for side effects. 
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SOEOOCOJo 

A.3.16 Get Current Video State - Int 10H, AH = OF 

SOFOOAOJo 

SOFOOBOJo 

SOFOOCOJo 

This me would best be written as a part of S0500AO.in, making a call to function OFh 
after every call to function OSh. 

This me would best be written as a part of S0500BO.in, making a call to function OFh 
after every call to function OSh. 

A.3.17 Set Palette Registers - Int 10H, AH = 10 

SIOOOAOJo 

SIOOOBOJo 
Sl000COJo 

This script uses four files for the attribute controller and four files for the DAC. These 
files are loaded into memory using the BUFF command so that the update palette 
registers and update block of DAC registers subfunctions have tables to get values 
from when updating those registers. The mes contain tables which will set all the 
registers involved to OOh,55h, AAh, and FFh. The basic idea of this script is to set every 
register to OOh, S5h, AAh, and FFh using every subfunction that can be used to set 
them. After the registers are set to a given value by a given subfunction, they are read 
back using all of the appropriate subfunctions. After every call the attribute 
controller))AC, parameter save area and user palette profile are checked for changes. 
The processor registers and segment40h variables are also checked for changes. 

A.3.18 Character Generator - Int 1 OH, AH = 11 

Sll00AOJo This scripts uses three files with font definitions in them-one each for 8X8, 8Xl4 and 
8X16 character sets. For each text mode the number of lines is set to each possible 
value and the appropriate sized font loaded. All the RAM banks (0-7) are loaded 
using the subfunctions to load a user defined font, load a ROM font, and load a ROM 
font and program the CRTC. Only the currently active bank is loaded when 
subfunctions IOh,l1h,12h, and 14h are used. All 8 RAM banks are selected as active. 
One at a time, of course. In each graphics mode, all reasonable combinations of font 
size and rows per screen are loaded. After each load font subfunction call is made, a 

S1100BOJn 

64 

• •. call to get current font info (AX = 113Oh) is made. After each call the processor 
registers, CRTC, sequencer, segment 40h variables and interrupt vectors lib and 43~ 
are checked for changes. 

This scripts uses three mes with font defmitions in them one each for 8X8, 8X14 and 
8X16 character sets. In text modes graphics fonts are loaded and in graphics modes 
text fonts are loaded. In text modes the subfunctions to load a font and reprogram the 
CRTC are called to load a font into a non-active bank. In grap!llcs modes, 
unreasonable combinations of font size and rows per screen are used. (E.G. load an 
8X16 font and say :# rows = 43.) After each load font subfunction call is made, a call to 
get current font info (AX = 113Oh) is made. After each call the processor registers, 
CRTC, sequencer, segment 40h variables and interrupt vectors 1fh and 43h are 
checked for changes. 
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Sll00COJn 

A.3.19 Alternate Select - Int 10H, AH = 12 

S1200AOJn 

S1200BO.in 

S1200COJn 

In this script, all of function Uh's subfunctions are tested, except those which support 
display switching. PS/2 display switching support (sub function 35h) is tested as part of 
the scripts to test function lAh. All others sub functions are tested in this script. Testing 
consists of calling each subfunction with all defined values of input parameters while 
checking segment 40h variables and VGA registers for change. When testing 
subfunction 32h, CPU access to RAM, the Video System Enable register at port 3C3h 
is checked for changes. 

This script tests all of the sub functions tested by S12OOAO.in, but with undefmed input 
values. This script's main purpose is to examine bounds checking functionality. 

A.3.20 Display String - Int 1 OH, AH = 13 

S1300AOJn 

S1300BOJn 

S1300COJn 

Have two character strings - one with embedded attributes and one without. Use these 
two strings to test all four sub-functions. Both strings should include the control 
characters CR, LF, BS and BELL. Write to all valid pages in all modes. Always write 
to current page. Check processor and CRTC registers as well as segment 40h variables 
for differences. 

Have two character strings - one with embedded attnbutes and one without. Use these 
two strings to test all four sub-functions. Both strings should include the control 
characters CR, LF, BS and BELL. Write to all pages in all modes. Write to some 
invalid pages. Try writting to non-current pages. Write past end of line and end of 
screen. Check processor and CRTC registers as well as segment 40h variables for 
differences. 

A.3.21 Get/Set Video Display Combination Codes - Int 1 OH, AH = 1 A 

SlAOOAOJn 

SlAOOBOJn 

SlAOOCOJn 

This script is best run with more than one video display adapter installed. this~ ~~t 
should be run with all possible display combinations installed: Query what is° the~ ."~ 
current display combination, swap active and inactive displa~ and query again. repeat 
the test to return to original configuration. This script also tests function 12h 
subfunction 35h. 

This script is best run with more than one video display adapter installed. This test 
should be run with all poSSlble display combinations installed. Query what is the 
current "display combination, and try to make an uninstalled adaper active. Try for all 
uninsta.l1ed combinations. This script also tests function 12h sub function 35h. 

This file should be like SlAOOAO.in, but with all the data environment being examined 
for side effects. 
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A.3.22 Get Functionality/State Information - Int 1 OH, AH = 1 B 

SIBOOAOJn Perform these tests for all modes. Allocate a 64 byte buffer pointed to by ES:DI and 
call function IBh, then DUMP the buffer. 

SIBOOBOJn Make this script like SlBOOAO.in, but put a non-zero value in BX. 

SIBOOCOJn This flle should be like S1BOOAO.in, but with all the data environment being examined 
for side effects. 

A.3.23 Save/Restore Video State 

SICOOAOJn Perform these tests for all modes. For each type of save request buffer size, allocate a 
buffer and then save the state, change the data environment coresponding to the type 
of save performed, and restore the state. Look at the contents of the buffer after the 
save. Compare data environment before save and after restore for differences. 

SlCOOBOJn Perform save/restore where save is of one type and restore is of another. 

SICOOCOJn This file should be like SICOOAO.in, but with all the data environment being examined 
for side effects. 

A.4 Application Verification 

Application Verification includes, but is not limited to, the following: 

66 

PC Tech Journal System Benchmarks VI.O, Ziff Communications Co., 1988 
PC Magazine Laboratory Benchmark Series Release 5.0, Ziff-Davis Corp., 1989 
Power Meter Vl.5, The Database Group Inc., 1988 
Miaosoft Flight Simulator V3.0, Microsoft Corp. 
Splash, Spirunaker Software Corp., 1988 
Tetris, NEXA Corp. 
Miaosoft Windows, Microsoft Corp., 1987 
VGAHDS· PS/2 Video Graphics Array Hardware Test Vl.0, Paradise Systems Inc (Western 
Digital Corp.), 1987 
Fantasy Land, IBM Corp., 1984 
PC Paint V2.0 
Norton Utilities 51 V4.5, Peter Norton, 1987 
QA Plus V3.11, Diagsoft 
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Fast Mode, 33 
Flexible Online Configuration Utility System 

(FOCUS), 13 

Get Configuration or User Options, 18 
Graphics, Expanded Mode, 42 
Grey Scale Lookup Bypass, 41 
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Grey Shades, 32, 51 

Hardware Registers, 3 
Horizontal Compensation, 44 
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Interrupt 10H Interface, 3 
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Maximum Contrast, 38 
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~ 
Operation, 56 

'\ 

EJ 
Phoe!l.ix Video Control Console, 13 
Planar: CMOS Soft Switches, 10 
Power Conserve Mode, 49 
Power User, 14 
Protect Mode, 34 

Read DIP Switches, 11 
Register overview, VGA, 6 
Reverse Video, Graphics., 52 
Reverse Video, Text., 35 

D 
Set Video Mode, 22 
Setup, 11 
State, 31 

Table Driven Code Structure, 1 
Text, Expanded Mode, 50 
Theory, 55 
Thin Font, 37 
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User Options, 28 
User Options Word, 20 

Vertical Position, 43 
VGA Register Overviewf, 6 
VGA Type, 26 
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Video State, 31 
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8 bit Operation, 48 
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