N E C pPD72120

NEC Electronics Inc. Advanced Graphics Display Controller

Description O Video timing signal generation

The pPD72120 Advanced Graphics Display Controller ;E‘::ypgg?&rd%%ezi:?fs?é’r:;:og:xz:z;?og)o:ﬁ
(AGDQC) displays characters and graphics on a raster graphics drawing clocks

scan device from commands and parameters received — External synchronization capability

from a host processor or CPU. Features of the AGDC Large-capacity display memory

include high-speed graphics drawing capabilities, video — Display memory bus interface: 24-bit address and
timing signal generation, large capacity display memory 16-bit data bus for addressing up to 16M words
control (including video RAMs), and a versatile CPU 16 bits/word ’
interface. These features allow the AGDC to control — Video RAM (VRAM) control

graphics drawing and display of bit-mapped systems. — Display memory bus arbitration

o Host processor (CPU) interface

— System bus interface: 20-bit address bus, 8- or
16-bit 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 /0 mapping of internal registers
and display memory for efficient system interface

8-MHz system clock

CMQOS technology

Single +5-volt power supply

Packages: 84-pin PLCC, 94-pin plastic miniflat

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°

OoOooag

Ordering Information

rotation and reversal); multiwindow transfers;

maximum transfer speed of 500 ns/word Part No Package
— Image processing: slant, arbitrary angle rotation, pPD72120L 84-pin PLCC
16/N entargement, and N/16 shrinkage (N any sPD72120GJ-58G 84-pin plastic miniflat

integer from 1 to16)
— Position specification by X-Y coordinates
— Logical operations between planes

50068
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Pin Identification

Symbol 1/0  Signal Function Symbol 1/O  Signal Function

Clock Pins DA4g-DAg;  Out Upper8 bits of display memory address {the lower

CLK In  Clock supplied to circuits other than the sync E;glts) of the 24-bit address are output on DADo-
signal generator and display processor The Lis
drawing processor and preprocessor speed DASTB Out Indicates that a display memory address is
depsend on this clock frequency. present on the falling edge.

SCLK In  Clock supplied to the sync signal generator and DUBE, Out Defines the data format for accessing the display.
the display processor This clock frequency is DIBE RESET sets 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) byte

System Bus Control Pins 816LtCPU1 O  Low (even) byte

ADg-AD¢s YO 1/O bus to the CPU consisting of multiplexed 8-bit CPU 1 1 High (odd) byte
16-bit address and a bidiractional data bus. BRD Out Controls reading of the display memory by the

Avg-Alg In  Upper four address bits of the 20-bit address. AGDC. Set high by RESET.

ASTB In  Latches the address on A1g-A1g and ADg-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.
connecrid_to an &-bit CPU. HEDAK Out Indicates that the AGDC memory bus (DADg-
ADp UBE Data Access Format DAD15 and DAg-DA23 is in high-impedance state
0 0  Even-address word 50 that an external device can have access to the
Q 1 Even-address byte display memory bus. Set high by RESET.

1 0 Odd-address byte
1 1 Odd-address byte Wideo Timing Signal Related 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 i :z:fg:ia writs of data to the AGDG from the internal vertical sync signal on the rising edge.

' - — - HS/EXHS /O  When the AGDC operates as the master, HS isthe

C3IR In Ena.bles rebadn;ag/wr:m? gfp l'tJheTg(:\DC: .mtterngl horizontal sync signal output. When the AGDC
relgxsterdsb yh ed 4 oSt Y AS ':S's er is operates as a slave, EXHS initializes the internal
selected by the address input on ADg-AD;. horizontal sync signal on the rising sdge.

C3DM In  Enables reading/writing of display memory N " .
through the AGDC by the host CPU. The display  DisPlay Signal Related Pins
memory address is generated by the address BLANK Out Used to blank the display.

i - d ADg-AD: d by the bank
‘r';zlilstt:? Atg-Atg and ADo-ADqg and by the ban DT/DISP Out Set to DT in the DT mode (when using VRAMs)
. — and specifies the data transfer. In the cycle steal
READY Out Activated by the data access request (RD/WR) for mode (VARAMs not used), indicates the display
the AGDC. During the access, the signal may be cycle.
2 T wilf the READY li igh.
fow. RESET will set the READY fine hig GCSR Out Specities the display of the graphics cursor
anal - y

INT Out Signals an interrupt from the AGDC. GWAIT Out Graphics wait signal

DMARQ Out Indicates a request for data transfer (PUT/GET) to
an external DMA controller. DMARQ will be low Other Pins
after RESET. Voo +5-volt power supply

BMAAK In  Acknowledgment of DMA request to the AGDC by GND Ground
the DMA controiler

1C Internally connected; leave unconnected

RESET In Initializes operation of the AGDC. The infernai
parameter register is not cleared by RESET (jitis
initialized by setting data).

Display Memory Control Pins

DADy-DADs /O I/O pins for display memory; 16-bit address

muitiplexed with data.
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Pin Configurations

84-Pin PLCC
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84-Pin Plastic QFP
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#PD72120 Block Diagram
CLK —» le—— sc1k
RESET —»
> Synchranizing > BLANK
Voo —> Signal Generator  le—» yaEXHS
—_
GND [ VS/EXVS
WAIT «——
DMARQ <— Display <-:> — DUBE
DMAAK —> Pracessor —> DIBE
INT ~—j € HLDRQ
< ! ! —> HLDAK
READY cPU Display Memory
CSIR —> interface Unit Interface Unit — DWR
CSoM —> Preprocessor Drawing. w [—>oro
RD — > > DASTB
wa—>
ASTE —> ﬁ @ —> DT/DISP
UBE —> > GCSR
ADg-AD15 Sequence ROM Sequence ROM DADp-DAD1{5
A16-A1g DA16-DA23

49NR-381B

System Configuration Example
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General Application Diagram

System Buses

Display Memory Buses

LJ iJ
Data Address

Address Data Control
~< ™
| 1 DMA
< '> Controlier
v
DMARQ  DMAAK
= H
RD VS
WR s
BLANK
READY GCSR ——>| Cursor Cantrol Circuit}—
> CSIR "1 ™1
cSom J— RAS -—A
CSDM 55 1— RAS le—] [—
owR Timing CAS[—>
N VRI—>1  Controlier Wel—> ¢
OT |—> R
»{ ASTR DT/OE >
L use DLBE
> A1g-Alg DUBE
U DASTB
pPD72120 !
Mux DA1e-DA23 y
Latch
ADp-AD+5
Bfr
DADg-DAD15 >
" HLDRQ
L HLOAK > ,J
- Control
CLK SCLK

Timing
Controller

Y
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uPD41264
Display Memory
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ELECTRICAL SPECIFICATIONS
Capacitance

Absolute Maximum Ratings Ta = +25°C; Vpp = GND = 0V
Ta= +26°C Parameter  Symbol Min  Max  Unit  Condition
Supply voltage, Vpp ~05to +7.0V Input G 10 pF f = 1MHz;
Input voltags, V, ~0.510 470V uigut Co 20 oF :?r?;er:f:::gd
Output voltage, Vg -05t0 +7.0V Input/ Cro 20 pF toQV
Operating temperature, Topt -10to +70°C output
Storage temperaturs, TgTg -65t0 +150°C  Clock Cc 20 pF
Power dissipation, Py 11w nput
DC Characteristics
Ta = —10t0 +70°C; Vpp = +50V =10%
Parameter Symbol Min Max Unit Condition
Low-fevel input voltage ViL -05 0.8 v Except CLK or SCLK

-0.5 0.6 \ CLK, SCLK
High-level input voltage ViH 22 Vpp + 0.5 v Except GLK or SCLK

35 Vpp + 1.0 v CLK, SCLK
Low-level output voltage VoL 0.45 v loL = 22 mA
High-level output voltage VoH 24 v lon = —400 kA
Lowtevel input leakage current [ -10 RA Vi=0V
High-level input leakage cur ent [T 10 pA V) = Vpp
Lowlevel output leakage current oL -10 BA Vo=0V
High-level output leakage current ILoH 10 BA Vo = Vpp
Supply current Ibp 200 mA
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AC Characteristics

Ta = -10t0 +70°C; Vpp = +5.0 V £10%; see figure 1

Parameter Figure Symbol Min Max Unit Condition
Clock (CLK, SCLK)
Clock period CLK 2 tovk 125 600 ns
SCLK 2 toysk 125 600 ns tovk = toysk
High-levei clock width CLK 2 WKH 52 ns
SCLK 2 twskH 52 ns
Low-level clock width CLK 2 WKL 52 ns
SCLK 2 WSKL 52 ns
Clock rise time CLK 2 ta 15 ns
SCLK 2 tskn 15 ns
Clock fail time CLK 2 ke 15 ns
SCLK 2 tskE 15 ns
Reset, Interrupt
Reset pulse width 3 tasT 5 tovsk
CLK 1 to INT 1 delay time 3 ok 50 ns CL = 50 pF
RD | to INT/ delay time 3 toRt 3tcyk + 50 ns STATUS read
HLDRQ, HLDAR
CLK 1 to HLDAK dslay time 4 toKHA 50 ns Cy = 50 pF
HLDRQ setup time to CLK T 4 tskHQ 20 ns
HLDRQ hold time from CLK t 4 HKHQ 20 ns
DMA Read/Write Cycle
CLK 1 to DMARQ output delay time 5,6 tokmQ 50 ns Cp = 50 pF
DMARQ setup tims to DMAAK | 5,6 tsmaMQ 0 ns
DMAAK setup time to RD | 5 tsRMA 0 ns
DMAAK hold time from RD 1 5 tHRMA 0 ns
DMAAK setup time to WR | 6 tswMA 0 ns
DMAAK hold time from WR 1 6 HWMA 0 ns
Dispiay Memory Bus Read Cycle
CLK 1 10 address or data output delay time 47,8 toka 30 ns Cp = 50 pF
Input data setup time to CLK 1 7 tskD 20 ns
Input data hold time from CLK 1 7 kD 0 ns
CLK 1 to DASTB 1 delay time 7.8 tokpsH 30 ns C, = 50 pF
CLK | to DASTB | delay time 7.8 toKDSL 30 ns
CLK 1 to DRD dslay time 7 oKDR 30 ns
CLK 1 to DWR delay time 8 tokow 30 ns
System Bus Read Cycle
TS setup time to AD | 9 tsRo 0 ns
TS hold time from RD 1 9 HRC ] ns
RO width, high 59 WRH 50 ns
ASTB pulse width 5,6,9,10 twas 30 ns
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Condition
ASTR setup time to RD | 59 tsRAS 0 ns

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

Address hold time from ASTB | 59 tiaSA 0 ns

Data setup time to READY 1 59 tSRYD 0 ns

Data float delay time from RD 1 58 trrp 0 40 ns

RD | to READY | delay time 58 toRRY 30 ns Cp = 50 pF
RD hold time from READY 1 59 tHaYR 0 ns

CLK 1 to READY 1 delay time 59 tokRY 40 ns Cy = 50 pF
RD 1 to ASTB 1 delay time 59 toRAS 0 ns

System Bus Write Cycle

T3S setup time to WR |, 10 tswe 0 ns

TS hold time from WR t 10 twe ] ns

WH width, low 6,10 twwi 50 ns

WR width, high 6,10 WwH 50 ns

Data setup time 1o WR T 6,10 tswo 50 ns

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

WR | to READY | delay time 6,10 thwRy 30 ns C_ = 50 pF
WR hold time from READY 1 6,10 tHRYW 50 ns

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

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

Display Cycle

SCLK 1 to DASTB 1 delay time 11,1213 tpskpasH 30 ns CL = 50 pF
SCLK | to DASTB | delay time 11,12,13  tpskpast 30 ns

SCLK 1 to DTDISP delay time 11,12,13  tpskoT 30 ns

SCLK 110 address delay time 11,1213 thska a0 ns

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

(HS, VS, BLANK, or GCSR) 13

SCLK 1 to WAIT delay time 1,12 tosKwT 70 ns

WAIT pulse width 1 twwr  Atoysk-70 ns

EXVS setup time to SCLK 1 11 tsSKEV 20 ns

EXHS setup time to SCLK 1 1 tsSKEH 20 ns

EXVS hold time from SCLK 1 1 tHskev 20 ns

EXHS hold time from SCLK 1 11 tHSKEH 20 ns
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Figure 1. Voltage Thresholds for Timing Figure 3. Reset and Interrupt Waveforms
Measurements
Input 24V Xazv 22V X RESET
CU[<e:rc Z%L% 0.45V o8V o8V tRST
CtK
input 35V 35V _/T\I\_
[GLK, SCLK] 08V 06V

INT a‘

tDKI

Note: DUBE, DLBE do not go fo high impedance

Output 22V 22V
[CL=50pF] 0.8V 08V
ORI
49NR-353A
RD
Figure 2. Clock Waveforms oNRL355A
ck f
N
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> tCYK
tKR [e—
—] [ tKF
4
SCLK
h \ \
tWSKH| |twsKL
< -— tcysK
1SKR le—
—>» |4—1tSKF
49NR-I54A
Figure 4. HLDRQ and HLDAK Waveforms
J J s
“/ _ A4 A 1 1 _/ \
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HLDRQ / S
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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. Display Cycle

DT/DISP

/N /NS O\
tDSKDASH
IDSKDASL
DASTB / \

tDSKA tDSKA

DUBE, DLBE i

Valid Address
DADg-DAD15, DA1s-DA23

tDsKo tDSKO

GCSR, VS/EXVS, i

HSEXHS, BLANK X,
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(L.
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wi il
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~

D1 Cycle D2 Cycle D1 Cycle
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t
tHSKEV [RHSKEY

EXVS \
—_— -~

D2 Cycle D1 Cycle D2 Cycle
SCLK /'l_\—]
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I
tHSKEH ! HSKEY
EXHS \
- 4 -~
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Figure 12.

Display Refresh Cycle (DT Mode)
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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 following drawing preprocessing by mi-
croprogram control.

e Conversion between coordinate and physical ad-
dresses

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

e Sorting of vertex coordinates for triangular fill com-
mand

e Error checking on user-defined parameters
e Data passing with drawing processor
o 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!l 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), DRAMs, and SRAMs.

3-114

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 Register 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 register 6EH.
25 Fill and Paint Commands
26 Copy Commands; Copy, Rotate, Slant
27 Copy Commands; Enlarge/Shrink, Rotate
Table 1. Register Classifications
Classitication Application Register Name Address (Hex) Bits
pPD72120 AGDC control registers Status STATUS 3C-3D g
Control CTRL ) 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
wGC{L) 7 8
WC(H) 7D 4
Cursor setting CRS 79 1
CE 79 1
GCSRX 78-79 12
GCSRYS 7A-7B 12
GCSRYE 7C-7D 12
Horizontal sync signal setting HS, HBP 7E-7F 12
HH, HD, HFP
Vertical sync signal setting VS, VBP, 7E-7F 12
L/F, VFP
Drawing-related registers Loglcal address zero point setting EADORG 00-02 24
dADORG 03 4
Loglcal address setting PITCHS 58-59 16
PITCHD 5A-5B 16
Plane setting PDISPS 0C-0E 24
PDISPD 10-12 24
PMAX 14-15 16
Interplane logical operation setting MQODO 16 4
MOD1 16 4
PLANES SE-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 16
AGDC work area setting STACK 1C1E 24
STMAX 5C-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 dADt 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) value setting Y 42-43 16
‘DY 46-47 16
YS 4A-4B 16
YE 4E-4F 16
YC 52-53 16
bV 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
CcoL
* 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 execution of a READ DP or READ COL command.
Figure 14. Register Configurations
N 0 0 D I I I e ™
02H O1H 00H
Llolo[ol TT 1] sw w
03H
N T Y+ ””
06H 05H 04H
flofofo[ T T T] & ™
07H
1 A A 4 ””
0AH O9H 08H
llofofo T T T] &% ™
0BH
I T T O O I I i e
OEH 0DH OoCH
OFH is not used
1 1 T O O 44 ™
12H 11H 10H

Note: Where O's are shown in a register, they must be written,

13H is not used
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Figure 14. Register Configurations (cont)
[(TTTTTTTITTITTITITITIT] %% “W
15H 144
[ mop1 | wmooo | T‘;?;L“:Sf 0 R
1oH 17H is not used
N I "
1AH 19H 18H
1BH is not used
T O -+ "
1EH 1DH 1CH

lofefofofofo]o]

HEEEEEE

e
IlllalFHLIIJIL[3EIHLIII
IIIIJHIITIITI“JIHIITI
IIIIiHIIII!IIQIHIIII
IIT|4LH||TI|||44IH|1||
IIIIAHIIIIIIIWHIITI
IIII4LHIIIIILI4LLIIJ
|||I:BKIIIIILIJH1IIJ
Hllﬂlmllllﬂ!“lHllll
lIIIIFHl||I||I4EIH||l|

1FH is not used

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

STATUS R
9 bits

CTAL/BANK w
8 bits each

PGPORT RW
16 bits

X RwW
16 bits

Y RW
16 bits

DX RW
16 bits

DY AW
16 bits

XS RW
16 bits

YS AW
16 bits

XE AW
16 bits

YE RW
16 bits
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Figure 14. Register Configurations (cont)

1 ™

llll:i:llllill:z:llllTé’m ™
||l|5LH|1|I|I|5JH||||?:bits ™
||||5lH|||II||561H|lI|?é’bm ™
ﬂllslHlllllllslHllll Tesie. ™
N A 4 ™
Hll:{lj:!llll[l:l:llll Tabits ™
rll[&I:HIIIIILISEIHIIII fosits ™
IIIIGEHHIIIIIGOIHIIIITé’éﬁf ™
IlIIBLHlHIIIIsleIIIIift?é'” ™
[|||6|5H|||IJ|l64IHl|II it ™
!IIIJHIIIIIHGSIHIIHi‘?tﬁi“x ™
|I||6lHl4|l||||elHll||:gthx ™

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

e [ waov | figeen
6CH

[T T T T T Te®] 2o ™
6DH
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Figure 14. Register Configuration (cont)
| OF’ERATIS: CODE | OPERATION FLAGS | fé)w:AND w
8 6EH
|l||7!H IlllolH [ [ | GspaverR W
7
[o] ac ] DISPLAY PITCH ] A w
DISPLAY PITCH
73H 72H 3/12 bits
TTTITTTTITITT] [TTITTTT] %, w
76H 75H 74H
|||||Hl||‘;"§$§’ v
77
krs|ce| o | o |H GCSRAX _ | 3"1‘/31/;7;/SCSRX w
79 78
[ofofofo] [ TTTTTTT] & v
7BH 7AH
[__wer | [T T T T TTT] sameese v
7DH 7CH
HS w
|°|°|°|°F|H N |E|H BT
7 7
HEP w
[ofofo]o] HEEE [ 1] t2oms
7FH 7EH
HH w
[ofofo]o] N I O I I 4™
7FH 7EH
HD w
lofofofo] RN RN ™
7FH 7EH
HFP w
lofofo]o] 1 N I I O 4™
7FH 7EH
Vs w
[o]ofo]o] RN | [ ] 1206w
7FH 7EH
VBP w
[ofofofo] I O I I I ™%
7FH 7EH
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Figure 14. Register Configurations (cont)

[cTofefel TTTTTTTITTTIT] %ow N
7FH 7EH

[ToTofol TTTTTTTITTT] Y N
7FH 7EH

HS, HBP, HH, HD, HFP, VS, VBPR, 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 memory corresponding to
Execution Address the origin (0,0) on the logical pfane (the X-Y coordinate plane).
Origin
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).
04H-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.
o7H 4 dAD1 Sets the dot position in the dispiay memory 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.
0BH 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-0EH 24 PDISPS Sets the number of words that occupy one memory plane when the memory is
Plane Displacement configured with two or more planes. Int 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 Displacemeant 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 0000 0001 1
0000 0000 0000 0010  t-2
0000 0000 0000 0100 1-3
0010 0000 0000 0000  1-14
0100 0000 0000 0000  1-15
1000 0000 0000 0000  1-16
16H 4 MODO Defines the type of [ogical 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 corresponding o the memory 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-IEH 24 STACK Sets the first physical address in the display memory area to save data such as
Stack Pointer 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
execution 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 accormmodates 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 PGPORT 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. Duting a GET
operation, the host CPU or DMA controller reads the data from this register that was
retrieved frorn the display memory by the AGDC.
40H-57H 1© X, Y, DX, DY, XS, YS, 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 storing half the line pattern when a 32-bit line 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 horizontal direction of the display memory for drawing
Pitch Destination or as the destination of display memory transfer
5CH-5DH 16 STMAX Sets the size of the display 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.
S5EH-5FH 16 PLANES Selects the typs of logical operation to be performed on each plane during drawing or
Plane Select copying. Each bit in this register corresponds to a display memory plane.The least
significant bit (bit 0) 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 to be performed and a 1, the operation specified by MOD1.
60H-61H 16 PTNCNT Sets the line pattern for drawing straight and curved lines. During filling or painting
Pattern Count operations, the function of this register depends on the TL bit as follows.
TL = 1 PTNCNT specifies the length (in words) of the tiling pattern in display memory.
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, Defines the rectangular clipping region. An example is shown in figure 20.
each XCLMAX, YCLMAX
X and Y Clipping,
Minimum/Maximum
Values
6CH 4 MAGH Sets the horizontal enlarge/shrink factor.
Horizontal
Magnification
6CH 4 MAGV Sets the vertical enlarge/shrink factor
Vertical

Magnification
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
6DH 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.
01 No clipping operation
10 Draws outside the clipping rectangle
11 Prohibited
6EH-6FH 16 COMMAND Commands to be executed by the AGDC are written to this register. 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 code is written to the COMMAND register.
70H-71H 16 DISPLAY CTRL Sets the operation of the display processor and sync 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 Number of addresses (words)
0000 0000 0000 4096
0000 0000 0001 1
0000 0000 0010 2
0000 0000 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.
t
Address Control AC Refresh address output pins Conditions for setting DT active
000 DADg-DAD DADy-DAD7 = 0
001 Disabled Disabled
010 Disabled Disabled
o1t Disabled Disabled
100 DAD4-DAD 42 DAD4-DADg =0
101 DAD,-DAD 2 DAD2-DADg =0
110 DAD3-DAD 42 DAD3-DAD4g =0
m DAD4-DAD 42 DAD4-DAD44 =0
74H-76H4 24 DAD Sets the display starting address for the screen
Display Address
77H (Lower 8 12 wC Sets the number of displayed words during a horizontal scan line (while BLANK low or
bits), Word Count inactive)
;IDt:; {Upper 4 wWC Number of displayed words
0000 0000 0000 1
0000 0000 0001 2
1111 1111 1110 4095
1111 1111 1111 4096
78H-79H 12 GCSRX Sets the X (horizontal) coordinate start for the graphics cursor output pin. it is given
Graphics Cursor X as the number of dispaly cycles from the start of each horizontal scan line
Coordinate GCSRX Starting positlon on each horizontal line
0000 0000 0000 Disabled
0000 0000 0001 1st display cycle
0000 0000 0010 2nd display cycle

4094th display cycle
4095th display cycle

1111 1111 1110
1111 1111 1111
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Table 2. Register Descriptions (coni)
Address (Hex) Bits Name Description
79H 1 CRS Determines whether the horizontal and vertical cursor position registers are ANDed or
Cursor Configure ORed together. See figure 22.
Select .
CRS Function
0 AND
1 OR
79H 1 CE Enables the graphics cursor signal to be cutput on the GCSR pin.
Dispt
g:;i?é ispiay CE Function
0 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.
Coordinate Start GCSRYS Vertical starting line
0000 0000 0000 Invalid
0000 0000 0001  1st display line
0000 0000 0010  2nd display line
1111 1111 1110 4084th display line
1111 1111 1111 4095th display line
7CH-7DH 12 GCSRYE Determines the ending Y (vertical) coordinate of the graphics cursor, counting display
Graphics Cursor Y lines from the top down.
Coordinate End GCSRYE Vertical ending line
0000 0000 0000  Invalid
0000 0000 0001  1ist display 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 (Horizontal
Front Porch)

HS Horizontal sync high-level period (horizontal retrace)

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

HH Rising/falling timing for even field synchronization during interlaced display
HD Horizontal display period (active display time)

HFP Horizontal front porch {non-displayed portion on right side of screen)

HS, HBP, HH, HD, 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 periods
For AGDC in slave mode: HS = 10 SCLK periods
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Table 2. Register Descriptions (conf)

Address (Hex) Bits Name Description
7EH-7FH 12 VS (Vertical Sync), Sets the vertical sync (timing) parameters. See figure 23,
each

VBP (Vertical Back
Porch),

L/F (Unes per Field),
VFP (Vertical Front

Porch)

VS Vertical sync {retrace) high-level period

VBP Vertical back porch (non-displayed portion on upper part of screen)
L/F Lines per field (number of horizontal scan lines displayed)

VEP Vertical front porch (non-displayed portion on lower part of screen)

VS, VBP, L/F, VFP  *Horizontal scan lines
0000 0000 0000 4096

0000 0000 0001 1
0000 0000 0010 2
1111111 1110 4094
111 1111 111 4095

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

Source [S]

Destination [D]

0000000000

00 00
0o 11 00
00 11 a0
ao 11 Qo
00 o0

0000000000

000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000

MOD = 0000; Replace Dby S

000000000000000000
e R 00 0o
oo oocoocoooo |[oo
0 0 o ool ao 00 |oo
ool oo |11} o0 [oo
0 1 1 — 00 | 11| oo
11 oo |11 o0 |11
4 o 0 11| o0 oo |11
11 oo0oocoo0000 |11
] s . 11 11
111111141111111411
MOD = 0001; Replace Dby S
000000000000000000
D s} oD 00 00
ool 1111111111 Joo
0 0 1 oo| 11 11 |00
ool 11 |oo| 11 |oo
0 1 0 fet 11 |00 | 11 =
t1] 11 oo 11 [11
1 0 T 11 11 11 11
11 1111111111 11
11 11
1 1 0 F111411119111111111
MOD = 0010; Replace Dby 0
o s 000000000000000000
00 00
ool oo000000000 |0O
0 o 0 00| 0000000000 (0O
ool ooo0o0000000 |0O
0 1 0 |—| o0o000000000 |—
11| oo0o00000000 |11
J o o 11] 0000000000 |11
11| ooooooooo0o fi11
11 11
! ! 0 111111111111111111
MOD = 0011; Replace Dby 1
600000000000000000
o | s | D 0a 0o
ool 1111111111 |00
0 a 1 0al 1111111111 |oo
ool 1111111111 [oo0
0 1 1 b= 1111111111 =]
11 1111111111 11
1 o 4 T 1111111111 1
IRIEEEEREEREER I R
| ] ] 11 11
111111111 111111111

111111 111111111111
T11111111111111111
1111111111 41111111
T1114111191111111911
111911111111111111
MOD =0100; XORDand S
000000000000000000
o] s|o 0D 00
ool oooooooooo |oo
0 0 0 ool 00 00 |00
oo oo |11 0o joo
0 1 1
11 11 oo ] 11 |14
1 o 4 IRINEE! 11 |11
RINEREREREERERNEE!
11 11
! ! 0 111114111111111111
MOD =0101; XORDand §
000000000000000000
R 00 00
0o/ 1111111111 oo
o | o 1 oo| 11 11 |oo
ool 11 foo| 11 [oo
0 1 0
11 g0 [ 11|00 |11
] o | o 11} 0o 00 |11
11| ooooocoooo |11
; ; ; 11 11
111411111144119111
MOD =0110; XOR D and 0
000000000000000000
b | s | D 00 00
00| 0000000000 |00
0 0 c 00| 0000000000 |00
00{ 0000000000 |00
0 1 0
11 111111111 |11
, o s R EERERERERRE I IE'
IR EEREERERE N CE'
11 11
1 1 ! 11141111113 1111111
MOD =0111; XOR D and 1
000000000000000000
b | s | D a0 a0
0o/ 1111111111 oo
0 o 1 00| 1111111111 |ooO
oo/ 1111111111 |oo
) 1 1
11| oooooooooo |11
] o | o 11| oooooooooo |11
11| ocooooooc00 |11
11 1
1 1 0 19111111111 4111111

49NR-3898
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Figure 16. Raster Operations; AND and OR (MODO/MOD1)

Destination [D]

Source [S]
0000000000
00 00
00 [ 11] 0o
o0 | 11} oo
oo | 11| oo
00 00
0000000000

000000000000000000
000000000000000000
00000D0000000Q00C00
000000000000000000
000000000000000000

MOD =1000; ANDDand S

D D 000000000000000000
00 00
00| 0000000000 [0O
0 o ool ©ooopopoooo |00
oo] booocoooooo oo
0 0 —{ o0 00 i
11 oo i11| oo |11
1 0 11 00 0o |11
i1 ooooppoODO (11
] 4 11 11
111111111141111111

MOD = 1001; ANDD and S
D D 000000000000000000C
00 00
go[ 0000000000 |00
0 0 00| 0000000000 |00
00| ooo0oo000000 |00

0 0 a0
11 11 |oo| 11 |11
3 5 11 11 11 |11
11 1111141911 |11
4 11 11
0 11411119141 1111111

MOD =1010; ANDDand S
D o 000000000000000000
0o 00
ool ooocooccocoo |00
o 0 00 00
0o 00
o] 1 — —
11| 0000000000 |11
4 0 11| ooo00000000 |11
11| ooco0o00000 |11
11 11
! 0 111131 111411111111

MOD =1011; ANDDand S
b b 000000000000000000
00 00
ool 1111111141 Jog
0 1 oof 11 11 |oo
go| 11 Iool 11 |oo

0 0 00
11 0000000000 |11
1 o 11| oo0000000O0D |11
11| ooocoocgcoo000 |11
11 11
1 0 1111111 14111111141

[PRFORN

11111111
11411111
11111111
111111141
11111111

MOD =1100; ORDand $

D ] D

000000000000000000

oo 00
00| 0000000000 (00
o 0 0 oo| oo oo |oo
oo| o0 |11I oo [oo
0 1 1 11
IR EEEEEEEEE R EE
4 0 1 11 1111111911 [
IR EEEREEE I EE'
11 11
1 ! ! 111111111111111111
MOD =1101; ORDand §
D00000000G00000000
| S| D oo 00
6o[ 1111111111 |00
0 0 1 oo 11 11 [oo
oo| 11 IIII11 00
0 1 0 — 11 11—
11 1111111111 [11
4 o J 11 111111111 |1
11 1111111911 |18
11 11
1 ! 1 11 11

11114111111111

MOD = 1110; ORDand S

o] s D
Q 0 1
[+] 1 1
1 0 0
1 1 1

000000000000000000

00 oQ

a0 t1t1111111 oo

[+l 11111111141 00

00 1119111114 0c
1

1
00 |11 00
00 00

11 11
11 11
11 0000000000 i1
11 11
11 11

11111111411114

MOD =1111; ORDand §

D S D
0 0 1
0 1 1
1 0 1
1 1 0

¢o0000000000000000

00 00
0o 111111 00
00 119111 0Q
00 1111114 00

1
11
11
11 —
11
i1
11

11
11
1
11
11

111111111 11114

49NR-3908
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Figure 17. Status Register Format

8 7 6 5 4 3 2 1 0
[ our | parov | opors VB vs | operr | PpERR | Dpesy | Peasy
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 processor is executing a command.
2 Preprocessor Error PPERR 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 Period V8B Indicates vertical blanking period.
6 Odd 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.
8 Clipping CLIP Picking or object detected.
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Figure 18. Display Memory Addressing

CPU Display
Interface Memory

Interface

00— DA23

MSB DA 22

DA 24

== Bank DA 20

CSDM Register DA 19

LSB
+ DA

A1g 18

Aig - DA17

A17 ! > - DAte
At ' H- DAD15
AD 15 DAD14
AD 14 DAD13
AD13 DAD 2
AD 12 DAD 11
AD11 DAD 10
ros 1 DADg
ADg 8
ADg DAD7
AD7 DADg
ADg DADs
ADg DAD4
AD4 DAD3
AD3 DAD2

ADp DAD1
AD4 DADg

ADp DLBE

B3SL-5850A
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Figure 19. Register Format

5

4 3 2

7 6
| ome | Pee | cE

1 0
o | o | o [ asomr [ Reser |

Bit Flag Name Abbreviation

Meaning When Bit = 1

0 Software Reset RESET Initializes uPD72120.

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 CIE Enables the INT signal when picking (drawing in the clipped region).

6 Preprocessor Busy PBIE Enables the INT signal when the preprocessor status changes from BUSY to NOT
Interrupt Enable BUSY.

7 Drawing Processor DBIE Enables the INT signal when the drawing processor status changes from BUSY to

Busy Interrupt Enable

NOT BUSY,

Figure 20. Rectangular Clipping Region

Y

YCLMAX

Clipping
Reclangle

YCLMIN

| |
] 1
XCLMIN  XCLMAX | (0.0)

83SL-5847A

Figure 21. Display Control Register

MSB 15 14 B8 12 1"

9 8 7 6 5 4 3 2 1 0 LSB

IEOER DAD +

| N | Rre | sc Jrocijtocimask] mis | sp | LA [spsT|svs |

Bit Flag Name Abbrevlation

Function

0 Slave Sync svs

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 horizontal counters at the rising edge of EXVS.

1 Sync Parameter Setting SPST

Enables the writing of the sync timing parameters (HS, HBP, HH, HD, HFP, VS, VBP,
L/F and VFP) to address 7EH-7FH. The writing should take place after SPST is set
to 0, thento 1.

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

2 Display Lines per Frame in  LFI
Interlace Mode

Defines whether there is an even or odd number of lines per frame in interlaced
mode. LFl is ignored in non-interlaced mode.
LR
0 Even total number of lines for the sum of even and odd fields (one frame).
1 QOdd total number of lines for sum of even and odd fields.
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Figure 21. Display Control Register (cont)

Bit Flag Name

Abbreviation

Function

3 Stop Display

SD

Defines the state of the BLANK output signal. SD is set to 1 by a high level on the
RESET pin.
sD
0 BLANK signal active {high) only for the non-display period defined by the
video sync signals.
1 BLANK signal active for display and non-display perlods (on continuously),

4 Master/Slave

M/S

Defines whether the AGDC is a master or a slave in terms of video sync signal gen-
eration.
ms
0  Setsthe 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).

5 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

0 [} Accepts EXHS and EXVS sync timing Input.

a 1 Ignores EXHS and EXVS sync timing Input.

1 0 Only the VS signal of the even field in interlace mods is output.
1

1 The VS signal is output normally.

6 Timing Counter Clear

TCCL

Defines 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 not initialize the display cycle counter on the rising edge of EXVS.
1 Initializes the display cycle counter on the rising edge of EXVS (sets the

counter to the D1 cycle).

7 Field Counter Clear

FCCL

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

FCCL
o  Doss not initialize the field counter on the rising edge of EXVS.
1 Initializes the field counter on the rising edge of EXVS, setting the counter to

the even field.

8 Steal Control

sC

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

1 CLK and SCLK are the same

9 Refresh Enable

RE

Defines whether the AGDC is to generate 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

0 Non-interlaced display

1 Interlaced display
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Figure 21.

Display Control Register (con{)

Bit

Flag Name

Abbreviation

Function

11,
12,
13

Display Address

Proceedings

DAD +

Defines how the AGDC's 24-bit display address register is to be incremented during
each display cycle. The register is not incremented while BLANK is active. It is in-
cremented ast each display cycle (two SCLK periods) in the DT (VRAM) mode or
each time a display cycle is started in the CS§ {cycle steal) mode.

DAD + Increment

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

001 DAD +2 DAD ~» DAD+2 -~ DAD+4 -» DAD+6 — DAD+8B.. ..

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 +16 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 —., ..
M DAD+ 172 DAD ~ DAD - DAD+1 —= DAD+1 -+ DAD +2 -~ DAD+2. .

Data Transtfer Timing

DTT

Defines the output timing for the DT (data transfer) signal when using VRAMs. DTT
is ignored in the cycle steal mods,
otr
0 DTis generated (active low} when any of the following conditions Is true,
{a) 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 00H).

1 DT is generated 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)

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

Data Transfer Mode

DT™

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

Figure 22.

Cursor Position Select

CRS =0

1 Display Cycle——l lq-—

N i S
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SRy B
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Figure 23. Horizontal and Vertical Timing Parameters
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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..COL
Graphics Drawing Dot DOT_D
Commands ADOTM RDOTM
Straight line A_LINE_MO 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 R_REC
Circle CRL
Arc CARC
Circle sector CSEC
Circle sagment (bow) CSEG
Ellipse ELPS
Ellipse arc EARC
Ellipse sector ESEC
Ellipse segment (bow) ESEG
Fiil Cornmands Arbitrary area fill PAINT
Triangte fill A_TRIFILL
Trapezoid fill A_TRAFILL
Rectangle fill A_REC_FILL C
A_REC_FILL A R_REC_FILL
Circle fill CRL_FILL
Ellipse 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 memiory 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
[e]ofofofol o o]s o o]olo]a]o]0]
READ_GOL The color information in each memory plane corresponding to
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
[1{oJo [+ [+]1JofofJoloJoloa[o]o]o]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 B6EH
[oJoJoJoJ1JoJoloJolw]olpxeN esex 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, respectively. The drawing pointer (X#, Y#)

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

6FH 6EH
[e{ofofo [ 1[0 o o w oen e [o]0]
R_DOT_M A dot is drawn at the (X+DX, Y -+DY) defined by the X, DX, Y,
Reiative Dot with Move and DY registers, respectively. The drawing pointer (X#, Y#)

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

8FH 6EH
[oJoJo[1JoJoJoJofJo]w]olreN epx [ o] o]

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#) changes 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 changs
value,

6FH 6EH
[oJolo] 1o +]ofo]eo[w |es|rxen serx |EsH|wer|
{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 B6EH
[oJoJo]t[1]o]o]o]en]r|es]exeN] epex [esHwer]
(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.
B6FH 6EH
[oJo o]t 1] 1] o] o]eo]|w[es]exeN erpx [esH|wep|
(PY
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, respectively. 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, X$, and YS
registers do not change.

6FH 6EH
[oJofJ1Jolo]o]ofo]en|w]es]exen mrex [esnwer|
GO
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
l[oJoJ1Jo]o]1]o]ofen]r|es|pxen] BePx |EsH|wer|
(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 to 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).

6FH 6EH

[oJols]o[+[o]ofo]en|w[Espxen erex [EsH|wer|

L)
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Table 4. DRAW Command Descriptions (cont)

Commands

Name Description

Graphics Drawing
Commands (cont)

A_LINE_D3 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 changse to those in the XS and
YS registers. The XE, YE, XS, and YS register values do not

change.
6FH 6EH
[olo]1Jo[ 1] 1]o]o]enlw|es[xeN Berx |esH|[wer]
(PL)

Relative Line with A straight line Is drawn from coordinates (X, Y) pointed to by

Move 0, 1,2 the X and Y registers to the point (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 The drawing pointer (X#, 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 do not change.

6FH 6EH
[oJol 11 JoloJofofen]wr[es[pxen eeex [esn|wep]
(PL)
R_LINE_M1 The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). The
X, Y, DX, DY, XS, and YS register values do not change.
6FH 6EH
l[oJoJ s J+To]1Tofo]en]|wr|es[pxen eerx [esn|wer]
(PL)

R_LINE_M2 The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). The
XS, and YS registers change to (X, Y). The X and Y registers
change to (X+DX, Y +DY). The DX and DY register values do
not change.

6FH 6EH

[oJoJ 1] 1] 1]o]ofo]fen]w]es[pen BPP();L)LESHIWEPj

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).

RLLINE_DO The X and Y registers change to (X+DX, Y+0¥). The DX, DY,
X8, and YS register values do not change.

6FH 6EH

[olo[ 1111 ]ofo]en]|wr]eslpen BPP();L) | EsH|wer|
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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 {conf)
6FH 6EH
o] 1 ]ofoJof[o]o[o]eo]w[espxen erpx [esH[wer]
(P
R_LINE_D2 The XS and YS reglsters change to (X, Y). The X and Y regis-

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

6FH 6EH
o] 1]Jojojof1]o]o]eo]wr]|esexen erpx [Esn[wer]
(PL)
A_REC A rectangle with horizontal and vertical sides parallel to the X
Absolute Rectangle and Y axes |s drawn with the diagonal vertices at coordinates
(X, Y) and (XS, YS) pointed to by the X, Y, XS, and YS regis-
ters, respectively. The drawing pointer (X#, Y#) changes to (X,
Y).
6FH 6EH
o1 ]ofof1]o]o[ofJo]|wr| es]exeN eppx [esH] o |
R_REC A rectangle with horizontal and vertical sides parallel to the X
Relative Rectangle and Y axes is drawn with the diagona!l vertices at coordinates

(% Y) and (X+DX, Y+DY). The drawing pointer {{#, Y#)
changes to (X, Y).
6FH ‘ 6EH
o1 JofJo[ 1] 1]o]o]o|r][es|exen erpx [esH| o |

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

Circle pointed to 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
(el Tol [ofolo o o w opmen o= [o]o]
CARC A circular arc is drawn from coordinates (XS, YS) to (XE, YE)
Clrcle Arc with the center of the circle at (XC, YC) and radius DX. These

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

o] 1]o] 16T0J tlaJolorlw]|o IPXEiIE[HBPPX [ o [wep]

CSEC A circular sector ls drawn with the center at (XC, YC), DX the
Circle Sector radiug, (XS, YS) the starting point, and (XE, YE) the ending
point. The drawing pointer changes to (XS, YS).
DX must be > 0.
6FH 6EH

[o]1+JoJ1]1]o]o]ofJcr|[wm]olfeen Berx | o] o |
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Table 4. DRAW Command Descriptions {(cont)

Commands Name

Description

Graphics Drawing CSEG
Commands (cont) Circle Segment

6FH

A circle segment is drawn with the arc starting at (XS, Y8),
ending at (XE, YE), the circle center at (XC, YC), and with ra-
dius DX. A line segment connects the arc starting and ending
point to complete the segment. The drawing pointer (X#, Y#)
changes to (X8, YS). The radius DX must be > 0.

6EH

o[ 1ot [1Jo[1JoJcr[w]olpen eerx [o] o

ELPS
Ellipse

B6FH

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 squares of the X-axis
and Y-axis radii in DH and DV such that DX2/DY2 = DH/DV.
The drawing pointer (X#, Y#) changes to (XC, YC+DY). The
radius DY must be > 0.

BEH

EAERERERENEN

o[ oJo[w]olxenN seex [ o] o]

EARC
Ellipse Arc

6FH

An elliptical arc 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/DV.

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

6EH

[o] 1] 1ToJofJo]lo]o]Jcr]w]|o]xeN sex | o [wer|

ESEC
Ellipse Sector

6FH

An elliptical sector 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§).
The radius DY must be > 0.

6EH

o[ 1] +lo]Jol1]oflofce[w]|c[xen Berx | o] o]

ESEG
Ellipse Segment

6FH

An elliptical segment 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 J1JoJol1]JoJ1]Jer[r]olpenN eeex [ o] o]
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Table 4. DRAW Command Descriptions (coni)
Commands Name Description

Fill and Paint Commands PAINT A boundary-point search is carried out starting from coordi-
nates (X, Y) and the resuiting enclosed area is filled with a
solid or tiling 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.

6FH 6EH
[o] 1] 1ol 1JoJoJo]m]o]1[ss]opmod oo |
A_TRI_FILL A triangular region with vertices at (X, Y}, (XS, YS}, and (XC,
Absolute Triangle Fill YC) is filled with the tiling pattern. Y, YS, and YC must not be
equal to each other.
6FH

N B B K R 3 Y K

-

A_TRA_FILL A trapezoldal area with its parallel sides (upper and lowsr) de-

Absolute Trapezoid Fill fined by line segments connecting (X, Y) to (X8, Y) and (YS,
YE) to (XE, YE), where YS is an X-axis value, is filled with the
tiling pattern.

6FH 6EH

[of1[+]1fJofofojofnfofr]ss[wiwr[o]o |
R_TRA_FILL A trapezoidal area with its upper paralls! side defined by the
Relative Trapezoid Fill line segment connecting (X, Y) to (XS, Y), a height of DV +1

dots above the lower side line segment connecting X +DX and
XS +XC, Is filled with the tiing pattern.

6FH 6EH

[o]J 11 [ ]Jo]1[ofofmn]of] 1+ [ss[w|wr|o]a]|

AREC_FILL_C A rectangle with vertical and horizontal sides parallel to the
Absolute Rectangle Fill by coordinate axes |s filled with the tiling pattern. The diagonal
Coordinates vertices of the rectangle are (X, Y) and (XS, YS).

6FH 6EH

Lt lofofol]

—

|o|o|TL|o|1|ss|WL|wn]FAST]o]

A_REC_FILL_A A rectangle with vertical and horizontal sides parallel to the
Absolute Rectangle coordinate axes Is filled with the tiling pattern. The rectangie
Fill by Address is defined by the number of dots in the horizontal direction

DH+ 1, the number of dots in the vertical direction DV +1, the
starting address (physical address) EAD1, and the bit position
in the starting address dAD1.

6FH 6EH

[ JofJoJofsfsfeJoJoJolsfsJrr]r]o]
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Table 4. DRAW Command Descriptions (cont)

Commands Name Description

Fill and Paint R_REGC_FILL A rectangle with vertical and horizontal sides paraliel to the

Commands {cont) Relative Rectangle Fill coordinate axes is filled with the tiling pattern, The rectangle
by Cootdinates is defined by the starting point (X, Y}, the horizontal width DX,

and the vertical height DY. The diagonal vertices are at (X, Y)
and (X+DX, Y +DY).

6FH 6EH

[1]oJo]1JoloJoJofmn]of 1 [ss]w]wn]rst o]
CRAL_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

[oJ1Jo[1[oflolofjofmjof1[ss] 1] ]0o]o]

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/V is filled with the tiling pattern. The filling starts frem
the the top of the ellipse and proceeds downward.

6FH 6EH
[of+Jofsfsfrjofofmjofrfssfrfs]ofeo]
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]t ] t] 1] o] o] oJese[rev|ror| 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 position dAD1,
6FH 6EH
o]t ]+ [+ 1] 1] o] o]ese|rev|ror| o | soseL [rast| o |
A_COPY_AC A rectangular area of display memory starting from physical
Absolute Copy Address address EAD2 and bit position dAD2, with hotizontal 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 6EH
["ToJoJoJo]o]o]olJese]reviror] o | spseL [Fast| o |
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Table 4. DRAW Command Descriptions (cont)

Commands Name

Description

A_COPY_CC
Absalute 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

[1lofofofo]t]

o | o Jese|rev|ror] o | spseL [rast| o |

Copy Function Extensions

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

90°_COPY
90° Rotation Copy

The transferred memory area is rotated 80° counterclockwise,

6EH

'ESElREVlROTl 1 | SD_SEL ] 0 | 0 ]

SL.COPY The data in a rectangular area of display memory is slanted
Slant Copy by DX in the X-direction to the change in the Y-direction
6EH
|esE|Rev|roT| o | spsEL | 0 | 1 |
FR_ES_COPY The rectangular data from the source area is transferred to a
Free Angle Rotation, parallelogram at the destination area 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 MAGV determine the horizon-
tal and vertical enlargement or shrink factors.

6EH

| ESH| Esv |

Fs | 1 | spseL | 1] 0|

ES_COPY
Enlarge/Shrink Copy

The rectangular data from the source atea is transferred to a
rectangular area at the destination in display memory and en-
larged or shrunk in the horizontal and/or vertical direction.
MAGH and MAGV determine the horizontal and vertical scale
factors.

6EH

[esn|Rev]ror[Esv] spseL | 1 | 1 |
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Table 4. DRAW Command Descriptions (cont)

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 6EH

-

EEKIEREREKN

[ o] ofo[revjrot| o [ sDseL | 1] 1]

PUT_C Transfers data from the PGPORT register to a rectangular area
Put Data to of display memory starting from (¥, Y) with horizontai width
Coordinats Field DH+1 dots and vertical height DV + 1 dots.
6FH 6EH
[vJoJo]1J1{olo]o]o[rev|ror| o[ spsec [17]1]
GET_A Transfers data to the PGPORT register from a rectangular area
Get Data from Address of display memory starting from word address EAD1 and bit
Field position dAD1 with hotizontal width DH + 1 dots and vertical
height DV + 1 dots.
6FH 6EH
[1]ofofl 1ol t]1]ofolo]lo|o]soseL|1]|o]
GET_C Transfers data to the PGPORT register from a rectangular area
Get Data from of display memory starting from (X, ) with horizontal width
Coordinate Field DH+1 dots and vertical height DV +1 dots.
6FH 6EH
[1]lofJo[ 1] 1jo]1]o]o|o|o]o|sosee|[1]1]
Get Function Extensions Data in the rectangular area of display memory is rotated
90°_COPY through 80° and transferred to the PGPORT register.

6EH
| o [rev|ror| 1 | spsec | 1 | o |
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Figure 24. Graphics Drawing Commands
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e ) [XE, YE) [ ]k— DX —> CF=0
} DX | XE. YC)
A_DOT R_DOT TN ox =
Line [XE, YE| [X+DX, Y+DY]
T Circle Segment [CSEG]
DY IXS, Y§]
JL [XS, YS]
X, Y] X.¥] | | CF=1 [XE, YE]
pX ’ XC, Y€l CF-0
A_LINE R_LINE IXE, YE] le— DX —>
[XC, YC}
Rectangle b~ Dx
XS, YS] [X+DX, Y+DY]
Dy Ellipse Arc [EARC]
X, ¥} l Ixs, ¥$)
X, v] je—— DX ——
A_REC R_REC X8, vs] oY
T CF=1 [XE, YE]
A DY [XC, YC] DX \CF=0
Circle [CRL] [XE, YE]
IXC, YC) }«—DX—>I

DH:DV=DX2DY2

Ellipse [ELPS]

DH:DV=Dx2:D0Y2

Ellipse Sector [ESEC]

IXs, Y§)

XS, YS
[ . CF=1 oY IXE, YE]
DYI D[XE' vg  \XC Yl =Tr—pcro
[XC, YC] te— DX ~>]|

DH:DV=DX2DY2

Circle Arc [CARC] XS, YS]

XS, YS]

CF=~1 [XE, YE]
[XC, ¥C) CF=0
[XE, YE] k— DX —>
[XC, YC]
te— DX —>

Ellipse Segment [ESEG]

XS, Y§]
XS, ¥8)
oY
T CFot [XE. VE]
DY XC, YC a
_L_ XE, YE] [ ] —Fx /NCF=0
[XC. YO] fe ]

DH:DV=DX2DY2

49NR-360B
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Figure 25. Fill and Paint Commands

Paint

DX: Boundary Color

Ellipse Fill [ELPS_FILL]

DH:DV=DX2DY2

Clrcle Fill [CRL_FILL]

Triangle Fill [A_TRI_FILL]

X, Y]
XS, YS]
[XC, YC)
Rectangle Fill Trapezoid Fill
EAD1, dAD1 X Yl [X' v
) > >, P
iEsied | RHIN AR
b b ode OV >4 LODEOIIN
rebsed e @ _l. b : [YS, YE| [XE, YE] IXE, YE) [YS, YE]
fe——— pH ——>{ [XS, ¥S) A_TRA_FILL
A_REC FILL_A A REC FILL_C . v] XS, V]
X, Y] [XS.Y]
[X, Y]
b ooy T DV
s04006¢ L 1) h
& l — fe— f———{
DX Xc
je—— DX —
R_REC_FILL DV>0

R_TRA_FILL

49NR-261B
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Figure 26. Copy Commands; Copy, Rotate, Slant

Source
ESE=0
F ov
fe— DH—Y ESE=1
Copy [COPY] 90° Rotation Copy [90°_COPY] Slant Copy [SL_COPY]
REV=0, ROT=0 REV=0, ROT=0 o REV=0, ROT=0 ’E E
—
DX le—
REV=0, ROT=1 O——— REV=0, ROT=1 REV=0, ROT=1 E @'
o—-
REV=1, ROT=0 <0 REV=1, ROT=0 REV=1, ROT=0 E E
REV=1, ROT=1 REV=1,ROT=1 REV=1, ROT=1 E E
49NR-3628

3-145




pPD72120

NEC

Figure 27. Copy Commands; Enlarge/Shrink, Rotate

I

ESH=1, ESV=0
REV=1, ROT=0

|

ESH=0, ESV=0
REV=1, ROT=1

ESH=1, ESV=1

REV=0, ROT=1
r ESH=1, ESV=0
DX<0, DY>0
XE<D, XE>D
‘ h ESH=0, ESV=1

)

Source

i
’.‘

fe——DH —{
Enlarge/Shrink Copy [ES_COPY] Arbitrary Angle Rotation Copy [FR_ES_COPY]
REV=0, ROT=0 ESH=0, ESV=1
DX>0, DY<0
‘ XE<0, YE>0 T
|
ESH=0, ESV=1 ESH=1, ESV=0 DY

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

ESH=1, ESV=1
DX<0, DY<0
XE<0, XE<Q

b
e
)
o

ESH=0, ESV=1

49NR-3638
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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 oC XY

Operation Flags

|Bo7| o[ofJofo]a LoizﬂeEH

DOT_D 08 None

ADOT.M ocC XY

R_DOT_M 10 DX, DY
B7 Operation Flags

B0
[ o[ r ] o[pxen Bex | o | o |eEn

A_LINE_MO 14 X, Y, XE, YE
M 18
M2 1C
A_LINE_DO 20 XE, YE
D1 24
D2 28
D3 2c
FLLINEMO 30 X, Y, DX, DY
Mt 34
M2 38
R_LINE_DO 3c DX, DY
D1 40
D2 44
B7 Operation Flags BO
[Ep | i [ Es [pxen| Bepx | ESH|weP | 6EH
&
AREC 48 X, Y, XS, YS
R_REC 4C X, Y, DX, DY

Operation Flags

f[ P | Es [PxeN] BPPx [EsH| oJ 6EH

CRL 50 XC, YC, DX
B7 peration Flags
[0 [w ] o [pxenN BPPX[OJOJGEH

o]

CARC 54 XC, YC, DX, XS, Y8, XE, YE
B7 Operatlon Flags BO
[cF]w [ o JpxeN eex [ o [wep]ee

CSEC 58 XC, YC, DX, XS, YS, XE, YE
CSEG 5A
B7 Operation Flags BO

[cr] [ olexen] Bepx [ o [ o |6EH

B7 Operation Flags BO
[o[w] olexen Bepx [ o [ o [een

EARC 60

XC, YC, DY, DH, DV, DX, XS, YS,
XE, YE

B7 peration Flags
[cF [P [ olxeN Berex [ o WEP—l 6EH

[0}

ESEC 64 XC, YC, DY, DH, Dv, DX, XS, YS,
XE, YE
ESEG 65
B7 Operation Flags

BO
[cF] P | o lpxen] eeex | o | o Jeen

PAINT 68 X, Y, DX)
B7 Operation Flags

[t o1 Tss| o buod o ro—|GEH

X, Y, XS, Y8, XC, YC
X, Y, XS, Y8, XE, YE
X, Y, X8, DX, XC, ov

Operation Flags
[TL] o[t [ss|wfwr] oo |eEH

ARECFILLC 8C X, Y, XS, YS
B7 Operation Flags BO
[1L] o[ 1 [ss|wL|wn|rasT| o |eEH

A_TRLFILL 6C
A_TRA_FILL 70
R_TRA_FILL 74

A_REC_FILLA 8E EAD1, dAD1, DH, DV

B7 Operation Flags BO
[o T o T a1 o ]een
RLREC_FILL 80 X, Y, DX, DY
B7 Operation Flags B0

[7.] o ] 1 | ss|w|wnlrast| o |een
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Table 5. DRAW Command Summary (coni)

Command Opcode (Hex) Parameters Command Opcode (Hex) Parameters
CRL_FILL 50 XC, YC, DX A_ES_COPY_AC 80 EAD2, dAD2, X, Y, DH, DV
ELPS_FILL 5C XC, YC, DY, DH, bV £Cs84 XS, Y5, X, Y, DH, DV
B7 Operation Flags BO B7 Operation Flags
[Ttlo [ 1 ]ss[+[1 ] o]0 e |EsH|Rev|roT|esv] spseL [ 1 [ 1 |een

A_COPY_AA 78

EAD1, dAD1, EAD2, dAD2, DH,

ov
_CA 7C XS, YS, EAD1, dAD1, DH, DV
_AC 80 EAD2, dAD2, DH, DV, X, Y
CC &4 XS, Y§, X, Y, DH, DV
B7 Operation Flags

[ese[rev]rot] o | sp_sEL

[FasT| (?0 | 6EH

A_90°_COPY_AA 78

_CA7C
_AC 80
_CCs4

Operation Flags

EAD1, dAD1, EAD2, dAD2, DH,

ov

X8, Y§, EAD2, dAD2, DH, DV
EAD2, dAD2, X, Y, DH, DV
XS, Y8, X, Y, DH, DV

| :375 [rev[rot| 1 |

SD_SEL

[o] EOJ 6EH

A_SL_COPY_AA 78

EAD1, dAD1, EAD2, dAD2, DH,

Dv, DX
_CA 7C XS, Y8, EAD1, dAD1, DH, DV,
DX
_AC 80 EAD2, dAD2, X, Y, DH, DV, DX
CC e84 XS, Y8, X, Y, DH, DV, DX
B7 Operation Flags BO

| ese[revrot] o |

SD_SEL ] ) | i lGEH

AFR_

ES_COPY _AA 78
_CA 7C
AC 80
CC 84

EAD1, dAD1, EAD2, dAD2, DH,

Ov, DX, DY, XE, YE

XS, Y8, EAD1, dAD1, DH, DV,
DX, DY, XE, YE

EAD2, dAD2, X, Y, DH, DV, DX,

DY, XE, YE

XS, YS, X, Y, DH, Dv, DX, DY,
XE, YE

Operation Flags

[ ESH' esviFs] 1]

sp.seL | 1 foJSEH
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PUT_A % EAD1, dAD1, DH, DV
- ) X, Y, DH, DV
B7 Operation Flags BO
| o|revlpor] o | spseL [ 1] 1 |eed

GET.A 96 EAD1, dAD1, DH, OV
C 9A X, Y, DH, DV
B7 Operation Flags

[o]ofo]o] sosa.jfrjeEH

90°_GET_A 9% EAD1, dAD1, DH, DV

- %A X, Y, DH, DV
B7 Operation Flags BO
| olrevipor] 1+ | sposer | 1] o |een
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Table 6. Operation Flag Descriptions

Description

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

The planse or packed pixel display memory configuration is selected by PXEN and the number of bits in
one pixel is defined by BPPX, The nPD72120 display memory data width is 16 bits. For plane
configuration, PXEN = 0.

ES (Enlarge/Shrink)
ESH (Enlarge/Shrink Horizontally)
ESV (Enlarge/Shrink Vertically)

BPPX PXEN Bits/Pixel
XX 0 1
00 1 2
1) 1 4
10 1 8
11 1 16
Select the enlarge and shrink options.
ES ESH ESV Copy Operation Drawing Operation
"0 X X No enlarge/shrink No enlarge/shrink
1 0 X Horizontal shrink Horizontal pattern shrink
1 1 X Horizontal enlarge Horizontal pattern enlarge
1 X 0 Vertical shrink -
1 X 1 Vertical enlarge -

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

0 1/16 16/1

1 2/16 16/2

2 3/16 16/3

3 4/16 16/4

4 5/16 16/5

5 6/16 16/6

6 7/16 16/7

7 8/16 16/8

8 9/16 16/9

9 10/16 16/10

10 11/16 1B/

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
ED (Enlargement Direction) 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 Pointer) Initializes the line pattern pointer to the first bit of the pattern register.

P Function

0 Pointer not initialized

1 Pointer inltialized

CF (Clockwise Flag)

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

CF Function
0 Counterclockwise
1 Clockwise
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Table 6. Operation Flag Descriptions (cont)

Name

TL (Tiling Pattern)
SS (Single Source Pattern)

Description

Defines the use of a tiling pattern in filling.

L $8 Function

0 0 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 SS = 1. When it s necessary to paint with a different
color for each bit, set TL = 1 and 8S = 0.

PMOD (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 point (X, Y).
WL (Write Left) Defines whether the boundary points are drawn during a FILL command.
WR (write Right) WL Function WR  Function
0 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)

Specities the normal or fast mode for drawing.

FAST Function
] Normal speed
1 Fast speed

Howsver, FAST mode cannot be used for all drawing operations.

REC_FILL  The FAST mode cannot be 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 COPY with replacs, it cannot be used
with other COPY operation or with multiple sources.

ESE (Exchange Start With End)

Defines the reading order of the source data during COPY.

ESE Reading Order
] 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
0 Left to right, top to bottom
1 Right to left, top to bottom
ROT (Hotation) Defines 180° rotation drawing during COPY.
ROT Function
0 Normal
1 180° rotation drawing
SD_SEL Selects the transfer mode between planes.
s::;cg el?:;;maﬂon 8D SEL Transfer Mode Logical Operation
00 Multiple sources and single destination MOD1 during read of the sources; MODO
during write to the destination
01 Multiple sources and single destination MODO or MOD1 during read of the
sources; REPLACE during write to the
destination
10 Single source and multiple desinations MODO or MOD1 during write to each of
the destinations.
11 Multiple sources and multiple destinations MODO or MOD1 during write to each of

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

Name Description

FS (Fill Shortage) 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.

F§ Function
0 X Points drawn
1 X Points not drawn

e C @O
O 0O 80O & O

OO @0 80 #0 00 0O
® 0O 0 ®0C &0 @& O

0 0O @0 &0 @00
® O 60 000

O 80O 60 60 80 8O
0O 80 80 0O X090 8O0
O 60 @ X0 00 060 00
O 90 00 80 &0 00O
0O 90 80 80 X80 8O0
C 80 @ X0 80 8C 8O
® O ¢ O

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 bite of the pattern; DH contains the next
16 bits. The pattern cannot be Initialized by setting IP = 0.
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