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FEATURES

— Controi for 640 x 200 or 640 x 400 LCD dispiays
— PC bus interface
— Singie chip, requires no glue logic

— PC compatible graphics support for CGA, double
scan CGA, MDA or ATT standards

— 6845 compatible I/O registers

Z RAM based soft font

— ROM BIOS support for mulitiple character sets
 Eight level gray scale support

— Low power CMOS, singie 5V supply

Z 100 pin QFP package

DESCRIPTION

The VG-600 provides the easiest implementation
and lowest cost single chip LCD controller for use
in PC applications. The fiexibility of the VG-600
allows use of many popular LCD displays of either
640 x 200 or 640 x 400 resoiution (pin selectable).
Popular PC display standards are provided. inctud-
ing MDA, doubie scan CGA, CGA and AT&T graph-
ics standards.

The VG-600 is designed explicitly for PC applica-
tions of liquid crystal dispiays. And the VG-600 con-
tains ALL logic necessary for the LCD interface. No
externai glue logic is required.

The VG-600 contains key additional features in
dealing with character generation and fonts. The
VG-600 provides for a soft font that is RAM based.
The font is initialized by the BIOS from a font stored
in ROM with the BIOS and can be easily changed
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to other fonts which may be loaded from disk by
calling a BIOS provided utility. Support for font
initialization and the utility for loading additional
fonts is provided by the Vadem BIOS. In the event a
non-Vadem BIOS is used, Vadem provides a smail
external display BIOS for font initialization and
updating oniy.

Because the VG-600 provides L.CD control with an
absolute minimum component count and low power
consumption, the VG-600 is the LCD controiler of
choice for a wide variety of applications in which
size and power are critical elements. This inciudes
all ranges of laptop personal computers and other
types of dedicated, portable or handheld computer-
based devices. In addition, the low cost of imple-
mentation with the VG-600 makes it ideal for other
applications of LCD control, regardiess of form
tactor or power requirements.
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VG-600 PIN DESCRIPTION

NAME PIN 70 | FUNCTION
SA[0. .19] 50-51 I | System Address bus. Selects register and memory addresses for data transfer to ana
53-55 from the host CPU.
57-59
63, 66-68
70-72
74-76
78-79
SD[0. .7] 94-91 I/O | System Data bus. Carries data being transterred between VG600 ana host CPU.
88-85
*SMRD 80 ! | Memory read strobe. When low, the VG600 places the contents of the video memory
addressed by SA[0. . 19] onto the SD bus.
*SMWR 81 I | Memory write strobe. When low, the VG600 writes the data on SDJ[0. . 7] into video
memory addressed by SA[O. . 18].
*SIORD 84 | | /O read strobe. When low, the VG600 places the contents of the I/O port addressed by
SA[O. . 9] onto the SD bus.
*SIOWR 83 | | VO write strobe. When iow, the VG600 writes the data on SDJ0. .7] into the /O pont
addressed by SA[0. .9].
IOCHRDY 82 C | 11O channel ready. Goes low during host CPU accesses to video memory to request
CPU wait states as needed.
SAEN 95 | | Address enable. The host CPU drives this line high to indicate a DMA cycie is in
process.
OSsC 35 1 | 14-16.7 MHz clock. Continuous clock determines ail VG600 timing. Need nat be
synchronous with host CPU clock.
RESET 15 | | Power on reset. Driven I'ng by host system to initialize all internal logic and registers.
VD{0. . 15] 96-99 | /O | Video RAM data bus. Carries data being transferred between video RAM and VG600.
1-3 VD[8. . 15] not used in 200 line mode. VD15 must be grounded to put VG600 in 200 line
7-9 mode.
11, 13-14
18, 20-21
VMA[OD..7] 23-24 O | Video DRAM address bus. Multiplexed row and column address bus for 64K x 4 DRAM.
27-32 Selects video memory address.
*RAS[0. .1} 46-47 O | Row address strobes. When low, strobe row address on VMA[O. . 7] into video DRAM.
RASO for even bank, RAS1 for odd.
*CAS[0. . 1] 48-48 O | Column address strobe. When low, strobe column address on VMA[O. . 7] into video
DRAM. CASQO for even bank, CAS1 for odd.
*WE 34 O | Write enable. When low, indicates that video memory cycle in progress is a write cycle.
TLCD[O. . 3] 36-39 O | LCD upper data bus. Carries pixei data for upper half of dual screen displays, or for
single screen displays, from VG600 to LCD unit.
BLCD[0. .3] 42-45 O | LCD lower data bus. Carries pixel data for iower haif of dual screen displays from
VG600 to LCD unit.
SHCLK 4 O | LCD data shift clock. On the failing edge, clocks data on TLCD [0. . 3] and/or
8LCD[0. . 3] into LCD unit.
LOCLK 5 O | LCD line load clock. indicates one line of pixeis has been transferred into LCD unit.
FRAME 60 O | LCD frame sync. indicates that line of pixels just transferred is the first line of a new
frame.
M 61 O | AC drive to LCD. Square wave output required by some LCDs. Period equais two frame
times.
E 26 O | Clock to LCD. Clock required by some LCDs. Frequency is 1/20 SHCLK rate.
Vee 41, 89 + 5 volt power
16
Vss 90, 65 Ground
40
EA[1..15} | 77,73,69 | O | Even bank address bus. This is a demultiplexed VMA bus to be connected to the
64, 62, 56 address lines of the even bank of video RAMs when static RAM is used instead of
52, 100, & DRAM.
10, 12, 17
19, 22, 25
*EWE 33 O | Even bank write enable. This is a iatched write enable to be connected to the write
enabie fine of the even bank of video RAMs when static RAM is used instead of DRAM.
3
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DISPLAY TYPES AND CLOCK RATES

Four basic display types are supported, with varia-
tions among those types. These types are 1) 400
line dual screen (1/200 multiplexing) with Sharp-
type timing, 2) 400 line dual screen with generic
timing, 3) 200 line dual screen (1/100) and 4) 200
line singte screen (1/200). The dispiay type is
selected by the programmable LCDTYP bit and
jumper seiected 200LINE (VD15) bit according to
the following table:

200LINE | LCDTYP] LINES | MUX | CLOCKS | REFR | NOTES
0 1] 400 | 17200 15 60/70 | Sharp
o 1 400 | 1/200 15 60/70 | Generic
1 o] 200 }1/100 25 71.7 | Duai
1 1 200 | 1/200 25 71.7 | Single

The CLOCKS and REFR columns in the table
describe the timing cycle in terms of the number of
VOSC clocks and the frame refresh rate. In general,
VOSC is 14.318 MHz, except for certain 400 line
displays which require a 16.7 MHz clock to meet
their 70 Hz refresh rate spec. The 14.31818 MHz
clock duty cycle range is 40% to 60%. Faster
clocks MUST have a 50% duty cycle. It is important
to note that in 80 column text modes using 200 line
displays, only one host access per 25 clocks is

allowed.

For 400 line displays such as Sanyo which require
a 70 Hz refresh rate, higher clock rate of 16.7 MHz
is necessary. This reduces the clock period from

70 ns to 60 ns, and therefore 100 ns DRAM for
video RAM is required. At this speed, even with the
50% duty cycle requirement, certain timing margins
are narrow. The worst case is tRP. The VG600 can
theoretically provide 90 ns assuming perfectly
matched internai delays, and the minimum require-
ment is 80 ns for Fujitsu and 90 ns for NEC parts.
tRAS cannot be shaved much to compensate for
this, because the VG600 theoretically provides

120 ns and the devices required 100 ns.

VIDEO MEMORY CONFIGURATION
400 Line DRAM Configuration

A 400 line display requires 128 Kbytes of DRAM,
configured as 4 64K x 4 DRAMs. The multipiexed
row/column address bus is VMA[O. . 7]. The DRAM
data bus is VD{0. . 15]. The DRAM array is divided
into an even addressed bank (VAD is reset) and an
odd addressed bank (VAQ is set). The addresses
are multiplexed such that VA1 and VAS are muilti-
plexed onto VMAD, and so on until VA8 and VA16
are muitipexed onto VMA7. *VRASO and *VCASO
are the row and column address strobes signal for
the even bank; *VRAS1 and *VCAS1 are the row
and column address strobes for the odd bank. *WE
is the write enable signal for both banks. The out-
put enable signais for both DRAM banks are aiways
active.

The 128 Kbytes is divided into several sections:

Map
VA Address Range Contents [1..0} SA
[00000H . . 07FFFH] | Display Buffer 00 | O-7FFF
[08000OH . . OBFFFH] | Character Generator | 01 0-3FFF
Reguiar
[0CCO0OH . .OFFFFH] | Character Generator | 01 4000-7FFF
Enhanced
[10000H . . 17FFFH] | Private Memory 10 | O-7FFF
{18000H . . 1IFFFFH] | Private Memory 12! 0-777F

Private Memory is for the exclusive use of the ROM
BIOS. It may be only accessed through the SA
memory address range [EB000H . . EFFFFH] when
MAP[1. .0] are set as in the table.

In MDA mode, the lower 4 Kbytes of the Display
Buffer, [00000H . . OOFFFH] is exactly the same as
the IBM compatible 4 KByte MDA Dispiay Buffer at
the SA address [BOOOOH . . BOFFFH]. The remaining
28 Kbytes [01000H . .07FFFH] are unused. in ATT
made, the Display Buffer is exactly the same as the
ATT compatible 32 Kbyte Dispiay Buffer at the SA
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address [BBOOOH. . BFFFFH]. The dispiay buffer
may also be accessed through the SA memory
address range {EBOOOH . . EFFFFH] when MAPO and
MAP1 are reset.

The Regular and Enhanced Character Generators
may be accessed through the SA address range.
(EBOOOH . . EFFFFH] when MAP1 is reset and MAPO
is set. The Reguiar and Enhanced Character Gen-
erators each have four 4 Kbyte character sets:

VA Address Range SA Character Set

0C00-OFFF
1000-1FFF
2000-2FFF
3000-3FFF
4000-4FFF
5000-5FFF
6000-6FFF
7000-7FFF

A normal

A underiine

B normai

B underline

A enhanced

A enhanced underline
B enhanced

B enhanced underiine

[08000H . . O8FFFH]
[09000H . . 0SFFFH])
[DAGOOH . . OAFFFH]
[0BOOOH . . OBFFFH]
[0COO0H . . OCFFFH]
[0DOOOH . - ODFFFH]
[OEOOOH . . OEFFFH]

[OFO00H . . OFFFFH)

Each character set has 256 characters. Each chara-
cter has 16 character scan lines. Each character
scan line is one byte. SA[O. . 3] addresses the scan
lines in the usual order, with the first byte corres-
ponding to the top scan line. VA{O. . 3] addresses
the scan lines in a different order. The top eight
scan lines are contained in the even addressed
banks (VAO reset), while the bottom eight scan lines
are contained in the odd addressed banks (VAO
set). This is accomplished by hardware mapping
SA3 to VAO and SAD to VA3 for system accesses to
the character generator area. Bit 7 corresponds to
the leftmost pixe! of a scan line. Characters with the
intense attribute use the Enhanced Character Gen-
erator. Characters without the intense attribute use
the Reguiar Character Generator.

400 Line Static RAM Configuration

Static RAM may aiso be used with the VG600. If
private memory is not needed, only two 32K x 8
RAMSs are required, one for the odd and one for the
aven bank; otherwise four RAMS are required.
Where only 2 RAMS are used two octal latches, two
inverters, and a NOR gate are required. EA[1. .15]
are connected to A[0. . 14] on the even RAM. If the
RAMs are battery backed, add one OR gate per
RAM for power down disabling. The external logic
must be 74AC series. 120 ns RAM will suffice if the
clock rate is 14.31818 MHz. A 16.7 MHz clock
requires 100 ns RAM.

5

200 Line DRAM Configuration

A 200 line display requires only the iower 64 Kbytes
of DRAM. The VD15 pin must be jumpered to
ground to put the VG600 in 200 line mode. The
state of this pin is checked only while the RESET
pin is high. The muitiplexing of the VMA bus is dif-
ferent in 200 line mode, but this has no effect on
system operation. Since there is only one 64 Kbyte
bank VAQ becomes a memory address bit instead of
a bank seiect, and VA16 is no longer used. VA1 and
VA9 are still multiplexed onto VMAQ, and so on until
VA7 and VA15 are muitiplexed onto VMAG. How-
ever, VAO and VA8 are now multiplexed onto VMA7.

The 64 Kbytes is divided into 4 sections:

VA Address MAP
Range Contents [1..0] SA

[0000H-3FFFH] | Dispiay buffer 00 0000-3FFF

[4000H-SFFFH} | Character generator 00 4000-5FFF
MDA

[6000H-7FFFH] | Character generator 00 B60C0-7FFF
ATT

[BOOCH-FFFFH] | Private memory o1 0000-7FFF

Private memory is as described in a previous
section.

In MDA mode, the lower 4 Kbytes of the Display
Buffer, [0000H . . OFFFH] is exactly the same as in
IBM compatible 4 Kbyte MDA Dispiay Buffer at the
SA address [BOOOH . . BOFFFH]. The remaining 12
Kbytes are unusabie. In ATT mode, the Display Buf-
fer is exactly the same as the CGA compatible buf-
fer at the SA address [BBOOOH . . BBFFFH]. The dis-
play buffer and the character generators may aiso
be accessed through the SA memory address range
[EBOOOH . . EFFFFH] when MAPQO is reset.

The 200 line character generators are organized as
follows:

SA and VA
Address Range

[4000H . . 4AFFFH]

Character Set
A, regular and enhanced

[S000H . . 5FFFH] | A, underline and enhanced underline
{6000H . .6FFFH] | B, reguiar and enhanced
{7000H. . 7FFFH] | B, underiine and enhanced underiine

Each character has 8 character scan lines, each of
which is one byte. Ordinarily a 200 line character
set would be half the size of a 400 line set, but to
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simplify the chip design, the number of bytes per
character in the character set was kept the same by
interieaving the reguiar and enhanced character
generator sets to combine them into one. The 200
line character sets therefore consist of 256 pairs of
characters, where the first character of each pair
(SA3 =0) is the standard font, whiie the second
(SA3 = 1) is the same character but in enhanced
font. SA[0. . 3] addresses the scan lines in the usual
order, with the first byte corresponding to the top
scan line. VA[O. . 3] addresses the scan lines in a
different order. The normal font scan lines are con-
tained in the even addressed banks (VAO reset),
while the enhanced font lines are contained in the
odd addressed banks (VAO set). This is accomp-
lished by hardware mapping SA3 to VA0 and SAQ to
VA3 for system accesses to the character generator
area. Bit 7 corresponds to the leftmost pixel of a
scan line. As in 400 line mode, characters with the
intense attribute use the enhanced font.

200 Line Static RAM Configuration

Static RAM may also be used with the VG600. If
private memory is not needed, only one 32K x 8
RAM is required, otherwise two RAMs are required.
Where only one RAM is used, no glue logic is
required. The RAM address lines are connected

to the EA[1. .5] Bus. Due to the muitipiexing dif-
terences described in the previous section,
EA[1..7.9..14] correspond to nominal memory
addresses [1..7.,9. . 14] but EAB corresponds to A0
and EA15 corresponds to A8. If the RAMS are bat-
tery backed, add one OR gate for power down
disabting. 120 ns RAM will suffice if the clock

rate is 14.31818 MHz. A 16.7 MHz clock requires
100 ns RAM.

GRAPHICS SOFTWARE CONSIDERATIONS

6845 Compatible 10 Registers

Both the MDA mode and the ATT mode use 6845
Compatible 10 registers. The 6845 compatible IO
registers occupy two byte wide O locations, mir-
rored four times over an eight byte range. in MDA
mode these are at 3B4H for the Index Register and
3B5H for the Data Register with a range of 3BOH to
3B7H. In ATT alpha modes these are at 3DOH for
the index Register and 3D1H for the Data Register,
also mirrored three more times over the range
3D2H to 3D7H. The same physical registers are
used for the MDA mode and for the ATT alpha

modes. These registers are not used in ATT APA
modes, but the VG600 hardware expects the firm-
ware to set the Display and start Address Registers
to 0 in APA modes. The 8-bit Index Register (IR) is
used to select the internal 6845 register that may
be accessed through the Data Register (DR). The
VG600 impiements the following internai 6845
registers:

index Register Bits
0AH Cursor start Scan Line 7
0BH Cursor End Scan Line 5
OCH Dispiay start Address MSB 8
ODH Display start Address L.SB 8
OEH Cursor Address MBS 6
OFH Cursor Address LSB 8
10H Light pen dummy register 8
11H Light pen dummy register 8

CSSLI5. . 6] cursor controf functions are imple-
mented as in the IBM spec, not as the 6845

uses them. See the table later in this section.
CSSL{0. . 4] determines the scan line that the cur-
sor starts on. CESL[O. . 4] determines the scan line
that the cursor ends on. For 400 line displays in
ATT modes CSSL and CESL are doubled and CESL
is then incremented by one. For 200 line displays in
MDA mode CSSL and CESL are halved. DSA[0Q. . 13]
is used in determining the address of the upper left
character of the display. CSA[0. . 13} is used in
determining the address of the cursor. Light pen
dummy registers 10H and 11H are read-only and
return a value of 0. For values of IR[0. . 4] other
than [0AH .. 11H,0CAH. . OCFH]; the DR is unde-
fined when read and ignored when written. Unlike
the 6845, IR[5. .7] are significant when written to
allow access to the special VG600 registers. Asser-
tion of the RESET signal will reset ait IR, CSSL,
CESL, DSA and CSA bits.

The configuration and paiette registers in the chip
are accessed the same way as the 6845-compatible
registers. LCOCFA and LCDCFB are the configura-
tion registers. The palette registers hold the gray
scale shading used in ATT text and 320 x 200
graphics modes.

Index Register
OCAH Palette 0 and 1
OCBH Palette 2and 3
0CCH Palette 4 and S5
OCDH Palette 6 and 7
OCEH LCDCFA
OCFH LCDCFB
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The bit definitions for LCDCFA and LCDCFB are:

Bit{s) Signal(s)
LCDCFAQ ATT
LCDCFA1 LCOTYP
LCDCFA2 *LCDREN
LCDCFA3 200 LINE
LCDCFA4 RVVD
LCDCFAS PVTMEM
LCDCFA[6. .7] MAPIO. . 1]
LCDCFE[0. . 2] RESERVED
LCDDFB3 CHARSETB
LCDCFBi4. .5] CURBLKJO. . 1]
LCDCFBI6. .7] ATTBLK]O. . 1]

Assertion of the RESET signal will reset LCDCFA{2,
4. .7} and LCDCFB{0. . 7] and set LCDCFA[0,1].

LCDCFAQ is the ATT bit. When ATT is set, the LCD
video subsystem is ATT compatible; when ATT is

reset, the LCD video subsystem is MDA compatible.

LCDCFA1 anc LCDCFAS3 indicate the type of LCD
display to be connected. The display type is
selected by the LCDTYP[0, 1] bits according to the
table in section 2.

LCDCFAZ2 is the *LCDREN bit. The LCD video sub-
system always allows writing to both the LCD
DRAM and the LCD /O registers. All writeable
registers in the VG600 are capable of being read.
The *LCDREN bit determines when the VG600
responds to read accesses. If "LCDREN is set then
the VG600 wiil not respond to read accesses to the
110 ports or to the display memory area in DRAM. if
*LCDREN is reset the VG600 wiil respond to all
read accesses.

LCDCFAA4 is the RVVD bit. When RVVD is reset,
the LCD image is normal — a one produces a one
in the LCD data stream. When RVVD is set, the
LCD image is reversed — a zero produces a one in
the LCD data stream.

LCDCFAS is the PVTMEM bit. When PVTMEM is
set, the 32 Kbyte video DRAM section specified by
MAP[O. . 1] may be accessed in the [EBOOOH . .
EFFFFH] memory address range. When PVTMEM
is reset, accesses to [EBOOO. . EFFFF] will be
ignored.

LCDCFA[6..7] are MAP[O. . 1]. MAP1 has no effect
if a 200 line display is used. MAP[O. . 1] is used to
specify which of the four 32 Kbytes sections of

7

Video DRAM is mapped into the {EBO00H . .
EFFFFH] memory address range. Refer to the
tables in the Memory Configuration sections tor the
usage of these bits.

LCDCFBI[4 . .5] are CURBLKIO. . 1]. CURBLK[O. . 1]

are used in conjunction with bit 5 of the Curser start
Scan Line Register, CSSLS, to control cursor blink-

ing in text modes:

CSSLR6 | CSSLRS | CURBLK1 | CURBLKO | Cursor Mode

X 1 X X Not displayea

X [¢] 0 Q Steady

X 0 0 1 1/64 frame
rate blink

X 0 1 0 1/32 frame
rate bfink

X 0 1 1 1/16 frame
rate btink

LCDCFBI6. .7] are ATTBLK[O. . 1]. ATTBLK|O. . 1]
are used to control the blinking rate of characters
displayed with the blinking attribute in text modes:

ATTBLK1 ATTBLKO Blink Rate
0 (] Steady
0 1 1/64 frame rate blink
1 0 1/32 frame rate blink
1 1 1/16 frame rate blink

The palette registers are organized as four 8 bit
registers, each containing two 4 bit grayscale
codes. The even palette register occupies the lower
nibble of the register, and the odd palette register
occupies the upper nibble. The usage of the paiette
registers is described in the ATT Mode section.

MDA Mode

When MDA mode is selected, the VG600 responds
to I/0 accesses in the [3BOH. . 3BBH] range. The
/0 port at 3B4H is the 6845 compatible write only
8-bit index Register (IR). The I/O port at 3BSH is the
6845 compatible Data Register (DR). DSA[0. . 10]

*2 is the word address of the upper left corner
character/attribute.

The write only 2-bit MDA CRT Control Port (MDAC)
is at 1/0 address 3B8H. A set MDAC3 enables
video, a reset MDACS3 disables video. A set MDACS
enables the blinking attribute; a reset MDACS
disables the blinking attribute. MDAC[0..2,4,6..7]
are ignored when written. Assertion of the RESET
signal will reset MDACI3,5}.
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The read oniy 2-bit MDA CRT status Port (MDAS)
is at IO acaress 3BAH. MDASO is HSYNC. The
VG600 generates a synthesized HSYNC pulse
approximately 7 or 8 microseconds wide for this
purpose. MDASS in the iBM MDA board is the
video output. in the VG600 it is the logical or of all
8 pixels written to the LCD. MDAS[1..2,4..7] are
zero when read. Assertion of the RESET signal will
reset MDASI0,3].

When MDA mode is selected, the VG600 responds
to memory accesses in the [BOOOOH-B7FFFH]
range. The VG600 addresses the memory contents
in exactly the same fashion as an MDA adaptor.
The 4 Kbyte {BO00OH . . BOFFFH] range is mirrored
eight times to fill the 32 Kbyte [BOOOOH . . B7FFFH]
range. This mirroring does not occur when the dis-
play buffer is accessed through [EB000H . .EFFFFH].

The MDA attribute byte, MDAAT[O. . 7], controls
how the character is disptayed. If MDAAT7 and
MDACS are set, then the character blinks at the
rate specified by ATTBLKJO. . 1]. When the char-
acter blinks off, the font lookup character will be
20H. If MDAAT3 is set then the Enhanced Char-
acter Generator is used; otherwise the Reguiar
Character Generator is used. MDAAT[0. .2,4. .6]
determine the way that the character is displayed.
The MDA undertine character set is used, if
MDAATO is set and MDAAT]1. .2,4..6] is reset.
Otherwise the normal character set is used. The
character is hidden if MDAATTO0. .2,4. . 6] are all
reset. The Character is displayed in reverse video,
if MDAAT]O. . 2] are reset and MDAAT[4. . 6] are set.

ATT IO Registers and Memory

When ATT mode is selected, the LCD subsystem
responds to 1O accesses in the [3DOH. . 3DFH]
range. The IO port at 3DOH is the 6845 compatible
write only 8-bit Index Register (IR). The 1O port at
3D1H is the 6845 compatible Data Register (DR).

The write only 5-bit ATT Mode Select Register A
(ATTMSA) is at IO address 3D8H. The bit definition
for this register is:

Bit | Name | Setting Function
0 CRES 0 40 x 25 Alpha
1 80 x 25 Alpha
1 GRAPH 0 Character Mode
1 Graphics Mode
3 | VIDE 0 Video disabied
1 Video enabled
4 | GRESO 0 320 x 200 APA
1 640 x 200 or 640 x 400 APA
§ | BLINK 0 MSB of attribute is intensity
1 MSB of attribute is blink

ATTMSA[2,6. .7] are ignored when written.
Assertion of the RESET signal will reset
ATTMSA[0..1,3..5].

The VG600 does not implement the Color Select
Register at 3D9H. This register is used in a CGA
adapter or specify the colors used in graphics
mode. The VG600 uses black for the foreground
color and white for the background coior in both
640 x 200 and 640 x 400 graphics modes. However,
in 320 x 200 mode and text mode the pixeis and
characters can be modified by shading, using
shade codes stored in the palette registers. Using
methods described under those dispiay modes, the
VG600 selects a shading method from one of the
palette registers and modifies the dispilay
accordingly.

Shading is done by logically ANDing the pixeis
being displayed with shading signals. Shading can
be done in three ways: grayscaling, crosshatching,
and combinations by the two. in grayscaling a pixel
is duty cycie modulated over an integrat number of
display frames, by ANDing it with a time varying
pattern that repeats every 6 frames in X/3 modula-
tion and every 8 frames in X/4 modulation. The X/4
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pattern size is 4 x 4 pixeis, the X/2 pattern is 2x 2
pixels, and X/3 pattern size is 4 x 2 pixels. In cross-

hatching the pixels in a 4 x 4 area are ANDed with a

pattern to turn off those that coincide with ‘off’
pixels in the pattern. Three patterns are provided.
One is a checkerboard with every other pixel off.
Another is a siash, where the 4 pixels in a line from
the bottom left to top right corner of the 4x 4
square are ‘‘off.” The other is a backslash, where
the 4 pixels in a line from the top left to bottom
right corner are “off.”” Combinations are provided
where the pattern is ORed with a duty cycle signal
and the resuit is ANDed with the raw pixel data.
The resuit turns the pixels that were turned off by
the pattern back on for part of the time, so they
become gray instead of compietely off. The other
type of combination ANDs the pattern with the duty
cycle signal and the result in ANDed with the raw
pixei data. The resuit is that the pattern turns some
of the pixeis off, and the ones that remain on
become gray. The shade codes are:

ON
Code | Pattern | Time Logic Function
0000 1 Data AND 1
0001 1/4 | Data AND Time
0010 1/2 | Data AND Time
0011 3/4 | Data AND Time
0100 1/3 | Data AND Time
0101 2/3 | Data AND Time
0110 | / 1/2 | Data AND (Pattern OR Time)
o111 |/ Data AND Pattern
1000 | Check | 1/4 | Data AND (Pattern OR Time)
1001 | Check 1/2 | Data AND (Pattern AND Time)
1010 | Check 1/2 | Data AND (Pattern OR Time)
1011 | Check Data AND Pattern
1100 | \ 1/4 | Data AND (Pattem OR Time)
1101 | \ 1/2 | Data AND (Pattern AND Time)
1110 | \ 1/2 | Data AND (Pattern OR Time)
1111 ]\ Data AND Pattern

The read only 2-bit ATT status Register (ATTS) is
at 10 address 3DAH. ATTSO is the logical OR of
HSYNC and VSYNC. HSYNC is approximately 7 or
8 microseconds while VSYNC is approximately

170 microseconds, depending on display mode and
OSC frequency. ATTS3 is VSYNC. ATTS[4..7] are
one and ATTS[1..2] are zero when read.

The VG600 does not support a light pen. The O
ports at [3DBH. . 3DDH,3DFH] are ignored when

read or written.

9

The write only 3-bit ATT Mode Select Register B
(ATTMSB) is at IO address 3DEH. The bit definition
for this register is:

Bit Name Setting Function |
0 GRES1 0 640 x 200 APA,
two 16K alpha pages
1 640 x 400 APA,
one 32K alpha page
3 PAGSEL 0 Select low page
for displaying
1 Select high page
for dispiaying
6 {UUNDRLN 0 Underline disabled
1 Underline enabled

If a 200 line display is used, setting GRES1 or
PAGSEL will have no effect, and the VG600 will be
CGA compatible rather than ATT compatible.

ATTMSBI[1. .2,4. .5,7] are ignored when written.
Assertion of the RESET signai will reset
ATTMSI0,3,6}.

GRAPH, CRES and GRESJ[0. . 1] are used to select
the ATT mode:

GRAPH | CRES | GRES1 | GRESO | ATT Mode
0 0 X X 40 x 25 Alpha
0 1 X X 80 x 25 Alpha
1 X X 0 320 x 200 APA
1 X 0 1 640 x 200 APA
1 X 1 1 640 x 400 APA

in 400 line dispiay mode the entire 32 Kbyte display
buffer may be accessed through the SA range
[BBOOOH . . BFFFFH]. If a 200 line display is used
the 16 Kbyte dispiay buffer may be accessed in the
range [BBOOOH . . BBFFFH]. There is no mirroring in
true ATT modes, and is mirrored at [BC00O. .
BFFFFH] exactly like a CGA.

ATT Alpha Modes

There are two ATT alpha modes: 40 x 25 and

80 x 25. The method of character/attribute memory
mapping is the same as for CGA alpha modaes. If
GRESH is set, then ail of the 32 Kbyte Display Buf-
fer is available for dispiay. DSA[0..13] * 2 is the
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address of :ne upper left carner character/attribute.
If GRES1 s reset. the PAGSEL determines whether
the upper c: :ower half of the Display Buffer is
used. If PAGSEL is reset. then DSA[0. .12} " 2is
the address ¢f the upper teft corner character/
attribute anc cisplay wraparound occurs from the
middie 16 Kbvie boundary of the Display Buffer to
the start of ihe Display Buffer. If PAGSEL is set,
then ((DSAIQ. . 12] * 2} + 4000H) is the word
address oi :~e upper left corner character/attribute
and dispiay wraparound occurs from the end of the
Display Butfer to the middie of the Display Buffer. If
a 200 line c:spiay is used. the VG600 behaves as if
GRES1 ano PAGSEL are always low.

If underline is enabled, then the ATT attribute byte,
ATTAT[O. .7, is interpreted in the same way as the
MDA attribute byte, MDAATTO. . 7]. If underline is
disabled, then ATTAT]O. . 7] may be used to display
the character using shading. If ATTAT3 is set, then
the Enhancea Character Generator is used; other-
wise the Reguiar Character Generator is used.

if underline is disabied, the attribute bits can be
used to dispiay the characters with shading. To do
this, the foreground color attribute bits are each
logically or'ed with their corresponding background
color bits to form a 3 bit code. The paiette register
indicated by this code is read, and the character is
displayed using the shading method whose code is
stored in that palette register. The foreground color
attribute bits ATTAT]O. . 2] are also compared to the
background color bits ATTAT[4. . 6] and if they are
equal and of equal itensity, the character is not
displayed by forcing the font lookup character to be
a space. In addition, if the foreground bits
ATTATI[O. . 3] are less than the background bits
ATTAT[4. . 7] the final pixei output is inverted after
shading has been applied. For purpose of this
comparison. ATTAT?7 is considered to be low if
ATTMSAS (blink) is high. The table below shows the
palette register selected by the code generated by
or’ing the attribute bits.

ATT APA Modes

There are three ATT APA modes 320 x 200,

640 x 200 and 640 x 400. 400 line graphics mode
requires a 400 line display. If a 200 line dispiay is
used, the VG600 behaves as if PAGSEL and
GRES1 are iow. The pixel to memory mapping for
the 320 x 200 and 640 x 200 modes is the same as
those modes in a CGA adapter. For the 320 x 200
and 640 x 200 modes, GRES1 is reset. PAGSEL
determines whether the upper or the lower haif of
the Dispiay Buffer is used. If PAGSEL is reset, the
iower haif of the Display Buffer is used and display
wraparound occurs from the middle of the Disptay
Buffer to the start of the Display Buffer. if PAGSEL
is set, then the upper half of the Display Buffer is
used and display wraparound occurs from the end
of the Display Buffer to the middie of the

Display Buffer.

The pixel to memory mapping for the 640 x 400
mode is the same as the 640 x 400 mode of the
ATT adapter. (0 MOD 4) horizontal lines appear in
the {B80OOQH . . B9F3FH] address range. (1 MOD 4)
horizontal lines appear in the [BAOOOH . . BBF3FH]}
address range. (2 MOD 4) horizontal lines appear in
the [BCOOOH . . BDF3FH] address range. (3 MOD 4)
horizontal lines appear in the {BEOOOH . . BFF3FH)]
address range. For this mode GRES1 is set and
PAGSEL has no effect.

Each pixel in the 320 x 200 graphics mode is
represented by a 2 x 2 block of LCD screen pixeis
on a 400 line display, or by a 2x 1 biock on a 200
line dispiay. In 320 x 200 graphics mode, the VG600
uses the following C[0. . 1] to read the shade from
the indicated palette register, and dispiays the
pixels using that shading:

Attribute Bits
6+2 | 5+1 4+0 Paiette Register
0 4] o 0
0 o 1 1
(4] 1 o 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 ]
1 1 1 7

C1 (=] Paistte Register
] 0 NA — displays background color
0 1 3
1 o 5
1 1 7
10 Addresses
Address Range Register
03BOH. .03BBH VIDEO 10, MDA MODE
03BFH VIDEO 10, MDA MODE
03D0H . .3DFH VIDEO 10, ATT MODE

1O addresses are to be decoded using only
SA0. .9], qualified by AEN =0.
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VG-600 OUTPUT CURRENT DRIVE CAPABILITIES

All VG-800 outputs are designed with IOL/IOH at
6/3 mA except for IOCHRDY at 12/0 mA and
SHCLK, LOCLK, E, TLCD [0:3], BLCD {0:3],
FRAME, M, SD [0:7] at 12/6 mA.

VG-600 MAXIMUM CAPACITANCE LOADING

Maximum Qutput
Load (pF) Pin

50 VDI[0:15]), VMA[0:7], *RASJ[0:1]
*CASJ[0:1], "WE, EA[1:15], "EWE

150 SA[0:19], SD{0:7], “SMRD.,
*SMWR, "SIORD, *SIOWR,
IOCHRDY. SAEN, OSC, RESET

200 TLCDJ[0:3], BLCD[0:3}, SHCLK,
LOCLK, FRAME, M, E

ABSOLUTE MAXIMUM RATINGS (T =25°C)

DC CHARACTERISTICS

Parameter Symbol | Min | Max | Unit
Power supply voitage Voo 0 7.0 Vv
Input voitage Vin 05 | 5.5 v
Output current Vo 05 | V¢ v
Operating temperature range Top -25 85 °C
Storage temperature range Totg -40 | 1251 °C

Comment: Exposure to Absolute Maximum Ratings for extended
periods may affect device reliability; exceeding the ratings could
cause permanent damage.

RECOMMENDED OPERATING CONDITIONS

Limits Test
Parameter Symbol| Min | Max | Unit | Conditions |
Low-ievei Qutput TTL and ‘
Voltage Vou = 10450V 1omos !
High-level Output
Voltage Vour | 24| — vV TIL
High-level Output
Voltage Vowe | 3.0 | — vV |[CMOS
Low-levet Input Current | 1 — 1-2001 nA
High-level input Current { 144 — 1 20 | pA (Vy=2.4V,
Voc=5.5V |
High-leve! input Current | 1y, — | 200 | pA [Viy=5.5V,
Vee=5.5V
Output Short Circuit
Current Ips — |-100] mA |Vo=0V .
Input Clamp Voitage Vie -1561 V |,=-20mA,
Veo=4.5V
Output Leakage Current | lg 7y |-100| 100 | pA |Hi-Z
Output Leakage Current | Iz, | -200| 200 | uA |Bidirectional
Clock Input Low
Voltage Vie — |04}V
Clock Input High
Voltage Vine 40) — | V
Electro-Static Voltage Vesp — 120001 V
Operating Current lop - mA
Operating Frequency lerg — {16.7 { MHz

Limits
Parameter Symboi Min Max Unit
Power Supply Voitage Vee 4.75 5.25 v
Ambient Temperature T, 0 70 °C
Low-level Input Voitage Vi 0.8 v
High-fevel input Voitage Vi 2.0 v
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VG-600 TIMING CHARACTERISTICS
CPU Interface and 1/0 Access Timing RAM Interface Timing
No. Parametar | Symboi | Min | Max | Unit | Comment | Toy=60n8 | Ty =708 |
tso0 | Commana to I0CHRDY low | Tepoy | {251 ns ! No. Parameter Symbol | Min 1 Max | Min | Max | Unit
"tgqy | Address set up time CTgs | 0 . ns t514 | Clock low tme To 30130 |28 |42 | ns |
tso | Address noid time | Tean 0 ns 115 | RAS precharge time Tep 0! — (95| —ins
teng | Memory read data set up | ts16 | RAS puise width Taas | 1051 — {125] — ¢ ns
time | Toos | 10 = ts17 | RAS hold time Tasn | 55| — |65 — | ns
toga :::;renory reag data hold ‘ oo 0 | ns ts1s | CAS to RAS precharge time | Tege 15| — {165 — | ns
ogs | Memory wte data delay T tg19 { ROw address set up time Tash 10— {10 — |ns
table ‘ Twoo | 200 ns ts20 | ROW address hoid time Tran 25| — (25| — ins
teos | Memory wnte data hold tgzq | Column address setup time { Toge | 15 ] — [ 15 | — | ns
time C Twow | O ns tagz | Column address holg time | Teay | 25 — |25 | — | ns
lgo7 | SO bus to VD bus through ! tsz3 | Column address hofd time l
L | delay ~ Tsov %5 | ns to RAS Tan |80 — {90] — | ns
teog | /O cycie aadress set up lg24 | Write command setup time {Tyes | 10| — {10 | — | ns
time : Tos | O i teas | Aead command set up time |Tpes | 10 | — |10 | — | ns
leoo | /O cycie address hoid time | Ty | 10 ns —‘; ats hotd B Tor o — 0 =
lgro | /O reao access ﬁm,e Tion: Ll AL tez7 | Data set up time Tos 0| — {10} —|ns
Yon | VO read data hold time | loow L teas | SRAM access time required | Tacg | — | 115 | — | 135 | ns
lg1 | VO write data set-up time | lowps | 50 ns T.; SFAM date hotd e T T = To T =T
lg13 | /O wnite data valid time howoss | 10 ns
LCD Interface Timing
No. Parameters Symbol Min Max Unit Comment
ts20 Pixel data to SHCLK set up time Tios - 150 ns
ten Pixel data to SHCLK hoid time Tion 2Ty ns
ts2 SHCLK puise wiath Tscva 35 T8 ns 400 line LCD
tsaa SHCLK puise width Tscye 3 Tey-20 ns 200 line LCD
t53a LOCLK to SHCLK delay time Tiso 25 Ty ns
te3s SHCLK to LOCLK delay time Tsip 2 Ty-10 ns 400 line LCD only
ts26 SHCLK to E edge time Tsce 10 ns
te37 LOCLK high to E low delay time Tieez 2 Ty ns Generic LCD type LOCLK
toss E low to LOCLK low delay time Teenr 4.5 Ty~10 ns 200 line dual screen only
tsag SHARP LCD type LOCLK puise width Tovcy 2.5 Toy-10 ns
taaa SHARP LCD type LOCLK to SHCLK low Tercs 10 ns
o SHARP LCD type LOCLK to SHCLK high Tee 10 ns
799 LOCLK low to FRAME low Trg 4 Toy-20 ns

13
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VG-600 TIMING WAVEFORMS

CPU Interface Timing

*SMRD
*SMWR
yé

IOCHRDY jl —
el —a 1602 j—
SA0-19) - I
) 7 I VALID 7
—t 601 f—— 1
SDo-~7 ! }
(READ) ) )
—t 1605 |t— foe3—>] 4—;4 ra—1604
SDO~7 l
(WRITE) VALID )
—u{ t607 jut— lsos——mt [*—
vDOo - 15{}s

1 | TR

IO Access Timing

*SIOWR N A \
—i 1509 et "
sa0~-15 | — {
z —
——“m“"—"’ts‘ —d 1611 pt——

sSDo-~7 I VALID I

(READ) l l

I —i 513 “— l

N TR ,

ts12
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VG-600 TIMING WAVEFORMS (continued)

DRAM Interface Timing

t51a Tey
QsC
ts1s
*RASO0,1
\ ) 4 \
—d 1619 g et 16 1§ ]
o R 7 T} S—— ts18-0=
*CASO.1
\\ }(
T‘ p——
"WE /
‘we * _Ztm._
-y 1821 j——
VMAO -7 ; ROW COLUMN :
! -q-luo-nl b ft— t622 —p]
te23
- 7z, m— ‘
! Rl
—4‘1"— — ts26 p—

SRAM Timing
-c‘so‘j —
N
VDo~ 15 {d VAUD D
! 1
15
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VG-600 TIMING WAVEFORMS (continued)

LCD Interface Timing

}}]
TLCDO~3 I 144
BLCDO -3 I VALID 3
L

——4  tg30 ———

/ RN k \
SHCLK
le——— 163t} 1632 g 1532

te33 ts33

\
LOCLK —_/ \

et 1637 et 535 —Iora— 1534 —4
——pei 1636 jt—

f————tg39

—
LOCLK A A\
(SHARP) _.]ls‘oq— toar—a  l—

)

/"
FRAME

—  lg42

LOCLK
r——!m'
E 4

*200 LINE DUAL SCREEN LCD TYPE.

-~

This Material Copyrighted By Its Respective Manufacturer



PRELIMINARY

VG-600
LCD CONTROLLER FOR
PC ARCHITECTURE SYSTEMS

VG-600 CONFIGURATIONS

200 Line with Static RAM

VG-600
LCD - EA[1..15) A[D..14]
vDR..7) oo..7}
"EWE - *we
*CASO — °Cs

VMA[D. . 7] ;Q *OE
“AAS1 32k x 8 SRAM

HOST
“CASt
vD{8. .15}
200 Line with Dynamic RAM
vG-600
LCD
o ] ]
ORAM DRAM
HOST Sdkxd S4kx4
“WE
*RASO
*CAS0
vMap..7} L
17
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VG-600 CONFIGURATIONS (continued)

400 Line with Static RAM

LCcD - EA[1..15] A[D. .14}
vDio. .71 op..7
-Ewe -d “WE
*CASO —C} °CS
g—d *0E
YMAO. .
2‘: 32k x 8 SRAM
HOST b : a
- a / A[0..14)
7402 l ’
| 0[0..71
. p a /
CASt [—O —cf ~we
D>t P
*OE
7402
vDI8. . 15] -1 — s
400 Line with Dynamic RAM
VG-600
tCD vof..7] N N
DRAM DRAM
Sk x4 54k x4
» DUl J
o s il
*CAS0
HOST VMA[D..7)
- “RAS1T ’ \L 1
CASY ) O I | |
DRAM DRAM
64Kk x4 Sakx4
vDE8. .15] L s
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SUPPORTED LCD DISPLAYS
640 x 200 — Singie Screen

Toshiba TLX-561
Hitachi LM250X
Toshiba TLX-932
Seiko F6450

Sanyo LCM-5205-01A

SAMPLE APPLICATION

640 x 200 — Split Screen

Sharp LM64004G
Hitachi LM236X8B
Hitachi LM585X

Sanyo LCM-591-15A

Sanyo LCM-5203-01A

640 x 400 — Split Screen

Sharp LM640351

Sharp LM64015T

Sharp 64035W

Matsushita EDM-LG64AA02D
Toshiba TLX-1181

Hitachi LM-252X

Sanyo LCM-5218-01BA/02BA
Sanyo LCM5201-01A
Matsushita EDM-1G64AA01
Seiko F642F

AD:138

Gz

CPUS

T

%’/

00:07

WMEMA. NENW

m

\\\\\\\\

74

L2

osc
14.318 Mz
{NOTE 2)

//'Wé’

727222

ADODR
LATCHES

iOR. IOW

CcLK

vVG-800

ALE

READY

1. Required for 400 line dispisys only.
7. 18.7 MHz tor 400 line dispiays that require 70 Hz refresh.

LCD
CONTROLS

LCD

Thi s

Mat eri al

19

Copyrighted By Its Respective Manufacturer



PRELIMINARY
VG-600

LCD CONTROLLER FOR
PC ARCHITECTURE SYSTEMS

PHYSICAL DIMENSIONS (mm)

r’d

PiIN Y

0.575(TYP)

T

0.825 (TYP) ——ot ‘—'

19.5 (MIN)
20.5 {MAX)

13.75 (MIN)

I

- 14.25 (MAX)
PIN 100

[

2.45 (MAX}

19.75 (MIN}
20.25 (MAX)
25.5 (MIN)
26.5 (MAX)
ry
1
| e 0.625 (MIN)
0.65(TYP) |  le——— 0.725 (MAX)
t \ 0.10(MIN
SEE DETAIL 2.05 (MIN) 0.30 (‘uu))

/UG R TN 2.25 (MAX) slilslilila
sam:c vuns/v’ 0 —L_—— = 1‘; . —J——

VADEM

1885 Lundy Avenue

San Jose, Califorrsa 95131

Tel: 408-943-8301

Telex: 887-581 (VADEM SNTA UD)
Fax: 408-943-9735
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15 (MAX)
—-J g 1.7 (TYP)
0.25 (MIN)}
0.45 —t
1BM, PC. PC/XT. PS/2 are rogk of 1BM C
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