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FEATURES

Functional 2x (64K x 16) OR
Block Diagram 4x (64K x8)OR
8x (64K x 4) OR
8 x (256K x 8)
DRAM

Supports dual-scan and single-scan LCD panels
Supports gas plasma and EL panels

High-quality display on LCD panels at low fre-
quencles

Hardware-compatibie with VGA, EGA, CGA, MDA,
and HGC standards

Automatic hardware mapping of 256 colors into
64 grayshades (AutoMap™)

Intelligent power management for low power con-
sumption

8 x 19-resolution programmable text characters
on flat panels

Blinking hardware cursor
8- or 16-bit PC bus interface

Horizontal compression and vertical expansionin
hardware

Supports two 64K x 16 DRAMs for video memory
Advanced, low-power CMOS technology
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CL-GD610/620-C

Data Sheet

Flat Panel/CRT Enhanced

VGA Controller

OVERVIEW

The CL-GD610/620-C flat panel VGA controller, an
enhanced version of the widely used CL-GD610/
620-B flat panel VGA controller, provides the follow-
ing features for notebook, laptop, and CRT PC
displays:

— Superb display quality
— Low power consumption
— Small form factor

— Full compatibility

— High performance

An ideal choice for minimum-board-space or low-
chip-count designs, the high-integration/low-power
CL-GD#610/620-C drives LCD, gas plasma, elec-
troluminescent (EL) and CRT displays. The CL-
GD610/620-C is fully hardware compatible with the

(cont. next page)
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OVERVIEW (cont.)

IBM VGA, EGA, CGA, MDA, and HGC video stan-
dards, and a high-performance 8- or 16-bit bus
interface is included. The VGA controller can also
be used in overhead projection displays, desktop
LCD systems, Point of Sale (POS) displays, indus-
trial controls, and many other applications.

The CL-GD610/620-C eliminates flickering and sta-
bility problems normally associated with mono-
chrome LCDs by using duty cycle modulation tech-
niques thatyield 16 solid grayscales. In addition, the
Cirrus Logic AutoMap™ technique automatically
(through hardware algerithms) maps 256 colors into
64 high-quality grayscales for CRT-quality grayscale
emulation. The mapping of 256 colors into 64
grayscales is equivalent to the IBM VGA sum-to-
gray feature when a monochrome analog VGA
monitor is connected to the IBM VGA. The 64
grayshades are produced through a dithered pat-
tern technique using the 16 solid grayscales. The
automatic color-mapping is completely transparent
and requires no user modifications. These tech-
niques permit some LCD displays that can only
display 4 or 8 grayscales to display 16 or 64
grayshades. Foreground/background color attrib-
utes are automatically remapped for maximum con-
trast in text modes. Hardware Expanded Text and
Graphics modes provide larger character fonts and
the ability to fill a panel (via scanline replication)
even in low-resolution video modes, and are trans-
parent to the application software. |f expanded
modes are not used, automatic screen centering is
performed. 720-pixel-wide modes can be displayed
on a 640-pixel-wide panel through either of two
width compression options or a panning option.

Operating at dot clock rates up to 32 MHz, the CL-
GD610/620-C controller supports high-resolution
color or monochrome graphics and text modes on
standard analog VGA monitors or many popular
variable-frequency monitors. Refresh rates for flat
panels range from 60 Hz to 160 Hz, and can be
selected to match particular panel requirements.
Cirrus Logic proprietary technology provides maxi-
mum contrast, reduced flicker, and lower power
consumption with LCD panels while using a 24 MHz
{or lower) dot clock (28 MHz for gas plasma and EL
panels).
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CL-GDé610/620-C
Flat Panel[CRT VGA Controller

Video outputs to CRT displays are provided at4 bits
per pixel in all resolutions, and 8 bits per pixel in all
IBM VGA 256-color modes. Using an analog video
outputand a standard externai palette (INMOS 171-
compatible RAMDAC), selections can be made
from a palette of 18 bits per pixel (262,144 colors).

Video outputs to LCD panels are provided in dual-
panel format with 4 bits going to the top half of the
display, and 4 bits going to the bottom half of the
display in parallel, a technique made possible by a
proprietary half-frame buffer technique (LCD pan-
els may also be driven directly). High-resolution
1024 x 768 and 1100 x 780 dual-panel LCDs are
also supported by use of additional video memory
(typically eight 256K x 4 DRAMs).

Gas plasma and EL panels are driven by CRT video
signals. Panels that support 16 grayshades can use
the AutoMap feature of 256K colors mapped into 64
grayshades. In addition, gas plasma and EL panels
can use the same expansion/compression/panning
features that the CL-GD610/620-C provides for
LCD panels.

The CL-GD610/620-C has intelligent power man-
agement features in hardware that allow low power
consumption even in normal operating modes, and
very low or no power consumption in several power-
reduction modes.

The CL-GD610/620-C is designed for systems re-
quiring a small form factor such as notebook and
laptop PCs. A minimum design (8-bit, EO00 Planar
BIOS, two 64K x 16 DRAMSs) would include as few
as 13 ICs without the use of any PALs, and can
require as little as 5 to 6 square inches of board
space. To permit flexibility, two 64K x 16 DRAMs,
four 64K x 8 DRAMSs, eight 64K x 4 DRAMs, or
several other types of memories can be usedto best
suit your system needs.

The CL-GD610/620-C implements in hardware all
control and data registers in the VGA, EGA, CGA,
MDA, and HGC video 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 con-
troller to be used in a variety of operating systems
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ADVANTAGES
Unique Features
B Provides a superior-quality display

B 8 x 19 programmable fonts
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Benefits
a Higher definition, easier to read.

0 Large, easy-to-read text.

B 64 shades of gray O Superb shading, monochrome-VGA-CRT-quality
on LCDs.

W Screen width compression o Displays entire Hercules® screens.

B Uses low frequencies during normal operation o0 Extends battery operation, less heat.

W Intelligent power management 0 Extends battery operation.

W Support for 64K x 16 DRAM O Uses less space, ideal for notebook PCs.

W 100% VGA-compatible 2 Runs ail new software.

B 100% HGC-, MDA-, CGA-, and EGA-compatible O Runs all existing software on CRTs and LCDs.

W 1:1 CPU-to-Video Memory Intarleave o Betier performance on benchmark tests.

M Blinking hardware cursor O Easy to locate cursor on LCDs when running
Microsoft® Windows™.

B BIOS available from both Cirrus Logic O Ensures availability and product differentiation.

and Phoenix® Technology
OVERVIEW (cont.)

and application environments. When used with 640
X 480 8- or 16-grayscale LCD panels and VGA-
compatible CRTs, all video standards (VGA, EGA,
CGA, MDA, and HGC) are supported. When 640 x
480 16-grayshade gas plasma or EL panels are
supported, full VGA compatibility is supported.
Panels that are less than 640 x 480, or cannot
display 16 grayshade, may not be suitable for dis-
playing the supported video standards, but can still
be used by limiting the controlier to certain video
modes or by use of non-standard video modes.

The sequencer design provides more video mem-
ory cycles for the CPU during the normal video
refresh/display cycle. During display- blanked inter-
vals, ALL memory cycles can be allocated to proc-
ess CPU memory request. This gives a 1:1 CPU-to-

Video Memory Interieave for high-performance VGA
requirements. To provide additional performance,
the intelligent 8-/16-bit Video Memory Interface
detects memory map configurations that place ad-
jacent bytes in adjacent memory locations and
automatically configures the controller as a 16-bit
peripheral. However, 16-bit operation may also be
configured by program control.

The hardware supports a blinking mouse/graphics
cursor and a blinking-insertion-point text cursor.
When using application environments such as Mi-
crosoft Windows, a blinking cursor is an important
aid in rapidly locating the cursor after it has been
repositioned. Additional controls include blink dis-
able and replace/invert mode control.
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1.1 Pin Diagram
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Figure 1-1. CL-GD610-C and CL-GD620-C Pin Diagram
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1.2 Pin Assignment Table

BIE D

CL-GD610-C CL-GD620-C
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Name Pin No. Pin No. Type Function

Processor Interface

SBHE* 50 37 I-T Bus High Enable from host CPU

AEN 51 30 -T DMA vs. non-DMA bus cycles)

RESET 52 29 I-T System Reset

SENSE 53 I-T Input from external logic to sense type of analog
monitor

IORD",IOWR* 54,55 27,26 T 110 R/W Strobes

MEMR",MEMW"* 57 24,25 I-T CPU Read/Write of Video Memory

CPU-AD [15:0] 59-74 7-22 1/O-T Multiplexed CPU Address/Data/Switch Bus

CPUADDR [18:16] 97-99 I-T Upper 3 address bits from host CPU

CS 96 I-T Memory decode of LA[23:19]

DIR/CARDSEL* 92 o-T Bidirectional CPU Data Bus Transceiver Control

CRTINT 91 oD Display Retrace Interrupt

REFRESH* 36 I-T System Refresh of Bus Attached RAM

CPURDY 34 oD Data available signal for wait state logic

MCS16* 1 oD 16-bit peripheral access acknowledge

Video Memory Data Interface

MOD[7:0] 41-48 47-40 170-T Byte-wide bidirectional data bus to plane 0

M1D[7:0] 32-39 110-T Byte-wide bidirectional data bus to plane 1

M2D{7:0} 82-89 1/0-T Byte-wide bidirectional data bus to piane 2

M3D{7:0] 91-98 110-T Byte-wide bidirectional data bus to plane 3

CGSEL (Attr Bit 3, M1D3) 38 I-T Selects Alpha Map

Video Memory Address Interface

CAS” 54 o-T Column address strobe to all planes

WE* 55 O-T Video Memory Write Enable

RAS[3:0}*/WE[3-0]* 56-59 O-T Outputs either row Address Strobe or Write Enable
Signal to DRAMs

AA[7:0], AAS/PO1* 61-66, 68-70 O-T Address bus to byte planes 0 and 1. AAS8 is either Ad-
dress Bus Pin or Power-down Pin for clock generation
and palette

AB[7:0],AB8/OE16* 71-79 o-T Address bytes to planes 2 and 3. ABS8 is either Ad-
dress Bus Pin or Output Enable Pin for word-wide
DRAMs

External Interface

INTERNAL* 31 o-T Selects internal vs. external video drivers; also can be
used for Bt475-type palettes

CPWR*, CPRD* 32,33 O-T Color Palette Write/Read

FS3/CLKEXT 48 110-T Input from ext clock (feat. conn.) or clock select

FS2/CLK32, 48-51 110-T Programmable pins, either clock select or clock FS1/
CLK28, inputs

FS0/CLK25

0sC 52 I-T Oscillator Input, MUST be connected to a clock

BIOSEN"® 87 o-T BIOS ROM QOutput Enable Select

BIOSA [15:13] 88-90 o-T BIOS Page Select (for 27C512 davices)

ASEL*, DSELH*, DSELL* 93-95 o-T Address and data select {low and high byte) enables

6 L~
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1.2 Pin Assignment Table (cont,)
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CL-GD610-C CL-GD620-C

Name Pin No. Pin No. Type Function

External Interface

FC[1:0] 4,5 O-T Programmable, normally used for powsr sequencing

CLK32K 35 -T Connects to 32 kHz clock; used in Suspend Mode as

clock to refresh DRAMs

CL-GD610/620-C Interconnect

CURSOR* 1 82 CL-GD620-C to CL-GD610-C Cursor Valid Signal

BLANK®* 2 83 CL-GD620-C to CL-GD610-C Video Blanking Signal

ITS 76 5 CL-GD620-C to CL-GD610-C Interchip
Timing Strobe

S 77 4 CL-GD620-C to CL-GD810-C Syncs loading shift registars with
CRTC Character Clock

LATCH* 79 3 CL-GD620-C to CL-GD610-C Latches video RAM data on CPU or
CRT reads

CPUCYC* 80 2 CL-GD620-C o CL-GD610-C Indicates CPU Read/Write Cycle to
display memory

DE 100 86 CL-GD620-C to CL-GD610-C Display Enable

Name Pin No. Type Function Analog ECD CD MD LCD

Video Interface

LFS 6 o-C LCD Frame Start

P7/FEAT1 8 110-C  Pixel Data MSB/Feature Bit 1 P7 uD3

P6/FEATO 9 I#0-C  Pixel Data 6/Feature Bit 0 P6 ub2

P5/SR 10 0o-C Pixel Data 5/Secondary Red P5s SR uD1

P4/SG/ 11 o-C Pixel Data 4/Second. Green/Intens. P4 SG 1 | ubo

P3/SBNV 12 0-C Pixel Data 3/Second. Blue/Video P3 SB \ D3

P2/R 13 o-C Pixel Data 2/Primary Red P2 R R iD2

P1/G 14 O-C Pixel Data 1/Primary Green P1 G G LD1

P0/B 15 0-C Pixel Data LSB/Primary Blue PO B B LDO

VDCLK 16 o-C LCD Video Data Clock

LLCLK 17 o-C LCD Line Clock

MOD/FPDE 18 0-C L.CD Modulation Qutput or

display enable for gas plasma/EL flat panels

HSYNC 85 o-T Horizontal Sync Output

Name Pin No. Pin No. Type Function

MCLK 75 6 CL-GD620-C to CL-GD810-C Master Clock

VSYNC 99 84 CL-GD620-C to CL-GDE10-C Vertical Sync Signal

Frame-Accelerator Memory Address Interface

FROE* 19 o-T Frame-Accelsrator Output Enable

FRCAS® 20 O-T Frame-Accelerator CAS®

FRRAS* 21 O-T Frame-Accelerator RAS*

FRWE" 22 o-T Frame-Accelerator Write Enable

FR-A[8:4] 49,23-26 o-T Upper 5 bits of Frame-Accelerator Address

FR-AD[3:0] 27-30 11O-T Muttiplexed Frame-Accelerator Address/Data

NOTE: Under the TYPE column, T — TTL pad, C — CMOS pad, OD — Open Drain.
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Figure 1-2. CL-GD610/620-C Interconnection
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@ > DETAILED SIGNAL DESCRIPTION

2.1 Processor Interface
Name CL-GD610-C CL-GD620-C Description

SBHE* |

Host CPU System Byte High Enable. This signal is sampled
only if 16-bit Mode is enabled (3C5 Index C7:0), otherwise 8-bit
bus operations are assumed. 16-bit Mode is only for vidzo
memory access. /O port accesses are always 8-bit.

CPUADDR [18:16]

The CL-GD620-C uses three upper address bits from the host
CPU along with CPUAD [15:0] for address decoding.

CPU-AD[15:0] o

I/O

Multiplexed Address and (bidirectional) data bus between the
CPU and the chipset for Video RAM addresses, 1/O register ad-
dresses and data.

input Pin. When high, indicates CPU access to lower 1 Mbyte
memory. ltis usedinternally by the CL-GD620-C to validate ac-
cesses.

Output signal used to synchronize CPU accesses to video
memory. Normally, in the absence of any video memory ac-
cess, this signal is at tristate. As soon as a video memory ac-
cess is detected, it goes low. When the CL-GD620-C internai
arbiter has given the CPU access to video memory and the
read/write at the desired location is done, CPURDY goes high.
After the system deasserts the MEMR* or MEMW" Signal,
CPURDY returns to the tristate level. The timing for this signal
is a function of CRT-CPU interleave and clock frequency.

Ccs
CPURDY
o
o
CRTINT

Qutput signal to the CPU to indicate the start of a vertical re-
trace, normally connected to one of the interrupt inputs on the
PC bus It is enabled by clearing Bit 5 of the Vertical Retrace
End Register and cleared by resetting Bit 4 of the Vertical Re-
trace 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 ‘0’ to Bit 4 of the Vertical Retrace End Reg-
ister (CR11). CRTINT is enabled by:

* Clearing Bit 5 of CR11

» Setting Bit 4 of CR11

August 1991 L] 9
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2.1 Processor Interface (cont)
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TR TR :

Name CL-GD610-C CL-GD620-C Description

CRTINT (cont.)

0]

If Bit 4 is not reset to a ‘1’ after clearing the initial CRTINT, in-
terrupts will cease. The CR11 of the CL-GD620-C is also read-
able at ER91. This feature greatly simplifies the task of ORing
in the proper value for the remaining bits of the CR11 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. The interrupt polarity is
controlled by ER80Q[5].

DIR

Controls the direction of the data buffer on the CPU-chipset
data bus interface. DIR is driven low on I/O or memory read cy-
cles performed by the CPU.

IORD*, IOWR* I

When low, these signals indicate that an IORD* or IOWR* Cy-
cle is taking place. The CL-GD610/620-C will respond only if
CS is also active and the proper I/Q port addresses have been
decoded internally, and if not in the Sleep Mode.

RESET |

This input is normally connected to the System Reset Bus Sig-

nal and is used as a hardware reset of the CL-GD610/620-C .
chips. The CL-GD620-C 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 func-

tions. Two pins, CPU-AD15, 14 controt H/W options.

REFRESH*

Indicates host system refresh of bus attached main memory
and will cause the CL-GD620-C to ignore memory addresses .
on the bus.

AEN

Host CPU Bus Signal that distinguishes between DMA and
non-DMA bus cycles. The signal is high for a DMA Cycle. Also
will cause the CL-GD610/620-C to ignore IORD* and IOWR*.

BALE

Host CPU Bus Buffered Address Latch Enable Signal. High in-
dicates a valid memory address.

MCS16*

This output is an acknowledge for 16-bit-wide accesses and is

generated by the CL-GD620-C 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 .
(LA16:23, SA15:14), a partial internal decode (without SA15) or

with external decoding for fastest response time.
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2.1 Processor Interface (cont)
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Name CL-GD610-C CL-GD620-C Description

MEMR* | I Video Memory Read Strobe. This input is driven low on all CPU
memory read accesses. It decodes this operation if a valid CPU
Cycleis in progress, (CPUCYC* = 0) and a read is not occurring
(MEMR* = 1).

MEMW* ] Video Memory Write Strobe. This input is driven low on all CPU

memory read/write accesses. Video memory will be written if
the CL-GD610/620-C chipset internal address decoders deter-
mine that the partial decode of the MSB addresses of the CPU
address bus lies in the AxxxxH or BxxxxH range. The CL-

GD610-C is not connected to MEMW* Signal.

2.2 Video Memory Interface

Name CL-GD610-C CL-GD620-C Description

AA[7:0] o}

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 CL-GD610/
620-C chipset may be programmed to support 64K x 4 or 256K
x 4 DRAMs (256K bytes or 1 Mbyte totat video memory). This

bus carries different addresses than AB in text modes.

AA8/PWRDN* 0

Software-selected Output Pin Function. Generates address Bit
8 for multiplexed address plane A or PWRDN* Signal. PWRDN*
can be used to shut off clock chip and external palette PWRDN*

is controlled by ERC7[3] inverted on reset PWRDN"* = high.

AB[7:0] o

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 CL-GD610/
620-C chipset may be programmed to support 64K x 4 or 256K
x 4 DRAMSs (256K bytes or 1 Mbyte total video memory). This

bus carries different addresses than AA in text modes.

AB8/OE16* @]

Software-selected Output Pin Function. This pin is either the
AB8 address line to video DRAMSs, or the Output Enable Signal

for word-wide DRAMs. Behavior is defined by the state
ERA?7, Bit 2. This pin is AB8 if ERA7[2] is programmed high.

of
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2.2 Video Memory Interface (cont) .
Name CL-GD610-C CL-GD620-C Description

CAS* o] Video Memory DRAM Column Address Strobe. A low-going .

edge on this signal latches the column address (contained on
the AA and AB address buses) into video memory.

CGSEL | Enabled by the Sequencer Character Map Select Register.
This bit (normally connected to M1D3 of the attribute memory
plane in Text Mode) can be used to access 1 of 8 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] {e] This bidirectional video memory data bus is controlled by the
CL-GD610-C 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} le] This bidirectional video memory data bus is controlled by the
CL-GD610-C for read/write operations into Video Memory
Plane 2, which stores graphic data for Color Plane 2 or charac-
ter generator font tables in text modes.

M1D [7:0} 11O Bidirectional video memory data bus controlled by CL-GD610- ‘
C 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] /0 | This bidirectional video memory data bus is controlied by the
CL-GD610-C for read/write operations into Video Memory .
Plane 0, which stores graphic data for Color Plane 0 or charac-
ter codes in text modes. The CL-GD620-C uses these charac-
ter codes in Text Mode to produce the proper address on the
memory AB Bus to access the character generator fonts.

RAS [3:0]*/WE[0:3]* 0] Functions as either DRAM Row Address Strobe or DRAM Write
Enable Signal. Option is selected by Extension Register ERA7,
Bit 2. When it is set to 0, pins output row address strobe, and
when set to 1, Output Write Enable Signal.

WE*/RAS" (0] Dual-function Output Pin, function selected by ERA7[2]. When
ERA7[2] = 0, WE"* is generated. 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*. 64K x 16 DRAMSs operate with WE[0:3])*, having four
write enables, one per plane, and one RAS*.
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2.3 Video Interface
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The Pixel Data bits drive the external palette or digital inputs of color or monochrome displays. When driv-
ing dual-line LCD panels, P4-P7 drive the upper panel data inputs, and P0-P3 drive the lower panel data
inputs. The P0-P7 pins are described more fully in the following table:

Analog ECD CcD MD LCD
RAMDAC 64-Color 16-Color Mono-
Name Description Interface Dighatl Digitat chrome CL-GD610
P7/FEAT1 Tertiary Red P7 0 0 0 ubD3 OUTPUT
Feature Bit 11 INPUT
P6/FEATO Tertiary Green P6 0 0 0 ubD2 OUTPUT
Feature Bit 01 INPUT
P5/SR Secondary Red P5 SR | Note ub1 QUTPUT
P4/SG/ Secondary Green/ P4 SG | Note uDo OUTPUT
Intensity
P3/SBNV Secondary Blue/ P3 SB | Note LD3 OUTPUT
Video
P2/R Primary Red P2 R R Note LD2 OUTPUT
P1/G Primary Green P1 G G Note LD1 OouUTPUT
PO/B Primary Blue PO B B Note LDO OUTPUT

T FEAT1 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.

NOTES:

1} In monochrome modes, video outputs are driven from CL-GD610-C Palette Registers 0, 7, 8, 15 as follows:

Palette Register
Intensity Video  Selected
0 ] 0
0 1 7
1 0 8
1 1 15

Mode

Mono Text or HGC Graphics
Mono Text or HGC Graphics
Mono Text Only

Mono Text Only

Intensity = Text Mode attribute byte Bit 3 )
Video = normal output to the monochrome display

2) TTL CRT dispiays (ECD, CD, and MD) require video BIOS support. Most video BIOSes do not currently support
these displays. Please check with your BIOS supplier to determine if these displays are supported.
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2.3 Video Interface (cont)
Name CL-GD610-C CL-GD620-C Description

MOD/FPDE 0 Dual-function pin, dependent on ERDS6[4]. If bit is zero, then pin
outputs MOD Signal. 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 num-
ber of line clocks written to Register 3C5:D9. if ERD6[4] Bit 4 is
one, this pin outputs Display Enable Signal for use by external

logic.

LLCLK (0] The LCD Line Clock is used to latch column segment data into
the Horizontal Shift registers.

VDCLK 0] VDCLK is the video shift clock in LCD Mode. In CRT Mode, 4

bits of data for the upper panel, and 4 bits of data for the lower
panel are simultaneously latched by this signal; it is not used for
two corresponding scanlines.

LFS 0 LCD Frame Start pulse that indicates the start of a new frame,
resetting horizontal and vertical iogic to the first nibble of the .
first (of top and bottom panel) scanline.

HSYNC 0] Horizontal Sync. The active polarity of this signal can be select-
ed by Bit 6 of the Miscellaneous Qutput Register (I/O address
3C2Hex) or Bit 6 of the Timing Control Register (extension ad-

' dress 85H). ‘

VSYNC | o] Vertical Sync. The active polarity of this signal can be selected

‘ by Bit 7 of the Miscellaneous OQutput Register (/O address

3 3C2H) or Bit 7 of the Timing Control Register (extension ad-
dress 85H).
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2.4 External Interface

Name

CL-GD610-C CL-GD620-C
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Description

BIOSA[15:13]

)

These 3 pins select one of the five 8K byte pages mapped into
the upper 8K byte of the 32K byte BIOS address space, allow-
ing a 64K byte ROM to be used in this 32K byte space.

osC

Oscillator input, which MUST be connected to a clock, typically
the 14.318 MHz clock from the system bus on the output of a
frequency generator chip.

FSO/CLK25,
FS1/CLK28,
FS2/CLK32,
FS3/CLKEXT

1’0

These pins are configured as inputs or outputs based on the
state of CPU-AD14 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 CL-GD&20-C in-
ternal mux (a 16.257 MHz clock, when required, is internally
generated). When configured as outputs, they provide select
signals to an external PLL-based multifrequency synthesizer
circuit. When AD14 is pulled up, these pins are outputs; when it
is pulled down, these pins are inputs.

CPWR*, CPRD*

Color Palette Write/Read strobes. These pins are active when
valid I/O reads or writes to port addresses xC6-xC9H are de-
coded.

FC[1:0]

General-purpose Programmable Output pins, normally used to
drive the feature connector, can be used for power sequencing
in laptop PC applications. These bits may be write-protected
with WRC Bit 6.

0
Power-down 0
LCD 1
CRT 0
reserved 1

-t OO -k

INTERNAL*

Programmable Qutput Pin, normally driving tristate control pins
of video drivers for internal or external (feature connector) video
operation in CRT Mode. This disables the external driver in
LCD Mode. MISC Reg Bit 4 controls this pin.

BIOSEN*

This signal is typically connected to a ROM BIOS OE* Input. It
enables the BIOS ROM oufputs if a memory address in the
CO0000H-CFFFFH range has been decoded and ROM Control
Register Bit 7 is cleared. This pin will not activate if the BIOS re-
sides on the 'CPU' side of the address/data muxes as indicated
by a high state of CPU-AD15 latched from the bus during the
falling edge of RESET.
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2.4 External interface (cont)

Name
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T :

CL-GD610-C CL-GD620-C Description

ASEL"

o)

When low, enables external address buffers on multiplexed
CPU-AD<15:> lines.

DSELL*

o)

When low, enables CPU data bus lower-byte buffers onto mul-
tiplexed data/address lines CPU AD<7:0> of chipset. Active
some time after ASEL* goes high, and deasserted shortly after
command is inactive. Exact behavior is a function of the state
of CPUADO (address phase) and SBHE* Signal.

DSELH"

When low, enables CPU data bus upper-byte buffers onto mul-
tiplexed data/address lines CPU AD<15:8> of chipset. Active
some time after ASEL* goes high, and deasserted shortly after
command is inactive. Exact behavior is a function of state of
CPUADO (address phase) and SBHE* Signal.

SENSE

The SENSE Input Pin is used for detecting the type of monitor.

CLK32

Low-frequency Clock Input used in Suspend Mode to refresh
DRAMs and reduce power consumption.

25 CL-GD610/620-C Interconnect Signals

Name

CL-GD610-C CL-GD620-C Description

BLANK*

0]

Used to eonvey valid display area information to the CL-
GD610-C and the external palette, if analog monitors are used.
When high, display on screen is enabled. When low, screen is
blanked. See description of DE Signal for more information.

DE

When high, indicates valid data display area. Low during over-
scan or retrace. This signal is connected to CL-GD620-C and is
activated a few clocks before actual retrace.

CPUCYC*

Active low during CPU access to Video Memory Read or Write
cycles, this signal brackets the LATCH* Signal during a read
operation. The CL-GD610-C also uses this signal to differenti-
ate between CPU and CRT read cycles.

CURSOR*

Active during valid cursor position.

ITS

Interchip Timing Strobe. This signal is in a critical timing path.
Loading on this pin and the S/L* Pin must be the same.
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2.5 CL-GD610/620-C Interconnect Signals (cont.)
Name CL-GD610-C CL-GD620-C Description

MCLK | 0] Derived from the currently selected clock, this is the master
clock used to produce all of the signals in the CL.-GD610/620-C.

LATCH* I 0] Latches data from the wideo RAM in the CL-GD&10-C.

st | o Shift/L.oad. Synchronizes the loading of the shift registers in the
CL-GD810-C. This signal is in a critical timing path. Loading on
this pin and the ITS Pin must be the same.

VSYNC | 0] See description under video interface.

2.6 LCD Display Frame-Accelerator Interface Signals

Name CL-GD610-C CL-GD620-C Description

FR-A[8:4] c Upper five bits of Frame Buffer Address
FR-AD[3:0] le} Multiplexed Frame Buffer Address/Data
FRWE* 0o Frame-Accelerator Write Enable
FROE* 0] Frame-Accelerator Qutput Enable
FRCAS® 0] Frame-Accelerator CAS*

FRRAS* o Frame-Accelerator RAS*

(*) Denotes negative true signal.
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3. FUNCTIONAL DESCRIPTION

3.1 Functional Operation

The tightly coupled CL-GD610-C Graphics/At-
tribute chip and CL-GD620-C Sequencer/CRTC
chip interface with the host processor, video
memory, display device, and other external /0.

The host interface may be either 8- or 16-bits-
wide under program control; Register LCD-
CNTL3 is provided to switch sizes. Video memo-
ry may be 256K bytes or 1 Mbyte of DRAM.

Flat-panel display devices supported will typical-
ly be 640 x 480-resolution LCD, gas plasma, or
EL panels. However, different resolution dis-
plays can be used if the VGA BIOS is modified to
support nonstandard panel resolutions. CRT dis-
plays supported are PS/2 VGA-compatible ana-
log monitors (IBM models 8503, 8512, 8513, and
8514), variable frequency analog monitors (NEC
MultiSync type), and standard TTL monitors
(ECD, CD, MD). it is important to note that most
VGA BIOS for the CL-GD610/620-C do not sup-
port TTL monitors; prior to starting a design re-
quiring TTL support, check with your BIOS sup-
plier.

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

— Host Access to CL-GD610/620-C Registers
— Host Access to Video Memory

- Memory Refresh

— Display Access to Video Memory

Host Access to Registers

The host processor is typically an 8088/80286/
80386/80486 processor in a PC/XT/AT bus-
compatible environment and can access the CL-
GD610/620-C registers by setting up a 24-bit ad-
dress and generating IOR*/IOW*/MEMR"/
MEMW?* signals to read or write 8- or 16-bit data.

DRAM and screen refresh activities occur con-
currently and independently unless the display
parameters are being changed by the host CPU
actions on the CL-GD610/620-C registers.

CL-GDé610/620-C

The registers that may be accessed by the host
are listed in sections 5 and 6. They include the
registers of the IBM VGA, EGA, CGA, MDA, and
Hercules HGC as well as the 6845 CRT Control-
ler. Non-VGA registers have also been made
host-readable and writable in order to allow
BIOS and driver software to determine the state
of the video controller. The state must thus be
readily switched and restored in multi-tasking
and windowing environments. These extension
registers provide the numerous enhancements
to the basic VGA functions listed in the Features/
Benefits section.

Host access to video memory is channeled via
the CL-GD610/620-C controller. The host must
set up the proper address/data/timing parame-
ters in the CL-GD610/620-C registers, then
handshake with the CL-GD610/620-C in order to
connect the host data bus to one of four video
memory byte plane buses. For example, consid-
er VGA/EGA operation:
Byte planes 0 and 1 share address bus A; planes
2 and 3 share address bus B. The CL-GD620-C
Sequencer/CRTC chip takes 17-bit addresses
from the host, and transforms them according to
the selected Addressing Mode and Address
Space Mapping, finally issuing multiplexed ad-
dresses to the different planes via the A and B ad-
dress buses. The CAS* Signal, four RAS* sig-
nals, and WE" are also generated.
Note that the CL-GD620-C Sequencer’CRTC
chip also contains an intelligent address se-
quencer that allocates video memory cycles not
only to the host, as described above, but also to
the DRAM refresh controller and the display CRT
Controller.

Memory Refresh

Memory bandwidth is allocated to each process
according to the actual real-time 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 ver-
tical retrace intervals, opening memory band-
width for host access and/or memory refresh.

The CL-GD610/620, unlike early VGA imple-
mentations that gave the host only 14% of mem-
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ory cycles, can give the host from 25-50% ac-
cess to video memory (1 out of 2 memory
cycles), largely due to the sequencing strategy.

Display Access to Video Memory

The CL-GD620-C Sequencer/CRT Controlier
chip works very closely with the CL-GD610-C
Graphics/Attributes chip in all video modes, as
the CL-GD610-C actually contains the video

-memory data interface as well as the video out-

puts to the display device. Thus the display data
is latched in the CL-GD610-C after the CL-
GD620-C determines where it is. Note that due
to the 32-bit memory data interface, character
data and attribute data can be pipelined. The CL-
GD610-C contains the Video Shift registers to in-
terface to the display device. The CL-GD620-C
works with the CL-GD610-C in order to fetch
scanline data from the font bitmaps, separately
controlling the A and B address buses.

Foreground and background attributes are spec-
ified for each character in Alphanumeric Mode.
Cursors and borders are also controiled by the
CL-GD&10-C in alpha modes.

In bit-mapped graphics (All Points Addressable)
modes, pixel data is latched into the CL-GD610-
C, transferred to shift registers, and shifted out
upon translation through the color palette regis-
ters, which are also contained in the CL-GD8&10-
C.

The CL-GD620-C supplies a clock (ITS) to the
CL-GD610-C, as well as display Memory Read
Strobe (LATCH'), CPU Read/ Write Cycle
(CPUCYC"), and Shift Register Load (S/L*).

The CL-GD620-C keeps track of the active and
unused areas of the screen and cursor positions
and consequently supplies screen control sig-
nals (VSYNC, BLANK, Display Enable DE, and
CURSOR,]) to the CL-GD610-C Graphics/ Attri-
butes Chip.

When the CL-GD610/620-C interfaces with an
LCD display, an additional 64K x 4 DRAM is
needed. A Cirrus Logic proprietary Frame-Accel-
erator is used for split-panel data formatting. The
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reconstituted data from the Frame-Accelerator
and the video memory is then supplied in parallel
to the 4-bit upper and lower panel data buses of
the LCD. This technique not only maintains nor-
mal display contrast, but also reduces the power
consumption of the video circuitry, as the panel
frame rate is double relative to the rate at which
the data is fetched from video memaory.

3.2 CRT Display Compatibility Modes

The CL-GD610/620-C includes all registers and
data paths required for VGA/EGA, CGA, MDA,
and HGC controllers. VGA enhancements to
baseline EGA functionality include, a 320 x 200
8-bit/pixel Mode and support for an external color
palette, 16 (double the IBM VGA capability) si-
multaneously loadable text fonts, Write Mode 3,
and readable registers. These devices support
new extended-resolution display modes with
CRT displays.

Extended graphics resolutions beyond the 640 x
480 |BM VGA standard are available using either
multiple-frequency monitors such as the NEC®
MultiSync™ or Sony® MultiScan™. An 800 x 600
Mode with a 4.3 aspect ratio (the same as 640 x
480) requires a multifrequency display. High-
resolution text modes offer from 100 columns by
30 rows up to 132 columns by 60 rows. 100 col-
umns by 30 rows can be displayed on 640 x 480
flat panels.

Additional 256 color modes (besides IBM Mode
13) are available in the chipset and the Cirrus
Logic BIOS supports these as well (RIX™ 360 x
480 Mode, etc.).

The CL-GD610/620-C also supports an Extend-
ed Mode 13 where 4 (256K bytes DRAM) or 16
(1 Mbyte DRAM) pages of 64K blocks of memory
can be switched and displayed; IBM VGA han-
dies only a single page. This allows for animation
using 256 displayable colors without a large
amount of data having to be manipulated (64K
maximum size per image).

Apart from supporting byte-wide and nibble-wide
DRAMSs, the CL-GD610/620-C has a software-
selectable feature that allows the interfacing of
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word-wide DRAMSs. Dual-function video memory
interface pins automatically switch function to
connect to 64K x 16 dynamic DRAM devices (re-
quires VGA BIOS awareness). This brings two
benefits to system designers: lower chip count
and increased reliability.

3.3 Fiat Panel Display Compatibility
Modes

The CL-GD610/620-C will directly drive all of the
popular dual panel/dual scan flat panels. Propri-
etary techniques minimize flicker, noise, and pat-
tern motion while enhancing contrast within the
grayshades being used.

Grayscaling 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 grayshades. Flicker is
eliminated by proprietary techniques involving
distribution of time between ON and OFF pixels
during frame modulation.

The CL-GD8&10/620-C provides various mecha-
nisms in order to allow the full spectrum of PC
applications, written for various TTL and analog
monitors, and various video modes, to run on
standard 640 x 400 and 640 x 480 flat panels.
These mechanisms include color emulation, at-
tribute remapping, and resolution mapping.

In addition, summing circuitry allows rapid gen-
eration of |IBM-compatible grayshade equiva-
lents of color images. Up to 64 grayscale levels
are available using algorithms similar to those
used with IBM PS/2-monochrome CRT moni-
tors, enhanced with proprietary two-dimensional
stippling logic. This technique permits all appli-
cations that generate monochrome, 4,- 16-, or

256-color images to be run on a monochrome -

flat panel display.

Cirrus Logic’s AutoMap logic is capable of map-
ping 256 colors into a monochrome image, which
will appear in 64 shades. The hardware-based
algorithm maintains independence of the partic-
ular palette map being used by calculating and
storing (in real time) 6-bit grayshade values in an
internal palette RAM that reflects all writes to the
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external RAMDAC. RAMDAC data may be
stored as desired by the application in orderly se-
quences or in random sequences without affect-
ing 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 pro-
gram control to match the visual qualities of the
display and/or needs of the application. Bold
characters are generated by using built-in inten-
sified text fonts when the attribute calis for inten-
sification.

The video resolutions that an application has se-
lected 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 re-
placed by 8-dot character fonts (HGC and VGA
text) in order to fit within 640 columns. If aiternate
fonts from plane 3 are used, 9-dot fonts are no
longer available. However, 9-dot fonts can be
used with 720-pixel-wide panels

In Compatible Graphics Mode, the image is cen-
tered on the screen, with no change to the num-
ber of pixels displayed (except for double-scan-
ning, 200 line CGA graphics modes). HGC
images are 720 x 348, so panning with a 640-pix-
el-wide window may be performed to view the
entire image.

Compression Mode allows the 720 horizontal
pixels of an HGC-generated image to be dis-
played on a 640-pixel-wide display. Under pro-
gram 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 al-
ways available if compressed graphics do not
look satisfactory. All 720 pixels can be displayed
on 720-pixel-wide panels.
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Expansion Mode lets the display be filled in a
symmetric and ratiometrically-determined fash-
ion, 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 scan-
lines) to 19 scanlines. Thus 25 text-lines become
475 scanlines filling most of a 480-scanline pan-
el. The filling aigorithm was designed for a sym-
metric, pleasing expansion of the text, and auto-
matically extends pixels used in character-based
graphics applications to the cell boundaries.

3.4 Intelligent Power Management

Notebook and laptop PCs have stringent power
limitations due to battery operation and heat dis-
sipation. To meet these needs, the CL-GD610/
620-C is manufactured using low-power CMOS
technology. In addition, the CL-GD610/620-C
has two programmable output pins as well as
other intelligent power management features
that will permit the controller to go into the follow-
ing modes to conserve power:

Normal Mode

— Power o LCD panel and full screen refresh
— CPU access to video memory

— Refresh to video memory

— CPU access to RAMDAC

— CPU access to /O registers

By use of a Frame-Accelerator the screen re-
fresh can be at a maximum while the clock to the
CL-GD610/620-C can be kept at a minimum of
24 MHz or less. This is important since power
consumption is directly proportional to the fre-
quency at which the controller is run. The Frame-
Accelerator is used primarily with dual-scan LCD

panels.

Standby Mode

— No power to LCD panel and no screen refresh
— CPU access to video memory

— Refrash to video memory

— CPU access to RAMDAC

— CPU access to /O registers
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The primary power savings in this mode are due
to no power to the LCD panel. Since there is no
screen refresh, normal clock rates are not re-
quired and may be replaced by slower clock
rates to further reduce power consumption.

Suspend Mode

— No power to LCD Panel and no screen refresh
— No CPU access to video memory

— Refresh to video memory continues but using a
very slow clock (32 kHz clock)

— No CPU access to RAMDAC
— No CPU access to /O registers

The power savings in this mode (in addition to
Standby Mode) are due to no CPU access to vid-
eo memory and the use of a slow clock. This
slow clock is used to refresh video memory,
keeping CAS low and pulsing on RAS through-
out the Suspend Mode. With slow-refresh
DRAM, a clock running as slow as 32 kHz canbe
used. Standard DRAM requires a 64 kHz or fast-
er clock. Other than this refresh logic, the rest of
the CL-GD610/620-C does not have any clock,
therefore reducing power consumption even fur-
ther.

Death Mode

No power to video subsystem. Prior to entering
this mode, the system saves the state of the vid-
eo subsystem so it can be restored later. The
CL-GD610/620-C allows the system to save or
restore the status of all controller registers
through the use of a Save/Restore Register.
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4. VGA,EGA, CGA, AND HGC REGISTER PORT MEMORY MAP .
Address VGA/EGA Port CGA Port HGC Port

2B0/3B0 CRTC Index (R/W) (EGA Only) 6845 Index (R'W) .
2B1/3B1 CRTC Data (R/W) (EGA Only) 6845 Data (R/W)

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

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 (R'W) 6845 Data (RW)

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

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

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

2B9/389 Set Light Pen Flip Flop (W)

2BA/3BA Feature Controi(W), Display Status(R) Display Status (R)

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

2BC/38C Set Light Pen Flip Flop (W)

2BD/3BD .
2BE/3BE

2BF/3BF Configuration (R/W)

2C0/3C0 Attribute Controller Index/Data (R/W)

2C1/3C1 Attribute Controller Index/Data (R/W) ‘
2C2/3C2 Misc, Output (W), Feature (R)

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

2C4/3C4 Sequencet/Extensions Index (R/W)

2C5/3C5 Sequencer/Extensions Data (R/W)

2C6/3C6 Palette Pixe! Mask (RW)

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/3CcB (Reserved)

2CC/3CC G. Pos. 1(W)(EGA Only) Misc. Output (R)
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4.0 VGA, EGA, CGA, and HGC Register Port Memory Map (cont.)

Address VGA/EGA Port CGA Port HGC Port
2CDh/3CD (Reserved)

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

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

2D0/3D0 CRTC Index (R'W) (EGA Only) 6845 Index (R'W)

2D1/3D1 CRTC Data (R/'W) (EGA Only) 6845 Data (RW)

2D2/3D2 CRTC index (R"W) (EGA Only) 6845 Index (R'W)

2D3/3D3 CRTC Data (R/W) (EGA Only) 6845 Data (R/W)

2D4/3D4 CRTC index (R/W) (EGA Only) 6845 Index (R/W)

2D5/3D5 CRTC Data (R/W) 6845 Data (RW)

2D6/3D6 CRTC Index (R/W) (EGA Only) 6845 Index (R/W)

2D7/3D7 CRTC Data (R/W) (EGA Only) 6845 Data (RW)

2D8/3D8 Mode Control (R/'W)
2D9/3D9 Color Select (R/W)
2DA/3DA Feature CGontrol(W), Display Status(R) Display Status (R)

2DB/3DB Clear Light Pen Flip Flop (W) Clear Light Pen Flip Flop (W)
2DC/3DC Set Light Pen Flip Flop (W) Set Light Pen Flip Flop (W)
2DD/3DD

2DEf3DE

2DF/3DF

August 1991
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5. CGA, MDA, AND HGC REGISTERS .

5.1 Color Graphics-Adapter- (CGA) Compatible Registers

Abbrev. CGA Register Name Bits Reg. Type RW  Index Port Address
MODE Mode Contral 7 CL-GD610/GD620-C*RW -  3D8

COLOR Color Select 6 CL-GD810-C RW - 3D9

STAT Display Status 7 CL-GD610/GD620-C* R -  3DA

CLPEN Clear Light Pen Flip Flop 0 CL-GD620-C w - 3DB

SLPEN Set Light Pen Flip Flop 0 CL-GD620-C w - apc

CRX 6845 Index 5 CL-GD620-C RW - 3D4(3D0,3D2,3D6)
RO Horizontal Total 8 CL-GD620-C RW 00  3D5 (3D1,3D3,307)!
R1 Horizontal Displayed 8 CL-GD620-C RW 01  3D5 (3D1,3D3,3D7)T
R2 Horizontal Sync Position 8 CL-GD&20-C RW 02  3DS5 (3D1,3D3,3D7)t
R3 Sync Width 44411 CL-GD620-C RW 03  3D5 (3D1,3D3,307)!
R4 Vertical Total 7 CL-GD620-C RW 04  3D5(3D1,3D3,3D7)t
RS Vertical Total Adjust s CL-GD820-C RW 05 3D5(3D1,3D3,3D7)t
R6 Vertical Displayed 7 CL-GD620-C RW 06  3D5 (3D1,3D3,3D7)t
R7 Vertical Sync Position 7 CL-GD620-C RW 07  3DS5 (3D1,3D3,3D07)!
R8 Interlace Mode 2 CL-GD620-C RW 08  3DS5 (3D1,3D3,3D7)f
R9 Character Cell Height 5 CL-GD620-C RW 09  3D5(3D1,3D3,3D7)1
RA Cursor Start 5+211  CL-GD620-C RW 0A  3D5 (301,303,307t
RB Cursor End 5 CL-GD620-C RW 0B  3D5 (3D1,3D3,307)1
CRC Start Address High 8 CL-GD620-C RW 0C  3D5 (3D1,3D3,3D7)!
CRD Start Address Low 8 CL-GD620-C RW oD 3Ds(3D1,3D03,3D07)t
CRE Cursor Address High 8 CL-GD620-C RW OE  3D5 (3D1,3D3,3D7)! ‘
CRF Cursor Address Low 8 CL-GD620-C RW OF  3Ds5 (3D1,3D3,307)t
LPENH Light Pen High 8 CL-GD620-C R 10  3D5 (3D1,3D3,3D7)t
LPENL Light Pen Low 8 CL-GD620-C R 11 3Ds5 (3D1,3D3,3D7)t

¥  Physical readback chip is underlined for split/duplicated registers
1 valid alternate register addresses are presented in parentheses .
T split-field registers are denoted by 'X+Y*
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. 5.2 Monochrome Display-adapter- (MDA) and Hercules Graphics-adapter-(HGC)
Compatible Registers
MDA/HGC
. Abbrev. Register Name . Bits Reg. Type RW Index  Port Address
MODE Mode Control 7 CL-GD610/GD620-C¥ RW -  3B8
STAT Display Status 7 CL-GD610/GD620-C* R -  3BA
CONFIG Configuration 2 CL-GD610/GD620-C* RW - 3BF
CLPEN Clear Light Pen Flip Flop 0 CL-GD620-C w -  3BB
SLPEN Set Light Pen Flip Flop 0 CL-GD620-C w - 3B9
CRX 6845 Index 5 CL-GD620-C RW —  3B4(3B0,382,386)t
RO Horizontal Tetal 8 CL-GD620-C RW 00 385 (3B1,383,3B7)f
R1 Horizontal Displayed 8 CL-GD620-C RW 0t  3B5 (3B1,3B3,3B7)f
R2 Horizontal Sync Position 8 CL-GD620-C RW 02  3BS (3B1,3B3,3B7)!
R3 Sync Width 44411 CL-GDé20-C RW 03  3B5 (3B1,3B3,3B7)1
R4 Vertical Total 7 CL-GD620-C RW 04  3B5 (3B1,3B3,3B7)t
RS Vertical Total Adjust 5 CL-GD620-C RW 05  3B5 (3B1,3B3,3B7)f
Ré Vertical Displayed 7 CL-GD620-C RW 06  3B5 (3B1,3B3,3B7)f
R7 Vertical Sync Position 7 CL-GD620-C RW 07  3BS (3B1,3B3,3B7)!
R8 Interlace Mode 2 CL-GD620-C RW 08  3B5 (3B1,383,3B7)t
R9 Character Cell Hsight 5 CL-GD620-C RW 09  3B5 (3B1,3B83,3B7)t
RA Cursor Start s5+21  CL-GD&20-C RW 0OA  3B5 (3B1,383,3B7)t
RB Cursor End 5 CL-GD620-C RW 0B  3B5 (381,383,387)t
. CRC Start Address High 8 CL-GD&20-C RW 0C  3B5 (3B1,383,387)t
CRD Start Address Low 8 CL-GD620-C RW oD  3B5 (3B1,383,387)F
‘ CRE Cursor Address High 8 CL-GD620-C RW OE  3B5 (3B1,383,387)t
CRF Cursor Address Low 8 CL-GD620-C RW OF . 3BS (3B1,3B3,3B7)!
LPENH Light Pen High 8 CL-GD620-C R 10  3BS (3B1,383,387)t
LPENL Light Pen Low 8 CL-GD620-C R 11 3BS5 (3B1,3B3,3B7)

¥ Physical readback chip is underlined for split/duplicated registers
‘ t  valid alternate register addresses are presented in parentheses
Tt Split-field registers are denoted by 'X+Y'
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6. VGA/EGA REGISTERS .

6.1 Video Graphics Array/Enhanced Graphics-Adapter-Compatible Register Table

Abbrev. EGA Register Name Bits Reg. Type R'W Reg. Mono Color
Index Port Port
MISC Miscellaneous Output 8 CL-GD610/GD6820-C¥ W - 3C2 3c2
FEAT Input Status 0 {(Feature Read) 4 CL-GD610/GD620-Ct R - 3c2 3c2
STAT Input Status 1 (Display Status) 7 CL-GD610/GD620-C* R - 3BA 3DA
FC Feature Control 3 CL-GD610 w - 3BA 3DA
GPOS1/MISC Graphics 1 Pos. (W), Misc. (R) 2,8 CL-GD610/GD620-C¥ RW - acc 3CC
GPOS2FC  Graphics 2 Pos. (W), FeatCtrl. (R) 2,3 CL-GD610/GD610-C RW - 3CA 3CA
GRX Graphics Controller Index 4 CL-GD610-C RW - 3CE 3CE
GRo Set/Reset 4 CL-GD610-C RW 00  3CF 3CF
GR1 Enable Set/Reset 4 CL-GD610-C RW 01 3CF 3CF
GR2 Color Compare 4 CL-GD610-C RW 02 3CF 3CF
GR3 Data Rotate 5 CL-GD610-C RW 03 3CF 3CF
GR4 Read Map Select 3 CL-GD610-C RW 04 3CF 3CF
GRS Mode 7 CL-GD610-C RW 05 3CF 3CF
GRé6 Miscellaneous 4 CL-GD620-C RW 06 3CF 3CF
GR7 Color Don't Care 4 CL-GD810-C RW 07 3CF 3CF
GR8 Bit Mask 8 CL-GD610-C RW 08 3CF 3CF
ARX Attribute Controller Index 8 CL-GD810/GD620-C¥ RW - 3Co 3Co
ARO-F Color Paletts Regs 0-15 8 CL-GD610-C RW 00-0F 3C0 3Co
AR10 Mode Control 7 CL-GD610-C RW 10  3Co 3Co
AR11 Overscan Color 8 CL-GD610-C RW 11 3C0 3C0 ‘
AR12 Calor Plane Enable 6 CL-GD610-G RW 12 3Co 3Co
AR13 Harizontal Pixel Panning 4 CL-GD610-C RW 13 3Co 3co
AR14 Color Select 4 CL-GD610-C RW 14 3C0 3C0
CLPEN Clear Light Pen Flip Flop o] CL-GD820-C w - 3BB 3DB
SLPEN Set Light Pen Flip Flop 0 CL-GD620-C w - 3BC/3B9 3DC
SERX Sequencer/Extension Reg. Index 7 CL-GD620-C RW - 3C4 3C4
SRo Reset 2 CL-GD620-C RW 00 3C5 3C5
SR1 Clocking Mode 6 CL-GD620-C RW 01 3Cs 3cs ‘
SR2 Plane Mask 4 CL-GD820-C RW 02 3Cs 3Cs
SR3 Character Map Select 6 CL-GD620-C RW 03 3Cs 3C5
SR4 Memory Mode 3 CL-GD610/20 RW 04 3Cs 3C5
SRé Extensions Control (see Ext. Table) 1 CL-GD610/GD620-Ct RW 06 3Cs 3Cs
SR7 Reset H. Character Counter 1 CL-GD620-C w 07 3Cs 3C5
CRX CRTC Index 6/5 CL-GD620-C RW - 3B4 3D4
CRoO Horizontal Total 8 CL-GD620-C RW 00 3BS 3Ds
CR1 Horizontal Display End 8 CL-GD620-C RW 01 3B5 3D5
CR2 Horizontal Blanking Start 8 CL-GD620-C RW 02 2BS 3Ds
CR3 Horizontal Blanking End s5+2+11t  CL-GD620-C RW 03 3B5 3D5
CR4 Horizontal Retrace Start 8 CL-GD620-C RW 04 3BS 3D5
CRs Horizontal Retrace End 5+2+11t  CL-GD620-C RW 05 3B5 3D5
CReé Verlical Total 8 CL-GD620-C RW 06 3BS 305 ’
CR7 Overflow 8 CL-GD620-C RW 07 3BS 3Ds
CR8 Screen A Preset Row Scan 7 CL-GD620-C RW 08 3B5 305 .
CRS Character Cell Height 5+1+1+1 CL-GD620-C RW 08 3B5 3Ds5
CRA Cursor Start 6 CL-GD620-C RW 0A 3BS 3D5
CRB Cursor End 5421t CL-GD620-C RW 0B 3BS 3Ds5
CRC Screen A Start Address High 8 CL-GD620-C RW 0C 3BS 3D5
CRD Screen A Start Address Low 8 CL-GD&20-C RW oD 3Bs 3bs
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. 6.1 Video Graphics Array/Enhanced Graphics-Adapter-Compatible Register Table (cont,)
Abbrev. EGA Register Name Bits Reg. Type RW Reg. Mono Color

. Index Port Port
CRE Cursor Location High 8 CL-GD620-C RW OE 3B5 3Ds
CRF Cursor Location Low 8 CL-GD620-C RW OF 3B5 3D5
LPENH Light Pen High 8 CL-GD620-C R 10  3B5 305
LPENL Light Pen Low 8 CL-GD820-C R 11 3B5 3D5
CR10 Vertical Retrace Start 8 CL-GD620-C w 10 3B5 3D5
CR11 Vertical Retrace End 4+24+1+111 CL-GD620-C w 11 3B5 3Ds
CR12 Vertical Display End 8 CL-GD620-C RW 12 3B5 3Ds
CR13 Offset 8 CL-GD620-C RW 13 3B5 3Ds
CR14 Underline Location 54211 CL-GD620-C RW 14 3BS 3D5
CRi15 Vaertical Blanking Start 8 CL-GD620-C RW 15 385 3Ds
CR16 Vertical Blanking End 8 CL-GD620-C RW 16 3B5 3D5
CR17 CRT Mode Control 7 CL-GD620-C RW 17 3Bs 3Ds5
CR18 Line Compare 8 CL-GD620-C RW 18 3B5 3Ds
CR22 Readback CRT Latches 8 CL-GD610-C R 22 3B5 3D5
CR24 Atiribute index Toggle 7 CL-GD610-C R 24 3B5 3Ds
CR26MSB CRTC scrA str addr MSB 2 CL-GD620-C RW 26 3B5 305
CR27MSB CRTC cursor addr MSB 2 CL-GD620-C RW 27 385 305
CR30-CR3F Frame Blank 1 CL-GD620-C w 3X 3BS 3D5

% Physical readback chip is underlined for spli/duplicated registers
. 1t Split-field registers are denoted by ‘X+Y' or ‘X+Y+Z’ or ‘X+Y+Z+M’
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6.2 Extension Register Table (CL-GD510A/520A-Compatible) .
Abbrev. Extenslon Reglster Bits Reg. Type Read/ Reg/ Port
Write index Addr.
SERX Sequencer Extensions Register Index 7 CL-GD610/GD620-Ct RMW - 3C4 ‘
SRé Extension Control 1 CL-GD810/GD620-Ctf RMW 06 3C5
CR7F Identification 8 CL-GD620-C R 7F 3B5/3D5
MC1 Misc. Control 1 8 CL-GD620-C RW 80 3C5
GPOS1 Graphics 1 Position 2 CL-GD610-C RW 81 3C5
GPOS2 Graphics 2 Position 2 CL-GD610-C RW 82 3Cs
ARX Attribute Controller Index 7 CL-GD610-C RW 83 3C5
WRC Write Control 8 CL-GD610/GD620-Ct RMW 84 3Ccs
TC Timing Control 7 CL-GD620-C RW 85 3Cs
BWC Bandwidth Control 6 CL-GD620-C RW 86 3acs
MC2 Misc. Control 2 8 CL-GD620-C RW 87 3C5
FONTC CGA, HGC Font Control 4 CL-GD620-C RAW .89 3Cs
-reserved- o] - - 8A 3Cs
SBPR Screen B Presst Row Scan 5 CL-GD820-C RW 8B 3Cs
SBSH Screen B Start Address High 8 CL-GD820-C RW 8C 3C5
SBSL Screen B Start Address Low 8 CL-GD620-C RW ap 3Cs
GAVER CL-GD610-C Version Code 8 CL-GD610-C R 8E 3C5
SCVER CL-GD620-C Version Code 8 CL-GD620-C R 8F 3cs
CR10 Vertical Retrace Start 8 CL-GD820-C RW 90 3C5
CR11 Vertical Retrace End 8 CL-GD620-C RW 91 3C5
LPENH Light Pen High 8 CL-GD620-C RW 92 3Cs
LPENL Light Pen Low 8 CL-GDE20-C AW 93 acs .
PPAH Pointer Pattern Address High 8 CL-GD620-C RW 94 3C5
CADJ Cursor Height Adjust 6 CL-GD620-C RW 95 3Cs5
cw Caret Width 8 CL-GDé10-C RW 96 3Cs
CH Caret Height 8 CL-GD610-C RW 97 3Ccs
CXH Caret Horizontal Position High 3 CL-GDé10-C RW 98 3Cs
CXL Caret Horizontal Position Low 8 CL-GD610-C RW 99 3C5
CYH Caret Vertical Position High 2 CL-GD610-C RW 9A 3Cs
cyL Caret Vertical Position Low 8 CL-GD610-C RW 9B 3C5 .
PXH Pointer Horizontal Position High 3 CL-GD610-C RW 9C 3Cs5
PXL Pointer Horizontal Position Low 8 CL-GD610-C RW 9D 3C5
PYH Pointar Vertical Position High 2 CL-GD8620-C RW 9E 3C5
PYL Pointer Vertical Position Low 8 CL-GD620-C RW 9F 3Cs5
GRLO Graphics Ctrlr Memary Latch 0 8 CL-GD610-C RW A0 3C5
GRL1 Graphics Ctrir Memory Latch 1 8 CL-GD§10-C RW A1l 3Cs
GRL2 Graphics Ctrlr Memory Latch 2 8 CL-GD610-C RW A2 3Cs
GRL3 Graphics Cirlr Memory Latch 3 8 CL-GD610-C RW A3 3C5
CLK Clock Select 6 CL-GD810-C RW Ad 3C5
CURS Cursor Attributes 8 CL-GD610/GD620-C* RW AS 3C5
1SS Internal Switch Source 8 CL-GD610-C RW A6 3C5
MISCNTL State Switch Control 8 CL-GD610/GD620-Ct RW A7 3Cs
256 CPC 256 Color Page Control 4 CL-GD620-C RW AD 3Cs
STATE Active Adapter State 7  CL-GD610/GD620-C*f RW AF 3Cs
SCRO-F  Scratch Register 0-F 8 CL-GDE10-C RW  BO-BF 3cs .

*  Physical readback chip is underlined for split/duplicated registers
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. 6.3 Added Extension Register Table (New to CL-GD610/620-C)

Abbrev. Extension Register Bits Reg. Type Read/ Reg/ Port
Write Index Addr
. - Graphics Cursor Address 2 CL-GD620-C - - -
CR26MSB CRTC scrA stirt addr highest 2 CL-GD620-C RW 26 375
CR27MSB CRTC Cursor addr highest 2 CL-GD620-C RW 27 375
LCDCNTLA LCD Control Register 1 8 CL-GD610/620-C RW 8A 3C5
CPURAR CPU Read Access Register 8 CL-GD620-C RW co 3Cs
CPUWAR CPU Write Access Register 8 CL-GD620-C RW C1 3C5
LCDCNTL2 LCD Control Register 2 8 CL-GD620-C RW c2 3Cs
SWITCHH Switch Setting Register High 8 CL-GD620-C R c4 3C5
SWITCHL Switch Setting Register Low 8 CL-GD620-C R cs 3Cs
SBSHH Screen B strt addr highest 2 CL-GD620-C RW Ccé 3Cs
LCDCNTL3 LCD Control Register 3 7 CL-GD8&10/620-C RW c7 3C5
COLOFF Column Offset 8+1 CL-GD&10-C RW Do-D4 3Cs
PNLHDIS Panel Horizontal Displayed 8+1 CL-GD610-C RW D1-D4 3C5
ROWOFF Row Offset 8+1 CL-GD610-C RW D2-D4 3Cs
PRSEGTOT Panel Row Segment Total 8+1 CL-GD610-C RW D3-D4 3C5
PNLCNTL1 Panel Control 1 8 CL-GD610-C RW D4 3C5
PNLCNTL2 Panel Control 2 8 CL-GDé610-C RW D5 3Cs
FONTC Plane 3 Alt font enable 7 CL-GD610/620-C RW 89 3C5
GROFFSET Grayshade Offset 8 CL-GD610-C RW Dé 3Cs
LCDCNTL4 LCD Control Register 4 5 CL-GD610-C RW D7 3C5
MOD Modulation/AC inversion 8 CL-GD610-C RW D9 3Cs
FRMCOLOR Frame Color 4 CL-GD610-C RW DA 3C5
‘ PNLCNTL3 Panel Control 3 (reserved) 3 CL-GD610-C RW DB 3Cs
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7. ELECTRICAL SPECIFICATIONS

7.1 Absolute Maximum Ratings

Ambient temperature uUnder bias. ........cccceeviererinieiennecnese e 0°C to 70°C

Storage teMPEratlre. .........coveviiieeiiieiirmnimeenemasssraesssesesseeesssassesansnsenes -65°C to 150°C

Voltage on any pin with respect to ground. ...........ccccoceveencenncnccenninsisncennas GND -0.5 to Vg + 0.5 Volts
Operating power dissipation (per Chip)..........cccevvevninenienncinienscinenns 0.300 Watt

Standby power dissipation (Per ChIP) ..cccieevvrireiieiiiene e 0.020 Wait

Power supply VORAGE. ........ccoevirtiirtreccen e s ne s esesesrens 7 Volts

Injection current (IAtCh-UP}.....cc..cccoiirercce et e e e 25 mA

Stresses above those listed may cause permanent damage to system components. These are stress rat-
ings only. Functional operation at these or any conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect system reliability.
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7.2 CL-GD610/620-C DC Characteristics
(Voc =5V £ 5%, TA =0°to 70°C, unless otherwise specified)

Symbol Parameter MIN MAX Units Conditions
CL-GDé10-C

Vee Power Supply Voltage 4.75 5.25 \' Normal Operation

Vi Input Low Voltage 0.5 0.8 v

VIH Input High Voltage 2.0 Vee +0.5 \

Viic Input High Voltage CMOS 3.0 Vo

ViLe Input Low Voltage CMOS 1.5 Vv

Vouc  Output High Voltage CMOS 4.0 v |

Voic  Output Low Voltage CMOS 0.4 v I

VoL Output Low Voltage 0.4 Y loL = 2 mAT

VoH Cutput High Voltage 24 \ loy =400 uA

lec Operating Supply Current 40.0 mA @ 32 MHz, 5V nominal

lccpd Powerdown Mode Current 4 mA @ 32 MHz, 5V nominal

N input Leakage -10.0 10.0 A 0<ViN<Vee

Cin Input Capacitance 10.0 pF

Coutr  Output Capacitance 10.0 pF
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7.2 CL-GD610/620-C DC Characteristics (cont.) ’
Symbol Parameter MIN MAX Units Conditions
CL-GD620-C .
Vee Power Supply Voltage 475 5.25 Vv Normal Operation
ViL input Low Voltage -0.5 0.8 \
VIH Input High Voltage 2.0 Vee +0.5 v
ViHe Input High Voltage CMOS 3.0 %
ViLe Input Low Voltage CMOS 1.5 v
VoHe  Ouiput High Voltage CMOS 4.0 Vv l
Voc  Output Low Voltage CMOS 0.4 Vv |
Voo Output Low Voltage 0.4 Y loL = 2 mATt
Vou Ouiput High Voltage 24 \ loy = 400 pA
lce Operating Supply Current 40.0 mA @ 32 MHz, 5V nominal
lccpd Powerdown Mode Current 4 mA @ 32 MHz, 5V nominal ‘
I Input Leakage -10.0 10.0 A 0 < VN < Vee
CiN Input Capacitance 10.0 pF
Cour  Output Capacitance 10.0 pF ‘

Tt JoL MAX for CL-GD620-C = 12 mA for CPURDY, CRTINT, = 8 mA for DIR/CRDSEL", WE*, CAS".
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7.3 AC Characteristics/Timing Information

The following timing information assumes that all outputs will drive one Schottky TTL load in parallel with
50 pF and all inputs are at TTL level. The MIN and MAX timings are those conforming to the operating
ranges of a power supply voitage of 5V + 5% and an ambient temperature of 0°C to 70°C.

7.3.1 DRAM Memory Performance Table
Memory Bandwidth CPU:CRT Cycle

Dram Access Time (ns) Dot Clock Freq. (MHz) Interleave
80 25
100 20 1:1,1:2
120 16
150 13
80 33
100 30 3:0%
120 25
150 20 "
80 FcMax
100 33 1:4 8-dot character clock
120 25
150 20 +
80 FcMax t
100 FcMax 1:7 8-dot character clock
120 30 1:4 9-dot character clock
150 26

T FeMax = Maximum CLKIN frequency = 1/Tc = 32 MHz

% Used when Dot Clock = Clock in/2
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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7.3.3 AC Timing Characteristics
This section provides the AC specification of the CL-GD610/620-C chipset.

General Notes:
Numbers in the Notes column on the following pages are correlated to remarks on this page.

1.
2,

The CL-GD610/620-C has an 8-bit /O Interface and a 16-bit memory interface.

For VO read-write operations, the state of BHE is ignored and only CPUADI7-0] lines are valid
for address and data.

The table below gives 8/16 bus cycle control details:

SBHE Al DSELL* DSELH* Operation
0 0 0 0 16-bit word
0 1 1 0 Odd byte
1 0 0 1 Even byte
1 1 X 0 8-bit mode, odd address

The chipset has a multiplexed address bus. The address is latched on the falling edge of com-
mand. However, where relevant from the host system perspective, limits are indicated.

Some parameters are functions of external system components and limits are given as a design
guideline. These are for operations on CL-GD610/620-C.

Parameters marked EXT are dependent on external system components and are for operations
in which the CL-GD610/620-C is involved.

Since ALE can be pulled up to + 5 volts, it is not indicated in the diagrams.
AEN has to be inactive, (low) for all chipset accesses.

In all timing diagrams, logic ‘1’ is measured at 2.4V for TTL and 3.0V for CMOS. Logic ‘0’ is mea-
sured at 0.8V for TTL and 0.4V for CMOS. Parameter values are with reference to these levels
as applicable.

For the CL-GD610-C, Tc refers to tCLKIP(15), either MCLK or ITS. For the CL-GD620-C, Tc
refers to tSCLKP (5).
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Table 7-1. RESET Sequence Timing » .
Symbol Parameter MIN TYP MAX Units Notes
tapw (1)  Reset Pulse Width 500 ns .
tRsLI (2) ASEL*, DSELL*, DSELH* high 100 ns .
delay from RESET high
tasin @  DSELL®, DSELH*, ASEL* 40 ns .
inactive hold after RESET low
tvix 4y HSYNC, VSYNC, LLCLK, LFS 500 ns a

do not care from RESET high

a. Value given for guideline purposes only.
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I RSLH(3)
_m‘)A)I(
HSYNC, VSYNC
LLCLK, LFS

.

3148103

Figure 7-1. RESET Sequence Timing
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Table 7-2. MCLK, OSC, CLK28, CLK25, and CLK32 Specifications Table
Symbol Parémeter MIN TYP MAX Units Notes
. CL-GD620-C inputs from exiernal clocks .
tscikp 5)  System clock period 30(42) (62.5) ns a,b
tscikL 6) System clock low width Te/2 - 5% Te2+5% ns 9
tscLkH (77  System clock high width T2 - 8% T2 + 5% ns 9
tscikr 8y  System clock fall time 8 ns
tscikr (o) System clock rise time 8 ns
toLKDLY (19a)input clock to MCLK, ITS delay 20 ns
li. CL-GD620-C outputs to CL-GD610-C
toikorp (10) [TS/MCLK period 30(42) (62.5) ns
tokoH (11) ITS/MCLK high width Tc/2 - 5% Te/2+5% ns 9
toLkoL (12) ITS/MCLK low width Tc/2 - 5% Te/2+5% ns 9
toLkoF (13) ITS/MCLK fall time 8 ns ‘
tcikor (14) ITS/MCLK rise time 8 ns
Ill. CL-GD610-C Input clocks (from CL-GD620-C)
towip (15)  'TS/MCLK period 30(42) (62.5) ns
touiL (16)  ITS/MCLK low width To/2 - 5% Tc/2+5% ns 9 .
tolkiH (17)  ITS/MCLK high width Tc/2 - 5% Td2+5% ns 9
tetkir (18)  ITS/MCLK rise time 10 ns
toLkiF (19) ITS/MCLK fall time 10 ns
a) SCLK, CLKO, and CLKI are terms used to indicate clock inputs to CL-GD620-C, clock output from CL-GD620-
®

C and clock input to CL-GD610-C, respectively.
b) Values in brackets specify limits when LCD interface is active.
Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.
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3146104

Figure 7-2. CL-GD610/620-C Clocks
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Table 7-3. /O Write Cycle
Symbol Parameter MIN TYP MAX Units Notes
tiowr (20) /O Write Pulse Width 150 ns 1,2 .
tasw(21)  Address setup to IOWR® low 20 ns
tAHw (22)  Address hold after IOWR* high 0 ns 3
tAHwI (22a) Address hold after IOWR* low 20 ns
tosw(23) Data setup to IOWR” high 60 ns
tpHw (24)  Data hold from IOWR* high 10 ns
tiowRr (25) IOWR* Recovery Time 80 ns
tasHc (26) ASEL" high after command low 20 30 ns
tasic 27y ASEL® low after command high 30 55 ns
tosiLp (28) DSELL*, DSELH" active delay 8 15 ns
from ASEL* high
tosHD (299 DSELL*, DSELH* high 30 55 ns ‘
after IORD*, IOWR?" inactive
tapLy oy CPUADI[7:0] delay from system 20 ns 4
address bus
topra1)  Data drive delay from DSELL*/H* low ' 20 ns 3 ‘
NOTE:

= Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.
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‘ tDSLD(28) ) j~t— t0SHD(20)

DSELLY, DSELH \ \

CPUAD(7:0] )( ADDRESS ) O DATA
. —| W) [— ——! fe—— tDORGY) —] 1DHW(24)

314610-5

Figure 7-3. 1/0 Write Cycle
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Table 7-4. VO Read Cycle
Symbol Parameter MIN TYP MAX Units

tiorp (32) /O Read Pulse Width 150 ns

tasmp (33) Address setup to IORD* low 20 ns

taHRD (34) Address hoid from IORD* high 0 ns 3
tAHRI (34a) Address hold from IORD* low 20 ns
tovr(as)y  Datavalid from IORD" low 100 ns
IpHR(3sy  Data tristate after IORD* high 80 ns
thRB @7) |ORD* Recovery Time 80 ns
tasHc 26y ASEL* high after IORD* low 20 30 ns
tasic 27y ASEL" low after IORD* high 30 55 ns
tosip 28y DSELL", DSELH* active delay 8 15 ns
from ASEL" high
tpsHp 29y DSELL*, DSELH" high after 30 55 ns
IORD*, IOWR"* inactive
toLrwi (3s) DIR/CARDSEL" low from 30 ns
IO/MEM read low
toHRWH (39) DIRCARDSEL" high from 30 ns
IO/MEM read high ‘
tADLy @0y CPUAD[7:0] delay from system 20 ns 4
20 ns 3

address bus
Data drive delay from DSELL*/H* low

topR (31)
Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.

NOTE:




CL-GD610/620-C B 2136639 0003818 591 EMCIR
Flat Panel/CRT VGA Controller

N —— —== CIRRUS LOGIC
CIRRUS LOGIC INC BLE D

sum X )F "
"I DINIX_ X "

o ——— / _——
ORD* ) N tAHRK ) —>
HIORR(?) |
vy I

: —=] tosLfze)

DSELL*, DSELH* X
. —| tASHC(26) |- | 20REY,

ASEL* /
/| ~————— 1ASLC(27)
- —|  |«— wHAGH
CPUAD(Z:0] )( ADDRESS ( DATA
. ] |- —|  |«— toHRWH(9)
LADLY(30)
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Figure 7-4. 1/0O Read Cycle
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Table 7-5. Color Paleite Write Cycle .
Symbol Parameter MIN TYP MAX Units Notes
EXT 1/O Write Pulse Width 150 ns a5 .
EXT Address setup to CPWR* low 10 ns b
EXT Address hold from CPWR* high 10
EXT Data setup to CPWR* high 10 5
EXT Data hold from CPWR* high 10
tpwRL (40) CPWR® low delay from IOWR* low 30 ns
tpwRH (41) CPWR" high delay IOWR* high 20 ns
tasHc (26) ASEL" high from IOWR* active 20 30 ns
tosip 28y DSELL®, DSELH* low from 8 15 ns
ASEL" high
tosHp (209 DSELH*, DSELL" high from 30 55 ns
IOWR"* inactive
tasic 27y ASEL" low from IOWR * high 30 55 ns '
NOTES:

a} The figure and timing for the palette data and address is for illustrative purposes only. Values are given only for

the signal generated by CL-GD610-C and CL-GD620-C.
b) Values given for parameters marked EXT are for reference. See data sheet of device used for design informa-

tion. .
— Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.
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Figure 7-5. Color Palette Write Cycle

August 1991 L ] 45




blE P EN 2136b39 0003821 08kL EECIR CL-GD610/620-C
Flat Panel/CRT VGA Controller

====CIRRUS LOGIC —_—
®

CIRRUS LOGIC INC

Table 7-6. Color Palette Read Cycle
MIN TYP MAX Units Notes

Symbol Parameter
150 ns
ns

EXT /O Read Pulse Width
EXT Address setup to CPRD* low 10
EXT Address hold from CPRD* high 10
EXT Data valid from CPRD* low
EXT Data hold from CPRD* high
48 ns

toLrwL (3s) DIR/CARDSEL" low from
I0/MEM read low
30 ns

toLRwH (39) DIR/CARDSEL" high delay
from IORD* high
33

CPRD* low delay from IORD" low
30 ns

tPRDL (42)
tprDH (43 CPRD* high delay from IORD* high
30 ns

ns

ns

ASEL* high from command active 20
15 ns

tasHC (28)
8

tposip 28y DSELL*, DSELH" low from
ASEL* high

tbsHD (29) DSELH*, DSELL* high from 30 77 ns
command inactive

ASEL* low from command high 30 77 ns .

tasic @27

NOTE:

The figure and timing for the palette data and address is for illustrative purpose only. Values given only for the signal
generated by the CL-GD610-C and CL-GD620-C. See data sheet of device used for design information.
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Figure 7-6. Color Palette Read Cycle
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Table 7-7. Video Memory Read (System Interface)

Symbol Parameter MIN TYP MAX Units Notes
tvmre (44) Video Memory Pulse Width 200 ns a
tasMR (45) Address setup to MEMR* low 5
tAHMR (45) Address hold from MEMR* high 0 ns 3
tAMRI (46a) Address hold from MEMR* low 30 ns
trovr (477 CPURDY low from MEMR* low 15 ns
tRDYTR (469 CPURDY tristate from MEMR* high
tcoms 499 MCS16* low from CS high 15 ns

address valid
tvMRR (s0) MEMR* Recovery Time 100 ns
tasHc (26) ASEL® high from MEMW* active 20 30 ns
tpsip 28y DSELL*, DSELH* low from 8 15 ns
ASEL* high
tpsHD (29) DSELH*, DSELL* high from 30 55 ns
MEMW"* inactive
tasic 27y ASEL’ low from MEMW* high 30 55 ns
toLRwL (3s) DIR/CARDSEL* low from 30 ns
IO/MEM read low
toHRWH (39) DIR/CARDSEL* high from 30 ns
IORD*/MEMR?* high
tovMRL (51) Data valid from MEMR* low ns b
toHmRH (52) Data hold from MEMR* high 10 ns
tapLy g0y CPUAD[7:0] delay from system 20 ns
address bus
tobr@z1y  Datadrive delay from DSELL*/H" low 20 ns 3
NOTES:

a) At least one wait state will be executed for memory read and memory write cycles.

b) Value for (51) is a function of DRAMs used and interleave selected; it will normally be minimum for 1:1 inter-
leave.

— Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.




2135539 OO
CL-GD610/620-C 000382y 895 WECIR

Flat Panel{CRT VGA Controller _——
AAAAAAAA ——= CIRRUS LOGIC

‘ CIRRUS LOGIC INC LIE D

o X R

SA[t8:0) )(
_— == LAHMR(48)

RO

MCS816

oM L | | WNRP(S) e— (VMRR(50) —>~|
\ o DVMRH /
e sk f—s\ S

‘ - <+—1 tDLAWL(38; —_—

'4— DHRAWH(39)
DIR/CARDSEL* \

@ e f
] 1ASLC{27)
=R | waicen |
1DSLD(28) tDSHD(29)
DSELL*, DSELH* \\
DVMRL{51): — ~— tOHMAK52)
CPUAD[15:0] )( )—@o(
f—— tADLY(30) —]
DDR(31)
CPURDY
. P —
— <~ RDYR(47) = [{ROYTR(75) |+

3148109

Figure 7-7. Video Memory Read (System Interface)
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Table 7-8. Video Memory Write Cycle (System Interface) .
Symbol Parameter MIN TYP MAX Units Notes
tymwp (s3 MEMW? pulse width 200 ns a .
tasmw (s4) Address setup to MEMW* low 5 ns
taHmw s5) Address hold from MEMW* high 0 ns
taHMwi(sse) Address hold from MEMW® low 20 ns
tRoyw sey CPURDY low from MEMW"* low 15 ns
troyTw (57) CPURDY tristate from MEMW* high 15 ns
tcsms (a)  MCS16° low from address valid 15 ns
tosmw (s9) Data setup from MEMW* low 40 ns
toHmw (s0) Data hold from MEMW* high 0 ns
tymrw (s8) MEMW" recovery time 100 ns
tasHc 26y ASEL" high from MEMW"* active 20 30 ns
tosip (2sy DSELL®, DSELH" low from 8 15 ns .
ASEL* high
tpsHD (29 DSELH*, DSELL® high MEMW* 40 55 ns
inactive
tasic @7) ASEL* low from MEMW* high 30 55 ns .
topr@1)  Datadrive delay from DSELL*/H" low 20 ns 3
tapLy (30) CPUAD[7:0] delay from system 20 ns 3
address bus

NOTES:
a) Atleast one wait state will be executed for memory read and memory write cycles.
- Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.
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Figure 7-8. Video Memory Write (System Interface)
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Table 7-9. BIOS Read Cycle
Symbol Parameter MIN TYP MAX Units Notes
EXT Address setup to MEMR"* low ns 5
EXT Address hold from MEMR* high ns 5
tenDLY (62) BIOSEN* delay from valid 10 40 ns
MEMR* low
tasHc (2sy ASEL" high after MEMR* low 40 ns
tosip 28y DSELL*, DSELH" low delay from 8 15 ns
ASELH" high
EXT ROMDATA valid from MEMR* low 5
EXT ROMDATA hold after MEMR" high 5
tosHp (209) DSELL®, DSELH" high delay 30 55 ns
after command inactive
taproL (61) Valid BIOSA <15:13> delay 10 25
from MEMR"* active
toLrwe (3s) DIR/CARDSEL" low 30 ns
memory/IO read low
tDHRWH (39) DIR/CARDSEL"* high from 30 ns
memory/lO read high
tasLc 27) ASEL* low delay from MEMW* 30 55 ns
inactive
NOTE:

— Numbers in the Notes column are correlated to remarks in section 7.3.3 under General Notes.
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Figure 7-9. BIOS Read Cycle
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(a) Signat timing for 64K x 16 DRAM interface only.

Figure 7-10. DRAM Sequencer Read Timing
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bYE D

4 \kl

—>I |<— ROYW(S6)
CPURDY* ROWIie1) X
tepuCY N\
cpucy \
A[740), AB{T 0] Jindized )( CPU COLUMN ADDRESS Xfm CRT COLUMN ADDRESS X
ASREY) | TAHC(e5) ,
waner \_ —/ \_
RASW(66) RASR(57)
—| — —» |« tRCD(¢8)
\| uscen
o - \
e ICASW(70) —— 1CASPZY)
/7
WE'(s) ) o f
— (WES(77) — t————— tWEH([78) ——»
\
‘ M3OLD[7T0]  CRTDATA _<V CPUDATA ) ( )——
{DHC(80)—————>
0SC(79)
1CDT (828) = =
—] [e— tCPDV{a2h)
A _A
314810-13

OFE%a) /

(a) Thick-line waveforms indicate 64K x 16 DRAM interface.

Figure 7-11. DRAM Sequencer Write Timing
57
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Table 7-12. CRT Interface Timing .
Symbaol Parameter MIN TYP MAX Unlts Notes
teLoLy (g3) BLANK® delay from ITS/MCLK* 12 20 ns ‘
tHsoLy (84) HSYNC delay from ITS/MCLK* 10 40 ns
tvspLy (85) VSYNC delay from ITS/MCLK* 20 60 ns
tviLy gy  P[7:0], video data delay from 10 24 ns
ITS/MCLK*
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MCLK

ws /" /" \
W

P{7:0] OLD DATA k NEW DATA X

tHSDLY(84) —» -
‘ HvHG

tVSDLY(85) —>

VSYNC

. BLDLY(83) —»|

BLANK*

31461014

Figure 7-12. CRT interface Timing
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Table 7-13. LCD Interface Timing .
Symbol Parameter MIN TYP MAX Units Notes
tuwen LLCLK pulse width 4Tc ns a .
tveye ssy VDCLK cycle time 4Tc (1) ns b
tvupge)  VDCLK high width 2Tc (.5T¢) ns
tvp o)  VDCLK low width 2Tc (.5Tc) ns
tvcLs (91) VDCLKlow setupto LLCLK 4Tc+20 (.5Tc) ns
tvoLH (92) VDCLK low hold time 4Tc-20 (.5Tc) ns
after LLCLK low
VCR g3y VDCLKrise time 10 ns
tvcr sy  VDCLK fall time 10 ns
tmopLy (es) MOD delay from LLCLK low 30 ns
tirHs (6)  LFS high setup time to 4Tc (.5Tc) : ns
LLCLK low
tirHH 97y  LFS high hold time after 4Tc (.5Tc) ns ‘
LLCLK low
tvps sy  Video data setup time 2Tc (.5T¢) ns
tvbH(eg) Video data hold time 2Tc¢ (.5Tc) ns
t11pLY (99a) LLCLK delay from MCLK/ITS 25 ns .
tvpoLY (9ob) VOCLK delay from MCLK/ITS  4Tc (.5Tc) 25 ns
trppLY (99¢) FPDE delay from MCLK/TS  4Tc (.5Tc) 60 ns
NOTES:

a) Tcrefers to MCLK cycle time. See figure and table on clock specifications for details.
b) VDCLK cycle time is 1 MCLK for other panels, indicated in brackets.
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Figure 7-13. LCD Interface Timing
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Units Notes .

®

CIRRUS LOGIC INC
Table 7-14. LCD Frame Buffer Read-Modify-Write Timing
MIN MAX
62.5 a
ns

Symbol Parameter TYP
FTe MCLK cycle in LCD mode 42 ns
tvppLy (gob) VDCLK delay from MCLK 25
trasR (100) Row address setup time ns
teAHR (101) Row address hold time

2Tc
ns

0.5Tc

641Tc
12Tc
3.5Tc

ns

ns

ns
ns

tFRASW (102) FRAS* low width
ns

trrasP (103) FRRAS® high width

tFCASW (104) FRCAS"* low width
trcase (105) FRCAS" high width 0.5Tc
0.5Tc
ns

trasc (106) Column address setup time to
FRCAS* low

0.5Tc

ns

tranc (107) Column address hold time after
FRCAS* low
trrep (108) FRCAS® low delay from FRRAS*  Tc
ow
2.5Tc ns
1.5Tc ns
Te .
Tc
1.5Tc

ns

ns

trrAC (109) FRRAS® access time

trcac (110) FRCAS* access time
FROE* access time

ns

ns

troE (111)
tFOEW (112) FROE"* low pulse width
ns

troenw (113)FROE" high pulse width
troea (114y Data out delay from FROE* 0.5Tc+10
0.5Tc-10
Te ns
ns
[ _

trwes (115) Write data setup to FRWE*
tweLw (116) FRWE" low pulse width
3Tc
0.5Tc-10

twenw (117) FRWE® high pulse width
toHveH (118) Data hold after VOCLK

ns

rising edge
August1991

NOTE:
a) Tecrefers to MCLK cycle time. See figure and table on clock specifications for details.
]
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s X 8 X 2 X o

—— e —
S & & (Y ED O O EDE
FRASW(102) | —tFRASP(103)
—-| tFAHR(101) -— e -
FRAAS* h
AFASR(100) :F:;cnon B e L ——
FRCAS* \
1FOE(111) — -——
FASC(106)|  —n -— AFCASP(105) .
FROE*
IWELW(116)
| AFOEHW(113) ] |
1FRCD(108)  1FCAC(110) 1 112
o -
1FRAC(108) —| | | WEHW(117)
1FWES(118)
YOCLK
<— tDHVCH118)
MCLK

314810-16

Flgure 7-14. LCD Frame Read-ModIify-Write Cycle
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Table 7-15. LCD Frame Buffer Refresh Cycle ‘

Symbol Parameter MIN TYP MAX Units Notes

tecsr (119) FRCAS® setup to FRRAS® 4Tc ns ‘

4Tc ns
ns

tRASW (120) FRRAS* Low Width
tcHRL (121) FRCAS® hold after FRRAS" low  4Tc¢

NOTE:
Frame buffer read-modify-write cycle and refresh cycles are specified in Tc units where Tc is one MCLK/ITS

period. For MCLK specifications, see figure and table on clock specifications.

CHRL{121) .
FRCAS* 1
\FOSR11S) |t——— tRASLW(120)
FRRAS® \\

314610-17

NOTE: Frame buffer read-modify-write cycle and refresh cycles are specified in Tc units where Tc is one MCLK
cycle period. For MCLK specifications, see figure. .

Figure 7-15. LCD Frame Buffer Refresh Cycle
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‘ Table 7-16. Miscellaneous Timing
Symbol Parameter MIN TYP MAX Units Notes
. toLkFe (122) CLKSEL FC[1:0] output 100 ns
delay from IOWR* high
tNT (123) CRTINT delay from IOWR* high 100 ns

IOWR*
tCLKFC(122)

314610-18

Figure 7-16. Miscellaneous Timing
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Table 7-17. CL-GD620-C Video Interface
Symbol Parameter MIN TYP MAX Units Notes
tsLep (124) S/L* low delay from MCLK/TS 10 ns a .
15 ns
24

tsLHp (125) S/L* high delay from MCLK/ITS
10
20

ns

ns

ns

tBLDLY (83) BLANK* delay from MCLK/ITS
20
ns

toeoLy (126) DE delay from MCLK/ITS
tepLy (1279 CURSOR delay from MCLKATS
10 40
60

ns

tHspLy g4y HSYNC delay from MCLK/ITS
tvspLy (8s5) VSYNC delay from MCLK/ITS 20

a) At least one wait state will be executed for memory read and memory write cycles.

NOTE:
MCLKATS
<—>| SLLD(124) 1—-}
1SLHD(125)
—»‘ {— 1BLDLY(83)

si*

BLANK"*
— «— tDEDLY(126)

—> - {CDLY{127)

< tHSDLY(84)

- {VSDLY(8S)
314810-19

HSYNC
——

August 1991

VSYNC
Figure 7-17. CL-GD620-C Video Interface
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Table 7-18. CL-GD610-C Video Interface
Symbol Parameter MIN TYP MAX Units Notes
teLsc (128y BLANK setup to MCLK/ATS 20 ns
tpesc (129) DE setup to MCLK/TS 20 ns
tcsc (130  CURSOR setup to MCLK/ITS 20 ns
tyssc (131) VSYNC setup to MCLK/ITS 25 ns
tancL (132) BLANK hold to MCLKATS 20 ns
toenc (133 DE hold to MCLK/ITS 20 ns
tcHc (134  CURSOR hold to MCLK/ITS 20 ns
tyshc (135) VSYNC hold to MCLK/TS 25 ns
tsLeL 10 ns
tsLHG 10 ns

CURSOR

31461020

Figure 7-18. CL-GD8§10-C Video Interface
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8. TYPICAL APPLICATION

CL-GD610/620-C

Flat Panel/CRT VGA Controller

8.1 System Block Diagram
64K x 16"
8K x16*
HOST DISPLAY LF
[ 5
|
I",l
ADDRESS
AUs RAMDAC ANALOG
IM171 OR [—>|
B4t MONITOR
CL-GD610-C
GRAPHICS/
CONTROLLER ATTRIBUTES
(8/C) (G/A)
ADDRESS
BUS gf: DIGITAL
g MONITOR
[
o BUFF
g | —
8M6BIT | | HeT
DATABUS| ) T Tl 64K x 4 DRAM 244
I FRAME —-| _LcD
.oemman - == PANEL
1Y wer l_: ACCELERATOR BUFF
: 245 | ] x2
: sios [—
ROM PLASMA
I T T PanEL
[}
_| Loaic| |
= 1O CONTROL L -»

* Alternately, 64K x 4 (8), 256K x 4 (8) or 84K x 8 (4) can be used.

Figure 8-1. CL-GD610/620-C System Block Diagram

314610-21
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8.2 Parts List CIRRUS LOGIC INC
Core Logic 16-bit interface Display RAM

1 CL-GD610-C Graphics/Attributes chip +8 256 x 4 DRAMs or
«1 CL-GD620-C Sequencer/CRT Controller chip *8 64K x4 DRAMs or
+1 BIOS (64 KB 27C512 ROM) or »2 (C256 ROMs *4 128K x 8 pseudo
«1 HCT245 Octal Data Bus transceiver or +2 HCT245 static RAMs or
«2 HCT244 Octal Address Bus buffer +2 64K x 16 DRAMS or
+1 HCT244 Octal Pixel Output Bus buffer *4 64K x 8 DRAMS

7 core ICs for 8-bit I/F; 9 core ICs for 16-bit I/F; 4 RAM chips for 512K bytes or 8 RAM chips for

256K bytes/1M byte.

Optional Logic
« 1/2 HCT244 Octal Pixel Output Bus buffer for LCD panel interface
*1 Refresh accelerator (one 64K x 4 DRAM] for LCD panel interface
1 IMSG171 or BT471 RAMDAC or equivalent (required for VGA only)
«1 MSI device for plasma or electroluminescent panel interface
1 PLLIC to replace up to 5 crystal oscillators
*2 Latches to demux addresses for PSRAM or SRAM from RAS, CAS
« 2 MSI devices to control latches for PSRAM/SRAM applications

August 1991 S 69
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9. PACKAGE INFORMATION ()

9.1 100-Pin QFP Package Dimensions

la— 0.575 Typ

17.40 Min

10
11
—L
==5 19.20 Max

—n
=T 0.65Typ
T

314810-22
2,60 Min .
2.80 Max 1.50 Mi
. itn
_L 2.40 Max
0.13 Min L 0° Min
0.20 Max 12° Max
0.20 Min ___I l__
0.40 Min - 0.40 Max 2.70 Min
1.50 Max 3.15 Max
23.40 Min - |
25.20 Max i
3146810-23
NOTE: All dimensions are in millimeters and are nominal unless otherwise stated. .

Figure 9-1. 100-Pin QFP Package Dimenslons
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@ 10. ORDERING INFORMATION

10.1 Numbering Guide - Graphics/Attributes Chip:
CL-GD610 —32 QC -

Cirrus Logic, Inc.:l— ‘ L -|—__ Revision!
Graphics, Display Temperature Range:

C = Commercial

Part Number
Performance Grade: Package Type:
32 =32 MHz Q = Plastic Quad Flat Package (QFP)
40 = 40 MHz
314810-24
1 Contact Cirus Logic for up-to-date information on revisions.
Figure 10-1. Numbering Guide — Graphics/Attributes Chip
10.2 Numbering Guide — Sequencer/CRT Controller:
Cirrus Logic, Inc.:l l L T_ Revision!
Graphics, Display Temperature Range:
Part Number C = Commercial
Performance Grade: Package Type:
32 =32 MHz Q = Plastic Quad Flat Package (QFP)
314610-26

. T Contact Cinrus Logic for up-to-date information on revisions.

Figure 10-2. Numbering Guide — Sequencer/CRT Controlier




