HD64400 GDP

Graphic Data Processor

Description

The HD64400 is a graphic data processing chip
with high-speed drawing functions and an
extensive set of display functions.

It can control a wide range of raster-scan CRT
displays, ranging from low to high resolution, and
can display up to four overlapping hardware
windows.

Drawing commands include commands for
drawing high-speed graphics, for text drawing on
bit-mapped displays, for high-speed bit block
transfers (BitBlt), and for enlarging, shrinking, and
rotating images by arbitrary amounts.

Features

Display Functions

Hardware windowing: up to four overlapping

windows, one of which can be superimposed

« Multiport DRAM interface functions, supporting
realtime read transfer

- Smooth scrolling, with independent vertical and

horizontal direction

Graphic cursor and cross-hair cursor

Two memory access modes: single access and

dual access

« Three scan modes: noninterlace, interlace sync,

interlace sync & video

External synchronization: master/slave, or TV

sync

« Laser printer interface

Drawing Functions

« High-speed drawing. Speeds of representative
commands at 4 bits/pixel are listed below (frame
buffer data bus width—32 bits; clock rate—20
MHz):

— Line: 200 ns/pixel (any direction)

— Fill: 25 ns/pixel (single color)

— Text: 37.5 ns/pixel

— Copy (BitBly): 75 ns/pixel (copy)

+ Drawing versatility

— Thick lines can be drawn using arbitrary pel
shapes (up to 32 x 32 pixels).

— Line style information can be stored on-chip
RAM (up to 1024 bits).

— Areas can be tiled with arbitrary (binary or
color) patterns. Patterns can be stored in on-
chip RAM (for fast access) or the frame
buffer (for large patterns), or in both
locations.

— Raster operations: 20 arithmetic and logic
operations; 20 enable/disable conditions.

— Hardware converts between binary and color
data.

— Drawing area control: area detect, clipping,
picking.

« High-level command language

— The command language conforms to VDI
(CGI: ISO TC97/SC21 N1179, May 1986)
and provides 11 line drawing commands, 7
fill commands, S text commands, 3 image
commands, 17 interface commands, and 7
auxiliary commands.

— Characters can be rotated, enlarged, or
modified for proportional spacing, kerning,
italics, etc.

— Image commands include enlargement and
shrinking with interpolation to preserve true
shapes.

System Interface Functions

The MPU can access the frame buffer directly.
The bus interface supports both 68000/68020 and
80286/80386 MPUs.

- Large frame buffer address space (maximum 512
Mbytes).

The GDP can draw graphics in system memory.
Fifteen interrupt factors; interrupt vector output;
on-chip bus-error handling.

» Color plane features: read/write masks, plane-to-
plane copy
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HD64400

Pin Arrangement
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(Top View) (Bottom View)
135-Pin Ceramic PGA (PC-135)
Pin Configuration
Signal Pin Code | Signal | Pin Code | Signal | Pin Code |Signal Pin Code
Do D-2 DREQ | G-1 MD, |H-2 AFBR N-10
D, E-3 DACK | H-1 MD, |H-3 HALT P-11
D, B-1 DONE | J-t1 MD, J-2 HALTA N-11
D, A-1 MD; |K-1 SBREQ M-11
D, c-2 MA, | A-13 MD, |K-2 SBACK P-12
Dg B-2 MA, B-13 MDs; [L-1 RETRY N-12
Dsg A-2 MA, | A-14 MDs |L-2 BERR M-12
D, c-3 MA; | D-12 MD, M1
Dg B-3 MA, Cc-13 MDg |N-1 CLKIN B-9
Dy A-3 MA; | B-14 MDg |M-2 SCLK A-10
D1o B—4 MAs | D-13 MD,, |L-3 MCYCH1 A-11
Dy4 A-4 MA, C-14 MDy, |L—4 MCYC2 B-10
D12 B-5 MAg | F-12 MD,, |P-1 —
Dia A-5 MA, | E-13 MD,; |N-2 STB A-9
Dy4 Cc-6 MA,, | D-14 MD,, |P-2 FBSO P-13
Dis B-6 MA,, | F-13 MD,s [M-3 FBS1 N-13
p— MA,, | E-14 MD,g [N-3 FBS2 P-14
RES A-8 MA,; | F-14 MD,, |P-3 FBS3 L~11
Ccs C-1 MA;, | G-13 MD;g {N—4
RS1 E-2 MA;s | G-14 MD,y |P—4 Veet, Vee2 F-3,C+4
RS2 D-1 MA;s | H-14 MDy |[M-5 Vee3, Vood A-6, C—10
RW F-2 MA;; | J-14 MD,, [N-5 VoS5, Vocb E-12, J-12
DTACK F-1 MA,s | H-13 MD,, [P-5 Vee7, Voo8 L-12, P-10
IRQ E-1 MA;s | H-12 MDy; |M-6 Vee9, Vee10 M-7, K-3
JACK G-2 MAy, | J-13 MD,, |N-6 GND1,GND2 | G-3,D-3
MA,, | K-14 MD,s |P-6 GND 3,GND 4 C-5, A-7
HSYNC/EXHSYNC | B-8 MAy, | K-13 MD,s |P-7 GNDS5,GND6 [B-7,C-7
VSYNC | B-11 MAy; | L-14 MD,; |[N-7 GND7,GND8 | C-9, C-11
EXVSYNC/ACT | c-8 MA,, | L-13 MDps |P-8 GND 9,GND 10 | D-11, G-12
DISP1/EXDISP | C-12 MAys | M-14 MD,g |N-8 GND 11, GND 12 [K-12, M—10
DISP2 B-12 MAys | N-14 MD3, |P-9 GND 13, GND 14 | M-9, M-8
CcuD A-12 MA,, M-13 MDj3; |N-9 GND 15, GND 16 | M—4, J-3
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HD64400

Pin Description

Type Symbol Pin Name I[e] Function
Power Vee Power Supply — +5 V power supply
GND Ground — Connected to system ground
Clock CLKIN Clock In I Max. 40 MHz clock input (50% duty ratio)
SCLK S Clock o Reference clock output
MCYC1 Memory Cycle 1 o Indicates frame buffer memory access timing
MCYC2 Memory Cycle 2 o] 90° phase delay with respect to MCYC1
MPU Bus Do—Dys Data Bus 3-state Used for data transfer between the GDP
Interface I{e] and MPU
MPU Bus RES Reset I External input that resets the GDP.
Control (1) The entire intemnal state of the GDP is reset.
Display and drawing operations both abort.
(2) During RES input the GDP outputs DRAM
refresh addresses at the MA pins specified in
the refresh address output position (RAP)
field. HSYNC remains low during this interval.
(3) The following registers are affected by RES
input.
Register Effect of Reset
Address/Write FIFO  WFC is reset to
Count Register “100000," indicating write
(AWFCR) FIFO is empty.
Status Register (SR) UDP, CED, WFR, and
WFE are set to "1;" other
bits are cleared to "0." SR
-value is H'8023.
FIFO FIFO is entirely cleared.
Commands, parameters,
and data in write FIFO
and data in read FIFO are
all lost.
Command Control SRES is setto "1;" all
Registers other bits are cleared
(CCRO, CCR1) to "0."
Interrupt Enable Al bits are cleared to "0."
Register (IER)
Operation Mode EXS is cleared to "00;"
Registers STR, LBP, and EXSP are
(OMRO, OMR1) cleared to "0." Other bits
are not affected.
Display Control DSPE is cleared to "0;"
Registers other bits are not affected.
(DCRO, DCR1)
Interrupt Vector Initialized to H'000F.
Register (IVR)
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HD64400

Pin Description (cont)

Type Symbol Pin Name 1] Function
MPU Bus RES Reset | (4) Registers other than those listed above are
Control not affected by RES input.
cs Chip Select | Used by the MPU and other system devices to
select the GDP. The GDP's internal registers can
be written and read only when CS is low.
RS1, RS2 Register Select | Input signals that select internal registers in the
1&2 GDP. Registers are accessed as indicated below.
RS2 RS1 R/W Register
L L L Address register
L L H Address/write FIFO counter
register
L H L Status register clear register
L H H Status register
H L —  FIFO entry
H H —  Control registers
RW Read/Write | Indicates direction of data transfer between GDP
and MPU. _
(1) Read: When R/W is high, GDP transfers data
to MPU. _
(2) Write: When R/W is low, MPU transfers data
to GDP.
DTACK Data Transfer 3- Indicates completion of data transfer.
Acknowledge state Used for data transfer contro! with
output HD68000 and other devices having an
asynchronous bus interface.
RQ Interrupt Open- Notifies MPU of command termination,
Request drain undefined commands, etc.
output
IACK Interrupt | Notifies GDP that current system bus
Acknowledge cycle is an interrupt acknowledge cycie. When it
receives this signal, the GDP sends its interrupt
vector number to the MPU.
DMA DREQ DMA Request (o] Requests a DMA controller to perform a DMA
Control transfer of commands or data.
DACK DMA | Reply from DMA controller to DREQ
Acknowledge
DONE Done Open- indicates end of DMA transfer.
drain
f{e]
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HD64400

Pin Description (cont)

Type Symbol Pin Name Vo Function
Display HSYNC Horizontal o Horizontal synchronization output signal
Control or Sync or (master or slave mode)
EXHSYNC External Horizontal synchronization input signal
Horizontal Sync (TV synchronization or laser printer mode)
VSYNC Vertical Sync (o] Vertical synchronization signal
EXVSYNC External Vertical lle] Vertical synchronization signal.
or Sync or When the GDP operates in master mode,
ACT Active EXVSYNC is an output pin. The shape of the
EXVSYNC output depends on the scan mode as
follows:
(1) Non-interlace mode
Same output waveform as VSYNC.
(2) Interlaced sync or interlaced sync and video
mode
Odd fields of VSYNC, output separately.
If the active (ACT) bit in command control register
0 (CCRO) is set to "1, this pin outputs a signal
notifying external devices of the operating status
of the drawing processor.
DISP1 Display Timing 1 e In CRT display mode, an output signal indicating
or or External the display timing. In laser printer interface
EXDISP Display Timing mode an input signal requesting display address
output.
DISP2 Display Timing 2 Output during display of the superimpose window.
cuD Cursor Display Displays a cursor on the CRT.
Frame MDy, to Frame Buffer 3- Data bus between GDP and frame buffer
Buffer MDg;, Data Bus state or system memory.
Control o
MA, to Frame Buffer 3- Address output for access from GDP to
MA,; Address Bus state frame buffer.
output
Frame STB Strobe O Strobe for frame buffer address and status
Buffer Bus signals. Output even while the GDP is halted
Control (while HALTA is asserted).
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HD64400

Type Symbol Pin Name /0 Function
Frame Buffer FBSO to Frame Buffer 3-state  Output signals indicating frame buffer status in each
Bus Control  FBS3 Bus Status output  cycle as follows:
FBS3 FBS2 FBS1 FBSO0 Description
0 0 0 0 Not accessing frame buffer
0 o] (4] 1 Memory write with pixel
address in write-only mode
1 0 Undefined
0 1 1 Executing ADOUT
instruction
0 1 [o] o] Drawing cycle: reading
16-bit word
0 1 0 1 Drawing cycle: writing
16-bit word
o] 1 1 0 Drawing cycle: reading 32-bit
longword
0 1 1 1 Drawing cycle: writing
32-bit longword
1 0 0 [0} DRAM refresh address
output
1 0 o] 1 DRAM refresh output with
common attribute output on
MD pins
1 0 1 0 Undefined
1 0 1 1 Undefined
1 1 V] 0 Display address output for
base window
1 1 0 1 Display address output for
superimpose window
1 1 1 0 Undefined
1 1 1 1 Undefined
Bus Switching AFBR Advanced Frame o Output signal notifying other devices of request for use
Control Buffer Request of frame buffer bus.
HALT Halt | Input signal that halts drawing and other operations by
GDP.
HALTA Hait Acknowledge (0] Output signal notifying bus requester that GDP has
released frame buffer bus.
SBREQ System Bus Request O Signal output by GDP to request use of bus for system
memory access.
SBACK System Bus | Input signal that notifies GDP when system bus is
Acknowledge released.
RETRY Retry 1 Input signal requesting repetition of drawing cycle
when system memory access time is slower than
GDP’s memory cycle.
BERR Bus Error | Input signal that notifies GDP of bus errors occurring
during system memory access.
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HD64400

Functional Description

Item

Description

Clock Frequency

20 MHz (max) or 16 MHz (max)

Frame Buffer Space (full bit-mapped)

512 Mbytes (max)

Display
Functions

Hardware windows

Max. 4 overlapping windows (specified priorities),
1-window superimpose

Display Frame buffer
control access

Single access, dual access

Smooth scroll

Supported in any direction

Graphic cursor

Graphic or cross-hair cursor position signals

CRT scanning
system

Non-interlace scan, interlace sync, interlace sync & video

Multiport DRAM interface

Realtime data transfer supported

DRAM refresh

10-bit address

External synchronization

Master-slave, TV sync

Laser printer interface

On-chip printer synchronization functions

Drawing
Functions

Command Line 1 Command set conform to GKS (GCl)
set Fill 7

Text 5

Image 3

Interface 17

Auxiliary 7
Drawing Line 200 ns/pixel (any direction)
speed Fill 25 ns/pixel (solid-color fill)
(Max.) .
(4 bits/pixel) Text 37.5 ns/pixel

BitBit 75 ns/pixel (copy)

Coordinate systems

X-Y addresses (3 independent coordinate systems
definable) and physical addresses

Color representation

Monochrome (binary) and color (1, 2, 4, 8, or 16 bits/pixel)

Drawing
Functions

Drawing Mapping condition
modes modes

8 modes (color— binary)

Color modes

4 modes (binary —color)

Operation modes

16 logic operations, +4 arithmetic operations

Color comparison

14 register comparisons, + 6 transparent modes

modes
Logical pel modes 2 modes, pel definable up to 32 x 32 pixels
Area modes 2 modes (graphic clipping, area detect)
Character area 3 modes (character clipping, area detect)
modes
Pick mode 1 mode (picks graphics and text)
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HD64400

Functional Description (cont)

Item Description
Tiling Tiling pattern can be stored in on-chip RAM or frame
buffer
Line style information Up to 1024 bits specifiable in on-chip RAM
Image operations Enlargement and shrinking with any zoom ratio (with
interpolation) rotation through any angle
Character attribution Proportional spacing, italic, enlargement, text path
System MPU interface (16-bit) Supports H16/H32, 8086, and 68000 families
Intertace MPU access to frame buffer On-chip halt function
GDP access to system memory Font handling etc. (bus attribution functions)
DMA transfer PUT/GET commands
Command transfer methods 3 methods (program /O, DMA, batch transfer
Interrupts 15 factors, generates interrupt vector
Error handling Saves address information and command code
Color plane features Read and write masks, plane-to-plane copy
Process 1.0 CMOS
Supply Voltage Single +5 V supply voltage
Package 135-pin PGA
Block Diagram
— > AFBR
DREQ ¢— HALT
— DMA Control —> HALTA
DONE ¢ Unh Bus Control > SBREQ
DACK € Unit SBACK
Drawing RETRY
R . Processor BERR
N Interrupt Y MAg to MAS,
TACK Control Unit » MDg to MDg3;4
> STB
> MCYC1, MCYC2
Do to D54 1 N > SCLK
— - CRT Intert —> FBSO0 to FBS3
Displa isplay lddn@ BS
cs MPU Prg%esysor ¢ —> EXVSYNC/ACT, HSYNC/EXHSYNC
RS1, RS2 Interface T > VSYNC
R/W — —> DISP2
— ;lmlng > TUD
DTACK rocessor —> DISP1/EXDISP
RES CLKIN Vog GND
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HD64400

.
Registers
9 [}
15 0
Address/Write FIFO Counter 1
Status Register Clear
[ Status
! FIFQ Entry,
Write FIFO (32 word)
!— Command Control ‘
Interrupt Enable
Control 4 L Tnterrupt Vector |
Registers
|—- Operation Mode J
[ Common Attrioute ] l Read FIFO (8 word)
F Display Control 1 ’
Raster Count Interrupt Condition
[ Raster Count
r~ 31
o window 1 Timing Control
- User Programmabile 1) Pattern
2) Pel
N 3) Line Style
- Window 2 Timing Control 4) Stack
o 31 0
Color O/Fill Color
- Color 1
o Window 3 Timing Controt Color Comparison
- Edge Color/Mapping Color
Timing Read Mask
Control r Write Mask
Registers | I~ Window 4 Timing Control L Area Definttion
Horizontal Sync Width - Drawing Mode
Verticai Sync Width — -
2 Pattern Definition/ROM Version
Horizontal Cycle
Vertical Cycie Internal RAM Address
Cursor Definftion
- Graphic Cursor L
r Pattern RAM Control
= Shift Offset
o Window 1 Display Control Pel RAM Control
| - Pel RAM Control
o Window 2 Display Control Drawing [
- Parameter L
pisplay | Registors o Line Style RAM Control
Address || " b
Control window 2 Display Control
I window 4 Display Control 8
Address Increment Mode r Front Area Definition
| MPDRAM Address Output Condition C
r Drawing Start Pointer
r Drawing End Pointer
I  Drawing Address Memorize
Command Memorize
= Drawing End Pointar of SARC
GDP Registers
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HD64400

Address Registers and Interface Control Registers

= I - Register I [
”"”l‘l"”’m. Name Abbr | 7 Tw 1 [v2 (Wi Jw [s [s] 7] €« ]8T4 31311 [ o]ocn]Lie]
7 = _ p - P
o |0 AR - G to U] NG : ? )
o 1__|AWFCR INC R R
, [o_|skeR XECL ol o
1_[sR | XER | R R
[ FE e | o
1002 Gau o [ o
004 S ) [ ]
1006 XEE ol o
1008 ol o
o |1 1 110 {rO0A ton mode OMRO CcSK o o
woc__| OP OMR1 N ol o
‘ r00E | Common attribute CATRR = o o
| 010 ! DCRO o[ x
| L
| o1z | Diepiay conwol DCR1 o | x
| r014 Raster counter interrupt condition RCCR o o]
\ 1__|ro18 Raster count RCR R R
} ol )
‘ 1 - © Reserved - -
rOFE
Notes: 1. In sefing these registers, write "0 in the shaded bits. {These bits have undetermined vaiues when read.)
2. Do not read or write registers r018 to OFE. (These registers have undetermined values when read.)
3. Meaning of symbols:
®: Must aiways be sel (although this does not mean the vaiue is aways necessary)
O: Must be setif the comesponding functon is used.
X: The laser printer mode uses window 4, regardiess of the setting.
R: Read-only
Timing Control Registers
= — Register [ Dute
CS | Ro2[ R%1 | AW [T Niame [ I 20 OO T O I T )
100 Horizontal display start | HOB1
102 Horizontal display width 1 HOW
r104 | W9 1 ygrical dispiay st 1 T
108 Verical dispiay width 1 VOw?
108 Horizontel displey start 2 HD62 !
10A Horizontel dieplay width 2 v o x
{=—— Window
ToC 2 Vertial dpioy wan1 2 [
o |1 |+ |wo [m0E Verical width 2 vowz
110 Horizontal displey start 3 HOBY
m2 Horizontal display width 3 HOWY o' X
ri1a | W% 3 Ty orical displey st 3 vom
116 Verical diaplay width 3 vows
118 Horizontel displey start 4 HDS4.
(1A Horizontl dispiay width 4 HOW ol x
1G] Wn9ow 4 I Voracal dispiay s 4 VoG
E Vertical display width 4 )
)
1 - © - -
M3E
(140 x
r142 L
ra4 E
1146
o 1 1 170 |r148 x
r4A
L3 al
r14€
150
ns2
1 - © Reserved - -
n7E

Notes: 1. In setting these registers, writs “0° in the shaded bits. (Theae bits have undetermined values when read.)
2. Do not read Or wrie regisiers 1120 10 r13E or r152 1o r17E. (These regisiers have undetsrmined vaiues when read.)
3. Meaning of symbols:
@ : Munst sways be set
X : }Fednot be set
A': Must be set it the cursor is used

O Nead not be set for undispiayed windows (If thers is no dispiay, no settings are required.)
©O2: Need not be set if static memory is used
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HD64400

Disptay Address Control Registers

S | rsz| Re1 [RW Rogister _ Set
No. [Name Abbr. 15 [ | 8T ¢ | s [« 13 [2 T+ T |cAT]LBe
r180 ‘Window attribute control 1] WATRR1 P WATR?
’ 1
:::‘z w o | Momory width 1 MWR1 1 o x
iea Start sddross 1 SAR1 SAH:
1186
1188 Window atirkasie control signal 2| WATRR2 WATR?
1188 | now 2 [ Memory width 2 MWR2 1 ot | x
nec Start address 2 sanz S
0 1 1 10 |MB8E
1190 ‘Window airibune control sipnal 3| WATRRY WATRY
'::f W 3 [ Memory width 3 MWR3 ! ot X
LAk Start sddrens 3 SARS SAG
r196
1198 Window airioute control signel 4 | WATRR4 WATRS
v:; Wi + [ Memory width 4 MWR4 : 1 o! ®
ALY Start address 4 SARs At
9
)
1 - © Resarved - -
BE
11CO | Addrass increment mode ADIR 1 SOA i DAt [ [
o |1 1 | w0 frica | MPORAM | Base window despiay address
BOCR 80C
address  [-OTBACondEn a? | x
nce Supedmpose window desplay
ouput
condition lﬁ‘s Ul condiion SOCch SOC a2
11C6
1 - © Raserved - -
AFE
Notes: 1. In seting these regisiors, write “0" in the shaded bits. (These bits have undeiermined vakues when read.}
2. Do not read or write registers r1A0 1o r1BE or r1C6 10 r1FE. (These registers have undetermined values when read.)
3. Meaning of symbols:
@ Mustaiways be set
X : Nead not be set
O Need not be set for undispixyed windows (Hf there is no dispiay, N settings are required.)
A2 Must be set if multiport memory is used
A3 Must be set if multiport memory and superimpose window are used
Drawing Parameter Control Registers [0}
|
N ANy Register Oata
Register No.
°d Name Abbr. 5] 12] wlwle II‘IIGI!I‘[ﬁ[lI'IﬂJ]
00 CLOR/ CLORFCLH
w lor 0/fill cok
o R, Color 0/fill color FCLR CLOUFCLL
02 CLIH
R 1
g W Color CLIR cLIL
04 RW Color comparison cCMPR COMPH
o5 COMPL
06 EDGR/ EDGHMAPCLH 1
07 R W Edge color/mapping color MAPCLR EDGUMAPCLL
08 RMASKH
R.W Read mask K
) ead masl RMASKR RMASKL
0A WMASKH
WMASKR
) R.W Write mask WMASKL 1
oc XMIN |
0 RW Area definition AOR YRIN :
OE XMAX i
OF YMAX ]
10 PICK] | AREA Tcam | [ PEL_ | 1 coL 1
1 MAP I COMPM I OPM
2 R.W Drawing mode DMR oM MW
13 SM SMW
14 R W Partern definition PDR M, PNW
15 R ROM version RVR I RY
16 RW | RAM IRAR BAd
17 3 Internal address RAL |
18 SSAH
19 Start address SSAR SSAL T 1
RW Stack
1A [ Area definiion SADR SAOH |
18 SADL I i
1c
10 Reserved
21
Notes: 1. In setting these registers, write “0" in the shaded bits (These bits have undetermined values when read.)
2. Do not write to register No. 15 (which 1s a read-only register) Do not read or write register Nos. 1C to 21. (These registers have undetermined values when read.)
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HD64400

Drawing Parameter Control Registers (2)

Register Deta
Register No.
Name Abbr. B 1e 13 [12] nlw] o6 765 e s]2]1]ce
22 PSX
23 PSY
24 RW Pattern RAM control PRCR PEX
25 PEY
:: Reserved
28 AW Shifi offset | soFsr [ SOFS
29 Reserved
2A RW [ Pet RAM address [PaR 1 T PLA {PLD)
8 Reserved
2C PLX1
2D PLX2
tr
e AW Pel RAM control PLCR o,
2F PLY2
30 LsP
31 . LSS
32 RW Line style RAM control LSCR 3
33 LS2C I T ]
34 FSAH
35 FSAL -
36 R 1 FBNH
37 FBNL
38 T FAMW
:: RW Fontarea definition FADR T IOFS =
38 1 FSY
bX
30 oY
3E [ csx
F | csY
Notes: 1. in setting these registers, write "0" in the shaded bils. (These bits have undetermined values when read.)

2. Do not read or write register Nos. 26, 27, 29, and 2B. (These registers have undetermined values when read.)

Drawing Par

Control Registers (3)

Register Data
Res [ Name [ Abbr. TsTwlal2] n]w] s s 7] e]s]a [s]2]1]e
40
o Reserved
A7
48 DSPX
29 R Drawing start pointer DSPR 0SPY
4A . . DEPX.
) A Drawing end pointer DEPR DEPY
4C _ . DRADH
D R Drawing address memorize DRADR DRADL T Tow
4E R Command memorize CMDR CMD
4F
o Reserved
51
52 . ) [ DEPSX
5 R Drawing end pointer of SARC DEPSR [ DEPSY
54
to Aeserved
57
58
o Undefined
FF

Notes: 1. Shaded bits have undetermined values when read.

2. Do not write 1o register Nos. 48 10 4E or 52 1o 53.

3. Do not read or write register Nos. 40 10 47, 4F 1o 51, or 54 1o FF. (These registers have undetermined values when read.)

4. An execution error occurs if register Nos. 40 to FF are written or register Nos. 58 to FF are read.
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HD64400

Commands (1)

! Mnemonic | Command Operation Code Parameters Words |

i LINE Line 1000 10000 {0000 {0008 | Xs, Ys. Xe, Yo s
RCT Rectangle 1000 10010 10000 {0008 | X;. Y. Xz, Y2 s i
PLL Polyline 1000 | 1000 | 0000 10008 [n. X,. Y, . Xn, ¥n 2420
DPLL Disjoint Polyline 1000 31010 1 0000 EOOOB n X;, Yy ... Xn, Yn 2+2n

; SPLL Short Polyline 1001 10010 : 0000 0008 {n. X. Y. {{dX:, dY:). ... (dXn, DYn)) 2@

Line | PLG Polygon 1001 EOOOO 10000 EOOOB n X, Yy .. Xo. Yn 2+2n
CRCL Circle 1010 11000 | 0000 ;0008 | Xc. Yc, A, B 5

: ARC Arc 1010 11010 + 0000 :000B | Xc, Yc. A, B, DXs, DYs, DXe, DYe 9
ARCC Arc Close 1011 1100CT ;0000 :000B | Xc, Yc. A, B, DXs. DYs, DXe. DYe 9
SARC Single-stroke Arc 1011 E101C : 0000 EOOOB Xe. Yc, a, b, Xs, Ys, DXe, OYe 9
DOT Dot 1001 11000 0000 ;0008 | X, Y 3
FRCT Filled Rectangle 1000 10110 1 POOC 10008 | X,, Y., X5. Y s
FCRCL | Filled Circle 101071100 | POCO 10008 | Xc, Yc, A, B B
FFAN Filled Fan 1011 {110CT | POOO |00CB | Xc. Yc. A, B, DXs, DYs, DXe, DYe 9

Fill PAINT Paint 1001 1 110E . P000 :0008 | Xs. Ys 3 :

‘ SEARCH | Search 1000 $11TE | 000C |000B | Xs. Ys 3
FTRAP Filled Trapezoid 1001 10100 :PSCO0 10008 | X, Y,. Xp, Yz X3, Y3, X4. Ya. Ys. Ye 11
FHLINE Filled Horizontal Line 1000 10100 P000 1C00B | Y. n, X. ... Xn 3+n

Notes: @: DIR: Searchrightif DIR = 0, left if DIR =1
2 4+ (n/2)7
Words: Number of words in command and parameters
B: Breakpoint bit
CT: Sector if CT = 0, segment if CT = 1
P: Tiling pattern it P = 0, solid color fili if P = 1
E: If E = 0, boundary color is color in edge color register
If € = 1, boundary color is color other than color in edge color register
C: Counterclockwise if C = 0, clockwise it C = 1
S: Fill sides if S = 0, do not fill sides if S = 1

Commands (2)

T Mnemenic' Command Operation Code Parameters Words
TEXT Text 0111 10SDOC | 0000 ;0008 | X, Y. n, CN, .. CNn 4en
ATEXT | Append Text 0111 ;1SDO | 0000 0008 | n, ON: ... CNn 2.n
Text | TEXTSP | Text with Space 0110 11SDO | 0000 0008 | X, Y, n, CN., DX:. DY, ... CNn, DXn. DYn 4430
ATEXTSP | Append Text with Space { 1101 ':1SDO 10000 !000B | n, CN., DX, DY. .. CNn, DXn, D¥n 2+3n
CHR Character 0110 10SDO | 0000 0008 | CN 2
COPY Copy 111@ | DSDO | 0000 0008 | Xs, Ys, DX. DY, Xd, Yd 7
image | ZOOM | Zoom 1101 10010 10000 |000B | Xs, Ys, LSX, LSY, Xd, Yd, LDX, LDY 9
ROT Rotation 1101 10100 10000 {0008 | Xs, Ys, LSX, LSY, Xd, Yd. LDXx, LDXy, 11
: : : LDYx, LDYy
PUT Put 0101 1110M | 0000 ;0008 | X. Y, DX, DY, D; ... Dn 5.
GET Get 0101 | 111M 0000 {0008 | X, Y. DX, DY 5
ORGD Origin of Drawing 0000 10110 | 0000 0008 | AH, AL. X, Y 5
ORGS Origin of Source 0000 : 1000 | 0000 0008 | AH, AL, X, Y s
:’a‘:;" ORGP Origin of Pattern 0000 §1o1o goooo ';ooos AH, AL, X.Y 5
LDPR Load Parameter Register | 0001 11100 0000 ;000B | RN, AH. AL. n 5
STPR Store Parameter Register| 0001 11110_; 0000 {0008 | RN, AH. AL.n s
| WPR Write Parameter Register | 0001 10110 ; 0000 10008 | AN, D. ... Dn.n 3+n
,_viprR Read Parameter Register; 0001 ;1010 iOOOO 10008 iRN. n 3
Notes: @: SSD: Horizontal if SSD = 0; vertical if SSD = 1

Words: Number of words in command and parameters
B: Breakpoint bit
SD: Lett-to-right f SD = 00, up # SD = 01 {rotated 90°), right-to-left if SD = 10 (rotated 180°), down if SD = 11 {rotated 270°)
DSD: Right-up it DSD = 000, right-down it DSD = 001, left-up i DSD = 010, left-down if DSD = 011, up-right if DSD = 100,
down-right it DSD = 101, up-left if DSD = 110, down-left it DSD = 111
M: Normal transfer if M = 0, convert if M = 1 (PUT—convert binary to color; GET—<convert color to binary)
I Nointerpolaticn if | = 0, interpolate if | = 1
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L= QI # Weweoep ‘0 = (| ji Weweou| :(j
¥q juodyeeig g

sisjaweled pue puUBLLILIOO Ul SPIOM JO JOQWINN SPIOM :S3JON
} 0000 0000: 0400 00L0 puj yoled |  aN3LE
€ W ‘HY | 0000 0000 0000 0010 yieg | HOLvE
€ OH ‘0.H | 8000 0000! 0000 | 0000 guoneiedOON | £dON

€ AP 'XP | 6000} 0000! 0F0} | 0040 09edS Jeleseyd | OJSHHO .__uﬁ
£ A "X €0001 00001 000} | 0040 ubeg Jejoeieyd | NOBHHO
€ @A ‘oX | 80001 00001 OLLO! L0O} eurweund | 3INITO
} 80001 00001 040} 10O} ioeuiune) | WH3L
} €000: 0000: 0040 0000 PUIVNQ WM |  ON3OM
§ 10 °'HA "WV 'HY | 000¢ 0000 | 0041 : 0000 N0 ElRQ/SSeIPPY | 1LNOAY
} 8000} 0000 0400 0000 uonesedo oN dON

b €000} 0000} 0100 1000 HO AeidsiQ | 340dSIO | gog

b g000 0000 0000 | 1000 uo Aeidsiq | NOJSIA | -1y
9 U JQY 'HQV "ISY HSY | 80001 0000 0QIL0 | 1010 Adog yooig | AdOOE
14 UV 'HY | 8000 0000 0400 1010 peeY 00|g aud
ug+y Y@ -- '@ 'u "IV "HY | 6000} 0000 0000} LOLO alM xo0ig mg
SpPIOM Slajauieled _ ovn_vO :o:.ﬁono puewiwo) | diuowauy

(€) spuewwo)
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Examples of Principal Drawing Commands

1. Line Drawing Commands

Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1813  (415) 589-8300

Command Example Command Example
LINE (Xe. Ye) CRCL
(draw line) (draw ellipse) 5
o
(Xc, Yc) A
(Xs, Ys)
RCT (X2,Y2) [ ARC Ve(Xc+DXe, Yc+DYe)
draw rectangle {(draw circular arc) Vs(Xc+DXs, Yc+DYs)
( gle)
L
(X1, Y1) /’
PLL P2 Pn-1 ARCC (CT=0) Ve Vs
(draw polyline) -~ (draw circular y ‘p v
SPLL ‘ sector or b ’
(draw polyline segment) A ' A=B
with short ’ (Xe. Yo) [
segments) P3 4
P1 Pn (CT=1) Ve Vs
Ve
DPLL T leA | A-B
(draw disjoint P3 Pe Pe (Xe,Ye) [
polyline)
§ Q’RC otical Ve Vs
' raw elliptica
Ps — , |™ \LI./-— B\__,_,.-W
" P4 " Pn (Xe. Yoy A ./
PLG ARCC _
(draw polygon) R2 f’"_’ (draw elliptical (CTV—: ) Vs
- sector or W ‘l’
segment) . B B
- - A .
(Xc, Ye) ‘
« > (©T=1)
P1 Pn Ve Vs
CRCL A<B " P .,
(draw circle) X Yo) A 7
DOT
(draw one dot) L4
(X, Y)
G HITACHI
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2. Filling Commands

Command Example Command Example
FRCT (X2, Y2) P.AINT.
(draw filled % (fill arbitrary EDGE COLOR
rectangle) W area)
%
(X1, Y1)
FCRCL
(draw filled FTRAP P
circle) {draw filled ,‘1 P‘f
trapezoid) |
Ye -——7 ;
FCRCL / ///
(draw filled y Y vs =7 7).
ellipse) g |
1iSyvsy P2 Pa
FHLINE
FFAN (fill horizontal
(draw filled (CT=0) Ve v line segments)

circular sector
or segment)

(CT=1) Ve

s
A=B

(Xe, Ye)

v ‘(/{/

(X1,Y) X3

FFAN
(draw filled (CT=0)
elliptical sector
or segment)
(CT=1)

Ve

4{_.(////// /B/{////zx.;\v

(Xe, Yoy A L/

Ve Vs
Vo Y

170
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3. Character or Image Drawing Commands

Command Example

TEXT /ATEXT End Point

(draw character string)
O XNIT —}
DY‘ E X

m DX

T
< oY End Point
(X,Y) DX
CHR
(draw character) csX
CSX
FSX
e
A IFSY A
Character Pattern CPs IOFS
COPY d DSD =000 011
(copy image data)
$55=0 Ay %‘“‘ ),
Nl A { LN
15
EE 3D
- HK

ZOOM
(copy with enlargement
or shrinking)

ROT
(copy with rotation)
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System Overview

Frame Buffer Bus VIDEO
De- ] [ r Frame Buffer
FBSOto FBS3 [ MeoderC
DTSP1 / EXDISP ¢—) 578 — = = conmol
0 3
D%é_ MC:C‘ r F i Address :> E
Movez <:> DotoDy n
SCLK sl |8
P (4]
MA, 10 MA,; 5 ) 3 =
MD, to MD,, K————— O < =NO 39
10 MDy, = DOTCLK
GDP
<—EXVSYNC/ACT
AFBR .
«—{VSWC  HAOT 3 — =
HSYNC, HALTA s LR L
&—EXHSYNC SBREQ €L
=c
SBACK &8 b[— -
RETRY é_‘é
BERR — 2 | FBBus Request
) — = A Adgss
m e :V}\ coer|
DTACK [
— — (2]
—X CLKIN R/W ] 2
— EL 2 &
F;Es? s =l B —>{ Control
RS2 De- [ 1Ok2 o] sk
cs coder— — — = rddress
DDl = B K=D|Dstw0Dy 15
O Ix jw
21218
=) ,I? I System Memor
DMAC MPU
(16/32-b1) B . JgR  (16/32-bi)
BG k— +— +——|sc
BGACK — +— —BGACK
Control C: —1 :’) Controf
Address $ C: [ Address
Doto Dy 1 B KSDiDotoDy(15)
i) L

System Bus

Graphic Processing System Configuration Using GDP (example)
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Absolute Maximum Ratings

Iltem Symbol Value Unit
Supply Voltage Vee* -0.3t0 +7.0 \'
Input Voltage Vin* -0.3to Vgc +0.3 \%
Allowable Output Current lloi** 5 mA
Total Allowable Output Current |Zlo| ™ * 240 mA
Operating Temperature Topr Oto +70 °C
Storage Temperature Taig -55 to +150 °C

*  Based on GND = 0V
*+  Allowable output current refers to the maximum current that may be sourced or sinked at a single output pin or

input/output pin.

**+  Total allowable output current refers to the sum of all currents sourced or sinked at all output and input/output
pins.

Note: Permanent damage to the GDP chip can result if it is used outside its absolute maximum ratings. The chip
should preferably be used in the recommended operating conditions given next. Use in conditions outside the
recommended conditions may adversely affect the reliability of the chip.

Recommended Operating Conditions

1. Recommended Operating Conditions

Item Symbol Min. Typ. Max. Unit
Supply Voitage Vee™* 4.75 5.0 5.25 \
Input Low Voltage \ 0 — 0.7 \%
Input High Voltage \/" 2.2 — Vce \Y%
Operating Temperature Topr 0 25 70 °C

* Based on GND = 0V

2. Timing Measurements voltage level for timing measurements is Vcc —
20V.

The output low voltage for timing measurements is  (For DTACK measurements the high level is

0.8 V. The normal output low voltage remains 24 V)

0.5 V as listed in the DC characteristics. The high

V1
VoH Vo at the Timing Measurements (0.8 V)
Vo at the DC level (0.5 V)
A t
Reference Point
VoL for Timing Measurement
GO HITACHI
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DC Characteristics at Ve = 5.0 V+5%, GND =0V, Ta=0 to +70°C

20 MHz Version

16 MHz Version

Item Pins Symbol Min Max Min Max Unit Conditions
Input High 0,5,0 Vig 2.2 Vee 2.2 Vee \
Voltage
Input Low Vi -0.3 0.7 -0.3 0.7
Voltage
Input Leakage © bin -2.5 25 -2.5 25 HA Vin =0to Veg
Current
Three-State A Iysi -10 10 -10 10 Vin = 0.4 t0 Vo
Input Current
(Off-State)
Output High a,0 Vo Vee — Vee _ " lon = —400pA
Voltage
-1.0 -1.0
[} 2.4 — 24 —_
Output Low 4,0,0 VoL — 05 — 0.5 loL = 2.2mA
Voltage
o, % — 0.5 — 05 loL = 2.5mA
Output IlLop — 10 — 10 KA Von = Veo
Leakage Current
(OH-State)
Input A Cin — 20 — 20 pF Vijp =0V
Capacitance
— 20 — 20 Ta =25'C
Output o, % Cout —_ 18 — 18 f=1.0MHz
Capacitance
Current lec — 480 — 380 mA + Chip not selected
Dissipation « Display on
— 480 — 380 « During data bus read/write
« Display on
+ During command execution
Notes: ©: Input RES, CS, RS1, RS2, R/W, IACK, DACK, HALT, SBACK,
RETRY, BERR, CLKIN
A: Input/output (including 3-state) DgtoDi5, HSYNC/EXHSYNC,EXVSYNC/ACT, DISP1/EXDISP,
MDO to MD31
o: Open-drain input/output DONE
©: Output (including 3-state) DREQ, VSYNC, DISP2, CUD, MAsto MA57, STB,
FBS, 1o FBS;, AFBR, HALTA, SBREQ, SCLK, MCYC1, MCYC2
®: Output (3-state) DTACK
% Open-drain output IRQ
@ HITACHI
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Test Load Circuit A

5.0V
RL
Test Point Signal
ZL:;-B: Q Do-D1s , HSYNC/EXHSYNC,
R=1 o: o EXVSYNC/ACT, DISP1/EXDISP,
c R AITd' o MD,-MD3,, DTACK, DREQ,
S '°7 493 are VSYNC, DISP2, CUD, MA ¢-MA o7,
1820 1 ® or STB, FBS0-FBS3, AFBR, HALTA,
equivalent. SBREQ, SCLK, MCYC1, MCYC2
Test Load Circuit B
5.0V
Test Point 1 RL
IRQ, DONE J
c
RL=1.8k Q
C=40pF

AC Characteristics at Voc = 5.0V + 5%, GND =0V, Ta = 0 to +70°C

Clock and Reset Input 20 MHz 16 MHz
Version Version
No.* Iltem Symbol Ref. Fig.* Min Max Min Max Unit
Input Clock Frequency f 4 40 4 32 MHz
1 Clock Cycle Time toye 25 250 32 250 ns
2 Clock "High" Level Pulse tewcH 8 125 10 125 ns
Width
3 Clock "Low" Level Pulse tewet Fig. 1 8 125 10 125 ns
Width
4 Clock Rise Time e, - 8 - 8 ns
5 Clock Fall Time tey - 8 - 8 ns
6 RES Input Pulse Width tresw 20 - 20 - teye
7 RES Hold Time tResH Fig. 2 8 - 12 - ns
8 RES Setup Time tress 4 - 8 - ns

Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing charts.
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MPU Read/Write

20 MHz 16 MHz
Version Version
No.* ltem Symbol Ref. Fig.* Min Max Min Max Unit
20 R/W Setup Time trws 0 - [ - ns
21 RW Hold Time tawn 0 - 0 - ns
22 RS1, RS2 Setup Time trss 0 - (o] - ns
23 RS1, RS2 Hold Time trsH 0 - 0 - ns
24 €S Setup Time tess 30 - 40 - ns
25 CS "High" Level Width twesH 50 - 60 - ns
26 Data Bus 3 state Recovery to8RT1 0 - 0 - ns
Time 1
27 Read Data Access Time trpaC - 45 - 55 ns
28 Read Data Hold Time troH 5 - 5 - ns
29 Read Data Turn Off Time troz Fig. 3 - 45 - 55 ns
30 DTACK Delay Time (Zto L) totkzL - 45 - 55 ns
31 DTACK Delay Time (D to L) totkoL Fig. 4 [ - 0 - ns
32 DTACK Release Time toTkLH - 45 - 55 ns
(Lto H)
33  CS High to DTACK High teotkz - 50 - 60 ns
Impedance
34 MPU Wait Time tawaT o - o} - ns
35 Write Data Setup Time twos 0 - [} - ns
36 Write Data Hold Time twon 0 - 0 - ns
38 DACK, IACK Setup Time toicss 50 - 60 - ns
to CS
39 DACK, IACK Hold Time toicsH 50 - 60 - ns
to CS

Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing chants.
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DMA Read/Write

20 MHz 16 MHz
Version Version

No.* Item Symbol Ref. Fig.* Min Max Min Max Unit

41 DREQ Delay Time 1 torap1 - 60 - 70 ns

42 DREQ Delay Time 2 toraD2 = 60 = 70 ns

46 DACK Setup Time toaks 30 = 40 = ns

47 DACK "High" Level Width twoAKH 50 - 60 - ns

48 Data Bus 3 state Recovery tosRT2 o] - 0 - ns
Time 2

49 DMA Read Data Access Time toroac - 45 - 55 ns

50 DMA Read Data Hold Time toroH 5 - 5 - ns

51 DMA Read Data Turn Off Time toroz - 45 - 55 ns

52 DMA DTACK Delay Time tooTzL - 45 - 55 ns
(Ztol)

53 DMA DTACK Delay Time tooToL Fig. 5 [¢] - 0 - ns
(Do L)

54 DMA DTACK Release topTLH - 45 - 55 ns
Time (L to H)

55 DACK High to DTACK tooTkz Fig. 6 - 50 = 60 ns
High Impedance

56 DMA Wait Time towar 0 - 0 - ns

&8 DONE Output Delay Time tono - 60 - 70 ns

59 DONE Output Turn Off tonez - 70 - 80 ns
Time (L to 2)

60 DONE Input Pulse Width twone 4 - 4 - teye

81 DMA Write Data Setup towps1 30 - 40 - ns
Time 1

62 DMA Write Data Hold Time 1 towoH1 [o] - 0 - ns

65 DMA Write Data Setup towps2 o - (¢} - ns
Time 2

66 DMA Write Data Hold towpH2 0 - (] - ns
Time 2

67  CS, IACK, Setup Time to teios 50 - 60 - ns
DACK

68  CS, IACK, Hold Time to teion 50 - 60 - ns
DACK

Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing charts.
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Frame Buffer Read/Write

20 MHz 16 MHz
Version Version
No.* ltem Symbol Ref. Fig.* Min Max Min Max Unit
70 SCLK Delay Time 1 (L to H) tscion - 25 - 27 ns
4l SCLK Delay Time 2(Hto L) tsckpz - 23 - 27 ns
72 MCYC1, MCYC2 Delay tmyso 0 10 0 15 ns
Time from SCLK
73 MCYC Phase Difference tMPHS 40 60 45 80 ns
74 Memory Address Turn On tmaza 0 - 0 - ns
Time
75 Memory Address Delay Time tmao 0 25 0 25 ns
76 Memory Address Hold Time tmaH [¢] - (] - ns
77 Memory Address Turn Off tmaaz 0 25 0 30 ns
Time
78 FBS Turn On Time traszF 0 - 0 - ns
79 FBS Delay Time tresD Fig. 7 (o] 20 0 23 ns
80 FBS Hold Time teasH (o] - 0 - ns
81 FBS Turn Off Time teasFz Fig. 8 o] 25 0 30 ns
82 MA, FBS, Setup Time 1 tmMAFBSt 0 - 0 - ns
83 STB Delay Time tsteD Fig. 9 0 19 0 19 ns
84 MA, FBS Hold Time 2 tmares2 [¢] - [¢] - ns
85 Memory Read Data Setup turDs 30 - 30 - ns
Time
86 Memory Read Data Hold tMRDH 0 - 0 - ns
Time
87 Memory Write Data Turn tuwozo 0 - [ - ns
On Time
88 Memory Write Data Delay tuwob - 25 - 30 ns
Time
89 Memory Write Data Setup tmwos 0 - 0 - ns
Time
90 Memory Write Data Hotd tMwoH 5 - 5 - ns
Time
91 Memory Write Data Turn tuwooz - 25 - 30 ns
Off Time
Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing charts.
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System Interface

20 MHz 16 MHz

Version _Version
No.* Hem Symbol Ref. Fig.* Min Max Min Max Unit
100 HALT Setup Time thirs 25 - 35 - ns
101 TJ(E Hold Time thitH 0 - 0 - ns
102 HALTA Delay Time thito o 25 0 30 ns
104  AFBR Delay Time tarp 0 20 o 20 ns
105 SBREQ Delay Time tsaro Fig. 10 0 20 0 30 ns
106  SBACK Setup Time tsaks 25 - 35 - ns
107  SBACK Hold Time tsakH 0 - 0 - ns
108 RETRY Setup Time tarvs 25 - 35 - ns
109  RETRY Hold Time tRTYH 0 - 0 - ns
110 BERR Setup Time tacrs 25 - 35 - ns
1AR] BERR Hold Time teeRK 0 - 0 - ns

Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing charts.
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Display Control Signals and External Synchronization

20 MHz 16 MH2
Version Version

No.* Item Symbol Ref. Fig.* Min Max Min Max Unit

119 MCYC1, MCYC2 Delay tuycko - 33 - 40 ns
Time from CLKIN

120 HSYNC Output Delay thsock - 45 - 60 ns
Time from CLKIN

121 VSYNC Delay Time from tvsock - 45 - 60 ns
CLKIN

122 EXVSYNC Output Delay texvoek - 33 - 40 ns
Time from CLKIN

123 DISP1, DISP2 Output Delay tosPock - 45 - 60 ns
Time from CLKIN

124 CUD Delay Time from tcuboek - 45 - 60 ns
CLKIN

125  EXVSYNC Output Hold texvHsK 18 - 25 - ns
Time from SCLK

126 EXVSYNC Output Setup texvssk 2 - 5 - ns
Time from SCLK

127 EXVSYNC Input Pulse twexv Fig. 11 24 - 24 - toye
Width

128 EXVSYNC Input Hold texvHCK 12 - 15 - ns
Time from CLKIN

129 EXVSYNC Input Setup texvsck 12 - 15 - ns
Time from CLKIN

130 EXHSYNC Input Pulse twEXH Fig. 12 24 - 24 - teye
Width

131 EXHSYNC Input Hold Time tEXHHCK 12 - 15 - ns
from CLKIN

132 EXHSYNC Input Setup tExHSCK 12 - 15 - ns
Time from CLKIN

133 HSYNC Output Delay thsosk 0 25 0 35 ns
Time from SCLK

134 VSYNC Delay Time from tyspsk 0 25 0 35 ns
SCLK

135 DISP1, DISP2 Output Delay tosposk 0 25 0 35 ns
Time from SCLK

136 CUD Delay Time from SCLK tcupDSK 0 25 0 35 ns

138 EXDISP tnput Setup Time texos 25 - 30 - ns

139 EXDISP input Hold Time texon 0 - o - ns

Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing charts.
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Interrupts
20 MHz 16 MHz
Version Version
No.* item Symbol Ref. Fig.* Min Max Min Max Unit
140 IRQ Delay Time 1 tirat - 60 - 70 ns
141 IRQ Delay Time 2 tiraz - 300 - 300 ns
142 IACK Setup Time tiks 30 - 40 - ns
144 IACK "High" Level Width twikH 50 - 60 - ns
145 Data Bus 3 state Recovery tosRT2 0 - (] - ns
Time 3
146 Interrupt Vector Delay Time tvo = 45 - 55 ns
147 Interrupt Vector Hold Time tivk 5 - 5 - ns
148 interrupt Vector Turn Off tvrz - 45 - 55 ns
Time
149 Interrupt DTACK Delay tiotzL Fig. 13 - 45 - 55 ns
Time (Zto L)
150 Interrupt DTACK Delay tioToL 0 - 0 - ns
Time (D to L)
151 Interrupt DTACK Release toTLH - 45 - 58 ns
Time (L to H)
152 IACK High to DTACK High toTkz - 50 - 60 ns
Impedance
153 Interrupt Cycle Wait Time ticwat [¢] - 0 - ns
156  CS, DACK Setup Time to teokis 50 - 60 - ns
IACK
157  CS, DACK Hold Time to teokm 50 - 60 - ns
IACK

Note: * Reference figures (see Timing Charts) indicate measurement conditions. Numbers in the left-hand column (No.)
match numbers in these timing charts.
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Timing Charts
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Figure 1. Clock Input (CLKIN) Waveform

Reset State Initialization Sequence

1
T
|
|

CLKIN (Input) 7V 7V ) 7v Y !
ﬂ
® =

!
— =5 : H
t
'

| 1
\I-OJ vV, 0.7 vi( fa2v

RES (input)

®

SCLK (Output)

!
=\ oo zov FVazov N Ve2OVE
ﬂz.ov Ve -2.0V Ve 200 N

| @®@ I

(1) et ~ = e
[}

MCYC1 (Output) 0.8 v*l- — .: ﬁz.ov i
- ! [

MCYC2 (Output) 7 08V ! Ve 20V 1

i

: : | |

@) ! ! 3 l
/L 1

MCYC1 (Output) : 7 08 V\:L ! Vo 2.0V :
i, ] i !

MCYC2 (Output) ___ fizov ! osv X |
' |

3 ! l § :
| ! |
[y L | 1

MCYC1 (Qutput) —ﬂ_zlov : v i
| | ! |

MCYC2 (Output) | F V20 ' nev
17 ! [ T

= | a |
| |
| ! ! !

MCYC1 (Output) L f e | —
! 1

MCYC2 (Output) —\:__g,lsv Jl-rvu oo

Figure 2. (a) Reset Timing (when SCLK phase is lengthened by 1 CLKIN cycle)
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Resel State ! Initakzalion Sequence
+
t
CLKIN (input) 07vX o.e/-‘ o7V o7V
i
@ 2 24 : :
RES (Input) o7V 01 vyJF2EV ! ! ®
, .
t
1 1 P
SCLK (Output) \ }il' V20V \ J Ve AZIOV‘\—WQ
] 1 1
(5) L@—,’ 3@—: 'r@; e
) 1 )
MCYC1 (Qutput) 08 v\:- ! ficzov :'
H ! i [
MCYC2 (Quiput) ' 084 : Ve 20V
: : i :
® : ! ; i
1 1
MCYC1 (Output) g ; 08 le ! Ve -2.0V f]
I
| . : :
MCYC2 (Output) /:'vm 20v H o8V \‘ E——
H ! ) 1
) ! | | |
| . ! '
MCYC1 (Output) Ve 2.0V ! 08V -kl !
-—-//—-———]:' : h :
I 4
MCYC2 (Output) L ) Jvezov ' ooy
1
! ) t 1
) : ' | i
. ! 1 |
MCYC1 (Output) , i v 207 ! oav :
/, 1
MCYC2 (Output) \I o8V /i Ve -20¢

CLKIN (input)
o7V I’ 0TV = 07\" -4 '67\/ - 07V -

I ! )
el jcyoy ]
Vo 20V ) 1 Ve JOV 1o =
SCLK (Output) o NMW
oo |
L g H 4 !
RW (Input) ’;2_27(..4 HEEA T nv”‘ '
7 ; : : : : ! |
! ! ! \ ' !
f~rs— 1 Lxr—1F T
RS1, RS2 (Input) ] XM ' ' v ] T
7 T T £ T
{ I i [ aame)
_ 4 B 9@,
CS (Input) / nv\‘,: ) ! | 229 v
oY g t . el
1 | I [
gyl I t
DACK (Input) , i. N L
IACK  (Input) ”)_/‘uv i M 1 s 5
[—) 1 ! i He
@ @ | ! "Q
A e B 1l
Do to Dy5 (Cutput) 1 G; gg,'v;.%w ! 7/ v,&]z:vp‘
e 2

1
—_— D —a——
DTACK (Output) /" @ 2N
[, S—;

Figure 3. MPU Read Cycle Timing (MPU < GDP)
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CLKIN (Input}

) I 1 1] '
®, @ JC @
Ve 20V I ' VeerdOV /- ' g
SCLK {Output) onv WW
] 1 1
_ ERAY- S Y
R/W (Input) LoV ' VT e !
1 : : : H L4 ;
PR L Ik !
RS1, RS2 (input) O 4 ,; i
1/ e I ] ™ 7 .
¢ 1.
fict L @a,
—_— —_— I 22v
CS (input) \: M - el :“V
] [N
G ! ) ! [
DACK (Input) L -2 [ @
—_— T Faav ] i i IR 22V \
K (Input \
1ACK (Input) ! ! H "
3s), 1l l@ [Nl
ol ' 1‘.-: ! :
" 1
Do to Dis (input)  —————1-{ 3 o s
: L_‘L_ : :‘ 1

DTACK (Output)

Figure 4. MPU Write Cycle Timing (MPU — GDP)

CLKIN (Input)

o7V H TV’ 07 ) o7 Vv 07\/[
i,
o) ©
1 T IOIV T
@—; = L ==H
—_— 3 ] 2 T 77 T
DREQ (Output) Noov ;/vf;’aq/ i T Wow
M 17 I
" @] { 1 @ i .
—_— / Roenl H ) [
DACK {Input) | 22v H 1 22v 22V
||'°7V o7V :
L@ i |
ca i [} ]
CS (Input) rj;_/-uv T 1} .: i i E:@ TR
————f 1 [y
IACK (Input) ‘ : : :L@:
e : il
Do to Dys (Output) 1F ol i

H
)
1
|
| !@" @ Y
DTACK (READY) (Output F L 1 . l-—%——i
( ) (Output) L a— E 17 oev |

_ _ ! -

DONE (Output) 08V, 1 - oav

——— Lo -

DONE (input) /_—\L,v___.v)/———

Figure 5. (a) DMA Read Cycle Timing (single address mode)
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CLKIN (Input) N\ﬂ )-/—\N
(242 oV DVV‘ o7V o7y O‘IV,
, (D) '®

)
:._.1 @ = i =
Q) Coo ey
any b T —
vy Vl2oov 1| J°
DREQ (Output) ok, Y _— //‘. Yoo
1 ] i (4o —
— b —@
DACK (input) — = T
INTY jorvy!
:: L ' 1/ ::
ros = P
(Input) T aav 1 L 4 L4 [ X2V
— !
TACK (Input) —-—‘1*/ '@ @ ::f@a,
S e H PRy
Dg to D5 (Output) 1# } /<,£g ol . v,.zl*wx;)
| A S S— ) @
| ! ! l..:@ t
1 l@’: @ 2ah P
DTACK (Output) # 1 1+ H
: osv !
@ o®
— ..—_.___7/
DONE (Output) \ oy, . Y
tls Lia

— o
DONE (Input) —”—u—

cux topn IAVAVAVAVAV;
orv oIV orv o7V o7

t | ! i 1
1
SCLK (Output) <2271\ W S
! |
2, 2 i L
—— | 1 + 7/ T
DREQ (Output) Nov e L Yo
1 —t L e
1@ ! L@
DACK {Input) \:i z:: H . :,}: f 22v
I + 17— i)
. @ i ; @
peyie ! m e =
CS (input) ’;_/z:v i H " S: 22V
IACK (input) — ! 1 )
1 [
i H nv/lr-f :“" 22v
Do to Dys (Input) '/ 0 T orv 11 o
t [
] 1 1
1 ) e 1
. ICHIC WY
DTACK (READY) (Output) 1 ] osv |
I
D, @
———ee—a b =
DONE {Output) \Loev B
. ® .
DONE (Input) ! Corv v )

Figure 6. (a) DMA Write Cycle Timing (single address mode)
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CLKIN (input)

SCLK (Output)

DREQ (Output)

DACK (Input)

cs (Input)
IACK (input)

Do to Dis (Input)

DTACK (Output)

DONE (Output)

DONE (input)

orvitory o7 o7v orv
1 1
CN) 1® :
VeV /1 \! ! ' !
:u‘v Va2V \_} @ Ve 20V
1
1@ | . ! 1 '
' pe—T~1 H PR |
\L oav Vo v Y
¥i ¢ 1 1F + : 08Y.
. e
| | '
——qﬂ-—\'l\“v | 22v 227
T\ L porv s
0" T =
@ i @
I | ! JYSRE U hou—""
d 22v I H " : : 22V
P—) 1 1 i \
1 i
1831 : ! @ H |
a1 (] T
22V T 722vR 1 i1l
D— K orv i T erv 1 [
H 1
' N G
' T e o8
i1 i ' 24v,
L4 [l 08V [l
|
! ]
® @
[ —— |
I (&)
o8V y osv
7 | [
o7V orv

CLKIN (input)
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MCYC1 (Output)
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] 1
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H 1
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! 1
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Figure 7. (a) Frame Buffer Read Cycle Timing (MA output three-state mode: MATS = “0”)
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CLKIN (Input)

SCLK (Qutput)

1
1
; i

i Y2V ' Ve 20V
MCYC1 (Output) o8y, av )
s
’

1
) 1
i 1
1 1
t oov 1 | i
1 1
1@ @;E @ E B @
MCYC2 (Output) _/_M
@ 11 t o8V :
T : :
MAg to MA 27 v ' X
(Output) et L 1
L8 = E
FBSO to FBS3 Xl\gvzm : : X
{Output) b T T
by
e— :
STB (Output) m
! l.
MDg to MD. :,(—\ I'
olo 3N 22V, 22v
(Input) v Forv

Figure 7. (b) Frame Buffer Read Cycle Timing (MA output non-three-state mode: MATS = “1”)

CLKIN (Input)

SCLK (Output)

MCYC1 (Output)

MCYC2 (Qutput)

MAg to MA 7
{Output)

FBSO to FBS3
{Output)

STB (Output)

MDyg to MD3;
{Output)

Figure 8. (a) Frame Buffer Write Cycle Timing (MA output three-state mode: MATS = “0”)
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CLKIN {Input)

SCLK (Output)

MAg to MA »;
{Output)

FBSO to FBS3
{Output)

STB (Output)

MDy to MD 3,
(Output)

Figure 8. (b) Frame Buffer Write Cycle Timing (MA output non-three-state mode: MATS = “1”)

CLKIN (Input)

SCLK (Output) V2%

3
; L@ @y 1Ol @

MCYC2 (Output) m
@ osv - osv H
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b 1 -

P S N 7 R WG 70, S S G
{Output) ' : o8V 1 i av T
HO T e
i [ 1 i @h'_n H

FBSO to FBS3 Mvuzw ez ;’;,'__;_:
{Output) NS — !
Gy e @ '
1
@— ! [ '
STB (Output) Ve 20V | V2OV 1
08V ] 4 o8y 1

— 1 —

iG] F
i S G- R
(Output) osv o8V

Figure 9. (a) Display Address, Refresh Address, and Attribute Control Information Qutput Cycle
Timing (MA output three-state mode: MATS = “0”)
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oV DVV|
g -~ G0 G G2 Gl G4 Gs G& G7
. g - Ve 20V, Veg 20V, Vee 20V, Vec 20V,
SCLK (Output) Y=2¥ /7 N W i |
@1 @ :
VBV H T Vee-20V
MCYC1 (Output) B NG ./ i PN
- !
@ ;@;j [ :,..:d @
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. i
- | i
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' 1oav H ] ) X
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1
L2 P ;
FBSO to FBS3 >{'\;Tsw ! rx
(Output) 0 T i
1 ' @ i
&— - ;
STB (Qupwt) /T N el !
@’.—.‘h_.‘l@ &' la
{Output) o o

Figure 9. (b) Display Address, Refresh Address, and Attribute Control Information Output Cycle
Timing (MA output non-three-state mode: MATS ="1")
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Figure 10. System Interface Timing (MA output three-state mode: MATS ="0")
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Figure 11 Display Control Signal Output Timing
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Figure 12. (a) External Synchronization Timing
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Figure 12. (b) External Synchronization Timing (laser printer mode)
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Figure 13. Interrupt Cycle Timing
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