HD63486

Graphic Video Attribute Controller
(GVAC)

Description Pin Description

The HD63486 LSI belongs to the ACRTC Figure 1 shows the pin arrangement for the 64-pin
radvanced CRT controllert family. It converts plastic shrink-type DIP and the 68-pin PLCC
frame buffer data to serial video signals. It contains packages. Table 1 describes the pins.

a shift register for parallel-to-serial conversion and

the peripheral video control circuits necessary to
generate high-speed video signals. wro ({15 sal ) vee
ospcye [2 63 g FDo
The programmable bit length of the shift register :ﬁ:iEi :f::g;
makes the GVAC suitable for multicolor graphics ssmEs ey
and monochrome grey scale applications. Addi- Zit;l:: 59 ] fo.
tionally, multiple GVACs can be operated in o e o %ig:
parallel to further expand the field of applications. o. e s6 ) For
The GVAC's functions include horizontal smooth z’E:“’ 553:3'
scrolling and horizontal zoom using control signals D:E 12 :; :FD:o
from the GMIC igraphic memory interface con- o. 13 s2[ ] fo.
troller: . Using the Hi-BiCMOS process. the b= s Jeou
HD63486 achieves high-speed video signal gener- Ve D ve - %::’5"
ation with low power dissipation. vass 117 48[ ves
vioeoo {T}18 47 ] FOu
vioeoc [} 19 48 [ JFOus
wvioeoe [C] 20 45| ] FDue
Features O g
VIDEOA 21 44 FDu»
am [ 22 43 %rm.
T
® Internal shift register for video signal control, Dob-:;:E ;2 :f ::ﬁ;
programmable as : scxe []25 40 [ £,
—Four 8-bit shift registers mﬁ:;‘: ;’:g‘ﬂn
—Two 16-bit shift registers moo1 [28 37 ;gj’
—One 32-bit shift register Fox Y29 36 ] Fous
° CI;IOitg}:afg]eed video signal generation '64 MHz ig: i‘? gfg:g;
vee [432 33[7) FOu
® DMMultiple GVAC parallel operation
® Internal bidirectional data bus buffer for frame (DP-648)
buffers o8
® Zooming and horizontal smooth scrolling c2733%828 3855546 ¢
‘requires GMIC signals or equivalent: ONODOO00000000
® Direct ACRTC interface o ‘0"’“"“““’”“'2’633322:
[ T"I‘L-Com_patible inputoutput o,E n O :09 i‘;.
® Single + 3V power supply 0,12 58] Fo.
® Low power dissipation ;E :2 :; ﬁg“:
D.E 15 65 £D1z
y 16 1]
v‘:s{: 17 :; :4%
Type of Products velge bt =
vioeop [} 20 50 FD‘T.
Part No. Speed Package vioeoc [} 21 a9[] fous
vioeos (122 48[ 7] FDue
HD63486PS32 32MHz 64-pin Plastic Shrink DIP vioeoa [}23 478 f0wr
HD63486PS48 48 MHz  (DP-64S) el = Pt = R
HD63486PS64 64 MHz oise[26 52858988 R8895 - 4] Fo
HD63486CP32 32MHz 68pin PLCC 0
HD63486CP48 48 MHz  (CP-68) EB85 3854235555548
HD63486CP64 64 MHz =2 (P68

Figure 1. Pin Arrangement
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Power Supply (Vcc, Vss)

Vs and V¢ are the GVAC power supply pins. V¢
pins are + 5V 4 5% supply pins. Vg are the
ground pins. Be sure to connect all four Vs pins to
ground and both V¢ pins to the power supply.

ACRTC Signals

Clock (2CLK): The 2CLK input must be the same
as the 2CLK input to the ACRTC. It is usually
supplied by the GMIC 2CLKOUT output. 2CLK is
used for data transfer between the ACRTC and
frame buffers and as a timing signal for display
data input.

Memory Cycle (MCYC): The MCYC input
specifies frame buffer access by the ACRTC. It
must be low when the ACRTC is in address cycle,
and high when the ACRTC is in data cycle. MCYC
controls the data buffers. It is usually supplied by
the ACRTC’s MCYC output.

Memory Read (MRD): The MRD input controls
the direction of transfers between the ACRTC and

frame buffers. When MRD is high, the GVACs
transfer data from the frame buffers to the ACRTC.
When MRD is low, the GVACs transfer data from
the ACRTC to the frame buffers. MRD must be held
high during a display read data cycle. Only during a
display cycle for superimposed screen data (dual
access mode 1) does the ACRTC input MRD low.
This signal is usually supplied by the MRD output.

Display ‘DISP): The DISP input is a composite
signal indicating the screen’s horizontal and ver-
tical display period. Display timing output (DISP1)
is input when the ACRTC's DSP :display signal
control) bit is set to 1. For superimposed display
idual access mode 1), DISP1 must be input to a
GVAC for background screens, while DISP2 must
be input the window screen from the ACRTC.

Data Bus (D7-Dg): D;-D, are the 8-bit data
input . ‘output for data transfer between the ACRTC
and frame buffers. Usually. D;-D, are connected to
8 bits of the memory address data bus (MAD,,-
MAD,’) according to the operation mode selected
by the MODI1, MODO0 inputs.

Table 1. Pin Description

Pin Number

Signal DIP-64 PLCC-68 1/0 Description
Vce 32,64 34,68 +5V power supply
Vss 16,17, 17,18, Ground

48,49 51,52
2CLK 4 5 | Clock
MCYC 3 4 | Memory Cycle
MRD 1 2 I Memory Read
DISP 24 26 | Display

D7-Do 15-8 16-9 i/0 Data Bus
MOD1, 28,27 30,29 )

Operation Mode

MODO
AM 22 24 | Access Mode
psPCYC 2 3 | Display Cycle
SEL2- 7-5 8-6 | Select
SELO
SCKE 25 27 1 Shift Clock Enable
SLD 26 28 I Shift Load
FDz;1- 29-31, 31-33, {/O Frame Buffer Data
FDo 33-47, 36-50,

50-63 54-67
DOTCK 23 25 | Dot Clock

VIDEOA-
VIDEOD

21-18 23-20 © Video QOutputs
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Operation Mode (MOD1, MOD0): The MODI1
and MODO inputs specify the length of the GVAC’s
internal video signal shift register and the operation
mode for the control data bus data multiplexing
between the ACRTC and the frame buffers. The
operation mode setting is closely related to the
ACRTC's graphic address increment mode iGAI),
the graphic bit mode (GBM) which specifies the
number of bits per pixel, and the frame buffer's
access mode {ACM). These settings determine the
shift length of one display cycle, and thus the
settings for MOD1 and MOD0. The GMIC's clock
division mode (CDM1. CDMJ0) is also related to
MODI1 and MODO. Table2 shows how GVAC's
operation mode is related to the ACRTC and GMIC
settings. Other settings are allowed in a graphic
syster with ACRTC, GMIC. GVAC, and additional
circuits. For a description of GBM, GAI, and ACM.,
see the ACRTC User's Manual. For a description of
CDM and DAM, see the GMIC Data Sheet.

Access Mode (AM): The AM input sets the
GVACs to superimposed display mode. When the
ACRTC's access mode {ACM) set to dual access
mode 1 111), AM switches between two GV ACs for
background and superimposed screens. In single
access mode and dual access mode 0. AM must be
set fow. In dual access mode 1. AM should be set
low for a background screen GV AC. and high for a
superimposed screen GVAC.

GMIC Interface Signals

Display Cycle (DSPCYC): The DSPCYC input
indicates whether a display cycle has been entered.
DSPCYC set low signifies a nondisplay cycle,
during which data is transferred between frame
buffers and the ACRTC. DSPCYC set high indicates
a display cycle. during which data from the frame
buffers is transferred to the GVACs. The display
cycle signal (DSPCYC) output from the GMIC is
used for this input.

Select (SEL2-SEIf): The SEL2-SEL0 inputs
are the lower three bits of the address specifying a
particular word is the frame buffers to be trans-
ferred to the ACRTC. Since SEL2-SEL0 control the
address bus connection between frame buffers and
the ACRTC. it must be valid during a data cycle
when MCYC is set high. The address outputs
‘ADRA-ADRC) from the GMIC usually supply
these signals.

Shift Clock Enable :SCKEi: The SCKE input
specifies the timing for driving the GVAC's
parallel-to-serial converter (shift register; for
generating video signals ({VIDEOA-VIDEOD). The
GVAC's perform serial-to-parallel conversion by
shifting one bit of display data every shift clock
cvcle. Using SCKE. the GVACs generate a lower
frequency shift clock. Extending one shift clock
cycle this way allows zooming. The SCKE output
from the GMIC supplies this input.

Table 2. Operation Mode and GVAC, ACRTC, and GMIC Settings

GVAC ACRTC GMIC
MOD GBM GA I ACM cDMm DAM Bits/ Shift Max Dot
0 1 098 654 3 2 1 0 Pixel Length Rate (MHz)
0o o 010 010 o o 1 0 0 a 16 64
o 1
1 o 0 1 1 ) 32
11
0 1 011 0 o 1 1 0 4 32 64
0 1
1 0 1 0 T 64
11
1 0 011 010 0 0 o1 o s 8 64
S
11 011 o0 0 10 o 8 16 32 T
0 1
1 0o o 1 1
11
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For systems with a superimpose function, SCKE
must be held high for the superimposed window’s
GVAC (AM input high).

Shift Load (SLD): The SLD input specifies the
timing in which display data temporarily stored in
the GVACs is supplied to the shift register. SLD is
asserted for one period of the dot clock. Horizontal
scrolling is implemented by shifting SLD on a dot
clock basis during a single display cycle. SLD must
be asserted once during each display cycle (shift

length). SLD is usually input from the GMIC SLDB
output for background screen GVACs (AM input
low), and SLDW for window screen GVACs (AM
input high).

Frame Buffer Data (FD31-FDo)

The 32-bit FD,,-FD, frame buffer data I/O bus
transfers data between the ACRTC and frame
buffers and inputs display data from the frame

buffers. The 32 bits arj read simultaneounly from
the frame buffer, and FD;;-FD, can be directly
connected to the frame buffer data 1/O pins.

CRT Display Interface

Dot Clock (DOTCK): The DOTCK input is the
basic video signal generating clock. The DOTCK
frequency is determined by the CRT horizontal
resolution (pixel count) and the horizontal scan
display period. This clock is usually the same signal
applied to the GMIC DOTCK input.

Video Outputs (VIDEQA-VIDEOD): VIDEOA
-VIDEOD are the four bits cutput from the GVAC’s
parallel-to-serial conversion shift register. They are
supplied during a display period specified by the
display signal (DISP). Which outputs are usable
depends on the operation mode (MODI1. MODO:
input. Table 3 shows the usable video signals and
corresponding MOD1 and MODO signals.

Table 3. Operation Mode and Video Outputs

Mode Video Output Bits/
MOD1 MODO VIDEOA VIDEOB VIDEOC VIDEOD Pixel Shift Length
0 o} Avail Not avail Avail Not avail 4 16
o} 1 Avail Not avail Not avail Not avail 4 32
1 0 Avail Avait Avail Avail 8 8
1 1 Avail Not avail Avail Not avail 8 16
@ HiTacH
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Functional Description

Figure 2 is a block diagram of the GVAC.

SELO—
MODO MOD1 SEL2

Data
Do—05 Cb buffer

Data
multi-
plexer N

Frame
memory
data
buffer

( > FDo—FD3,
1

2CLK
MCYC
Latch
DSPCYC !
MRD
DOTCK |
SCKE
Shift register
SLD
DiSP J
VIDECA—
VIDEOD

Figure 2. GVAC Block Diagram
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Frame Memory Data Buffer

The 32-bit bidirectional frame memory data buffer
consists of input and output buffers to transfer data
to and from the frame buffers in response to data
transfer requests from the ACRTC.

The three-state output buffer is enabled only during
a memory write cycle by memory cycle {(MCYC}
and memory read (MRD) signals from the ACRTC,
and display cycle (DSPCYC! from the GMIC. A 32-
bit output buffer to be enabled is selected by select
signals (SEL2-SEL0) from the GMIC and the
operation mode (MODI1. MODO0) set externally.

The input buffer reads data from the frame buffers.
Data Buffers

The 8-bit input/output buffer transfers data
between the ACRTC and frame buffers.

The output buffer is a three-state buffer which is
enabled during a frame buffer read cycle by
memory cycle (IMCYC) and memory read {MRD)
signals from the ACRTC, and display cycle D-
SPCYC) from the GMIC.

The input buffer supplies drawing data from the
ACRTC to the frame buffers.

Data Multiplexer

The data multiplexer is a direct connection
between the frame buffers and the data buffer's
data bus which leads to the ACRTC’s and frame
buffer's data bus. The bus connection in controlled
by select signals {SEL2-SEL0! and the operation
mode ‘MODI. MOD() set externally to enable
transfer between the ACRTC and frame buffers.

Latch

The latch recognizes a display data read cycle by
memory cyvcle ‘MCYCi and memory read (MRD:
signals from the ACRTC, and clock ¢2CLK) and
display cycle (DSPCYC: from the GMIC. and the
access mode (AM} input. During a display data
read cycle, the latch temporarily stores 32-bit
display data input from a frame memory data
buffer. It sends the stored data to the shift register
for parallel-to-serial conversion.

Shift Register

The 32-bit shift register performs parallel-to-serial
conversion on display data stored in the latch to
provide video signal output. When the latch
receives the shift load (SLDB, SLDW) and shift
clock enable (SCKE) signals from the GMIC. it
feeds the display data it has stored to the shift

register. The shift register supplies one bit of
display data every dot clock cycle while SCKE is
asserted. When the ACRTC's display cycle signal
.DISP! is negated, the shift register does not output
a video signal.

When the GMIC shifts the timing of the shift load
.SLDB, SLDW) output on a dot clock basis, the
GVAC performs horizontal smooth scrolling. When
the GMIC extends the shift clock enable signal
{SCKE) based on the dot clock. it performs
horizontal zoom.

System Description
Applications

The GVAC internal circuits perform three major
functions :

e Converting parallel display data read from the
frame buffers by the ACRTC to serial from and
delivering them to the CRT as video signals

® Transferring data between the ACRTC and

- frame buffers

® Zooming and horizontal smooth scrolling
according to signals from the GMIC

Furthermore, the GVACs' operation mode can be
set according to the ACRTC's operation mode by
the program input signals. This programmability
makes the GVAC suitable for a wide range of
applications, from slow, small systems to fast, large
svstems. It also permits the GVACs to accom-
modate system specification changes.

Figure 3 shows a graphic system configuration
using an ACRTC. GMIC and GVACs. With the
GMIC used for interfacing with frame buffers and
the GVACs generating the video signals. a flexible.
high-performance graphic system is constructed
with a minimum number of parts.

System Configuration

The system example in figure 3 uses two GVACs,
but the number of GVACs can be varied to meet
different CRT resolution and color per pixel {(or
grey scale: applications.

The GVACs recognize a display data read cycle by
decoding ACRTC output signals such as memory
cycle (MCYC' and memory read (MRD) and
GMIC output signals such as display cycle
:DSPCYC!. In the display data read cycle, the
GVACs latch display data from the frame buffers.
They pass the display data to the internal shift
register for parallel-to-serial conversion when they
receive the shift load signal (SLDB or SLDW) from
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the GMIC. The GV ACs perform successive parallel-
to-serial conversion synchronously with the dot
clock when they receive the shift clock enable
(SCKE) output from the GMIC. This generates the
video signals.

A GVAC can receive 32-bit display data ‘FD,,-
FD,} from one frame buffer. Furthermore. it
provides a connection from the ACRTC’s data bus
iD;-Dy) to the frame buffers data bus (FD,,-FD,),
enabling direct data transfer between the two. The
GVACGs also implement horizontal smooth scrolling
and zooming, controlled by the shift load (SLDB.
SLDW) and shift clock enable ‘SCKE: signals
from the GMIC.

Operation
Data Transfer

The GVACs contain control circuits for bidir-
ectional transfer between the ACRTC and frame
buffers. To transfer data. the GVACs receive the
ACRTC’s memory cycle 'MCYC' and memory
read {(MRD) signals, and the GMIC’s display cycle
(DSPCYC!. From these signals. the GVACs
recognize a drawing data transfer cycle. Connec-
tion between the ACRTC's data bus and the frame
buffer’s data bus is controlled by the select signals
'SEL2-SEL0) from the GMIC and the operation
mode (MODI1., MODO! inputs.

The GVACs recognize a nondisplay cycle when
DSPCYC is low. In nondisplay cycles, the data
transfer direction is determined by the memory
read signal (MRD). MRD high signifies a read
cvcle to transfer data from frame buffers to the
ACRTC. MRD low signifies a write cvcle to
transfer data from the ACRTC to the frame buffers.
Timing for the data transfer is determined by the
MCYC input. When MCYC is high. frame buffers or
the ACRTC three-state output buffers are enabled
for transfer.

Drawing Write Cycle : The GVACs recognize a
drawing write cycle when both DSPCYC and MRD
are low. Figure 4 shows the timing for a drawing
write cycle.

When MCYC is high during this cycle. the GVACs
enable the frame memory data buffer, and output
data from the ACRTC one word at a time to the
frame buffers. based on the operation mode
‘MODI1, MOD® inputs and the select signals (SEL2
-SEL0) from the GMIC. Table 4 shows the con-
nections between FD and D pins when MODI1 and
MODO are set to (0. When SEL2-SEL( are set to
000 D,-Ds from the ACRTC are output to FD,-FD,.
D,-D; are output to FD,;-FD,,. and the other FD
pins are high-impedance. Table 5-7 show the
relation of D to FD in other modes.
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DOTCK ——
MADo,—
MAD o
® Address —= MAq— FAo Address
MA:s FA;
MPU VY
interface MA 16— RAS, CAS, OE, WE__}
MAg /' GMIC  |SCKE.STD,ADRA—ADRC,DSPCYC
: [ ACRTC 1 2ck
7 {——— DOTCK
Do FDo—FDas
~— Data —= |
DISP, MRD, MCYC D7 Gvacx2
ACRTC interface
AS ﬂ VIDEO
MCYC e
DRAW HSYNC, VSYNC Video
MRD __ Circuit
HSYNC

Figure 3. System Application Example

2CLK 1—__/—————\____]——\_
McYC —\ A A
DSPCYC T\ s
MRD —\ |
SELO—SEL2__ | ) G
b0 YRR y—
FDo—FD3 __) —___ _r—

Figure 4. Drawing Write Cycle
(ACRTC [MAD] — [D] GVAC {FD] — Frame buffers)
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Table 4. Connection Between D and FD Pins, Drawing Cycle, MOD1, MODO = 00 :4 Bits’Pixel,
16-Bit Shift Mode:

SEL2-SELO DO D1 D2 D3 D4 D5 D6 D7

000 fDo FD:1 FD2 FD3 FDie FD17 FD1g FDis

001 FDs4 FDs FDs FO7 FD2o FD21 FD22 FD23 -
010 FDg FDg FD1o FD11 FD24 FD2s FD26 FD27

611 FD12 FD13 FD1a FDis FD2g FD2g FD3o FD3:
100-111 Not used

Note: All other FD pins high impedance.

Table 5. Connection Between D and FD Pins, Drawing Cycle, MOD1, MOD0 = 01 4 Bits Pixel,
32-Bit Shift Mode)

SEL2-SELO DO D1 D2 D3 D4 D5 D6 D7
000 FDo FD FD2 FD3 NC NC NC NC
001 FDs FDs FDe FD7 NC NC NC NC
010 FDs FDs FD1o FD1; NC NC NC NC
011 FD12 FD13 FD14 FDis NC NC NC NC
100 FD1s FD17 FDis FD1o NC NC NC NC
101 FD20 FDa1 FD22 FD23 NC NC NC NC
110 FDza FD2s FD26 FD27 NC NC NC NC
111 FD2s FD2o FD3o FD31 NC NC NC NC

Note: All other FD pins high inpedance
NC = No connection

Table 6. Connection Between D and FD Pins, Drawing Cycle, MOD1, MODO0 = 10 8 Bits 'Pixel,
8-Bit Shift Mode)

SEL2-SELO ) D1 D2 D3 D4 D5 D6 D7
000 FDo FD; FDs FDs FDi1s FD17 FD2s FDa2s
001 FD2 FD3 FDio FD1y FDis FDio FDa2s FD27
010 FDas FDs FDiz  FDis FD2o FD21 FDa2s FD2o
al FDe FD; FD1a FDis FD22 FD23 FD30 FD:ﬁ
100-111 ) Not used ' o

Note: All other FD pins high impedance.

Table 7. Connection Between D and FD Pins, Drawing Cycle, MOD, MOD = 11 :8 Bits ‘Pixel,
16-Bit Shift Mode’

SEL2-SELO Do D1 D2 D3 D4 D5 D6 D7
000 FDo FD; NC NC FDi1s D17 NC NC
001 FD2 FD3 NC NC FD1s FD1o NC Ne
010 FDa FDs NC NC FD20 FD21 NC  NC
011 FDe FD; NC NC FDa2 FD23 NC NC
100 FDs FDo NC NC FD2a FD2s NC NC
101 FD1o FO1. NC NC FD26 FD27 NC NC
110 FDi2 FDi13 NC NC FD2s FD2s NC NC
111 FD14 FDis NC NC FD30 FDa1 NC NC

Note: All other FD ptns high impedance.
NC = No connection
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Drawing Read Cycle: The GVACs recognize a
drawing read cycle when DSPCYC is low and MRD
is high. Figure 5 shows the timing for a drawing
read cycle.

When MCYC is high during this cycle, the GVACs
enable the data buffer (D,-D,) for the ACRTC and
output a word from the frame buffers selected by
the operation mode (MOD1, MODO0) inputs and the
select signals (SEL2-SEL0) from the GMIC. Table
4 shows the connections between FD and D pins
when MOD1 and MODO are set to 00. When SEL2-
SELO are set to 000, data from FD,-FD; from the
ACRTC are output to Dy-D;. data from FD,;-FD,s
are output to D,~D,, and the other FD pins cannot

be used. Table 5-7 show the relation of D to FD in
other modes. D pins which are not connected {NC;
must be held high by pull-up resistors.

GVAC Connections

The GVACs allow three shift modes to be selected
externally through the operation mode pins
‘MOD1, MOD¢*. The number of GVACs used is
determined by the selected shift mode, graphic bit
mode (GBM) which sets ACRTC bits per pixel. and
graphic address increment mode (GAI) which sets
the number of display data bits read from the frame
buffers simultaneously (table 8).

This Materi al

mcye \ S L
pspcyc  _\ [
MRD ] L
SELo—SEL2 Y X
FDo—FDs: } L )—
b0 > —

Figure 5. Drawing Read Cycle
(Frame buffer - [FD] GVAC [D] — ACRTC [MAD])

@ HITACHI
Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 « (415) 689-8300 293

Copyrighted By Its Respective Manufacturer




HD63486

Table 8. Number of GVACs

ACRTC GVAC
GBM GA I MOD Bits/ Words Bits Shift Number of
1098 654 1 0 Pixel Read Read Length GVACs
000 000 0 0 1 1 16 16 1(2)*
001 0o 1 1 2 32 32 1 (2)+
001 000 1 0 2 1 16 8 1(2)*
001 0 0 2 2 32 16 1(2)
o010 0 1 2 4 64 32 2 (4)
010 001 1 0 4 2 32 8 1(2)
010 0 0 4 4 64 16 2 (4)
011 0 1 4 8 128 32 4 (8)
011 010 1 0 8 4 64 8 2 (4)
011 11 8 8 128 16 4 (8)
100 011 1 0 16 8 128 8 4 (8)"

Notes: 1. “*Indicates that data transfers between frame buffers and the ACRTC requires external circuits since the GVACs to ACRTC data transfer
function cannot be used directly.
2. Parenthesized values are the number of GVACs required for superimpose mode (dual access mode 1) applications.

ACRTC GVAC 1 Frame buffers
Plane O

D;—D, Data FD1s—FDo
MAD 0, 4, 8, 12 C:i) multiplexer  K———

F FD+s

D;—D, Data Dy — Plane 1
MAD 1,5, 9, 13 (}:;’} multiplexer Cj

GVAC 2

D3—Dg
MAD 2, 6, 10, 14 (}“‘::{) Data FD1s—FDo
multiplexer C:

FD3,—FD¢

D;—Ds Data _-:t> Plane 3
MAD 3,7,11,15 <———9 multiplexer C:

Plane 2

|

Figure 6. FD Pin Connection (MOD1, MODO0 = 00)
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Data Connections

Figure 6 illustrates the data pin connection with
MOD1, MOD0 set to 00. In this mode, one pixel
consists of 4 bits, and four words (64 bits) are read
from the frame buffers at one time.

ACRTC and GVAC Connection

ACRTC Display Data Bit Configuration: The
ACRTC handles display data on a pixel basis, the
ACRTC’s mimimum unit. The ACRTC transfers
data on a word (16-bit) basis. One memory word
can consist of one or more pixels. The ACRTC’s
graphic bit mode (GBM) selects one of five types of
pixel count. The GVACs directly support data
transfers of 4 bits or 8 bits per pixel. In 4 bit/pixel
mode. 16 colors or shades of grey can be im-
plemented at one time. In 8 bit/pixel mode. 256
colors or 256 shades of grey can be realized. Figure
7 shows pixel data processed by the ACRTC de-
pending on operation mode pinl (MODI1). For
details on the graphic bit mode, see the ACRTC

User’s Manual, 5.5.6 Graphic Bit Mode.

GVAC and Graphic Data: The GVACs must be
connected to handle data on a one-pixel bit plane
basis. Table9 shows the relationship between
operation mode 1 MOD). pixel number, bit plane
number. and ACRTC data.

Connection Between GVACs and ACRTC:
The connection to the ACRTC depends on the
operation mode :MOD1, MODO'. Table 10 shows
the connection with MOD1. MODO0 = 00. In this
mode. each pixel is four bits. GVACI handles bit
planes 0 and 1. and GVAC2 handles bit planes 2
and3. The connection between the ACRTC and
GVACs is determined by bit plane number and pixel
number for one word from the ACRTC. In table 9.
for example. ACRTC pin MADO corresponds to bit
plane 0 for pixel number 0. From table 10. therefore.
bit plane number 0 for GVACI is connected to pin
D, for pixel number 1. Connection to the ACRTC in
other modes are shown in table 11-13.

Table 9. Pixel Number and Plane Number
MAD
MOD1 ACRTC 15 | 14 ‘ 13 l 12 .11 10. 9 ; 8 7 [ 5 4 3 2 1 0]
0 Pixel No. 3 2 1 o]
Bit Plane No. 3 2 1 0 ! 3 2 1 0 3 2 1 0 3 2 1 0
1 Pixel No. 1 0
Bit Plane No. 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
bit 15 bit O
mooi=ror [+ ¢+ 1 1 1+ 1 [ vV T
One pixel
bit 15 bit O
VISSOTRCETY o S S AN 0 A A A A B N
L |
One pixel
MAD 15 MAD O
L 1 1 H ] 1 1 1 1 1 1 1 1 1 1 1 3
One word
Figure 7. Pixel Data and MOD1
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Table 10. ACRTC and GVAC Pin Connection, MOD1, MODO = 00 (4 Bits/Pixel, 16-Bit Shift

Mode)
MAD

Connection 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [+}
Pin Connection D7 Ds D7 D3 Ds Ds De Dz Ds D Ds Dy Da Do Da Do
GVAC 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 1
Pixel Number 3 3 3 3 2 2 2 2 1 1 1 1 0 o] 0 0
Bit Plane 3 2 1 0 3 2 1 o] 3 2 1 0 3 2 1 0
Frame Buffer 3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0
Pixel Number

Table 11. ACRTC and GVAC Pin Connection, MOD1, MODO0 = 01 (4 Bits/Pixel, 32-Bit Shift

Mode)
MAD

Connection 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [¢]
Pin Connection Ds D3 Ds D3 D2 D D D, D D1 D1 D: Do Do Do Do
GVAC 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1
Pixel Number 3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0
Bit Plane 3 2 1 0 3 2 1 o] 3 2 1 0 3 2 1 0
Frame Buffer 3 3 3 3 2 2 2 2 1 1 1 1 [¢] [¢] 0 0
Pixel Number

Note: D.-D, cannot used in this mode

Table 12. ACRTC and GVAC Pin Connection, MOD1, MODO0 = 10 (8 Bits/Pixel, 8-Bit Shift

Mode)
MAD

Connection 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o
Pin Connection D Ds D3 D1 D7 Ds D3 D Ds Ds D Do De D4 D2 Do
GVAC 2 2 2 2 1 1 1 1 2 2 2 2 1 1 1 1
Pixel Number 1 1 1 1 1 1 1 1 o] 0 [¢] 0 0 0 0 0
Bit Plane 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Frame Buffer 1 1 1 1 1 1 1 1 o] 0 0 0 0 0 0 0
Pixel Number

Table 13. ACRTC and GVAC Pin Connection, MOD1, MODO = 11 (8-Bits/Pixel, 16-Bit Shift

Mode’
MAD
Connection 1§ 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o]
Pin Connection Ds D1 Ds Dy Ds D1 Ds D1 Ds Do Ds Do Da Do Da Do
GVAC 4 4 3 3 2 2 1 1 4 4 3 3 2 2 1 1
Pixel Number 1 1 1 1 1 1 1 1 0 0 o] 0 0 0 0 0
Bit Plane 7 6 5 4 3 2 1 (o} 7 6 5 4 3 2 1 0
Frame Buffer 1 1 1 1 1 1 1 1 0 [¢] 0 0 0 0 0 0
Pixel Number
Note: D7, Ds, D3, D2 cannot be used in this mode
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Connection Between Frame Buffers and
GVACQCs: Like the connection to the ACRTC. the

and frame buffers with MOD1. MODO = 00. In this
mode. the ACRTC's graphic address increment

data connection to the frame buffers is made on the
basis of a bit plane consisting of one word. se-
quentially from the lower pixel address. Table 14
shows pixel number for the frame buffer's word 16
bits} vs bit plane number for one pixel in relation to
operation mode 1 iMODI1.

GAli is set to ~4mode, and i-word data is
simultaneously read* from the frame buffers.
GVACI handles bit planes0 and 1. and GVAC?2
handles bit planes 2 and 3. For example. pin FD, of
GVACLI is connected to a data pin of pixel number
0 of the n + 0address of bit plane number 0.
Connections in other modes are shown in tables 16-

Table 15 shows the connection between the GVVACs 18.

Table 14. One-Word Frame Buffer Pixel Number and Corresponding Bit Plame Number

One word of frame buffer

Pixel Number

MOD1 115 1413 12 9 8 7 6 5 1 o
0 Bit Plane No. "3'2 1 0!3 2 1 0 3 2 1 0 3 1 o0
Pixel No. “ 3 2 1 o}

1 BitPlaneNo. 7 6 5 4°'3 2 1 0 7 & 5 4 3 2 1 0

Pixel No. i 1 0
Table 15. GVAC and Frame Buffer Pin Connection, MOD1, MODO = 00 "4 Bits Pixel, 16-Bit
Shift Mode!’
T
GVAC‘
. |
Bit Plane No. !
1 [ Pixel No. 3l2]1]03]271j032 103210321032 10321[03121:0
! Word Address [ n+3 n+2 n+1 n+0 n+3 n+2 n+1 n+0
Bit Plane No. " 3 | 2 B
2 | Pixel No. 3[2[1]03[271 0'3,2;1 0]3]2]1.0[3:2'1 03,210 3i21]0.312,10
Word Address n+3 n+2 n+1 I n+0 n+3 n+2 n+1 n+0

Table 16. GVAC and Frame Buffer Pin Connection, MOD1, MODO0 = 01 (4 Bits/Pixel, 32-Bit
Shift Mode:
‘ ‘ IRRRN R T
F‘F‘F FlElF FiFIF[FIFE F|F|F-F{F5F.FIF F FFIF FF FiIFFFEF
GVAC ! pD'D'D|D D}D‘D!D‘D]D:D'D D!'D:D'D!D'DID.D DID'DIDDD:DDDDDD
‘ 31130129 28[27 126125 24'23 22'21/20,19.18]17 16/15.14/13(12'1110'9 8,7 6 5'4.3 2,110
. L L : : . N
Bit Plane No. ; o o]
1 Pixel No. 3[211on3]2}1\053;2;1;oiai251=013!2 1:0 3.2 1,0 3:21110:312 .10
| Word Address n+7 n+6 n+ts5 ' n+4 n+3 | n+2 n+1 | nt0
Bit Plane No. 1 o
2 | Pixel No. 32 1]0]3]2]1]0,31211.013(2,1 0:3:2 1{0,3'2°1 0,3'2j1|0i312:1,0
Word Address n+7 n+6é n+5 n+4 n+3 n+2 n+1 n+0
T Bit Plane No. 2
3 | Pixel No. 3]2]1]0]3]21]0.3,2 1.0[3,2[1.0]312°11073,2170312[1[0:3i2 1.0
Word Address n+7 nt6 | n+5 | n+t4  n+3 n+2 n+1 | n+0
Bit Plane No. 3
4 | Pixel No. 3|zh'»o‘\3*2‘1105352;1-oia|2=1-o!3|2;1|oi3_2'1¥o‘31211\o‘3w21‘0
Word Address n+t7 | n+6 n+5 n+t4d | n+3 nt+2 n+1 n+0
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Video Signal Generation

A GVAC performs parallel-to-serial conversion on
32-bit data read from frame buffers using the shift
register, and produces 4-bit video signals (VIDEOA
-VIDEOD).

The GVAC recognizes the cycle in which display
data is read from frame buffers by memory cycle
(MCYC) and memory read (MRD) signals from
the ACRTC, display cycle (DSPCYC) from GMIC,
and access mode (AM) signal externally set. The
GVAC then latches 32-bit data supplied from FD,-
FD;, pins.

The latched display data is fed to the shift register
on the falling edge of the dot clock (DOTCK) when
the shift load (SLD) input is asserted. This data is
then shifted on the falling edge of the dot clock

As seen in figure 8, 32-bit display data is output
sequentially to four video signal pins one bit by one
bit per dot clock (DOTCK).

® VIDEOA : 32 bits of FD,-FD;,
® VIDEOB: 24 bits of FD,-FD;,
® VIDEOC: 16 bits of FD,s-FD;,
® VIDEOD: 8 bits of FD,,-FD;,

Using the display timing signal (DISP) from the
ACRTC. 4-bit shift register output data can be
masked. That is, while DISP is asserted, shift
register output is provided as video signals. and
while it is negated, shift register output is held low,
and video signals are not output. The required
number of dot cycles per display cycle is the same
as the shift length value set by the operation mode
(MOD1, MODO).

(DOTCK) when shift clock enable (SCKE) is Table 19 shows the dot clock cycle count per
asserted. display cycle vs operation mode ‘MOD1. MODO).
Table 17. GVAC and Frame Buffer Pin Connection, MODI1, MODO = 10 (8 Bits/Pixel, 8-Bit
Shift Mode)
T H [ [ ‘ ‘
FIFIFIFIFIFIEIFIFIFIFIFIFIFIE|FIF|F|F FFFFF’FFF’F.F!FF
GVAC 0/PIDIDIDDIDIDIDIDID(ID/DID|D|DIDID|D|D|D|D|D!D|D|D|D|D{D|DiD|D
31130129|28127|26|25|24123|22(21(20(19(18(17|16]15] 14131211 |10 9|8 7i6 5/4/3|2|1/0
S
Bit Plane No. 3 2 1 o
1| Pixel No. 1]01]01[01]01io1]o1]o1[o1]o1]o1}o1[01[0110!1[011[0
Word Address n+3/n+2|n+1{n+0|n+3|n+2|n+1|n+0|/n+3|n+2|n+1in+0[n+3 n+2]n+1jn+0
Bit Plane No. 7 6 5 4
2 | Pixel No. 1le[1]of1]o]1]o[ o1 ]o[1]o[7]ol1]o]1]0 1Jof1]Jol1[o]1]o]+ ol 0
Word Address n+3in+2 n+1ln+0 n+3|n+2 n+1/n+0[(n+3in+2 n+1 n+0in+3|n+2 |n+1|n+0

Table 18. GVAC and Frame Buffer Pin Connection, MOD1, MOD0 = 11

(8 Bits/Pixel, 16-Bit

Shift Mode)
T ‘ I T { [ I
FiFIFIFIEFIFIFIFIFIEIEIFIE|FIEIEIfIEE(FIF|FlE(Elr|r FiElFIF]F
GVAC DIbIDIDIDIDIDIDIDIDIDIDIDIDID|D|D|D|D|DIOIDID|D|DID|D|D|DDID|D
31130/29128,27/26|25 24|23 |22 211201191817 1615|1413 12|11 |10 8 18| 76 |5 | 4| 3|2 | 1| O
o LT
| Bit Plane No. 1 9]
1 | Pixel No. 1]o]1Jo[1]o]1]o]1]0]1]0]1]0 1Jo[1fo[1fo1 o[ ]o]1]o[1]ol1]0/1]o
Word Address n+7[n+6[n+56/n+4 n+3[n+2 n+1|n+0 n+7|n+6|n+5 n+td|nt3 n+2[n+1][n+0
Bit Plane No. 3 2
2 | Pixet No. 1}01]01[01]01]01(01[01]01]01]01]01]’01Io[1]o]1]o}1]o

Word Address

nt7 | n+6|n+5(n+4 n+3

n+2|n+1[n+0[n+7|n+6[n+5n+4|n+3|n+2[n+1]|n+0

"Bil Plane No. 5 4
3 | Pixet No__ 1]o[1]o]1Jo[1]o]1To]1]o]1 o] 1]o]1i0]1]0 1Jo[1]o]1]o]1]o]1[o]1]0
Word Address n+7/n+6|n+5 n+4In+3 n+2/n+1|n+0|n+7{n+6|n+5/n+4|n+3/n+2/n+1|n+0

Bit Plane No. 7

6

4 | Pixel No. 1o

1Jo[1]o]1]o] 70

1Jo[1fo["]o[1To]1Te]1]0]1]o]1 0] [0]1]0 1]o

»Word Address

n+7n+6{n+5/n+4|n+3

n+2|n+1/n+0[n+7[n+6{n+5[n+4|n+3|n+2|n+1 n+0
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Figure9, 10 and 11 show ACRTC frame buffer
access vs video outputs in single access mode, dual
access mode 0. and dual access model. Super-
imposed display in dual access mode 1 requires that
the window smooth scroll input {WSS) be high.

The GVAC provides display data output se-
quentially from four video outputs VIDEOA-
VIDEOD synchronously with the dot clock while
the shift clock enable input {(SCKE) is asserted.
Figure 12 shows the video signals output in GMIC
divide-by-16 mode, GVAC's MOD1, MOD0 = 01, 32-

bit shift mode. When shift load :SLD! is asserted.
display data {FDs,-FD,' is sent to the shift register
at the rising edge of the dot clock {DOTCK:! to
provide the sequential outputs. That is. video
output A VIDEOA) receives sequential outputs
starting with FD,. and the other video pins receive
display data likewise. Figure 13 shows the video
signals output in GMIC divide-by-4 mode, GVAC in
16-bit shift mode, and the ACRTC set in dual access
mode 0. Figure 14 shows video outputs in the 8-bit
shift mode. with the other conditions the same as in
figure 13.

Table 19. Shift Length and Shift Clock
Shift Dot Clocks/

MOD1 MODO Length Display Cycle
0 o] 16 16
o] 1 32 32
1 0 8 8
1 1 16 16
FD3:—FDo
bit 31 bit O
Latch = =—=——- Display data J
Set timing
DOTCK o1
SID 11— bit 31 bit 0
Shift register ————————- | Shift direction ==——— > J
DOTCK J— I Shif timi bit 16 bit 8 bit O
SCKE I hift timing
VIDEOD
VIDEOC
VIDEOB
VIDEOA
\ /
Video signal

Figure 8. Video Signal Generation
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- Base Display

Window
Display
2cLe WMML/\AMMWMWMWMWWU
mcyc “\_/—\_/'"\_/—LJ‘\_f—\_/—\J—\_/_\_/_\_/_LHLJ_L/—L
ASYNT
DISP
(DISP1)
AS T VAR Vs Ve Wan Ve W
MA/MAD ~F-AX D TD——ED—ED—{ED— B! (O—O—D>—R
MRD
DSPCYC J
FO 06— —E—E)—ED— -
&5 {+0 Scroll)
(SLDB) ! U U 1
VIDEO ; L EDOCBZICEICWI X X“BE\
dot
- [+n Scroli}
(SLDB) L] u [y U]
VIDEO Vo an:vam' I X Y
R Refresh Cycle Bn: Base Display Cycle
A: Attribute Cycle Wn: Window Display Cycle

D: Drawing Cycle

Figure 9. Video Output Timing (Single Access Mode)
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j— o Base Display
Window
Display

2CLk WMMMMMMMMMMMMMJ
meve IS A AT AT AT A AT A AN AT AT
HSYNC

BiSP
{DISP1)
AS nva
ma/map —{EEXD-—ED— D D—{ED>— O—O—D—D—&
MRD
DSPCYC
FD o) —E—O—E)—D)—E)—)—C—p——)— -

&s L*0 Scroll !
(SLBB) 1 I
VIDEO K 81 wi X183\

) {+n Scroltj
{SLDB) u U u U
VIDEO } K81 W X 83 XT84

R: Refresh Cycle Bn: Base Display Cycle
A: Attribute Cycle Wn: Window Display Cycie

D: Drawing Cycle

Figure 10. Video Output Timing (Dual Access Mode 0'
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Base Display
L_ Window Display ————————— =t
2\ ANANANANANNANNN J'\_/'\ML.MJ'\./'\L/
U W W e Wi W W oy gy W ay W sy W an U
HEYNT
&S mY; NS
wi w2 w
MA/MAD —(TD-EXTD—ED—(ID—{ED—o) B >
MRD
DSPCYC
w W,
o — P—@—c?—@—q
[Base GVAC (AM=0) }
oise —t f
(DISP1) ] |
[+0 Scrofl]
SLD
(SLDB} Y
VIDEO £ B1 B7 1 X B3 )Y
[+n Scrol] - dot4
SLD
(SLDB) u u L
VIDEO ABT B : X B3 : ) G
[Window GVAC (AM - 1) ]
DISP
(DISP2)
(-0 Scroll]
TLD U
(SLDW}
VIDEO T ) GE—"7] DY
[+n Scroll} " d°“-‘
3D
(SLOW) u '} ]
Wi
VIDEO WZ Y
R: Refresh Cycle Bn: Base Display Cycle
A: Attribute Cycle Wn: Window Display Cycle

D: Drawing Cycle

Figure 11. Video Output Timing (Dual Access Mode 1)
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Horizontal Smooth Scrolling

The GVAC performs horizontal smooth scrolling
when the assertion period of the shift load signal
(SLD: is shifted on a dot clock basis. Table 20
shows horizontal smooth scroll dot count vs shift
amount for the shift load signal (SLD) in units of
one dot clock cycle. Smooth scrolling is easily
implemented by specifying the ACRTC's horizontal
smooth scrolling dot (HSD) and sending the
GMIC's SLDB/SLDW signal to the GVAC. HSD
and SLDB/SLDW are discussed in the ACRTC
User's Manual, and GMIC Data Sheet respectively.

Figure 15-18 illustrate video signal outputs for
smooth scrolling vs frame buffer access in each
mode. Video output start timing for display data is
shifted corresponding to the shifted assertion of the
HSD input. This video signal output is ANDed with
the display timing signal (DISP) and two-memory-
cycle delayed (a signal indicating the output enable

period for the video pins'. Therefore. the video
output signal of display data read from frame
buffers by the first display amount. In the last
display cycle of a raster. accessed display data
output bits corresponding to the scrolling amount
are displayed. and the remaining bits are removed.

Horizontal Zoom

Video signals for zooming are obtained when the
period of the shift clock corresponding to the dot
clock is extended by the shift clock enable :SCKE:
input. The ACRTC specifies the zoom scale HZ3-
HZ0). and the GMIC outputs the SCKE control
signal according to the specified zoom scale. SCKE
is sent to the GVACs to implement zooming.
Figures 15-17 show zoom display timing for each
mode. In figure 15. quadruple zoom is performed by
applying the shift clock enable (SCKE . once during
the four-cycle dot clock ‘DOTCK:.

Table 20. Horizontal Smooth Scroll Amount and SLD Cycle Count
MOD Dot count for horizontal smooth scroil Shift
1 0 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 length
0 0 o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
0 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 32
1 0 0 1 2 3 4 5 6 7 Cannot be-used 8
1 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
MOD Dot count for horizontal smooth schrool Shift
1 0 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 length
0 0 Cannot be used 6
o] 1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
1 0 Cannot be used 8
1 1 Cannot be used 16 -
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Base Display
201K WMWWMMMMMWWMMMP
LT W W W W W W W W W W W W e W e
HSYNC
DISP
(DISP1)
e
MA/MAD _[R) (A]FD} [D) (31’ [31 {E‘) (E" {BZ' {32) (82) CD) cD) [D) [R
MRD
DSPCYC
D {i (E- ‘5_1', B?) B', Bl, 82, 82) B2 ('_)- 1D 20
SCKE lnnnnnnafdnnni
SLD
(SLDB)
VIDEO L — g2
R: Refresh Cycle D: Drawing Cycle
A: Attribute Cycle Bn: Base Disptay Cycle

Figure 15. Zoom Display Timing (Single Access Mode, Quadruple Zoom)

Base Display
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mamao L0y )OO h %5053 (OO O % ¢*
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FD £ £ o Bl ¢O B2f  (Of B2\ D4 O4 D (Oh

T — -’ — g - = g W — —y ) — .

SCKe U uuUnU U o
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A . 82—
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R: Refresh Cycle D: Drawing Cycle
A: Attribute Cycle Bn: Base Display Cycle

Figure 16. Zoom Display Timing (Dual Access Mode 0, Double Zoom)
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Figure 17. Zoom Display Timing (Dual Access Mode 1, Double Zoom)
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Absolute Maximum Ratings (Al voltages referenced to Vee = 0V

Item Symbol Rating Unit
Supply voltage Vee —03to +7.0 \
input voltage Vin ~0.3 to Vec +0.3 v
Output voltage Vout 5.5 \
Operating temperature Topr Oto +70 ‘C
Storage temperature Tstr —55 to +150 °C

Notes: Using an LS| beyond its maximum ratings may result in its permanent destruction. LSI's should usually be operated under the recommended
operating conditions. Exceeding any of these conditions may adversely affect its retiabity.

Recommended Operating Conditions (All voltages referenced to Ve = 0 V)

Item Symbol Min Typ Max Unit

Supply voltage Vee 475 5.00 5.25 \

Input voltage low Vie 0 — 0.7 \

Input voltage high Vin 2.2 — Vee \

Operating temperature Topr (o} 25 70 °C
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Electrical Characteristics

DC Characteristics (Vec = 5.0V + 5%, Vss = 0V, Ta = 0°C to +70°C, unless otherwise noted)

Item Symbol Min Max Unit  Test Condition

Input voitage high ViK 2.2 Vee \"

Input voltage low Vi -0.3 0.7 \

input clamp voltage Vi -15 VvV Vee =475V, ln= —18 mA

Output voltage high VoM 2.7 v Vcec = 475V, lon = —400 mA

Output voitage low Vou 0.5 v Vec = 475V, lo. = 8 mA

Input current high K 20 uA Vec =525V, Vi =27V

Input current iow lie —400 xA Vec =525V, Vi =04V

High level output current IcH —_ 100 wA Vce=525V,VI =565V

Output short circuit current los -40 -120 A Vee=5.25V

Current consumption lce 160 nA Vec=5.25V

Input capacitance lin 10 pF

Off-state output current D#Do, lozn 20 pA Vec=525V,Vo = 27V
FDa1-FDo lozL -20 A Vcc=525V,Vp = 04V

AC Characteristics (Vcc = 5.0V £ 5%, Vss = 0V, Ta = 0C to +707C)
32 MHz 48 MH2 64 MHz

No Item Symbol Min Max Min Max Min Max Unit Figure
DOTCK operation frequency f 32 48 64 MHz

@ DOTCK cycle time tc 31.3 20.8 15.6 ns 18

2 DOTCK high level pulse width tHw 12 9 6 ns

3 DOTCK low leve! pulse width tiw 12 9 6 ns

@ DOTCK rise time tr 5 5 5 ns

5 DOTCK fall time tr 5 5 5 ns

® SCKE setup time tscks 6 2 0 ns

72 SCKE hold time tsckh 5 5 5 ns

® SLD setup time tsLos 6 2 0 ns

@ SLD hold time tsLDH 5 5 5 ns

i@ VIDEO delay time tvp 3 24 3 17 3 14 ns

@ 2CLK setup time tacks 6 2 0 ns 19-21
12 MCYC setup time tmeves 30 30 30 ns

13 MCYC hold time tmMeYCH 0 0 0 ns

i@ FD three!state recovery time troR 5 5 5 ns 20

19 FD setup time tros 30 30 30 ns 21

@ FD hold time troH 5 5 5 ns
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AC Characteristics {cont)

32 MHz 48 MHz 64 MHz

No item Symbol Min Max Min Max Min Max Unit Figure
1 D three state recovery time tor 5 5 5 ns 19

@ D hold time tDH 5 5 5 ns

19 FD delay time from D trooLy 30 30 18 ns 20

2 D delay time from FD tooLy 30 30 18 ns 19

20 SEL setup time tseLs 10 10 10 ns 19, 20
2 SEL hold time tSELH 5 5 5 ns

2@ DSPCYC setup time toses 20 20 20 ns 19-21
& DSPCYC hold time tospH 5 5 5 ns

2 MRD setup tMRrDS 20 20 20 ns

2 MRD hold time tMROH 10 10 10 ns

2> DISP setup time toisps 20 20 20 ns 21

T
3 2
8 O

DOTCK

SCKE

2]
=
=)

VIDEO

(o)

LN

©

Figure 18.
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DOTCK
an 1"
20k s [
13 | az Eo;l
Meve — \
FDO- FD31 (
] 20 | @
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o | ﬁ——@( @
SELO- SEL2 p 4 D 4
3 ell @
DSPCYC ———_)] —_F-
' [ 2
— el
MRD =4 X
Figure 19. Drawing Read Cycle
DOTCK
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Figure 21. Display Cycle
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(a) Totem Pole Output

{(VOUTA ~VOUTD)

Vee

RL=2K¢Q

Test Point

—
CL=40pF

note: All diodes are

(b) Three State Output
(Do ~D;. FDo~FDy)

Test Point
O

77

1S2074:H''s or the equivalent.

Vec

6672

S

tpa tez tenz tez tezn

S, ON ON ON ON OFF

S. ON ON ON OFF ON
Figure 22. Test Load Circuit

=== = Vi(3V)

Input
mput YA TNY Ao Vi (OV)
PZL Pz
1.3v
Output Output PZH -2 25V
Enable —y =
(Disanable) v
1.3v 1PHZ
Figure 23. Input/Output Waveforms
Reference Literature
Product Data Sheet User's Manual Application Note Others
HD63484 ACRTC E-0045A 680-1-31A Introduction to ACRTC Programming Reference
Application 680-3-08 AD-EQ032A
Circuits Software
680-3-07
HD63485 GMIC AD-E0122 — —_—
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