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NEC Electronics Inc.

pPD72120

Advanced Graphics Display Controller

Description

The pPD72120 Advanced Graphics Display Controller
(AGDC) displays characters and graphics on a raster
scan device from commands and parameters received
from a host processor or CPU. Features of the AGDC
include high-speed graphics drawing capabilities, video
timing signal generation, large capacity display memory
control (including video RAMs), and a versatile CPU
interface. These features allow the AGDC to control
graphics drawing and display of bit-mapped systems.

Features

0 High-speed graphics drawing functions

— Graphics drawing: dot, straight line, rectangle,
circle, arc, sector, segment, ellipse, ellipse arc,
ellipse sector, and ellipse segment

— Maximum drawing speed

500 ns/pixel (8 MHz, pixel mode)
500 ns/dot (8 MHz, plane mode)

— Area filling (high-speed processing in word units):
triangle, trapezoid, circle, ellipse, and rectangle
— Painting: filling of any arbitrary enclosed area (bit

boundary retrieval)

— Data transfers in display memory: multiplane
transfers; data transformation (90°/180°/270°
rotation and reversal); multiwindow transfers;
maximum transfer speed of 500 ns/word

— Image processing: slant, arbitrary angle rotation,
16/N enlargement, and N/16 shrinkage (N any
integer from 1 to16)

— Position specification by X-Y coordinates

— Logical operations between planes

O Video timing sighal generation
— High-speed processing by two system clocks:
display (for video sync signal generation) and
graphics drawing clocks
— External synchronization capability
0 Large-capacity display memory
~— Display memory bus interface: 24-bit address and
16-bit data bus for addressing up to 16M words,
16 bits/word
— Video RAM (VRAM) control
— Display memory bus arbitration
o Host processor (CPU) interface
— Systermn bus interface: 20-bit address bus, 8- or
16-hit data bus
- Data transfer with external DMA controller: from
system memory to display memory (PUT); from
display memory to system memory (GET)
— High-speed pipeline processing with preprocessor
before drawing processor
— CPU memory or I/O mapping of internal registers
and display memory for efficient system interface
8-MHz system clock
CMQS technology
Single +5-volt power supply
Packages: 84-pin PL.CC, 94-pin plastic miniflat

O 0o0oaga

Ordering Information

Part No Package
pPD72120L 84-pin PLCC
wPD72120GJ-6BG 94-pin plastic miniflat
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Pin Identification

Symbol /0 Signal Function Symbol /O Signal Function
Cilock Pins DAsg-DAs;  Out Upper8 bits of display memory addrass {the lower
CLK In  Cleck supplied to circuits other than the sync E)i[t;lts) of the 24-bit address are output on DAD,:
signal generator and display processor. The Ll
drawing processor and preprocessor speed DASTB Out Indicates that a display memory address is
depend on this clock frequency. present on the falling edge.
SCLK In  Cleck supplied to the sync signal generator and DUBE, Out Defines the data format for accessing the display.
the display processor This clock frequency is DILBE RESET seats both pins low.
determined by the CRT timing requirements: DUBE DLBE Data Access Format
horizontal sync frequency, number of dots per AGDC 0 0 Word
line, etc. 16-bit CPU 0 0 Word
- 8/16-bit CPU O 1 High (odd) byts
P
System Bus Controf Pins 8/16-6tCPU1 O  Low (even) byte
ADg-AD15 /O /O bus to the CPU consisting of multiplexed 8-bitCPU 1t 1 High {odd) byte
16-bit address and a bidiractlonal data bus. DRD Out Contrals reading of the display memory by the
Ae-A1g In  Upper tour address bits of the 20-bit address. AGDC. Set high by RESET.
ASTB In  Latches the address on A4g-Aqg and ADp-AD45 on DWR Out Controls writing to the display memory by the
the falling edge. AGDC. Set high by RESET.
UBE In  Together with ADq, detines the data access format ~ HLDRQ In  Requests control of the display memory bus by
as shown below. UBE should be tied high when an external device to transfer display data.
-hit GPU.
connecﬁi‘to an &-bit CPU HLDAK Out Indicates that the AGDC memory bus (DADg-
ADp UBE Data Access Format DAD 15 and DAg-DAg3 is in high-impedance state
0 0 Even-address word s0 that an external device can have access to the
0 1 Even-address byte display memory bus, Set high by RESET.
1 0 Odd-address byte
1 1 Odd-address byte Wdeo Timing Signal Reiated Pins
RD in  Performs a read of data from the AGDC by the VS/EXVS /O When the AGDC operates as the master, VS is the
host CPU. vertical sync signal output. When the AGDC
— - _ operates as a slave, the EXVS input initializes the
WR In :z:toéni;fja write of data to the AGDC from the internal vertical sync signal on the rising edge.
HS/EXH { w i
C3R In  Enables reading/writing of the AGDC internal fEXHS /O When the AGDC operates as the master, HS is the

registers by the host CPU. The register is
selected by the address input on ADg-AD5.

Enables reading/writing of display memory
through the AGDC by the host CPU. The display
memory address is generated by the address
input on Aqg-A(g and ADg-AD45 and by the bank
register.

READY Qut Activated by the data access request (RD/WR) for
the AGDC. During the accsss, the signal may be
fow, RESET wilf set the READY [ine high.

INT Qut Signals an interrupt from the AGDC.

DMARQ Out Indicates a request for data transfer (PUT/GET) to
an external DMA controller. DMARQ will be low
after RESET.

DMAAK In  Acknowledgment of DMA request to the AGDC by
the DMA controilet.
RESET In Initializes operation of the AGDC. The internai

parameter register is not cleared by RESET (it is
initialized by setting data).

Display Memory Control Pins
DADy-DAD5 /O

/O pins for display memory; 16-bit address
multiptexed with data.

horizontal sync signal output. When the AGDC
operates as a stave, EXMS initializes the internal
horizontal sync signal on the rising sdge.

Display Signal Related Pins

BLANK Out Used 1o blank the display.

DT/DISP Out Set to DT in the DT mode (when using VRAMs)
and specifies the data transfer. In the cycle steal
mode (VRAMs not used), indicates the display
cycle.

GCSR Out Specifies the display of the graphics cursor

GWAIT Qut Graphics wait signal

Other Pins

Voo +5-volt power supply

GND Ground

IC Internally connected; leave unconnected
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Pin Configurations

84-Pin PLCC
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uPD72120
84-Pin Plastic QFP
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pPD72120 Block Diagram

CLK —»
RESET —»
Vpp —>
GND ——»

WAIT <€——

> Synchranizing
Signal Generator

e—— SCLK
— BLANK
(€ HS/EXHS
[ VS/EXVS

DMARQ — Display <:> —» DUBE
DMAAK —> Fracessor > DLBE
! ! — HLDAK
READY CPU Display Memery
CSIR —>» interface Unit Interface Unit — DWR
CSOM > Preprocessor Drawing <:> * DRD
—_ Processor
RD — ] ™ DASTB
W —>
ASTRE —> @ @ — DT/DISe
UBE —™ > GCSR
ADg-AD15 Sequence ROM Sequence ROM DADg-DAD15
Ayp-Ag DA1g-DA22
System Configuration Example
System Bus § 5
Central Display CRT Synchronizing Signal
Processing Memory Address “Pfggz:zo A ===
Unit Controller
Dispiay 1
Memory Bus : : :
4
MAGIC/ Character Display Display Data
ImPP Generator Memory
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General Application Diagram

System Buses
1

’Address Data Conlrol1
Jf“ : M
[ | DMA
< > Cantrolier
- »1 DMARQ DMAAK t
— H »
»{ RD S
> Wi xs bt Timing
BLANK > Controiler
- READY GCSR —*-)-CursorCont!oICircunlﬁ B J i J_
»CSIR T ™1 "‘1 A G B
» — RASH—>1
| CSDM oA |— iy >
—— Timing CAS >
OWR [—> Controlier —_—
| < INT ﬁ? o WE > 5 pPDA&?ﬁL
N i, STOE - isplay Memory
b~ > UBE DLBE - :
> A1e-A1g DUBE >
U DASTE Character
pPD72120 | ROM
Mux DA1g-CA23
Latch >
ADg-AD45
Bfr
DADG-DAD15 < >
HLDRQ
HLDAK »
S - —J et b~
1 T Control Data Address
L
CLK  SCLK !

T
Display Memory Buses
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Capacitance

Ta = +25°C; Vpp = GND = 0V

Ta= +25°C Parameter  Symbcl  Min  Max  Unit  Condition

Supply voltage, Vpp ~05t0 +7.0V Input G 10 pF f = 1MHz;

Input voltags, V; ~0510 +7.0V  guiput Co 20 oF :?r::iz’f::zgd

Qutput voltage, Vo -05tc +7.0V Input/ Cyo 20 pF toOV

Operating temperature, Topt -10to +70°C output

Storage temperature, TgTg -65t0 +150°C  Clock Ce 20 pF

Power dissipation, Pp 1.1W meut

DC Characteristics

Tp = -10t0 +70°C; Vpp = +5.0V +£10%

Parameter Symbol Min Max Unit Condition

Low-level input voltage Vi -0.5 0.8 Vv Except CLK or SCLK
~0.5 0.6 Vv CLK, SCLK

High-level input voltage VIH 22 Vpp + 0.5 v Except CLK or SCLK
as Vpp + 10 Vv CLK, SCLK

Lowslevel output voltage Voo 0.45 v loL = 22 mA

High-lavel output voltage VoH 24 Vv lon = —400 pA

Low-level input leakage current L -10 pA Vi=0Vv

High-level input leakage cur ent lLn 10 A Vi = Vpp

Low-level output leakage cuirent oL -10 pA Vog=0V

High-level cutput leakage current ILoH 10 BA Vo = Vpp

Supply current Ipp 200 mA




uPD72120 NE C

AC Characteristics
Ta = —10to +70°C; Vpp = +5.0V £10%; see figure 1

Parameter Figure Symbol Min Max Unit Condition
Clock (CLK, SCLK)
Clock pariod CLK 2 tovk 125 600 ns
SCLK 2 tovsk 125 600 ns tovk = toysk
High-level clock width CLK 2 twkH 52 ns
SCLK 2 twskH 52 ns
Lowlevel clock width CLK 2 WKL 52 ns
SCLK 2 twsKL 52 ns
Clock rise time CLK 2 tkn 15 ns
SCLK 2 tsxn 15 ns
Clock tall time CLK 2 143 15 ns
SCLK 2 tkF 15 ns
Reset, Interrmpt
Reset pulse width 3 st 5 toysk
CLK 1 to INT 1 delay time 3 toki 50 ns CL = 50 pF
RD | to INT} delay time 3 toRi Stoyk + 50 ns STATUS read
HLDRQ, HLDAK
CLK 1 to HLDAK delay time 4 tokHA 50 ns CL = 50pF
HLDRQ setup time to CLK T 4 tskHQ 20 ns
HLDRQ hold time from CLK 1 4 HKHAO 20 hs
DMA Read/Write Cycle
CLK 1 to DMARQ output delay time 56 tokma 50 ns CpL = 50 pF
DMARQ setup time to DMAAK | 56 tsMAMQ 0 ns
DMAAK setup time to RD | 5 tsAMA 0 ns
DMAAK hotd time from BD 1 5 tHRMA 0 ns
DMAAK setup time to WR | 6 towMA 0 ns
DMAAK hold time from WR 1 6 HWMA 0 ns
Display Momory Bus Read Cycle
CLK 1 to address or data output delay time 478 thka 30 ns CL = 50pF
Input data setup time to CLK T 7 tskD 20 ns
Input data hold time from CLK 1 7 ko 0 ns
CLK 1 to DASTB T delay time 7.8 tokosH 30 ns CL = 50 pF
CLK | ta DASTB | delay time 7.8 tokDSL 30 ns
CLK 7 to DRD dslay time 7 ioKDR 30 ns
CLK 1 to DWR delay time 8 tokow 30 ns
System Bus Read Cycle
TS setup time to RD | 9 tshe 0 ns
TS hold time from RD 1 9 tHRC 0 ns
RD width, high 59 tWRH 50 ns
ASTB pulse width 5,6,9,10 twas 30 ns
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AC Characteristics (cont)

Parameter Figure Symbel Min Max Unit Condition
ASTB setup time to RD | 59 tsRAS Q ns

Address setup time to ASTB | 5,6,9,10 tsasa 20 ns

Address hold time from ASTB | 59 Liasa 1] ns

Data setup time to READY 1 59 tsSrRYD 0 ns

Data float delay time from RO 1 59 trpp 0 40 ns

RD | to READY | delay time 59 torRY 30 ns G, = 50 pF
RD hold time from READY T 59 tHRYR 0 ns

CLK 1 to READY 1 delay time 59 tokry 40 ns CL = 50 pF
RD 1 to ASTB 1 delay time 59 torAs 0 ns

System Bus Write Cycle

T3 setup time to WR | 10 tswc 0 ns

3 hold time from WR 1 10 tywe ] ns

WH width, low 6,10 twvwL 50 ns

WR width, high 6,10 twwH 50 ns

Data setup time 1o WH 7 6,10 tswp 50 ns

Data hold time from WR 1 6,10 tHwp 0 ns

WR | to READY | delay time 6,10 towry 30 ns C = 50 pF
WR hold tima from READY 1 6,10 tHAYW 50 ns

CLK T to READY 1 delay time 6,10 tOKRY 40 ns CL = 50 pF
ASTB setup time to WH | 6,10 tswas 0 ns

WR 1 to ASTB 1 delay time 6,10 towas 0 ns

Display Cycle

8CLK 1 to DASTB 1 delay time 11,12,13  tpskpasH 30 ns C_ = 50 pF
SCLK | to DASTB | delay time 11,12,13  tpskpast 30 ns

SCLK 1 to DT/DISP delay time 11,12,13  tpskoT 30 ns

SCLK T to address delay time 11,1213 tpsKa a0 ns

SCLK 1 to output signal delay time 11,12, tBsKO 50 ns

(HS, VS, BLANK, or GCSR) 13

SCLK T to WAIT delay time 11,12 tosKwT 70 ns

WAIT pulse width 1 Wwwr Atcysk - 70 ns

EXVS setup time to SCLK T 11 tssKEV 20 ns

EXHS setup time to SCLK ¢ £l tgsKEH 20 ns

EXVS hold time from SCLK 1 11 tskev 20 ns

EXHS hold time from SCLK ¢ 11 tHsSKEH 20 ns
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Figure 1. Voltage Thresholds for Timing Figure 3. Reset and Interrupt Waveforms
Measurements
Input 24V X 2oV 537 X RESET
f
ko SR oasv 08V 08V r
CLK
Input 35V REL _/ \_/__\_/_\_
[CLK, SCLK] 06vV 06V
+—{tDK]|
22V 22V NT / j \
Output . :
[CL="50pF] Xu.av o.avX —
ft—— D R ——
" \
Figure 2. Clock Waveforms
CLK 8 S
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Figure 4. HLDRQ and HLDAK Waveforms
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Figure 5. DMA Read Cycle
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Figure 6. DMA Write Cycle
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Figure 7. Display Memory Bus Read Cycle
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Figure 8.

Display Memory Bus Write Cycle
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Figure 9. System Bus Read Cycle
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Figure 10. System Bus Write Cycle
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Figure 11. Dispiay Cycle

SCLK _/

/

tDSI’(DAISH

{DSKDASL

DASTB

)

tDSKA * 1DSKA

a
Valid Address XK

tDSKO

DUBE, DLBE
DADg-DAD15, DA1g-DA23

tDskKo

|

GCSR, VS/EXVS,
HSEXHS, BLANK

tDSKDT DSKDT

\WI

DT/DISP

U7

SCLK

tIDSKWT tDSKWT

L
r

WAIT / \

tWwT =

™

[

D1 Cycle D2 Cycle D1 Cycle

SCLK

ISSKEV
tHSKEV

EXVS \
|9

D2 Cycle

D1 Cycle D2 Cycle

SCLK

ISSKEH

EXHS




N E C pPD72120

Figure 12. Display Refresh Cycie (DT Mods)
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Figure 13. Display Refresh Cycle (CS Mode)
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FUNCTIONAL DESCRIPTION

Preprocessor

The preprocessor includes a 56-word parameter RAM, an
arithmetic logic unit, and a general-purpose register. It
carries out the foltowing drawing preprocessing by mi-
croprogram control.

e Conversion between coordinate and physical ad-
dresses

¢ Command interpretation
® Drawing parameter generation
® Calculation of tiling pattern position

e Sorting of vertex coordinates for triangular fill com-
mand

® Error checking on user-defined parameters
e Data passing with drawing processor
® Drawing processor initiation

Along with the drawing processor, the preprocessor
forms part of a three-stage pipeline to improve through-
put.

Drawing Processor

The drawing processor carries out the drawing opera-
tions on the display memory with the commands and
parameters generated by the preprocessor. The drawing
processor includes various arithmetic units, a general-
purpose register, an arithmetic logic unit, and mask
generating circuitry. In addition, it contains a 32-bit
barre! shifter for high-speed bit-boundary processing
operations and a 90-degree rotation data buffer. These
components are controlled by a horizontal-type micro-
program that can execute five types of instructions
simultaneously in a single step.

Display Processor

An external dot-shifter for parallel-to-serial conversion is
generally necessary to create scan line information for
display on a CRT. The display processor generates dis-
play addresses to supply the image data to the dot
shifter, This processor includes a DRAM refresh control-
ler to generate refresh addresses during the horizontal
sync active period. The display controller also controls
the generation of refresh and display addresses for
dual-port DRAMs (video RAMs), DRAMSs, and SRAMs.

Sync Signal Generator

The sync signal generator produces horizontal and ver-
tical sync signals and blank signals according to the
parameters set by the user. This circuitry also generates
the graphics cursor signal that can be used (with exter-
nal circuitry) to generate a screen cursor.

CPU Interface Unit

The CPU interface unit includes a DMA interface
(DMARQ, DMAAK) and an interrupt (INT) control circuit.
The unit controls timing for system bus communica-
tions.

Display Memory Interface Unit

This interface unit controls the drawing, display, and
refresh address outputs. It also controls the display
memory bus arbitration for direct access to the display
memory by other processors.

REGISTERS

Table 1 lists the registers according to four classifica-
tions: control, display, drawing, and data port. Figure 14
shows the register configurations in numerical order by
register address from 00H to 7FH.

Also in numerical order by address are the register
descriptions in table 2. Figures listed below supplement
the descriptions.

Figure Title

15 Raster Operations; Replace and XOR
16 Raster Operations; AND and OR

17 Status Reqgister Configuration

18 Display Memory Address Generation
19 Control Register Configuration

20 Definition of Clipping Rectangle

21 Display Control Register Configuration
22 Cursor Position Registers

23 Horizontal and Vertical Sync

Timing Diagram

DRAWING OPERATIONS

The DRAN command is written to the COMMAND regis-
ter at address 6EH-6FH. The opcode in register 6FH
determines the type of drawing. Various combinations of
the command are selected by flags in register 6EH.

Table 3 lists the commands in five categories: data read,
graphics drawing, fill, copy, and PUT/GET. Table 4 de-
scribes the commands and shows the register configu-
ration.
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Figures listed below give examples of DRAW commands.

Table 5 summarizes the DRAW commands. Table 6

describes the 20 operation flags that can be set in

Figure Title

24 Graphics Drawing Commands

25 Fill and Paint Commands

26 Copy Commands; Copy, Rotate, Slant
27 Copy Commands; Enlarge/Shrink, Rotate

Table 1. Register Classifications

register 6EH.

Classitication Application Register Name Address (Hex) Bits
pPD72120 AGDC control registers Status STATUS 3C-3D 9
Control CTRL aD 8
Higher 8 bits of address in display memory direct BANK 3C 8
access
Display-related registers Display status setting DISPLAY CTRL 70-71 16
Display area setting DISPLAY PITCH 72-73 12
AC 73 3
DAD 74-76 24
wCIL) 77 8
WC(H) 7D 4
Cursor setting GRS 79 1
CE 79 1
GCSRX 78-79 12
GCSRYS 7A-7B 12
GCSRYE 7C-7D 12
Horizontal syn¢ signal setting HS, HBP 7E-7F 12
HH, HD, HFP
Vertical sync signal setting VS, VBR, 7E-7F 12
L/F, VFP
Drawing-related registers Loglcal address zero point setting EADORG 00-02 24
dADORG 03 4
Logical address setting PITCHS 58-59 16
PITCHD 5A-5B 16
Plane setting PDISPS 0C-0E 24
PDISPD 10-12 24
PMAX 14-15 18
Interplane logical operation setting MODO 16 4
MOD1 16 4
PLANES 5E.5F 16
Clipping setting XCLMIN 62-63 16
YCLMIN 64-65 16
XCLMAX 66-67 16
YCLMAX 68-69 16
CLIP 6D 2
Enlarge/shrink coefficient setting MAGH 6C 4
MAGV 6C 4
Painting pattern setting PTNP 18-1A 24
PTNCNT 60-61 18
AGDC work area setting STACK 1C1E 24
STMAX §C-5D 16
Physical address (word address) EAD1 04-06 24
value setting EAD2 08-0A 24
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Table 1. Register Classifications (cont)

Classlfication Application Reglster Name Address (Hex) Bits
Drawing related-registers {cont) Physical address (dot address) value setting dAD1 07 4
dAD2 oB 4
Logical address (X coordinate) value setting X 40-41 16
DX* 44-45 16
XS 48-49 16
XE 4C-4D 16
XC 50-51 16
DH 54-55 16
Logical address {Y coordinate) vaiue setting Y 42-43 16
oY 46-47 16
YS 4A-4B 16
YE 4E-4F 16
YC 52-53 16
DV 56-57 16
Command COMMAND 6E-6F 16
Data port registers Data port during execution of PUT/GET PGPORT 3E-3F 16
Data port during execution of READ DP/READ DX* 44-45 16
COoL
* The DX register is used as the logical address (X coordinate) value setting register
and at the same time as the data port during the executicn of a READ DF of READ COL command.
Figure 14. Register Configurations
N A A O I I e ™
02H O1H 00H
PloTolo] TT 1] e w
03H
N 1 A “W
o6H 0sH 04H
lolofofol [ [ [ ] 2 ™
O7H
(T I T TITTTETTTTTITITTIT I aeom ™
0AH 0oH ogH
efofolo] T [ ] &% i
0BH
I - ™
QEH 0DH OCH
OFH is not used
RW
N O 5
12H 11H 16H

Note: Where Q's are shown In a register, they must be written.

13H is not used
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Figure 14. Register Configurations (conf)

[TTTITTITTITTITTITT] Wb ™

MOD1/MODO AW
[ mop1 [ MODO | s each

17H is not used

[(TTTTTTTITTTITTITTTITTITTITTTT] 2 ™

1BH is not used

L I B+ ™

1EH 1DH 1CH

1FH is not used

Addresses 20H-3BH are used as internal working registars. These addresses are not available to the user

[oJofofofofofo] T T [T T T T ] §u’ i
3DH 3CH
[ CTRL | BANK | SELieaK B
3DH 3CH
||f|||:|||J!||iH||H eks ™
3FH 3
L |||H||T||7 |0|Hl [ T 1 oo ™
a 4
NN |H| RN JHV [ L] oo ™
a3 4
EEEEEEEEEEE |H| [ L] e ™
45H 44
L] 41H HEEEEN 46E| [ T ] e RW
NN 4LH] [ [T [ BTHI [ [ ] e ™
4
HNEEEEENEEN lHl [ 11 o ™
4BH 4
’|||4I|3HIWIIT7|4C|H|||| %6 bis ™
I N 0 W
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Figure 14. Register Configurations (cont)

TTTT 110 5 ™
IO T S ™
T TT0 % ™
o e e P
T e ™
I R g
TTTI T
OTTIIITTIIT I e ™
o o o e e
I r s ™
i
TTTTT] mmm T
IO s ™

Addresses 6AH-6BH are used as internal working registers, They are not available to the user.

T T e
6CH
[TTTTT Toewr] Zhw ™

60H
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Figure 14. Register Configuration (coni)

OPERATION CODE OPERATION FLAGS fggft":AND w
6FH 6EH
| | H] | | | | : l DISPLAY OTRL w
71 70
0 AC DISPLAY PITCH | &%’Pw - W
el 72H 3/12 bits
[ TTTTITTT1] e w
76H 75H 74H
L
TTTTTT1] e w
77
cRs|ce| o | o |H GGSRX i | %iiﬁlgacicsnx W
79 78
ofofofof TTTTTTTTTTT] F&S W
7BH 7AH
GGCS
WCH) :\/’?z(?ifs RYE w
70H 7CH
ojafojof | | HEEEN 12 bits v
7FH 7EH
oJofofof [ | [ ] [ ] 12 bits W
7FH 7EH
olofofo] | | HERNE 12 bits W
7FH 7EH
0Jofofo] || | | 12 bie =
7FH 7EH
ofololol T T T T T TTTTTT] izom W
7FH 7EH
VS w
°jojoig 12 bits
7FH 7EH
VBP W
ofojojof | [ T F I 1T ] 01T 1T [ ] it26n

7FH 7EH
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Figure 14. Register Configurations (cont)

[ofefofol TTTTTTTTTTTT] %ew "
7FH 7EH

[o]ofefo [TTTTTTTTT %o N
7FH 7EH

HS, HBP, HH, HD, HFP, VS, VBP, L/F and VFP are all at address 7EH-7FH and must be written in the order listed.

Table 2. Register Descriptions
Address (Hex) Bits Name Description
00H-02H 24 EADORG Sets the physical address (effective address) in the display memaory cotresponding to
Execution Address the origin (0,0) on the logical plane (the X-Y coordinate plane).
Qrigin
03H 4 dADORG Sets the dot position In the physical address (effective address) in the display memory
Dot Address Origin corresponding to the origin {0,0) on the logical plane (the X-Y coordinate plane).
04M-06H 24 EAD1 Sets the drawing start physical address value in the drawing processor when the
Execution Address 1 drawing start position Is given by the physical address.
Q7H 4 dAD1 Sets the dot position in the display memmory when the drawing start position is given
Dot Address 1 by the physical address
08H-0AH 24 EAD2 Sets the drawing start physical address value in the drawing processor when the
Execution Address 2 drawing start position is given by the physical address.
OBH 4 dAD2 Sets the dot position in the display memory when the drawing start position is given
Dot Address 2 by the physical address.
QCH-O0EH 24 PLISPS Sets the number of words that occupy one memory plane when the memory is
Plane Displacement configured with twa or more planes. In the case of a COPY command, sets the number
Source of words per source plane. in the case of a PAINT command, sets the number of words
per plane containing the tiling pattern.
10H-12H 24 PDISPD Sets the number of words that occupy one memory plane when the memory is
Plane Displacemesnt configured with two or more planes. In the case of a COPY command, sets the number
Destination of words per destination plane. In the case of a PAINT command, sets the number of
words per painting plane.
14H-15H 16 PMAX Sets the number of planes {up to 16) in the display memory to be drawn, as shown in
Plane Maximum the following table:
PMAX Planes
0000 0000 QOO0 0001 1
0000 0000 0000 0010 1-2
000C 0000 0000 Q100  1-3
0010 0000 0000 0000  1-14
0100 0000 0000 0000  1-15
1000 0000 ODOO 0000  1-16
16H 4 MODQO Defines the type of [agical operation to be performed during drawing or copying. When
Drawing Mode 0 the bit in the PLANES register corresponding to the memory plane is 0, the logical
operation defined by MODO is performed. See figures 15 and 16.
16H 4 MOD1 Defines the type of logical operation to be performed during drawing or copying. When
Drawing Mode 1 the bit in the PLANES registers cotresponding to the memety plane is 1, the logical
operation defined by MOD1 is performed. See figures 15 and 16.
18H-1AH 24 PTNP Sets the first physical address in the display memory area containing the tiling

Pattern Pointer

{painting or filling} pattern.
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name

Description

1CH-{EH 24 STACK
Stack Pointer

Sets the first physical address in the display memory area to save data such as
coordinates, etc., during retrieval of the boundary points during the PAINT command
{arbitrary area fill). It may be considered as the working area of the AGDC during
exacution of the PAINT command.

3CH-3DH 9 STATUS Contains the internal status of the AGDC. The format is shown in tigure 17.
Status
3CH 8 BANK The AGDC interface to the CPU accornmoedates up to a 20-bit address. The AGDC can
Bank address 16M words {32M bytes) of display memory (24-bit addressing}. When the CPU
addresses display memory directly (through the AGDC), the lower 16 or 20 bits
provided by the CPU are combined with the 8 bits from the BANK register to form the
24-bit display memory address. The address combination is shown in figure 18,
3DH 8 CTRL Controls internal AGDC processing. See figure 19,
Control
3EH-3FH 16 PGPGRT During a PUT operation, data is written to this register by the host CPU or system DMA
Put/Get Port controller. The AGDC then places the data into display memory. During a GET
operation, the host CPU or DMA contreller reads the data from this register that was
retrieved fromn the display memory by the AGDC.,
40M-57TH 16 X, Y, DX, DY, X8, Y§, Set the coordinate parameters for various drawing operations. The DX register is also
each XE, YE, XC, YC,.DH, used for reading the data during the READ COL command. The DH register is also
DV used for staring half the line pattern when a 32-bit {ine pattern Is used,
58H-59H 16 PITCHS Sets the number of words in the horizontal direction of the source display memory area
Pitch Source to be transferred,
5AH-5BH 16 PITCHD Sets the number of words in the horizental direction of the display memecry for drawing
Pitch Destination or as the destination of display memory transfer
SCH-5DH 16 STMAX Sets the size of the dispiay memory area in words for the STACK (used during the

Stack Maximum

arbitrary area fill PAINT command). Each boundary point found during the PAINT
command requires six words of memory in the STACK area.

Selscts the type of logical operation ta be performed on each plane during drawing or
copying. Each bit in this register corresponds to a display memory plane.The least
significant bit (bit C) corresponds to the first plans, the most significant bit (bit 15) to
the 16th plane. A 0 in the bit position for a plane Indicates that the logical operation
specified by MODO Is ta be performed and a 1, the operation specified by MQD1.

5EH-5FH 16 PLANES
Plane Select
60H-61H 16 PTNCNT

Pattern Count

Sets the line pattern for drawing straight and curved lines. During filling or painting
operations, the function of this register depends on the TL bit as follows.

TL = 1 PTNCNT spacifies the length (in words) ofthae tiling pattern in display memary.
The starting address is contained in the PTNP register.

TL = 0 PTNCNT contains the actual 16-bit pattern to be used as the tiling pattern.

62H-69H 16 XCLMIN, YCLMIN,
each XCLMAX, YCLMAX

X and Y Clipping,
Minimum/Maximum
Values

Defines the rectanguiar clipping region. An example is shown in figure 20.

6CH 4 MAGH
Horizontal
Magnification

8ets the hotizontal enlarge/shrink factor.

6CH 4 MAGY
Vertical
Magnification

Sets the vertical enlarge/shrink factor,
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
60H 2 CLIP Sets the clipping mode to select one of the following operations.
Clipping Mode CLP  Function
00 Draws within the clipping rectangle. Must be In this mode for PAINT.
o1 No clipping operation
10 Draws outside the clipping rectangle
11 Prohibited
BEH-6FH 16 COMMAND Commands to be executed by the AGDC are written to this registsr The lower byte
(bits 0-7) consists of operation flags and the upper byte {bits 8-15), an operation code,
Processing begins when an operation coda s written to the COMMAND register,
70H-71H 16 DISPLAY CTRL Sets the operation of the display processor and syne signal generation. The formatand
Display Control function are shown in figure 21.
72H-73H 12 DISPLAY PITCH Sets the total number of words In the horizontal direction (width) of a plane.
Display Pitch Nurnber of addresses (words)
0000 0000 000D 4096
0000 0000 0001 1
0000 0000 0010 2
0000 DOOC 0011 3
1111 1111 1110 4094
1111 1111 1114 4085
73H 3 AC Defines which address bus signal lines should be used to output the refresh address.
r ontr
Address Control AC Refresh address output pins Conditions for setting DT active
000 DADg-DAD 2 DADy-DAD7 = O
001 Disabled Disabled
010 Disabled Disabled
011 Disabled Disabled
100 DAD{-DAD 2 CAD{-DADg =0
101 DAD,-DAD 45 DADz-DADg =0
110 DAD4-DAD o DAD3-DAD 4o =0
11 DAD4-DAD 2 DAD4-DAD4q =0
74H-76H 24 DAD Sets the display starting address for the screen
Display Address
77H (Lower 8 12 weC Sets the number of displayed words during a horizontal scan line (while BLANK low or
bits), Woerd Count inactive)
EI[::; (Upper 4 wC Number of displayed words
0000 0000 0000 1
0000 0000 0001 2
1111 1111 1110 4095
1111 1111 1111 4086
78H-79H 12 GCSRX Sets the X (horizontal) coordinate start for the graphics cursor output pin. tt is given
Graphics Cursor X as the number of dispaly cycles from the start of each horizental scan line
Gonidinate GCSHX Starting position on each horizontal line
0000 0000 0000 Disabled
0000 0000 0001 1st display cycle
0000 0000 0010 2nd display cycle
1111 13111 1110 4084th display cycle

1111 1111 1111 4095th display cycle
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
79H 1 CRS Determines whether the horizental and vertical curser position registers are ANDed or
Cursor Configure ORed together. See figure 22.
Select .
CRS Funetion
0 AND
1 CR
79H 1 CE Enabtles the graphics cursor signal 1o be cutput on the GGSR pin,
g:::e: Clsplay CE Function
o Disabled
1 Enabled
7AH-7BH 12 GCSRYS Determines the starting Y {vertical) coordinate of the graphics cursor, counting
Graphics Cursor Y display lines from the top down.
SRGISinaIe St GOSRYS Vertical starting line
0000 0000 0000 Invalid
0000 0000 0001  1st display line
000C 0000 0010  2nd display line
1111 1111 1110 40894th display line
1111 1141 1111 4095th display line
7CH-7DH 12 GCSRYE Determines the ending Y (vertical) coordinate of the graphics cursor, counting display
Graphics Cursot Y lines from the top down.
di d
Gaaidinate En GCSRYE Vertical ending line
000D 0000 0000  Invalid
Q000 0000 0001  1stdisplay line
0000 0000 0010  2nd display line
1111 1111 1110 4094th display line
1111 1111 1111 4095th display line
7EH-7FH 12 HS (Horizontal Sets the horizontal video sync (timing) parameters. See figure 23,

Sync),

HBP {Horizontal
Back Porch),

HH (HBP to
Midpoint Between
Consecutive HSs),

HD (Horizontal
Drawing Period),

HFP (Hotizantal
Front Porch)

HS Horizontal sync high-level period (horizontal retrace)

HBP Horizontal back porch (non-displayed portion on left side of screen)

HH RisingAalling timing for even field synchrenization during interlaced display
HD Horizontal display peried (active display time)

HFP Herizontal front porch (non-displayed portion on right side of screen)

HS, HBP, HH, MD, HFP  * SCLK periods

0000 0000 0000 2 clocks
0000 0000 0001 4 clocks
1111 1111 1110 8190 clocks
1111 1111 1111 8192 clocks

*One display cycle is equal to two SCLK periods

Setting requirements
For display control by AGDC: HS, HBP, HH, HD, HBP = 4 SCLK periods
For interlace display: HBP = & SCLK perlods
For AGDC in slave mode: HS = 10 SCLK periods
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Table 2. Register Descriptions (coni)

Address (Hex) Bits Name Description
7EM-7FH 12 VS (Vertical Sync), Sets the vertical sync (timing) parameters. See figure 23,
each  vBP (Vertical Back VS Vertical sync {retrace) high-level period
Porch), VBP Vertical back porch {non-dispiayed portion on upper pan of screen)

L/F Lines per field (number of hotizantal scan lines dlaplayed)

L/F (Lines per Field), VFP Vertical front porch (non-displayed portion on lower part of screen)

VFP (Vertical Front

Porch) VS, VBP, L/F, VFP  *Harizontal scan lines
0000 0000 0000 4096
0000 0000 0001 1
0000 0000 0010 2
1111 1111 1110 4094
1111 11171 11 4095

* Vertical timing parameters are set ag multiples of the horizontal scan line period.
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Figure 15. Raster Operations: Replace and XOR (MODo/MOD1)

Source [S]

Pestination [D]

0000000000

0o 0o
0o 11 00
00 11 a0
gn 11 Q0
Qo0 ao

gooo000000C0

googo0000000000000D0
0p00000000Q000C00000
0000000D0O0O0O0000000
000000000000000000
000000000000000000

MOD = 0000; Replace Dby S
s 0 000000000000000000
6o oo
ool ooopoocooo |oo
0 o 0ol 00 00 |00
ool oo ]| +1] oo |[oo
1 1 — a0 | 11| 00
11 o0 | 11| 00 [11
0 g 11| oo o0 |11
11| opoooocaoooo |11
; ] 11 11
119111111191111111
MOD =0001; Replace Dby S
s o 000000000000000000
00 00
ool 1111111111 |00
0 1 ool 11 11 oo
ool +1 |eo] 11 |oo
1 0 —v~ 11 | eo| 11 }—
11 11 Joo| 11 |14
0 1 11 11 11 11
11 1111141111 |19
11 11
1 0 11111111111 1111111
MOD =0010; Replace Dby 0
s D 000000000000000000
00 oo
oo| oooocoooo000 |0O
0 0 ool oocooocooopo |ooO
oo| oooooccoopo |00
1 0 —| 0000800000 |—
11| ooooococoooo |11
0 0 11| oocoopogoo |11
11 oocooovoooos 11
11 11
1 0 111111111111111111
MOD = 0011; Replace Dby 1
s D 0000000000D0O00000D0
0aQ 0o
00/ 1111111111 |co
o 1 00 1111111111 |co0
ool 1111111111 |oo
1 1 —] 1111111111 |
11 1114111111 |11
a 1 11 1111111111 |1
11 1111111111 |11
11 11
! ! 119111111111111111

1111111111 11111111
11115111 1111111111
111111111 1111111 11
11141111111 1111111
1114111111 111111114
MOD =0100; XORDand S
000D0000000CO0D000D
D] s | 0D 00 oe
oc| ooocooocoo |oo
o o 0 00/ 090 oo |00
oa] oo | 11| eco (oo
0 1 1
11] 11 Joo | 11 |11
1 0 ] 11 11 11 |11
11 1111111111 |11
11 11
1 1 0 111114111111 1113511
MOD =0101; XORDand S
000C0000000000000C0
D { s | D 00 20
ool 1111111111 Joo
D 0 1 oo 11 11 0o
ool 11 oo 11 J|oo
0 1 0
11 eo J 11| 0o |11
] 0 o 11] oo oo |11
11] ooooooocooo |11
] ; ; 19 11
111411111111111111
MOD =0110; XORD and 0
C0000000000000C0D0
D 5 D 0o a0
oo| ocooboocoooo |oo
0 0 e 00| so000CO000DO |0O
o0o| c0000C0000 |oO
0 1 ¢
1) 1111111111 |11
1 0 4 110 1111111111 |11
EIBEEEEEREEEE N R
11 11
1 1 1 T1T1T111111111111111
MOD =0111; XOR D and 1
000000000000000000C
D s | D ga a0
ool 1111111111 J|oo
0 0 1 oo 1111111111 00
ool 1111111111 |oo
o 1 1
11| ooopocooooo |11
; 0 0 11| ooooovoooo (11
11| cooocoooooo |11
11 11
1 1 0 111911111191 111111
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Figure 16. Raster Operations; AND and OR (MOD0/MOD1)

Destination [D]

00cQ000000000000000
ooo000000000000Q000
0RoODOOOCOOOOODOCOYD
0CcoQo0O000000000000
goooo00000600000000

Source [S]
0000000000
00 00
oo | 11| ao
oo | t1] oo
oo | 11| oo
00 0a
0006000000
MOD =1000; ANDDand S
B 5 000000000000000000
oo 00
oo| cooooooooo |00
o o 00| 0O00DOOOODO |0O
po| ooocoopoaoo oo
0 0 1 a0 00
11 oo | 11| oo |11
) 0 11 oo 0o |11
11| oobopooopo |11
; 51 11
h 119111111141111111
MOD =1001; ANDDand S
N 5 000000000000000000
00 00
00| oo0DODOODOO [0D
o 0 00| oLOODOOOOO 0O
ool ocococoooon |oo
0 0 00
11 11 oo 11 |11
; ] 11 11 11 |11
11 1111111191 |19
11 11
! . 111111141114111113
MOD =1010; ANDDand S
5 o 00000000000000000C
00 00
vo| oceaocoogoo |oo
o 0 ool oo 0o loo
oo| o6 | 11| 0o |[oo
0 1 E— 00 [+J4] —
11| coooaooooo |11
5 0 11| ocoocoooo00 |11
11| o0oocococ000 |11
11 11
1 0 S111E11114111111114
MOD =1011; ANDDand S
: 5 000000D000000000000
00 00
ool 1111111141 |oo
0 1 gal 11 11 |oo
go] 11 ool 11 |oo
0 ) 00
11| oocooocooooo |11
, : 11l ooocooooooo |11
11| ooeoopooooo |11
11 11
1 0 1111111 19111111111

TA1111 141111111111
1111111111 114111114
1111111111111171111
T111111111111111141
1111441111 11111111
MOD =1100; ORDand S
000000000000600000
5| s | D 00 00
oo| oooooooooo |00
0 0 0 oo| oo 00 |00
ool oo f11] 00 |oo
0 1 1 11
11 1111111111 |41
1 0 1 11 111191135141 |11
11 1114111194 |19
11 11
) 1 1 1411$4411141111111
MOD = 1101; ORDand S
000000000Q00000000
s 00 00
ool 1111111111 |oo
0 0 1 oo| <1 11 |00
oo/l 11 foo| 11 |oo
a 1 0 — 11 11—
IR EEEREEREE I B
11 1111111911 |11
1 0 1
11 1111111111 |13
] ] ; 11 11
111111411111111111
MOD =1110; ORDand S
000000000000000000
R 00 0c
ool 1111111111 |oo
a 0 1 oo[f 1111111131 |ooO
oo/ 1111111111 |oe
0 1 1 11
11 oo | 11 ] oo |11
1 0 0 11 00 0o 11
11| oocooogooa |41
11 11
1 1 t 1111841 11141111411
MOD = 1111; ORD and §
c0D000OOCO00000000
D S| D 00 00
pol 1111113111 |oo
0 0 1 oo/ 1111%11111 |oo0
ool 1111111111 oo
0 1 1 b 14 14 e
11 11 [ oo | 11 |11
1 0 1 11 11 i1 |11
R EEREEEE R R R
11 11
R 111111111411111111
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Figure 17. Status Register Format

8 7 6 5 4 3 2 1 0
| cup | peroY | opoFs VSB vs | DPERR | PPERR | DPBSY | PPBSY

3DH 3CH
Bit Flag Name Abbreviation Meaning When Bit = 1
0 Preprocessor Busy PPBSY The preprocessor is executing a command.
1 Drawing Processor Busy DPBSY The drawing precessor is executing a command.
2 Preprocesscer Error PPERRA An error was detected during the execution of a command by the preprocessor.
3 Drawing Processor Error DPERR An error was detected during execution of a command by the drawing processor.
4 Vertical Sync Period VS Indicates vertical sync period.
5 Vertical Blanking Perlod vaB Indicates vertical blanking period.
6 QOdd Field ODDFD Indicates odd field during interlaced operation.
7 Put/Get Ready PGRDY Indicates that data can be transferred during a PUT or GET command.
B Clipping CLIP Picking or object detected.
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Figure 18. Display Memory Addressing

CPU
interface

Display
Memory
Interface

CSDM ™

A1g

MSB

Bank
Register

LSB

— DA23

DA 22

DA 24

DA 20

A1g

A7

Ais

JWF |

DA 19

- DA1g

- DA1g

- DAD15

AD 15
AD 14

DAD 4
DAD113

AD 13

AD 12

DAD42
DAD 11

AD14

DAD 10

AD1p

DADg

ADg

DAD g

ADg

DAD 7

AD;

DADg

ADg

DADs

DAD4

ADg4

DAD3

ADg

DAD2

AD

DAD ¢

AD,

DADg

DLBE

— DUBE
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Figure 19. Register Format

7 6 5 4 3 2 1 0
DBIE PBIE CIE o | o | o | asoAT | ReseT |
Bit Flag Name Abbreviation Meaning When Bit = 1
0 Software Reset RESET Initializes pgPD72120.
1 Processor Abort ABORT Stops any processing being performed and clears the processer BUSY status.
2 Not used Must be set to 0.
3 Not used
4 Not used
5 Clipping Interrupt Enable CIEE Enables the INT signal when picking (drawing in the clipped region).
6 Preprocessor Busy PBIE Enabkles the INT signal when the preprocessor status changes from BUSY to NOT
Interrupt Enable BUSY.
7 Drawing Processor DBIE Enables the INT sighal when the drawing processor status changes from BUSY to
Busy Interrupt Enable NOT BUSY.

Figure 20. Reciangular Clipping Region

Y
- ———j YCLMAX

Clipping
Rectangle

—-—- YCLMIN

| |
1 1

XCLMIN - XCLMAX {0.0}

Figure 21. Display Control Register
MSB 15 14 13 12 11 1 9 @& 7 6 5 4 3 2 1 0 LSB

DTM | DTT DAD + IN | RE | sc |FccijtccL|mask| s | sp | LA [spsT|svs |
Bit Flag Name Abbreviation  Function
0 Slave Sync 8vs When the AGDC is in the slave mode, SVS determines the initialization of the inter-
nal horizontal and vertical counters. SVS is ignored in the master mode.
SVS

"0 Initializes the vertical and horizontal counters at the rising edge of EXVS and
EXHS, respectively.
1 Initializes the vertical and herizontal counters at the rising edge of EXVS.

1 Sync Parameter Setting 8PST Enables the writing of the sync timing parameters (HS, HBP, MH, HD, HFPR, VS, VBPR,
L/F and VFP) to address 7EH-7FH. The writing should take place after SPST Is set
to 0, then to 1.

SPST
0 Disables writing of sync parameters
1 Enables writing of sync parameters

2 Display Lines per Frame in  LFI Defines whether there is an even or odd number of lines per frame in interlaced
interlace Mode mode. LFI is ignored in non-interlaced moda,
LF

0  Even total number of fines for the sum of even and odd fields (one frams).
1 Odd total number of lines for sum of even and odd fields.
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Figure 21.

Display Control Register (coni)

Bit

Flag Name

Abhreviation

Function

3

Stop Display

8D

Defines the state of the BLANK output signal. 8D is setto 1 by a high level on the
RESET pin.
sh
0 BLANK signal active (high) only for the ncn-display period defined by the
video sync signals.
1 BLANK signal active for display and non-display perlods (on continuously),

Master/Slave

M/s

Detines whether the AGDC is a master or a slave In terms of video syng¢ signal gen-
eration.

M/S
0  Sets the AGDC to slave mode (video sync signals input through EXVS and
EXHS).
1  Sets the AGDC to master mode (generates video sync signals and outputs
them through VS and HS).

Mask

MASK

Defines the VS signal output timing in the master mode. In the slave mode, defines
the validity of the EXHS and EXVS sync timing input.

MS  MASK

[=]

Accepts EXHS and EXVS sync timing input.

Ignores EXHS and EXVS sync timing Input.

Only the VS signal of the even field in interlace mods is output.
The VS signal is output normally.

—_ O -

i}
1
1

Timing Counter Clear

TCCL

Dsfines the timing for initializing the internal display cycle counter when the AGDC
is in slave mode. TCCL is ignored when the AGDC is in master mode.

TCCL
0 Does notinitialize the display cycle counter on the rising edge of EXVS.

i Initializes the display cycle counter on the rising edge of EXVS (sets the
counter ta the D1 cycle).

Field Counter Clear

FCCL

Defines the timing for initializing the internal field counter when using interlaced
display in the slave mode. When the AGDG is in master mode or non-interlaced dis-
play, FCCL is ignored.

FCCL
o Doss not initialize the field countsr on the rising edge of EXVS,

1 Initializes the field counter on the rising edge of EXVS, setting the counter to
the even field.

Steal Control

SC

Defines the relationship between the CLK and SCLK signals when the AGDC is in
the DT mode (using video RAMs), If the AGDC is in cycle steal mode, SC is ignored.
sC
"0 CLKdoes not equal SCLK.

1 CLK and SCLK are the same

Refresh Enable

RE

Definas whether the AGDC is to generats DRAM refresh addresses,

RE

0 The AGDC does not generate DRAM refresh addresses

1 The AGDC generates DRAM refresh address while HS is active (high)

10

Interlace

Defines whether interlaced or non-interiaced display mode is to be used.
IN

o Non-interlaced display

1 Interlaced display
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Figure 21. Display Control Register (con{)

Bit Flag Name Abbroviation  Function
11, Display Address DAD + Defines how the AGDC’s 24-bit display address register is to be incremented during
12, Proceedings each display cycle, The register is not incremented while BLANK is active. It is in-
13 cremented ast each display cycle (two SCLK periods) In the DT (VRAM) mods or

each time a display cycle is started in the C§ {cycle steal) mode.

DAD + Increment

000 DAD +1 DAD —+ DAD+1 - DAD+2 — DAD+3 — DAD+4 . ..

o1 DAD +2 DAD —+ DAD+2 ~ DAD+4 ~ DAD+6 — DAD+B . ..

010 DAD+4 DAD — DAD+4 — DAD+8 — DAD+12 — DAD+16 . ..

011 DAD +8 DAD — DAD+8 - DAD+16 — DAD+24 - DAD +32. ..

100 DAD +186 DAD -» DAD+ 16 ~ DAD +32 — DAD +48 — DAD+64 . ..
101 DAD +32 DAD — DAD+32 — DAD+64 - DAD+96 — DAD+128 ...
110 DAD + 1/4 DAD — DAD — DAD —~ DAD — DAD+1 — DAD+1 —, ..
1 DAD +1/2 DAD — DAD - DAD+1 — DAD+1 -~ DAD +2 - DAD+ 2. .

14 Data Transfer Timing DTT Defines the output timing for the DT (data transfer) signal when using VRAMs. DTT
is ignored in the cycle steal mods,
DTt
0 DT is generated (active low} when any of the following conditions Is true,
(&) Atthe start of the screen display (at the first rising edge of the BLANK sig-
nal In a frame)
(b) Atthe start of each horizontal scan line {at the falling edge of BLANK]}
{c) When all 8 AC register-defined bits of the 24-bit display address are 0
(when the lower 8 bits are C0H).

1 DT is generated when any of the following conditions is true.
(@) At the start of the screen display (at the first rising edge of the BLANK sig-
nal in a frame)

{b) When all 8 AC register-defined bits of the 24-bit display address are 0.

15 Data Transfer Mods oT™ Defines the display cycle generation timing. Data transfer mode is normally used
with video RAMs and cycle steal mode with other types of memories.
DTM
0  Sets the cycle steal (SC} mode. The DTDISP pin outputs tha DISP signal (ac-
tive low). Display and drawing cycles alternate in this mede.
1 Sets the data transfer (DT} mode, The DT/DISP pin outputs the DT signal (ac-
tive low).

Figure 22. Cursor Position Select

CRS =0 CRS =1
1 Display Cycle-—l I<— 1 Display Cycle—»l f-—
In 1
«—GCSRYS—#f------- -
~—GCSRYE—» -—tt—

GCSRX GCSRX
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Figure 23. Horizontal and Vertical Timing Parameiters
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Table 3. List of DRAW Commands

Commands

Absolute Coordinates

Relative Coordinates

Data Read Commands

Coordinate value read

READ_DP

Color information read READ.CCL
Graphics Drawing Dot DOTD
Commands A_DOT_M RDOTM
Straight line A_LINE_MQ R_LINE_MO
A_LINE_M1 A_LINE_M1
A_LINE_M2 R_LINE_M2
A_LINE_DO R_LINE_DO
A_LINE_D1 R_LINE_D1
A_LINE D2 R_LINE_D2
A_LINE_D3
Rectangle A_REC A_REC
Circle CRL
Arc CARC
Circle sector CSEC
Circle sagment (bow) CSEG
Ellipse ELPS
Ellipse arc EARC
Ellipse sector ESEC
Ellipse sagment (bow) ESEG
Fill Cornmands Arbitrary area fill PAINT
Triangte fill A_TRLFILL
Trapezoid fill A_TRA_FILL
Rectangle fill A_REC_FILL C
A_REC_FILL_ A R_REC_FILL
Circle flll CRL_FILL
Ellipsa fill ELPS_FILL
Copy Commands Physical address to physical address A_COPY_AA
Coordinate to physical address A_COPY_CA
Physical address to coordinate A_COPY_AC
Coordinate to coordinate A_COPY_CC
Copy function extensions 90°.COPY
SL_COPY
FR_ES_COPY
ES_COPY
PUT/GET Commands System memory to display memory PUT_A
PUT_C
Display memory to system memory GET_A
GET_C
GET function extensions 90°_GET
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Table 4. DRAW Command Descriptions

Commands Name Description
Data Read Commands READ_DP The current drawing pointer coordinates (X#, Y#) are output
Read Drawing Pointer to the X and Y registers to be read by the host CPU.
6FH 6EH
[oJoloJo|JoJt]JoJoJo]oloJololoJo]ol]
READ_COL The color information in each memory plane corresponding ta
Read Color the coordinates (X, Y) pointed to by the X and Y registers is

placed in the DX register to be read by the host CPU. The
least significant bit corresponds to the first plane, the most
significant bit to the 16th plane.

6FH 6EH
[]sJol ]+ JoJofofo]ofo]ololo]o]
Graphics Drawing Commands DOT_D A dot Is drawn at the current drawing pointer coordinates (X#,
Dot Direct Y#). The drawing pointer (X#, Y#} remains unchanged. The bit

pointer of the PNTCNT register shifts from the LSB by 1 bit
toward the MSB .

6FH 6EH
[oJofoJo]+jo]o]o]Jolwr|olen srex Jo] o]
A_DOT_M A dot is drawn at the (X, Y} coordinates pointed to by the X
Absolute Dot with Move and Y registers, raspectively. The drawing pointer (X#, Y#)

changes to (X, Y). The bit pointer of the PNTCNT register
shifts from the LSE by 1 bit toward the MSB .

6FH 6EH
rolooo1 1 OOOIEPiO{PXEN‘BPPX o | o

R_DOT_M A dot is drawn at the (X+DX, Y +DY) defined by the X, DX, Y,
Refative Dot with Move and DY registers, respectively. The drawing peinter (X#, Y#j
changes to (X+DX, Y +DY). The bit pointer of the PNTCNT
register shifts from the LSB by 1 bit toward the MSB .
6FH 6EH

ololoj1]lolojo|lofo]w]|olenN erpx | 0] 0]

Absolute Line with Move 0, 1, 2 A straight line is drawn from coordinates (X, Y} pointed to by
the X and Y registers to (XE, YE) pointed to by the XE and YE
registers. WEP determines whether the end point (XE, YE) is
drawn. The drawing pointer (X#, Y#) changss to (XE, YE). The
commands differ as follows.

A_LINE_MO The X and Y registers change to the values in the XE and YE
registers. The XE, YE, XS, and YS registers do not change
value,

6FH 6EH
olo|olt]lo]l1]o ro FED P |Es IPXENI BPPX ]ESHIWEP]
PL)
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Table 4. DRAW Command Descriptions (cont)

Commands Name Description
Graphics Drawing A_LINE_M1 The X, Y, XE, YE, XS, and YS registers do not change value.
Commands (cont)
6FH 6EH
lojoJo |11 [o]o]ofen|ir|es|eN erex [esn|wer]
{PL)
A_LINE_M2 The XS and YS registers change to the values in the X and Y

registers, The X and Y registers change to the values in the
XE and YE registers. The XE and YE registers do not change

value.
6FH 6EH
lolofo|[ 1] 1] 1[0o]o]eo|w|eslxen errx |esH|wep
(PL)
Absolute Line Direct 0,1, 2, 3 A straight line is drawn from the current drawing pointer {(X#,

Y#) to the coordinates (XE, YE) pointed to by the XE and YE
registers, respactively. The values in the X and Y registers
should be equal to the drawing pointer (X#, Y#) in order to
execute these commands, The drawing of the end point (XE,
YE) is determined by WEP. The commands differ as follows.

A_LINE_DO The drawing pointer (X#, Y#) and X and Y register values
change to XE and YE. The values in the XE, YE, XS, and YS
registers do not change.

6FH 6EH
loJoj1]o]lojo]o]o]en|w]|es|pxen Brex |esh|wer|
(PL)
A_LINE_D1 The values in the X, ¥, XE, YE, XS, and YS registers do not
change. The drawing pointer (X#, Y#) changes to (XE, YE).
6FH 6EH
[oJ o] 1 JofJo]t]of]o]en]w[es[pxent eepx |esHfwer]
(PL)
A_LINE_D2 The values in the XS and YS registers change to those in the X

and Y registers. The X and Y register values change o those
in the XE and YE registers. The XE and YE register values do
not change. The drawing pointer (X#, Y#) changes to (XE,
YE).

8FH 6EH
oo {1 ]o{1[o]o]o]|ep|i|Eesipxen errx [EesH|wer]|
(PL)
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Table 4. DRAW Command Descriptions (cont)

Commands Name

Description

Graphics Drawing A_LINE_D3
Commands (cont)

6FH

The values in the XS and YS registers are used for the end
point of the line. The drawing pointer changes to (XS, YS). The
values in the X and Y registers change to those in the XS and
YS registers. The XE, YE, XS, and YS register values do not
change.

6EH

0 0 JED ! IP | ES |PXEN] BPPX ESH | WEP

(PL)

Relative Line with
Mave 0, 1, 2

A straight line Is drawn from caordinates (X, Y) pointed to by

the X and Y registers to the peint (X+ DX, Y+ DY) with DX and
DY contained In their respective registers. Drawing of the end

point is determined by the WEP bit.

R_LINE_MO

6FH

The drawing pointer %#, Y#) changes to (X+DX, Y+DY). The
X and Y registers changs to (X+DX, Y +DY). The DX, DY, XS,
and YS register values de not change.

6EH

loJo [+ 11 ofo|ofo]en|r|es[pxeN] BePx |EsH|wep|

PL)

R_LINE_M1

6FH

The drawing painter (X#, Y#) changes to (X+DX, Y+DY). The
X, Y, DX, DY, XS, and YS register values do not change.

6EH

loJo |+ 1]o]1]ofo]eo|m|es|pxen eerx [EsH|wepr|

(PL)

R_LINE_M2

6FH

The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). The
X8, and YS registers change to (X, Y}. The X and Y tegisters
change to (X+DX, Y +DY). The DX and DY register values do
not change.

6EH

loJo |1 |1 ]110] 0] ofeo]r]|es|pxen eprx |esm|wer

(PL)

R Line Direct 0, 1, 2

A straight line is drawn from the drawing pointer (X#, Y#) to
the coordinates (X+DX, Y + DY) pointed to by the DX and DY
registers. The drawing of the end point is determined by the
WEP bit. The drawing pointer changes to (X+DX, Y +DY).

A_LINE_DO

6FH

The X and Y registers change to (X+DX, Y +0¥). The DX, DY,
%S, and YS register values da not change.

6EN

Lolo| 1]

o | o |eo| ® |Es |pxeN Beex |ESH|wep|
(PL}
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Table 4. Drawing Command Descriptions (cont)

Commands Name Description
Graphics Drawing R_LINE_D1 The X Y, DX, DY, XS, and YS register values do not change .
Commands {cony)
6FH 6EH
o |1 ]ofjofo]Jo]ofo]en]w|es|pxenN Brrx |[esH[wer
(PL)
R_LINE D2 The XS and YS registers change to (X, Y). The X and Y regie-

ters changs to (X+ DX, Y+DY). The DX and DY register values
do not change.

lof1]o0] OSTHo |1 ]o]o]ep|P|es 'PXE?QTH BPI::L) | ESH | WEP |

A_REC A rectangle with horizontal and vertical sides parallel to the X

Absoclute Rectangle and Y axes Is drawn with the diagonal vertices at coordinates
0%, Y) and (XS, YS) pointed to by the X, Y, X3, and YS regis-
ters, respectively. The drawing pointer (X#, Y#) changes to (X,

6FH 6EH
lof1]oJo|[1]o]o|o]ofw]es]exen eppx [EsH] o |
R_REC A rectangtle with horizontal and vertical sides paraliel to the X
Relative Rectangle and Y axes is drawn with the diagonal vertices at coordinates

(%, Y) and (X+DX, Y+DY). The drawing polnter D{i#, Y#)
changes to (X, Y).
6FH 6EH

[of1[ofJo 1] 1{o[ofofwr]|[es|xen errx [EsH| 0 |

CRL A circle |s drawn counterclockwise with the center at (XC, YC)

Circle pointed 1o by the XC and YC registers and with radius DX de-
flned by the DX reglster. The drawing pointer (X#, Y#)
changes to (XC, YC +DX). The circle is started from {XC,
YC+DX). DX must be > 0.

6FH 6EH
lofJ1]Jol1lofloalofofJolw]|olmen Bex | 0] o]
CARC A circular arc is drawn from coordinates (XS, YS) to (XE, YE)
Circle Arc with the center of the circle at (XC, YC) and radius DX. These

are pointed to by the XS, Y8, XE, YE, XC, YC, and DX regis-
ters, respectively. The drawing pointer changes to {XE, YE).
DX must be > 0.

EIERER 161H0J tlajofecrlw]o !FXE:JTHBPPX [ o [wer|

CSEC A circular sector s drawn with the center at (XC, YC), DX the
Circle Sector radius, (X8, YS} the starting point, and (XE, YE) the ending
point. The drawing pointer changes to (XS, YS),
OX must be > Q.
6FH B6EM

o[ 1o 1] 1Jofof]o]cr|wm]|ofxen Beex | 0] 0|
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Table 4. DRAW Command Descriptions (cont)

Commands Name

Description

Graphics Drawing CSEG
Commands (cony) Circle Segment

6FH

A circle segment is drawn with the arc starting at (X8, YS),
ending at (XE, YE), the circle center at (XC, YC), and with ra-
dius DX. A line segment connects the arc starting and ending
peint to complete the segment. The drawing pointer (X#, Y#)
changes to (X8, YS). The radius DX must be > 0.

6EH

ol 1o 1|1 lo]1Tofce]wr|ofexen] Bex | 0| 0

ELPS
Ellipse

6FH

An ellipse with major and minor axes paraliel to the coordinate
axes is drawn counterclockwise with the center at (XC, YC), the
Y-direction radius DY, and the ratio of the squarses of the X-axis
and Y-axis radii in DH and DV such that DX2/DY2 = DH/DV.
The drawing pointer [X#, Y#) changes t¢ (XC, YC+DY}. The
radius DY must be > 0.

6EH

EIENEEERENEN

o[ o]ofw]olxeN Brex [0 ] 0|

EARC
Ellipse Arc

6FH

An elliptical are with major and minor axes parallel to the coor-
dinate axes is drawn from (XS, YS) to (XE, YE) with the ellipse
center at (XC, YC), Y-direction radius DY, and the ratio of the
squares of the X- and Y.direction radii DX2/DY2 = DH/OV.

The drawing pointer (X#, Y#) changes to (XE, YE). The radius
DY must be > 0.

6EH

[o] 11 ToJoJo]o]o]Jcr]r]| o [pxeN Berx | o [wepr]

ESEC
Ellipse Sector

6FH

An elliptical sector with major and minor axes parallel to the
coordinate axss is drawn from (XS, YS) tc (XE, YE) with the
ellipse center at ({C, YC), Y-direction radius DY, and the ratio
of the squares of the X- and Y-direction radii DX2/DY2 =
DH/DV. The drawing pointer (X#, Y#) changes to X8, YS).
The radius DY must be > 0.

6EH

ol 1|1 lo]ol1]olo]ce|{P]|ec|xenN Bex | 0] o |

ESEG
Ellipse Segment

6FH

An elliptical sagment with major and minor axes parallel to the
coordinate axes is drawn from (XS, YS) to (XE, YE) with the
ellipse center at (XC, YC), Y-direction radius DY, and the ratio
of the squares of the X- and Y-direction radii DX2/DY2 =
DH/DV. The drawing pointer (X#, Y#) changes to {XS, YS).

6EH

o]t J1ToJoJ1]ol1]Jer]r]|olexen Berx | 0] 0]
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Table 4. DRAW Command Descriptions (cont)

Commands Name

Description

Fill and Paint Commands PAINT

6FH

A boundary-point search is carried out starting from coordi-
nates (X, Y) and the resuiting enclosed area is filled with a
solid ot tlling pattern. When PMOD = 0, the boundary colors
are set into the DX register. The arsa to be painted must be
enclosed within the clipping rectangle and the CLIP register
must be set to 00.

6EH

o] 1]1]o

ojofom

PMOD O 0

o | 1]ss|o

A_TRI_FILL
Absclute Triangle Fill

6FH

A triangular region with vertices at (X, Y), (X8, YS), and (XC,
YC) is filled with the tiling pattern. Y, YS, and YC must not be
equal to each other

6EH

0 0O JTL| 0O 1 88 | WL [ WR

o] o]

A_TRA_FILL
Absolute Trapezoid Fill

6FH

A trapezoldal area with its parallel sides (upper and lowsr) de-
fined by line segments connecting (X, Y) to (XS, Y) and (YS,
YE) to (XE, YE), where YS is an X-axis value, is filled with the
tiling pattern.

6EH

KN ENEREREE

oJofo]m]o |1 [ss|{w|wr|o] o]

R_TRA_FILL
Relative Trapezoid Fill

A trapezoidal area with its upper parallsl side defined by the
line segment connecting (X, Y) to (XS, Y), a height of DV +1
dots above the lower side iine segment connecting X +DX and
XS+ XC, Is filled with the tiing pattern.

6FH 6EH
o111 o1 [o]o]m]o]|1[ss{w|wr| o] o]
A_REC _FIlLL_C A rectangle with vertical and horizontal sides parallel to the
Absolute Rectangle Fill by cocrdinate axes Is filled with the tiling pattern. The diagonal
Coordinates vertices of the rectangle are (X, ) and (XS, YS).
6FH 6EH
HENENERE oo ft]| o] 1 [ss|wi|wnrast| o |
A_REC_FILL_A A rectangle with vertical and horizontal sides parallel to the
Absolute Rectangle coordinate axes |s filled with the tiling pattern. The rectangie
Fill by Address is defined by the number of dots in the herizental direction
DH+ 1, the number of dots in the vertical direction DV +1, the
starting acddress (physical address) EAD1, and the bit position
in the starting address dAD1.
&6FH 6EH

|1|°’°|°|1|1|1|0|0 o |1 {1 | 1] 1]1]o0
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Table 4. DRAW Command Descriptions (coni)

Description

Commands Name

Fill and Paint A_REC_FILL

Commands (cont) Relative Aectangle Fill
by Coortdinates

A rectangle with vertical and horizontal sides parallel to the
coordinate axes is filled with the tiling pattern, The rectangle
is defined by the starting point (X, Y}, the harizontal width DX,
and the vertical height DY. The diagonal vertices are at (X, Y)
and (X+DX, Y +DY).

6FH 6EH
1 ]Jolo]1{olofoflo]mn]o] 1 ss]|w|wrl|rast o |
CAL_FILL A circle with its center at (XC, YC) and a radius of DX is filled
Circle Fill with the tiling pattern. Points on the circumference are filled,
The filling starts from the top of the circle and proceeds
downward.
6FH 6EH
0 1 0 1 0 0 0 0 TL 0 1 88 1 1 0 0
ELPS_FILL An ellipse with its major and minor axes parallel to the coordi-
Ellipse Fill nate axes, center at (XC, YC), Y-direction radius DY, and ratio
of the squares of the X- and Y-direction radii DX2/DY2 =
DH/DV is filled with the tiling pattern. The filling starts frem
the the top of the ellipse and proceeds downward.
6FH 6EH
o1 Jof 111 jo]o]n]o]1]|ss]1]1]0]0]
Copy Commands A_COPY_AA A rectangular area of memory starting from physical location
Absolute Copy Address EAD2 and bit position dAD2, with horizontal size DH + 1 dots
to Address and vertical size DV + 1 dots, is transferred to the rectangular
area of memory starting from EAD1 and bit position dAD1.
6FH 6EH
ol 1| 1] 1] 1] o] o] ofese[rev|iror| o | spseL [FasT| o |
A_COPY_CA A rectangular area of display memory starting from (XS, YS),
Absolute Copy Coordinate with horizontal size DH+ 1 dots and vertical size DV+1 dots,
to Address is transferred to the rectangular area of memory starting from
physical address EAD1 and bit pesition dAD1.
6FH 6EH
o |t {1 | 1] 1] 1] o] ofese|reviror| o | so.seL [FasT| o
A_COPY_AC A rectangular area of display memory starting from physical
Absolute Copy Address address EAD2 and bit position dAD2, with horizontal size
to Coordinate DH+1 dots and vertical size DV + 1 dots, is transferred to the
rectangular area of memory starting from (X, Y).
6FH B6EH
v Jo]Jo]ofo|o] o o]ese|reviror| o | soseL |Fast| o |
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Tabie 4. DRAW Command Descriptions (cont)

Commands Name

Description

A_COPY_CC
Absolutae Copy Coordinate
to Coordinate

Copy Commands {cont)

6FH

A rectangular area of display memory starting from (XS, YS},
with horizontal size DH + 1 dots and vertical size DV +1 dots,
is transferred to the rectangular area of memory starting

at (X, Y).
6EH

1 ]o]o]o

0

1 ]o]o

ESE | REV | ROT

0 | SD_SEL |FAST| o

Copy Function Extensions

The function of each COPY command can be extended by
changing the jowsr 2 bits of the command code. This exten-
sion is defined in the lower byte (6EH) of the command
register.

90°_COPY The transferred memory area is rotated S0° counterclockwise,
90° Rotation Copy
6EH
|Ese|Rrev/roT| 1 | spseL | o | o ]
SL._COPY The data in a rectangular area of display memory is slanted
Stant Copy by DX in the X-direction to the change in the Y-direction
6EH
ESE | REV |ROT| 0 SD_SEL 0 1
FR_ES_COPY The rectangular data from the source area is transferred to a
Fres Angle Rotation, paralielogram at the destination atea in display memory. DY
Enlarge/Shrink Copy and DX determine the angle for the horizontal side, XE and YE
for the vertical side. MAGH and MAGY determine the horizon-
tal and vertical enlargement or shrink factors.
6EH
ESH|ESV|FS | 1 | SDSEL | 1 | 0 |
ES_COPY The rectangular data from the source area is transferred to a
Enlarge/Shrink Copy rectangular area ai the destination in display memory and en-

larged or shrunk in the horizental and/or vertical direction.
MAGH and MAGV detetmins the horizontal and vertical scale
factors.

6EH

| EsH | REV | ROT | ESV

SD._SEL 1 1
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Table 4. DRAW Command Descriptions (coni)

Commands Name Description
PUT/GET Commands PUT_A Transfers data from the PGPORT register to a rectangular area
Put Data to Address of display memory starting from word address EADT and bit
Field position dAD1 with horizontal width DH +1 dots and vertical
height DV + 1 dots.
6FH BEH
t oo 1]o|1]0o|o]o|rev|ror| o |spseL |1]1|
PUT_C Transfers data from the PGPORT register to a rectangular area
Put Data to of display memory starting frem (X, Y) with horizontal width
Coordinate Field DH+1 dots and vertical height DV + 1 dots.
6FH 6EH
1 Jojo[1]1]ofo|o]o|reviror| o soseL | 1] 1]
GET_A Transfers data to the PGPORT register from a rectangular area
Get Data from Address of display memory starting from word address EADT and bit
Field position dAD1 with horizontal width DH+ 1 dots and vertical
height DV + 1 dots.
SFH 6EH
1Joflofl1]olt/1]o]olo|a]|o|spse|1]0]
GET_C Transfers data to the PGPORT register from a rectangular area
Get Data from of display memory starting from (X, Y) with horizontal width
Coordinate Field DH+1 dets and vertical height DV +1 dots.
6FH 6EH
i 0 0 1 1 0 1 o] 0 o] 0 o; SD_SEL 1 i
Get Function Extensions Data in the rectangular area of display memory Is rotated
90°_COPY through 90° and transferred to the PGPORT register.
6EH
0 |REV|ROT| 1 SD_SEL 1 0
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Figure 24. Graphics Drawing Commands
Dot [X+DX, Y+DY| Circle Sector [CSEC]
T {Xs, vsl
DY (XS, Y}
(X. Y] [X. Y] JL CF=1 [XE, YE]
® L [XC, ¥C] CF=0
fe————- pX —————! YC.YC) [XE, YE] b DX —>
A_DOT R_DOT Y e = o
Line IXE, YE| [X+DX, Y+DY]
T Circle Segment [CSEG]
DY [XS, YS]
l [XS, YS]
X, X, ¥
Y] X, v . . GF=1 [XE, YE]
. DX . [XC, ¥C] CF=0
A_LINE R_LINE IXE, YE) be— DX —
[XC, YC
Rectangle k= DX
(XS, YS] [X+DX, Y+DY]
DY Ellipse Arc [EARC]
(X, ¥] l XS, 8]
X Y] i DX > S
A_REC R_REC XS, Y85 oy
T CF=1 [XE, YE]
- DY [XC, ¥C] =5 ACF=0
Circle [CRL] J_ [XE, YE]
IXC, YC) ;«——-Dx f

DH:DV=DX2:DY2

Eillipse [ELPS])

DH:DV=DX2.D¥2

Ellipse Sector [ESEC]

XS, Y8)

(XS, Y8 DY

CF=1 [XE, YE]
oY xeve G Yol —=Gr—cr-o

[XC, YC| be—Dx —|
DH:DV=DX2DY2

Circle Arc [CARC] [XS, ¥S]

[XS, Y8

CF=1 {XE, YE]
X<, YC) CF=0
[XE, YE] b— DX —
[XC, YC]
F— DX —>

Ellipse Segment [ESEG]

XS, YS]
(XS, ¥S]
oY
T IN\\er=1 [XE. VE]
DY XC, YC -
i (XE. YE] # | —gxMCF=0
[XC, YC) k—_’DX {

DH:DV=DX2DY2
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Figure 25. Fill and Paint Commands

Paint

DX: Boundary Color

Ellipse Fill [ELPS_FILL]

DH:DV=DXZ.DpY2

Circle Fill [CRL_FILL]

Triangle Fill [A_TRI_FILL]

X ¥i
(XS, YS)
[XC, YC]
Rectangle Fill Trapezoid Fill
X, Y] XS, Y]
EAD1, dAD1 (X, Y] (XY} [XS,¥]
190900099 T Fooeesese
15344400 S22 PS$4
60666060 0V 1666666064 >
e eeddod _l_ 942 2E 44 5
2 & HESSEHH &S 220ESH [YS, YE] [XE, YE] [XE, YE] [YS, YE]
pe—— DH ——> [XS, YS] A_TRA_FILL
A_REC FILL A A REC FILL C v Bev
v X.Y] (XS, Y] T ;
5655650 T A DV A
3333338 AR T3
D 4 D
500606 o0d | b PSSR ‘ 2
SS9 — e e— fe—— DX
DX XC
e DX - XC——>
R_REC FILL DV>0 DV=0

R_TRA_FILL
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Figure 26. Copy Commands; Copy, Rotate, Slant

Copy [COPY]

F

—

REV=0, ROT=0

REV=0, ROT=1 <O

REV=1, ROT=0

REV=1, ROT=1

=
E
&1

Source

F

ke DH

ESE=0

b

90° Rotation Copy [90°_COPY]

T]

REV=0, ROT=1

o—-

REV=1, ROT=0 .

LB
REV=1,ROT=1
L

T’

oV

ESE=1

Slant Copy [SL_COPY]

REV=0, ROT=0

[

REV=0, ROT=1
REV=1, ROT=0
/ /
[ ~f/
&2
REV=1, ROT=1

sTITN
(s
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Figure 27. Copy Commands; Enlarge/Shrink, Rotate

REV=0, ROT=0 w

ESH=0, ESV=1

REV=0, ROT=1

4

ESH=1, ESV=0

REV=1, ROT=0

ESH=0, ESV=0

Source

B
e

pe—— DH —4

Enlarge/Shrink Copy [ES_COPY]

—
-l

ESH=1, ESV=0

ESH=0, ESV=1

4

ESH=1, ESV=0

REV=1, ROT=1

Py

ESH=1, ESV=1

ESH=0, ESV=1

Arbitrary Angle Rotation Copy [FR_ES_COPY]

ESH=0, ESV=1
DX>0, DY<0
XE<0, YE>0

YE

DY

<— DX —4
ESH=1, ESV=0

DX<0, DY>0

XE<D, XE>D

ESH=0, ESV=1
DX>0, DY>0
XE<0, YE<O

ESH=1, ESV=1
DX<0, DY<0
XE<0, XE<O
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Table 5. DRAW Command Summary
Command Opcode (Hex) Parameters Command Opcode {(Hex) Parameters
READ_DP 04 None ELPS 5C XC, YC, DY, DH, DV
READ_COL 8C XY B7 Operation Flags BO
L Operation Flags Bo o] m ] olexen] Beex [ o [ o |eEH
| 0 | roTo—[ o|a| o o]eeEH
EARG 60 XC, YC, DY, DH, DV, DX, XS, YS,
DOT_D 08 None XE, YE
ADOT.M 0C XY B7 Operation Flags
FROT b il CF ] TPXE!GL BPPX WEP | 6EH
B7 Operation Fiags B0 J e —I
| o | P | o |pxen] BePx | o | o |eEH
ESEC 64 XC, YC, DY, DH, DV, DX, XS, YS,
XE, YE
A_LINE_MO 14 X, Y, XE, YE ESEG 65
M 18 .
- B7
M2 1C Operation Flags B0
GFl IP | o PXEN‘ BPPX | 0 | 0 |eEH
A_LINE_DO 20 XE, YE
D1 24
- PAINT X,
_n2 28 68 Y. X
D3 2c B7 Operation Flags B)
Tl o] 1]ss| o bwog o oeen
A_LINE_MO 30 Y, DX, DY
_M1 34
M2 a8 A_TRLFILL 6C X, Y, XS, YS, XC, YC
ATRAFILL 70 X, Y, XS, YS, XE, YE
R_LINE_DO ac DX, DY A_TRA_FILL 74 X, Y, XS, DX, XC, Dv
0 40 BT Operation Flags
-b2 44 [TL| 0 l 1 |ss LWLLWRJ oJ |6EH
87 Opeistion tooe B0 ALREC_FILLLC 8C X, Y, XS, YS
ep | 1P | ES [PXEN| BPPX | ESH|wer|6EH 1 B AS,
0 B7 Operation Flags BO
p— - v |TLIo|1 |ss|wu.|wn|FAST|ojsEH
A— t] ) 1
R_REC 4C X, Y, DX, DY - - >
&7 Operation Flags - ARECFILLA 8 - iADLdA 1,DH,DVB
[o [ [es [xen] epPx [esH[ o |een B? peration Flags 0
o | 0] 1 L1 L1 I \ 0 | 6EH
CRL 50 XC, YC, DX — —
B7 Operation Flags BO i —FBT . o _ }::'Y' X, B
[o ][ o e eex [ o [ o |6EH peration Flags 0
| 7. ] o | 1 | ss|wL|wn|rasT] 0 |eEH
CARC 54 XC, YC, DX, XS, YS, XE, YE

B7 Qperation Flags BO

CF | IP 0 |PXEN| BPPX 0 |WEP!6EH
GSEC 58 XC, YC, DX, XS, YS, XE, YE
CSEG 5A

B7 Operation Flags B0

Lo |

1P l 0 lF'XEN( BPPX | 0 | 0 |6EH




pPD72120

NEC

Table 5. DRAW Command Summary (cont)

Command

Opcode (Hex) Parameters Command Opcode (Hex) Parametors
CAL_FILL 50 XC, YC, DX A_ES_COPY_AG 80 EAD2, dAD2, X, Y, DH, DV
ELPS_FILL 5C XC, YC, DY, DH, bV _CCcs8a XS, ¥S, X, Y, DH, DV
B7 Operation Flags BO B7 Operation Flags BO
|TL[ 0 | 1 ]ss| 1 ( 1 | 0 [ 0 |5EH [ESHIREV HOT|Esv[ SD_SEL 1 [ 1 |eEH
ACOPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH, PUT_A 94 EAD1, dAD1, DH, DV
oV C 98 X, Y, DH, DV
_CA 7C X8, YS, EAD1, dAD1, DH, DV B7 Hlon Fi
AC 80 EAD2, dAD2, DH, DV, X, Y Operation Flags BO
cc  sa XS, Y5, X, Y, DH, DV | 0 }nsv Ror} 0 | SD_SEL 1] 1 |een
B7 Operation Flags BO
a T 6EH GET.A 96 EAD1, dAD1, DH, OV
|ese(rev(roT| o | sp.SEL  [Fast| o A > oA
B7 tion Fi
A_90°_COPY_AA 78 Dperetion Fags

CA7C
-AC 80
_CCs4

EAD1, dAD1, EAD2, dAD2, DH,
v

XS, YS, EAD2, dAD2, DH, DV
EAD2, dAD2, X, Y, DH, DV

XS, Y8, X, Y, DH, DV

[ :;E |revirot| 1 |

Operation Flags BO
so.SeL | o | o |eEH

ojofo]o

SD_SEL

Ba
1 | o e

A_SL_COPY_AA 78
CA 7C

_AC 80
_CC 84

B7

EAD1, dAD1, EAD2, dAD2, DH,
Dv, DX

X8, Y5, EAD1, dAD1, DH, DV,
DX

EAD2, dAD2, X, Y, DH, DV, DX
XS, ¥§, X, Y, DH, Dv, DX

Operation Flags BO

| Ese[Rev|roT| 0 |

SD_SEL ] 0 | 1 |sEH

A FR_
ES.COPY _AA 78

EAD1, dAD1, EAD2, dAD2, DH,
ov, DX, DY, XE, YE

_CA 7C XS, Y8, EAD1, dAD1, DH, DV,
DX, DY, XE, YE
AC 80 EAD2, dAD2, X, Y, DH, DV, DX,
DY, XE, YE
_CC 84 XS, Y8, X, Y, DH, DV, DX, DY,
XE, YE
B7 Operation Flags BO
ESH|ESV| Fs | 1 SD_SEL 1 ] 0 |eEH

90°_GET_A o6

EAD1, dAD1, DH, DV

C 9A X, Y, DH, DV
B7 Operation Flags BO
| o |revlrot| 1 | spseL |1 [ o |eE
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Table 6. Operation Flag Descriptions

Description

PXEN (Pixel Drawing Enable)
BPPX (Bits per Pixel)

The plane or packed pixel display mermory configuration is selected by PXEN and the number of bits in
ohe pixel is defined by BPPX, The nPD72120 display memory data width is 16 bits. For plane

configuration, FPXEN = 0.

BPPX PXEN Bits/Pixel
xX 0 1
00 1 2
o1 1 4
10 1 8
1 1 16
ES (Enlarge/Shrink) Select the enlarge and shrink opticns,
523 fEE:::rr:;g:::: \Teortc‘i:;?l;?“y’ ES ESH ESv Copy Cperation Drawing Operation
0 X X No enlarge/shrink No enlarge/shrink
1 0 X Horizontal shrink Horizontal pattern shrink
1 1 X Horizontal enlarge Horlzontal pattern enlarge
1 X 0 Vertical shrink -
1 X 1 Vertical enlarge -

Enlargement/Shrinkage factors,
MAGHMAGY  ESH/ESV = 0 ESH/ESV = 1

ED (Enlargement Direction)

0 1/16 161

1 2/16 16e/2

2 3/16 16/3

3 4/16 16/4

4 5/16 16/5

5 6/16 16/6

6 716 16/7

7 8/16 16/8

8 9/16 16/9

9 10/16 16/10

10 11/16 16/11

1" 12/16 16/12

12 13/16 16/13

13 14/16 16/14

14 15/16 16/15

15 16/16 16/16

Defines the direction of enlargement for line drawing.

ED Enlargement Direction

0 To the right of the line in the direction of drawing.
1 To the left of the line in the direction of drawing.

iP (Initialize Pattern Peinter)

Initializes the line pattern pointer to the first bit of the pattern register.

CF (Clockwise Flag)

IP Function

0] Pointer not initlalized

1 Pointer inltialized

Defines the drawing direction for circular and elliptical arcs, sectors, and segments.
CF Function

0 Counteiclockwise

1 Clockwise
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Table 6. Operation Flag Descriptions {conl)

Name Description
TL (Tiling Pattern) Defines the use of a tiling pattern in filling.
83 (Single Source Pattern) T ss Function
0 V] Not used
0 1 The pattern in the PTNCNT register is used for all planes
1 0 The patterns stored in display memory are used for each plane.
1 1 The same pattern stored in display memory is used for all planes.

To quickly clear all planes to zero, set TL = 0 and S§ = 1, When it [s necessary to paint with a different
color for each bit, set TL = 1 and 8§ = 0.

PMCD {Paint Mode)

Selects the arbitrary boundary area for the PAINT command.

PMOD Function
0 Boundary colors are defined by the DX register.
1 Boundaries are all the points with colors different than the starting peint (X, Y).

WL (Write Left)
WR (Write Right}

Defines whethier the boundary points are drawn during a FILL command.

WL  Function WR  Function
4] Points on left boundary are not drawn 0 Points on right boundary are not drawn
1 Points on left boundary are drawn 1 Points on right boundary are drawn

FAST (Fast)

Specifies the normal or fast mode for drawing.

FAST Function
o] Normal speed
1 Fast speed

Howaver, FAST mode cannot be used for all drawing operations,

REC_FILL  The FAST mode cannot ba used if clipping or painting with a tiling pattern. It can only
be used for replacing data.
COPY The FAST mode can be used only for ordinary COFY with replace, It cannot be used

with other COPY operation or with muttiple sources.

ESE (Exchange Start With End)

Defines the reading otder of the source data during COPY.

ESE Reading Order

0 Upper left to lower right (left to right on each row)

1 Lower right to upper left (right to left on each row)
REV (Reverse) Defines the reverse drawing direction during COPY

REV Drawing Direction

o Left to right, top to bottom

1 Right to left, top to bottom
ROT (Rotation) Defines 180° rotation drawing during COPY.

ROT Function

0 Normal

1 180° rotation drawing

SD_SEL
(Source Destination
Mode Select)

Selects the transfer mede between planes.

SD SEL Transfer Mode Legical Operation By

00 Multiple sources and single dsestination MOD1 during read of the scurces; MODO
during write to the destination

01 Multiple soutces and single destination MODO or MOD1 during read of the
sources; REPLACE during write to the
destination

10 Single source and multiple desinations MODO0 or MOD1 during write to each of
tha destinations.

11 Multiple sources and multiple destinations MODQ or MOD1 during write to each of

the destinations.
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Table 6. Operation Flag Descriptions (coni)

Name Description
FS (Fill Shortages) When the coordinate conversion is made during the arbitrary angle rotate copy, some points may not
be drawn. FS specifies whether to draw these points.
Fs Function
0 X Points drawn
1 X Points not drawn
c o oo
C 0 O e a8
00O O ® e #&#00C0C 0
® 8 8000 B OO s e
O00 oee e Xo00O00UO0
e oo o X0 O0OOS®GS®BSES
0O 0 OO ®® @00 O0O0O0
e & & ¢ 000X e e o8
00 0O X ® e e 0 ¢ 0O
e & & ¢ 0 0 O ® @& 9O
©C 000 ® &0
® &« % 8 000
e 0 00
PL (Pattern Line Length) Specifies whether a 16-bit or 32-bit pattern Is to be used for line drawing.
PL  Pattern Length Pattern
0 16 bits PNTCNT contains the 16-bit pattern.
1 32 bits PNTCNT contains the first 16 bits of the pattern; DH contains the next

16 bits. The pattern cannot be Initialized by setting IP = 0.




