NEC

NEC Electronics Inc.

uPD72120

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

O 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

50088

O Video timing signal generation
— High-speed processing by two system clocks:
display (for video sync signal generation) and
graphics drawing clocks
— External synchronization capability
O 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
0 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 /O mapping of internal registers
and display memory for efficient system interface
8-MHz system clock
CMOS technology
Single +5-volt power supply
Packages: 84-pin PLCC, 94-pin plastic miniflat

agcooag

Ordering Information

Part No Package
pPD72120L 84-pin PLCC
#PD72120GJ-5BG 94-pin plastic miniflat
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Pin ldentification

Symbol 1/0 Signal Function Symbol 1/0 Signal Function
Clock Pins DA1g-DA2z  Out Upper 8 bits of display memory address (the lower
CLK In Clock supplied to circuits other than the sync 16 bits of the 24-bit address are output on DADg-
© N DAD1s).
signal generator and display p or. The
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  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 DLBE 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 CPUO 1 High (odd) byte
System Bus Control Pins 8/16-bit CPU 1 0 Low (even) byte
ADg-AD15 /O 1/O bus to the CPU consisting of muitiplexed 8-bitCPU 1 1 High (odd) byte
16-bit address and a bidirectional data bus. DRD Out Controls reading of the display memory by the
Ae-A10 In  Upper four address bits of the 20-bit address. AGDC. Set high by RESET.

i ASTB In  Latches the address on Ajg-Ajgand ADg-ADjson  DWR Out Controls writing to the display memory by the

the falling edge. AGDC. Set high by RESET.

3 UBE In  Together with ADg, defines 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.
connected to an 8-bit CPU. HLDAK Out Indicates that the AGDC memory bus (DADg-
ADo, UBE Data Access Format DAD4s and DA1g-DAg3 I In high-impedance state
0 0  Even-address word so that an external device can have access to the
0 1 Even-address byte display memory bus. Set high by RESET.

1 4] Odd-address byte
1 1 Odd-address byte VWideo 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 In ::;?é";ﬁa write 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 is the
C3IR In Ena'bles readmg/wrru‘tlng gfptheTﬁGDC ]nternal horizontal sync signal output. When the AGDC
'°|9's'°? bbyh"‘sd o ost GPU. Ag ::gmter i operates as a slave, EXHS Initializes the internai
selected by the address input on ADg-ADy7-. horizontal sync signal on the rising edge.
TSDM In Enables reading/writing of display memory .
through the AGDC by the host CPU. The display  ¥8Play Signal Related Pins
memory address is generated by the address BLANK Qut Used to blank the display.
i A d ADg- b bal
i oo and A2 AD1g and by the bank GRS 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/AWR) for mode (VRAMs not used), indicates the display
the AGDC. During the access, the signal may be cycle.
, i t X
low. RESET will set the READY fine high GCSR Out Specifies the display of the graphics cursor
i i t t DC.
INT Out Signals an interrupt from the AGDC. GWAT Out_Graphics walt 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
DMAAK In  Acknowledgment of DMA requesttothe AGDCby  gND Ground
the DMA controlier.
IC Internally connected; leave unconnected
RESET In |Initializes operation of the AGDC. The internal
parameter register is not cleared by RESET (itis
initialized by setting data).
Display Memory Control Pins

DADg-DADss /O VO pins for display memory; 16-bit address

muiltiplexed with data.
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Pin Configurations

84-Pin PLCC
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94-Pin Plastic
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pPD72120 Block Diagram
B
CLK [€— SCLK
RESET ——> >
v Synchronizing BLANK
DD —> Signal Generator [ HS/EXHS
GND —>
[«€—> VS/EXVS
WAIT <—
DMARQ <€— Display ——> DUBE
DMAAK ——> Processor N
INT ~€— [<—— HLDRQ
< ! [—> HLDAK
READY CPU Display Memory
CSIR —> Interface Unit Interface Unit —>» DWR
CsSDM > Preprocessor Drawing > DRD
— Processor
RD —> —> DASTB
WR —>
ASTB — > @ @ —> DT/DISP
UBE —> > GCSR
ADQ-AD15 Sequence ROM Sequence ROM DADg-DAD15
Atg-A19 DA16-DA23
49NR-391B
System Configuration Example
System Bus § b
Central Display CRT Synchronizing Signal
Processing Memory Address uPD72120 y 9>
Unit Controller AGDC
Display
Memory Bus : : : 3
MAGIC/ Character Display Display Data
ImPP Generator Memory 3
49NR-3928
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General Application Diagram

System Buses

Address Data Control

=

] | DMA
> Controlter
—>»| DMARQ _DMAAK
— HS >
RD vs
— —> Timing
WR
BLANK Centroller
READY GCSR ——>|Cursor Control Circuit} * f ¢
>»1CSIR ™ "W R G B
CSDM bRD —>] le—! |—1 [—
DWR Timing
- D _R > Controller <_—_ _—_> LPD41264
| oT > Display Memory
: ASTB
| N UBE DLBE
> A16-Al9 DUBE —>
J g DASTB Character
wPD72120 | ROM
Mux DA1g-DA23
Latch h
ADg-AD15
Bfr
DADg-DAD15 >
HLDRQ
HLDAK
I

W/ -/
Control Data Address
-—

CLK SCLK Display Memory Buses

49NR-393B
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ELECTRICAL SPECIFICATIONS

Capacitance
Absolute Maximum Ratings Ta = +26°C; Vpp = GND = 0V
Ta = +26°C Par Symbol Min Max Unit Condition
Supply voltage, Vpp 0510 +7.0V g4 ) 10 pF f = 1MHz;
Input voltage, V -051t0 +7.0V Gl Co 20 oF :T:;i:f::::d
Output voltage, Vo -05t0 +7.0V Input/ Cvo 20 oF toOV
Operating temperature, Topr ~-10to +70°C  output
Storage temperature, TsTg -65t0 +150°C ﬁ';’::‘ Cc 20 pF
Power dissipation, Pp 11w
DC Characteristics
Ta = -10to +70°C; Vpp = +5.0V £10%
Parameter Symbol Min Max Unit Condition
Lowlevel input voltage ViL -0.5 0.8 v Except CLK or SCLK
-05 0.6 v CLK, SCLK
High-level input voltage ViH 22 Vpp + 05 v Except CLK of SCLK
35 Vpp + 1.0 v CLK, SCLK
Lowlevel output voltage VoL 0.45 \'4 loL = 22 mA
High-level output voltage VoH 24 \4 lon = —400 KA
Low-level input leakage current I -10 pA vi=oVv
High-level input leakage cur ent I 10 pA Vi = Vpp
Low-level output leakage current oL -10 RA Vo=0V
High-level output leakage current ILoH 10 A Vo = Vpp
Supply current oo 200 mA
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AC Characteristics

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

Parameter Figure Symbol Min Max Unit Condition
Clock (CLK, SCLK)
Clock period CLK 2 toyk 125 600 ns
SCLK 2 toysk 125 600 ns tovk = toysk
High-level clock width CLK 2 tWKH 52 ns
SCLK 2 twskH 52 ns
Lowlevel clock width CLK 2 KL 52 ns
SCLK 2 twSKL 52 ns
Clock rise time CLK 2 twR 15 ns
SCLK 2 tskR 15 ns
Clock fall time CLK 2 tKE 15 ns
SCLK 2 tsKF 15 ns
Reset, Interrupt
Reset pulse width 3 tRsT 5 toysk
CLK 1 to INT 1 delay time tow 50 ns CL = 50 pF
RD | to INT} delay time toRI 3tcyk + 50 ns STATUS read
HLDRQ, HLDAK
CLK 1 to HLDAK delay time 4 tDKHA 50 ns CL = 50 pF
HLDRQ setup time to CLK 1 4 tskHQ 20 ns
HLDRQ hold time from CLK 1 4 tHkHQ 20 ns
DMA Read/Write Cycle
CLK 1 to DMARQ output delay time 5,6 tokma 50 ns CL = 50 pF
DMARQ setup time to DMAAK | 56 tsSMAMQ 0 ns
DMAAK setup time to RD | 5 tSRMA 0 ns
DMAAK hold time from RD 1 5 tHRMA o} ns
DMAAK setup time to WR | 6 tSWMA 0 ns
DMAAK hold time from WR 1 6 tHWMA ] ns
Display Memory Bus Read Cycle
CLK 1 to address or data output delay time 4,78 tOKA 30 ns Cp = 50 pF
Input data setup time to CLK 1 7 tskp ns
Input data hold time from CLK 1 7 tHkD 0 ns
CLK 1 to DASTB 1 delay time 7.8 tokDSH 30 ns Cp = 50 pF
CLK | to DASTB | delay time 7.8 tokDSL 30 ns
CLK 1 to DRD delay time 7 tokDR 30 ns
CLK 1 to DWR delay time 8 tokow 30 ns
System Bus Read Cycle
TS setup time to RD | 9 tspe 0 ns
TS hold time from RD 1 9 tHRe 0 ns
RD width, high 59 WRH 50 ns
ASTB puise width 5,6,9,10 twas 30 ns
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Condition
ASTB 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 tHASA 0 ns
Data setup time to READY 1 59 tSRYD 0 ns
Data float delay time from RD 1 58 t=rD 0 40 ns
AD | to READY | delay time 59 torRY 30 ns Cy = 50 pF
RD hold time from READY 1 59 tHRYR 0 ns
CLK 1 to READY 1 delay time 59 tpkRY 40 ns CL = 50 pF
RD 1 to ASTB 1 delay time 59 torAS o ns
System Bus Write Cycle
CS setup time to WR | 10 tswe 0 ns
TS hold time from WR 10 tHwe 0 ns
WH width, low 6,10 twwL 50 ns
WR width, high 6,10 twwH 50 ns
Data setup time to WR T 6,10 tswp 50 ns
Data hold time from WR 1 6,10 two 0 ns
WR | to READY | delay time 6,10 towRy 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 tpKRY 40 ns C_ = 50 pF
ASTB setup time to WR { 6,10 tswas 0 ns
WR 1 to ASTB 1 delay time 6,10 towas 0 ns
Display Cycle
SCLK 1 to DASTB 1 delay time 11,12,18  tpskpASH 30 ns C_ = 50 pF
SCLK | to DASTB | delay time . 11,12,13  tpskpAsL 30 ns
SCLK 1 to DY/DISP delay time 11,12,13  tpskpT 30 ns
SCLK 1 to address delay time 11,12,13 tpska 30 ns
SCLK 1 to output signal delay time 11,12, tosko 50 ns
(HS, VS, BLANK, or GCSR) 13
SCLK 1 to WAIT delay time 11,12 tHSKWT 70 ns
WAIT pulse width " twwr 4tcysk - 70 ns
EXVS setup time to SCLK 1 1 tSSKEV 20 ns
EXHS setup time to SCLK 1 1 tSSKEH 20 ns
EXVS hold time from SCLK 1 11 tHskeV 20 ns
EXHS hold time from SCLK ¢ 1 tHSKEH 20 ns
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Figure 1. Voltage Thresholds for Timing Figure 3. Reset and Interrupt Waveforms
Measurements
RESET
In:;ut 24V xgz v 22V X
CLII(&éf;%L% 045V 08V o8V tRST
CLK ‘
Input 35V 35V JW
[CLK, SCLK] 06V 06V

tDKI

INT __/‘

Note: DUBE, DLBE do not go to high impedance

OQutput 22V 22V
[CL=50pF] 0.8V 08V DRI
49NR-353A
RD
Figure 2. Clock Waveforms 49NR-355A
ck f A
N
twkH | | twkL
tcYK
!KR [-—
—»| }e—IKF
sclk A N
X
tWSKH| | twsKL
d -+ tCYSK
tSKR e—
—of le—tskrF
49NR-354A
Figure 4. HLDRQ and HLDAK Waveforms
« N\ S S\
tHKHQ tHKHQ ‘
1SKHQ tSKHQ
r
HLDRQ Z S
[
tDKHA I<——’ IDKHA
HLDAK \ /
tDKA H tDKA
DADp-DAD 15, K High Impedance ]‘
DA16-DA23 - X

49NR-3568
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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
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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
® Drawing parameter generation
o Calculation of tiling pattern position

e Sorting of vertex coordinates for triangular fill com-
mand

® Error checking on user-defined parameters
® Data passing with drawing processor
e 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
barrel shifter for high-speed bit-boundary processing
operations and a 90-degree rotation data buffer These
components are contrclled 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
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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
Cursor Position Registers

Horizontal and Vertical Sync

Timing Diagram

DRAWING OPERATIONS

The DRAW 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 fiags 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.

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

Table 5 summarizes the DRAW commands. Table 6
describes the 20 operation flags that can be set in
register 6EH.

Classification Application Reglster Name Address (Hex) Bits
sPD72120 AGDC control registers Status STATUS 3C-3D 9
Control CTRL 3D 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
wC( 77 8
WC(H) 70 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 Logical address zero point setting EADORG 00-02 24
dADORG 03 4
Logical address setting PITCHS 58-59 16
PITCHD SA-5B 16
Plane setting PDISPS 0C-0E 24
PDISPD 10-12 24
PMAX 14-15 16
Interplane logical operation setting MODO 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 1C-1E 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 dAD1 o7 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
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
COL
* 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
1 O 0 0 v "
02H 01H OO0H
Plololel T T 1] &we "
03H
8 T 1 O A A A -+ i
06H 0s5H 04H
Tofofol T T[] e ™
07H
5 A A 0 -+ “W
0AH 09H 08H
[fofofol T T[] &% “‘"
0BH
150 O N 5 ™
OEH ODH OCH
OFH is not used
I Y O A 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)

[(TTTTTTTITTTTTITITIT] %o “W
15H 14H
[ wmopt | MoDo | :‘3?;’:23?° w
1er 17H is not used
N O O % ”w
1AH 194 18H
1BH is not used
5 5 N A O 44 w
1EH 1DH 1CH

1FH is not used

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

Elelolelololel T T T [ T[T 1] Sume " B

| orAL | BANK | Goteseen
2H scH

Illlsll:HIIIJI||3E|H|||I5’6‘32’1‘1’3RT ™
IIIIJHIIIIIIIWIHIIII’fms ™
ll||413H|illlll42|Hlllll'sm ””
IIIIALHIIIIIH“IHIIII?é‘bns ™
lllI“L‘]IIIIIIMLIIIIE’aYms ™
||Il4£HIIlI||I48IH||l|’1‘§‘bus ™
IIII“LHIIIIIIIJHIIII‘1'.-,Su,ns ™
llll“lHIIIIIIIJHIIJ_Iifms ™
IIII’I:HJIIIIII‘“!HIIIIIg,,“s i
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Figure 14. Register Configurations (cont)

IIIISEHHIIIIISJHIIII’fgbns ™
IIIISLHIIIIIIISEIHIIIITgbna ™
[Il{slHIIIIIIlslHIII] e bt ™
HllslHllIIIIISBIHIIII 6 bis ™
IlllslHlllllllstllll e ™
IIIISIBHIIIIIIISJHIHI ot ™
IIIIﬂI)HIIIIIlIsiHIlII?me ™
lillleH[llllll‘R‘EIAIIIJ eois ™
HIISIHIIIIIIISOIHIIII euite | i
IlllslHlllllllslelllli?tR”JN ™
||l|6iHlI|II||64IHIIIIT§tR“JN ™
llllslmllllllleslHllll1‘?%31“ ™
||]]4HII1I|IISJH|1IIT§'531‘X ™

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

[wan T wav ] e ™
6CH

[TT T T T Tor] Zhe i
6DH
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Figure 14. Register Configuration (cont)
[ OPERAT;IO:: CODE | opERA;.;:N Flacs | ?:gf::AND w
LI ] | JH [ [ ] ImlH [ ] e o ¥
[o] ac ] DISPLAY PITCH | A aemon W
73H 72H 3/12 bits

LI T ] [ T[] 1 | L1 2% "

76H 75H 74H
LI 11 77|H L] a5 v
fors[ce] o [ o | GCSRX | zﬁﬁlgggcsnx w

79H 78H
l°|°|°|<;B|H [ T[] A|H [ Zae’ v

7

[ wem ] [T T 11 [] Wewecsave  w

7DH 7CH
[cTeTeTel N !
l°l°|°l°7F|H [ [ ] |7E|H [] 2ows v
|°I°J°|°7F|H [ 1] I7ElH [ e "
l°|°|°|°7FlH [ 1] |7E|H (] e v
[°l°l°|°7F|H L1 | |7EIH [ T2 "
|°|°l°|°7.=lH [ 1] |7E|H [ e "
|°|°|°|°7F|H [ |1 |7EIH ] b "
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Figure 14. Register Configurations (conft)

lofofofel TT I PI LTI TTT] 2 bis "
lolofofod | T I 11T I LTT L] W bis "

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
O0H-02H 24 EADORG Sets the physical address (effective address) in the display memory corresponding to
Execution Address the origin (0,0) on the logical plane (the X-Y cocrdinate 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 plans).
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 display 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.
OCH-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. 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 Displacement 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  1-2
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 logical operation to be performed during drawing or copying. When
Drawing Mode 0 the bit in the PLANES register corresponding to the memeory 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 to 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 addtess in the display memory area containing the tiling
Pattern Pointer {painting or filling) pattern.
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Power ed by | Cmi ner

.com El ectronic-Library Service CopyRi ght 2003



NEC

pPD72120

Table 2. Register Descriptions (cont)
Address (Hex) Bits Name Description
1CH-'EH 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 figure 17.
Status
3CH 8 BANK The AGDC interface to the CPU accommodates 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 figurs 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. During a GET
operation, the host CPU or DMA controller reads the data from this register that was
retrieved from the display memory by the AGDC.
40H-57H 16 X, Y, DX, DY, XS, YS, Set the coordinate parameters for various drawing operations. The DX register is alsc
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.
S5AH-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.
S5CH-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.
SEH-5FH 16 PLANES Selects the type 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 plane, 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

Power ed by | Cmi ner
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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 CUP  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
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 fiags 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 1111 4095
73H 3 AC Defines which address bus signal lines should be used to output the refresh address.
Address Control AC Refresh address output pins Conditions for setting DT active
000 DAD(-DAD 12 DADg-DAD7 = 0
001 Disabled Disabled
010 Disabled Disabled
011 Disabled Disabled
100 DAD4-DAD4, DAD4-DADg =0
101 DAD2-DAD42 DAD2-DADg =0
110 DAD3-DAD 2 DAD3-DAD4yg =0
111 DAD,4-DAD 12 DAD4-DADy1 =0
74H-76H 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)
Zﬁg (Upper 4 we 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. Itis given
Graphics Cursor X as the number of dispaly cycles from the start of each horizontal scan line
di
Coordinate GCSRX Starting position on each horizontal line
0000 0000 0000 Disabled
0000 0000 0001 1st display cycle
0000 0000 0010 2nd display cycle
1111 1111 1110 4094th display cycle
1111 1111 1111 4095th display cycle
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Descrlption
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 output on the GCSR pin.
Di
g:;(;er isplay CE Function
0 Disabled
1 Enabied
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 000G 0000 Invalid
0000 0000 0001 1st display line
000C 0000 0010 2nd display line
1111 1111 1110 4094th 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.
dinate End
Coordinate GCSRYE Vertical ending line
0000 0000 0000 Invalid
0000 0000 0001 1st 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
Midpeint Between
Consecutive HSs),
HD (Horizontali
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 .8190clocks
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 = 6 SCLK periods
For AGDC in slave mode: HS = 10 SCLK periods

Power ed by | Cni ner.
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Table 2. Register Descriptions (conti)

Address (Hex) Bits Name Description
7EH-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-displayed portion on upper part of screen)

L/F Lines per field (number of horizontal scan lines displayed)

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  *Horizontal scan lines
0000 0000 0000 4096
0000 0000 0001 1
0000 0000 0010 2
1111 1111 1110 4094
1111 1111 1111 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 0/MOD1)

Destination [D]

000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000

Source [S]
0000000000
00 00
0o | 11| oo
oo |11 ] oo
oo |11 ] oo
00 00
0000000000
MOD = 0000; Replace Dby S
000000000000000000
D | S D 00 00
00| 0000000000 100
Y 0 0 00} 00 00 |oo
ool oo |11] co foo
0 1 1 — o0 | 11| o0
11 00 | 11| oo |11
5 o o 11| oo 00 |11
11| 0000000000 |11
s ; , 11 11
111111111111141111
MOD = 0001; Replace Dby S
b s 000000000000000000
00 00
ool 1111111111 |00
[ 0 1 oof 11 11 |oo
oo] 11 | oo | 11 |oo
0 1 0 — t1 |00 | 11
11 11 oo | 11 |11
1 0 B 11 11 11 111
11 1111111111 [
11 11
1 1 0 111111111111111111
MOD =0010; Replace D by 0
000000000000000000
D s D 00 00
00| 0000000000 |00
0 0 0 00| 0000000000 |OO
00| 0000000000 (00
0 1 o l—] 0000000000 |
11/ 0000000000 {11
4 o 0 11| ococoocococoo |11
11| 0000000000 |11
11 11
! ! 0 1111111111111 111171
MOD =0011; Replace Dby 1
b s oooooooooooooooogg
ool 1111111111 Joo
o 0 1 oof 1111111111 Joo
ool 1111111111 (o0
0 1 1 — 1111111111 =
11 1111111111 |11
] ° 1 11 1111111111 |11
11 1111111111 |1
11 11
! 1 1 111111111111111111

[N

i1
1
11
11
11

PP

11
1"
11
11
11

11
11
11
11
11

N
U

111
111
111
111
111

MOD =0100; XORD and S

D S D

0 0 0
o] 1 1
1 0 1
1 1 [}

000000000000000000

0, 00
00 0000000000 00
00 00 00 [ol¥)
00 00 11 00 00

11 00 11
11 11
1111111111

1
1
1
1
1

11111111191111

MOD =0101; XORD and §

D S D

o 0 1
0 1 (¢}
1 ¢} 0
1 1 1

000000000000000000

00 oc
00 1111111111 00
00 11 11 00
Q0 i1 00 11 00
00 11 [oR¢]
00 oo

0000000000

11111111111111

MOD =0110; XOR D and 0

D s D

000000000000000000

00 00
ool 0000000000 (0O
0 0 0 ool ooooo00c000 |00
00/ 0000000000 |00
0 1 0
11 1111111111 [
s o s 11 1111111111 |11
11 1111111111 |1
11 11
! ! ! 111111111111111111
MOD =0111; XORDand 1

0 0 1
0 1 1
1 0 0
1 1 [+]

00000000000000000C

[ 00
00 1111111111 00
00 1111111111 00
00 1111111111 00

0000000000
0000000000

11
11
0000000000 |11
11
11

11111111111111

49NR-3898
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Figure 16. Raster Operations; AND and OR (MOD0/MOD1)

Destination [D]

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

000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000

MOD =1000; ANDDand S

000000000000000000

00 00

00 0000000000 00

00 0000000000 00

00 0000000000 o0
0

11 11
11 11
11 0000000000 11
11 11
11 11

11111111111111

D S 2]
[ ] 0
0 1 [+]
i 1 0 [¢]
! 1 1 1
J
MOD = 1001

; ANDDand$

000000000000000000
00

00 0000000000 00
o0 0000000000 00
[} ¢] 0000000000 00

00
11 IOOI 11
11 11
11 11

111111

1
11
11
11
11

1111111411411111

[+ 1 0

1 0 1

1 1 0
MOD

=1010; ANDD and S

600000000000000000

00 00
00 6000000000 00
00 00
00 o0

0000000000

11 11
11 0000000000 11
1 0000000000 11
11 11
11 11

11111111111111

o | of o
0 1 1
1 o | o
1 1 0
MOD

=1011; ANDDand S

0 0 1
[ 1 0
1 0 0
1 1 0

000000000000000000

1111111111

() 11 11 00

00 11 |00| 11 00
00

0000000000

11 i1
11 0000000000 11
11 0000000000 11
11 11
11 11

11111111111111

MOD =1100; ORDand S

000000000000000000
00 00
00 0000000000 00

D ) D

0 0 0 oo| oo oo |oo
oo| oo |11| 0o (oo

1

1

0 1 1 1
IR EEEERREREE RN KN
4 o Y IR EEEREREEE I NI
R AEEREREE RN R
] ) ] 11 11
1111111111111 11117%

MOD =1101; ORDand S
000000000000000000

00 00

00 00

o of 1 00 00
00 00

o 1| o — —
11 11

P P 11 11
11 11

11 11

! ! ! 111119111111111111

MOD = 1110; ORDand S
000000000000000000

00 00
00| 1111111111 |00
0 0 1 ool 1111111111 |00
co] 1111111111 [oo

1

[} 1 1 1
00 ‘11! 00
00 00

11 11
11 11
11] 0000000000 |11
11 11
11 11

11111111111141

MOD = 1111; ORDand S

000000000000000000

00 00
00 00
0 o 1 00 00
00 0o
o | 1|1 — —
11 11
P S 11 1
11 11
11 11
! ! 0 111111111111111111

49NR-390B
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Figure 17. Status Register Format

8 7 6 5 4 3 2 1 4]

[ cur | Perov | opore vSB V8§ 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 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 VSB 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

CcPU Display
Interface Memory
Interface
00— DA23
MSB DA22
DA 21
= Bank DA 20
CshM Register DA1g
LSB
- DA
A19 18
- DA
A1g § > 7
I )+ DA
A17 16
- DAD
A1s ! > 15
AD 15 DAD14
AD 14 DAD13
AD13 DAD12
AD 12 DAD11
AD11 DAD 10
AD10 DADg
ADg DADg
ADg DAD7
AD7 DADg
ADg DADs
ADg DAD4
ADy4 DAD3
AD3 DAD2
AD3 DAD+
AD;4 DADo
ADg DLBE
J— - DUBE
UBE
83SL-5850A
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Figure 19. Register Format

7 6 5 4 3 2 1 0
L DBIE | PBIE CIE [0} 0 0 ABORT RESET
Bit Flag Name Abbreviation Meaning When Bit = 1
o} Software Reset RESET Initializes xPD72120.
1 Processor Abort ABORT Stops any processing being performed and clears the processor 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
Rectangle

- YCLMIN

I |

I 1

XCLMIN  XCLMAX (0,0)
83SL-5847A

Figure 21. Display Control Register
MSB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 LSB

[ om]orr] pao+ [ N | Re | sc Jrcou]rcoL]masi] s | so [ LA [spsT] svs |
Bit Flag Name Abbreviation 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, 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. LFl is ignored in non-interlaced mode.
LFi

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

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 0 Accepts EXHS and EXVS sync timing input.
0 1 Ignores EXHS and EXVS sync timing input.
1 0 Only the VS signal of the even field in interlace mode 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.
TCGCL
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
0 Does 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 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
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 IN Defines whether interlaced or non-interlaced display mode is to be used.
IN
0 Non-interlaced display

1 Interlaced display
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Figure 21.

Display Control Register (cont)

Bit

Fiag Name

Abbreviation

Function

11,
12,
13

Display Address

Proceedings

DAD +

Detines 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
sach 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+8. ..

010 DAD +4 DAD — DAD+4 — DAD+8 ~» DAD+12 - DAD+16 . ..

o1 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 —. . .
im DAD +1/2 DAD — DAD —- DAD+1 — DAD+1 — DAD+2 - DAD+2. .

Data Transfer Timing

DTT

Defines the output timing for the DT (data transfer) signal when using VRAMs. DTT
is ignored in the cycle steal mode.
orT
0 DT is 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-
nalin a frame)
(b) Atthe start of each horizontal scan line (at the falling edge of BLANK)
{¢) Wnhen 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.
(a) At the start of the screen display (at the first rising édge of the BLANK sig-
nal in a frame)

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

Data Transfer Mode

DTM

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 DT/DISP pin outputs the DISP signal (ac-
tive low). Display and drawing cycles alternate in this mode.
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—>| [<— 1 Display Cycle —>-1 I‘—
- -
GCSRYS
GCSRYE
GCSRX GCSRX
83SL-58484
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Figure 23. Horizontal and Vertical Timing Paramelers

HSYNC

HBLANK

VSYNC
2nd Field

VSYNC
1st Field

VSYNC

VBLANK

1H

M

—»1 HS

ol

— HFP

HBP |e— HH _..i

]

vBP L_

UF

83SL-58498
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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 A_DOT_M R_DOT_M
Straight line A_LINE_MO R_LINE_MO
A_LINE_M1 R_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 segment (bow) CSEG
Ellipse ELPS
Ellipse arc EARC
Ellipse sector ESEC
Ellipse segment (bow) ESEG
Fill Commands Arbitrary area filt PAINT
Triangle fill A_TRI_FILL
Trapezoid fill A_TRA_FILL
Rectangie 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 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 1o the X and Y registers to be read by the host CPU.
6FH 6EH

(S [elslelol Tolole o oo ololo]s]

READ_COL 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
[CloJol+[+J1JoJofoJoJoJoJoJofo]ol]
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
o|o|o|o|1|o|o]o|o||P[o|PXEN| BPPx | 0 [ 0
A_DOTM 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

|o|o|o|o|1]1|o|o|o||P[o|Px:—:N| BPPX | 0 | o |

R_DOT_M A dot is drawn at the (X+DX, Y+DY) defined by the X, DX, Y,
Relative 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 .
6FH 6EH

[7|0|0|1|o|o|o[o[o||P[o|szN| BPPx [ 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
reglsters. WEP determines whether the end point (XE, YE) Is
drawn. The drawing polinter (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 change
value.

6FH 6EH
[oJoJo] 1o [ o[ o]eo] P [es[pxeN spex [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 6EH
[oJoJo[t1]1JoJo]o [ eo | P [ es [pxen] spex | EsH [ 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
LofJofol+[t[1To]o]eo]w[espxeN eeex [esH|wer]
(PL)
Absolute Line Direct0, 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, XS, and YS
registers do not change.

6FH 6EH
[oJo[1JoJoJoJoTJo [ eo | p [ es [pxeN Beex  [esH|wer|
Py
A_LINE_D1 The values in the X, Y, XE, YE, XS, and YS registers do not
change. The drawing pointer (X#, Y#) changes to (XE, YE).
6FH 6EH
[oJo[1JoJo]1JoJo [ eo [ P ] es [pxen] “seex | EsH [weP |
(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
|o[o]1]0]1|o]o|o|ED||P]Es|PXEN| BPPX | ESH|WeP]|
(PY
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Table 4. DRAW Command Descriptions (cont)

Commands Name Description
Graphics Drawing A_LINE_D3 The values in the XS and YS registers are used for the end
Commands (cont) 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.
6FH 6EH
|o|o|1|o|1|1|o[o|ED||P|ES|PXEN| BPPX | ESH|WEP]
(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 change to (X+DX, Y+DY). The DX, DY, XS,
and YS register values do not change.

6FH 6EH
[oJo]1[1]o0 [ o] o] o Jeo [P [ Es [pxen] Beex [EsH [ 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
[oJoJ 1 [1]o]n [o] o [eo [ e [ es [pxen] epex [EsH[wer |
(PY
R_LINE_M2 The drawing polinter (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
EREEERERE [ o] o] o Jeo [ P [Es [pxen] Beex [esH[wep|
(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).

R_LINE_DO The X and Y registers change to (X+DX, Y +DY). The DX, DY,
XS, and YS register values do not change.
6FH 6EH
[oJo [t [1JaJ1]olo [eo] P [ es [pxen erex [ EsH | wer |
(PL)
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Table 4. Drawing Command Descriptions (cont)

Commands Name Description
Graphics Drawing R_LINE_D1 The XY, DX, DY, XS, and YS register values do not change .
Commands (cont)
6FH 6EH
o1 JoJoJoJoJoTo | o [ p ] es [pxeN] epex [EsH]wer]
(PL)
R_LINE_.D2 The XS and YS registers 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]1JoJoJoTn [o] o | e [ P ] Es [pxen] sepx | EsH [weP |
(PL)
A_REC A rectangle with horizontal and vertical sides parallel to the X
Absolute Rectangle and Y axes is 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
|o|1]o|o|1|o|o]o|o]u=|es]Px5N|BPPX|ESH|07
R.REC A rectangle with horizontal and vertical sides parallel to the X
Relative Rectangle and Y axes is drawn with the diagonal vertices at coordinates

(6 Y) and (X+DX, Y+DY). The drawing pointer (X#, Y#)
changes to (X, Y).

6EH
oloJo]w [ es [PxeN]  BPPx [EsH] o |

ENER AR ENE

CRL A circle is drawn counterclockwise with the center at (XC, YC)
Circle pointed to by the XC and YC registers and with radius DX de-
fined by the DX register. The drawing pointer (X#, Y#)
changes to (XC, YC+DX). The circle is started from (XC,
YC +DX). DX must be > 0.

6FH 6EH
Lo|1|o]1[o{o]o|o|o]|P|o|PXEN| BPPX | o [ 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 X8, YS, XE, YE, XC, YC, and DX regis-
ters, respectively. The drawing pointer changes to (XE, YE).
DX must be > 0.

6FH 6EH

{o|1]o]1|o[1[o|o|(;F[|P]o|PXEN|BPPXIo[WEP]
CSEC A circular sector is drawn with the center at (XC, YC), DX the
Circle Sector radius, (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[o|o|CF||P|o|PXEN| grex [ o] o |

[o] ]

(=]
-
-
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Table 4. DRAW Command Descriptions (conl)

Commands Name Description
Graphics Drawing CSEG A circle segment is drawn with the arc starting at (XS, YS),
Commands (cont) Circle Segment 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 (XS, YS). The radius DX must be > 0.

6FH 6EH
lo|1lo|1l1lo|1]0|CF]IP|0[PXEN[ BPleolo]

ELPS An ellipse with major and minor axes parallel to the coordinate

Eilipse 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.

r0l1|0l16FIH1I‘llOlOlOllPlO[PXEiIElHBPPXlolol

EARC An elliptical arc with major and minor axes parallel to the coor-
Ellipse Arc 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.
6FH 6EH

ﬁ|1|1|olo|o|o|o|oF]|P|o|PXEN| BPPX | 0 |wep|

ESEC An elliptical sector with major and minor axes parallel to the

Ellipse Sector 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.

r0|1l1|06FlHOI1|O|OICF|IP[0[PXE$~ITHBPPX [ o] o]

ESEG An elliptical segment with major and minor axes parallel to the

Ellipse Segment 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).

[o[1|1|06F|H0]1]0]1|CF]|P[0|PXEZTHBPPX]o[o]
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Table 4. DRAW Command Descriptions (cont)
Commands Name Description

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

6FH 6EH
o[t [t ]Jof1JoJoJomw o] 1[ss]opmog o] o
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 6EH
|o|1|1]o|1[1|o|o|TL]o|1|SSIWL]wn]o|o]
A_TRA_FILL A trapezoidal area with its parallel sides (upper and lower) de-
Absolute Trapezold Fill fined by line segments connecting (X, Y) to (XS, Y) and (Y8,
YE) to (XE, YE), where YS is an X-axis value, is filled with the
tiling pattern.
6FH 6EH
[o|1]1]1|o[o|o|o|TL]o]1|SSIWL]WR]o|o|
R_TRA_FILL A trapezoidal area with its upper parallel side defined by the
Relative Trapezoid Fill line segment connecting (X, Y) to (XS, ), 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 1 [ 1] 1]0o] |o|o|n|o|1|ss[wn.]wn[o|o|

-

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

6FH 6EH

[+ ]ofoJof]

-

[oJomn]oT [ ss [wL[wn]rast] o |

A_REC_FILL_A A rectangle with vertical and horizontal sides paraliel to the
Absolute Rectangle coordinate axes is filled with the tiling pattern. The rectangle
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
[1JoJoJol+[+JifoJoJo e[+ [1]1]0]
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Table 4. DRAW Command Descriptions (coni)

Commands Name Description

Fill and Paint R.REC_FILL A rectangle with vertical and horizontal sides parallel to the

Commands {cont) Relative Rectangle Fill coordinate axes is filled with the tiling pattern. The rectangle
by Coordinates 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|o|o|1[o|o|olo|TL|o|1|ss[WL|wn[FAST|o|
CRL_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
[l To ] Jofofolo[m o]+ ss[+[r1]o]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/DV is filled with the tiling pattern. The filling starts from
the the top of the ellipse and proceeds downward.

6FH 6EH

|T[1[o|1|1|1o|o|TL|o|1|ss]1|1]o|oJ

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

Wl HERE [ 1]o]o | o [eserev]ror| o | sp_seL [FasT] 0 |

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

oo IESElREVIROT' 0 | Sp_SEL [FasT| o |

N EEEEERERE

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 6EH

[ o] o |ESE|REV|R0T| o | sp_sEL [FasT] o |

Clelolelo]

(=]
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Table 4. DRAW Command Descriptions (cont)

Commands Name Descrlption
Copy Commands (cont) A_COPY_CC 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 Coordinate is transferred to the rectangular area of memory starting
at X, Y). .
6FH 6EH

[1[oJoJoJo [1]oJo |ese[rev]ror] o [ sp_se [FasT] 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 The transferred memory area is rotated 90° counterclockwise.
90° Rotation Copy

6EH
IESE]REVIROT] 1 [ spseL [ o[ o]

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[REVIROT' o | spseL [ o | 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
IESHIESV’FS' 1 | sbseL [ 1 [ o]

ES_COPY The rectangular data from the source area is transferred to a

Enlarge/Shrink Copy 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
| Est[Rev]ror[esv] sp_seL [ 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 EAD1 and bit
Field position dAD1 with horizontal width DH + 1 dots and vertical
height DV + 1 dots.
6FH 6EH

[1fofo1lofH

ofo]o [Rev [RoT | 0|SD_SEL‘1I14]

PUT.C Transfers data from the PGPORT register to a rectangular area
Put Data to of display memory starting from (X, Y) with horizontal width
Coordinate Field DH+ 1 dots and vertical height DV +1 dots,
6FH 6EH
‘1!0I0|1I1IOlOIOIOlREVIROTlOISD_SELI1I1J
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 horizontal width DH+1 dots and vertical
height DV +1 dots.
i 6FH 6EH

|1]o]o|1[o[1|1|o|o|o|o|o|so_ssL|1|L|

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 dots and vertical height DV +1 dots.
6FH 6EH
I1lo|0|1l1|0‘1|0|0l0|0|0|SD_SEL|1|1J
Get Function Extensions Data in the rectangular area of display memory s rotated
90°_COPY through 90° and transferred to the PGPORT register.

6EH
e |nEV|ROT| 1 | sp_seL [ 1]o |

3-142

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC

uPD72120
Figure 24. Graphics Drawing Commands
Dot [X+DX, Y+DY] Circle Sector [CSEC]
T [XS, YS]
DY [Xs, Y8]
[X, Y] X, Y] i CF=1 [XE, YE]
[ J [ 2 {XC, YC] CF=0
. DX [ [XE, YE] b= DX —>,
! ' [XC, YC}
A_DOT R_DOT je— DX —>
Line [XE, YE] [X+DX, Y+DY}
T Circle Segment [CSEG]
DY [XS, YS]
l {Xs, YS]
X, 1 [X. Y] l CF=1 [XE, YE]
|«——— DX ———> [XC, YC] CF=0
A_LINE R_LINE [XE, YE] le— DX —
{XC, YC]
Rectangle b Dx 1
[Xs, YS) [X+DX, Y+DY]
DY Ellipse Arc [EARC]
X, Y] JL [XS, YS]
X, Y] |[«——— DX ——>
A_REC R_REC (XS, ¥8) DY
T CF=1 [XE, YE]
DY [XC, YC CF=0
Circle [CRL] IXE, YE) 1~ ox
XC, YC] a1

DH:DV=DX2DY2

Ellipse [ELPS]

DH:DV=DX2:pY2

Ellipse Sector [ESEC]

IXS, YS]
XS, YS] oY

CF=1 (XE. YE]

[XC, YC] }«—Dx —>|
DH:DV=DX2:DY2

Circle Arc [CARC] [XS, YS]

(XS, YS]
CF=1 (XE, YE]
Q [XE, YE] e Yai= bx = o0
A

Ellipse Segment [ESEG]

XS, YS]
(XS, YS]
DY
T CF=1 [XE, YE}
DY XC, YC -
JL XE, YE] [ 1 —px\cF=0
[XC, YC] Wﬂ

DH:DV=DX2DY2

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

Paint Ellipse Fill [ELPS_FILL]

DX: Boundary Color

DH:DV=DX2:DY2

Circle Fill [CRL_FILL] Triangle Fill [A_TRI_FILL]
X, Y]
[XS, YS]
[XC, YC)
Rectangle Fill Trapezoid Fill
X, Y] [XS, Y]
EAD1, dAD1 X v] XYl X8
p: N
T At
: 3 200,
4 ) SRR
> ov 04 SRR
HHSGOH S _l_ {YS, YE] [XE, YE] [XE, YE] [vS, YE]
je—— DH —> [XS, YS] A_TRA_FILL
A_REC_FILL_A A_REC FILL C X, Y] [XS. Y]
X, Y] [XS,Y)
X, Y] ‘T'
T DV oV >
DY 1 JL %
>
JL — b e—1 DX ———
DX XC -
je—— DX —— >
R_REC_FILL DV>0 DV>0

R_TRA_FILL

49NR-361B
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Figure 26. Copy Commands; Copy, Rotate, Slant

2—

m?eissﬂ

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

Copy [COPY] 90° Rotation Copy [90°_COPY] Slant Copy [SL_COPY]
o _I o o E E
— DX be—
REV=0, ROT=1 O] REV=0, ROT=1 REV=0, ROT=1 E <C
o—
REV=1,ROT=0 [ REV=1, ROT=0 REV=1, ROT=0 @ j
S
REV=1, ROT=1 REV=1, ROT=1 & REV=1, ROT=1 g \ ; ?
S—

4sNR-3628 |
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Figure 27. Copy Commands; Enlarge/Shrink, Rotate

Source

i
’4

fe—— DH —>1

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>O0

‘ XE
ox —

ESH=0, ESV=1 ESH=1, ESV=0

REV=0, ROT=1
' ESH=1, ESV=
DX<0, DY>0
XE<0, XE>0
ESH=0, ESV=1
ESH=0, ESV=1 DX>0, DY>0
XE<0, YE<Q
ESH=1, ESV=0

YE
DY
0

REV=1, ROT=0

REV=1, ROT=1

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

ESH=1, ESV=1 ESH=0, ESV=1

49NR-3638
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Table 5. DRAW Command Summary
C d Opcode (Hox) Parameters C d Opcode (Hex) Parameters
READ_DP 04 None ELPS 5C XC, YC, DY, DH, DV
READ_COL sC XY B7 Operation Flags B0
B7 Operation Flags Bo [ o [ ] olexen Beex [ o [ o |en

|0|;)|0|010I0|0|0|6EH

DOT.D 08 None

A DOT_M oC XY

R_DOT_M 10 DX, DY
B7 Operation Flags

Bo
[ o] ] o [pxen] eeex [ 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
R_LINE_MO 30 X, Y, DX, DY
M1 34
M2 38
R_LINE_DO 3C DX, DY
_D1 40
D2 44
B7 Operation Flags BO
[Ep | 1P [ Es Jpxen] srex  [EsH|wep|een
(PL)
AREC 48 X, Y, XS, YS
RLREC 4C X, Y, DX, DY
B7 Operation Flags

BO
[o]w [Es ]PXENI BPPx  [EsH| o |eEH

CRL 50 XC, YC, DX
B7 Operation Flags B0
[ o] ] olpxen] Brex [ 0 ] o |een

CARC 54 XC, YC, DX, XS, YS, XE, YE
B7 Operation Flags BO
|cr=| P | o [Pxen] BpPx | o [wep|eeH

CSEC 58
CSEG 5A

B7 Operation Flags BO
[cF[p | o pxen] Beex [ o [ o |eeH

XC, YC, DX, XS, YS, XE, YE

EARC 60 XC, YC, DY, DH, DV, DX, XS, YS,

XE, YE
B7 Operation Flags BO
[cr] P o [pxen] Beex | o [wep| 6EH

ESEC 64 XC, YC, DY, DH, DV, DX, XS, Y8,
XE, YE
ESEG 65
B7 Operation Flags BO

[cr [P [ o [pxen] Brex [ o [ o |een

PAINT 68 X, Y, ©X)
B7 Operation Flags BO
[Tt o] 1 [ss]o Pvod o] o |een

A_TRI_FILL 6C
A_TRA_FILL 70
R_TRA_FILL 74

B7 Operation Flags BO
[TL] o[ 1 [ss[wifwr] o] o |een

X, Y, XS, Y8, XC, YC
X, Y, XS, YS, XE, YE
X, Y, XS, DX, XC, DV

ARECFILLC 8C
B7 Operation Flags BO
|TL]0]1]88]WL|WR|FAST|0]6EH

X, Y, XS, YS

ARECFILLA B8E
B7 Operation Flags BO
[oJoJ 1 v [ 1]+ 1o e

EAD1, dAD1, DH, DV

R_REC_FILL 90 X, Y, DX, DY
B7 Operation Flags BO
[1L] o] 1 [ss]wL]wn[rast] o |een
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Table 5. DRAW Command Summary (cont)

Command Opcode (Hex) Parameters Command Opcode (Hex) Parameters
CRLFILL 50 XC, YC, DX A_ES_COPY_AC 80 EAD2, dAD2, X, Y, DH, DV
ELPS_FILL sC XC, YC, DY, DH, DV _CcCe4 XS, Y8, X, Y, DH, DV
B7 Operation Flags BO B7 Operation Flags BO
[]o]n [ss 1] 1 [ o] o e [EsH[Rev[roT[ESV] SD_SEL [ 1] 1 Jeen
ACOPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH, PUT_A %4 EAD1, dAD1, DH, DV
ov e 98 X, Y, DH, DV
_CA 7C XS, YS, EAD1, dAD1, DH, DV 87 tion Fi
AC 80 EAD2, dAD2, DH, DV, X, Y Operation Flags B0
e & XS, Y8, X, ¥, DH, DV [ o[rev[ror] o [ spseL | 1 | 1 |eeH
B7 Operation Flags BO
GET_A % EAD1, dAD1, DH, DV
[ese[rev|roT| 0 | sD.SEL [Fast] o ]een A % A
B7 i
A_90°_COPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH, Operation Flags B0
oV [o[of[oJo] soseL [1]o |eH
_CA7C XS, YS, EAD2, dAD2, DH, DV
_AC 80 EAD2, dAD2, X, Y, DH, DV N
! : X, Y, DH, 90°_GET_A %6 EAD1, dAD1, DH, DV
_CCs4 XS, Y8, X, Y, DH, DV “c oA XY, DH, DV
B7 Operation Flags BO B7 Operation Flags BO
[esefrevror] 1 | spbseL [ o] o e [To [mev[mor[ 1 [ sosec [ 1] o |eeH
ASL_COPY_AA 78 EAD1, dAD1, EAD2, dAD2, DH,
DV, DX
_CA 7C XS, YS, EAD1, dAD1, DH, DV,
DX
_AG 80 EAD2, dAD2, X, Y, DH, DV, DX
CCs4 XS, YS, X, Y, DH, DV, DX
B7 Operation Flags BO
[ese[rev[roT] o | sp.seL [ o]+ |een
AFR_
ES_COPY _AA 78 EAD1, dAD1, EAD2, dAD2, DH,
DV, DX, DY, XE, YE
_CA 7C XS, YS, 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 B0
[esu[esv]Fs] 1 | spsEL [ 1o |een
3-148

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



N E C pPD72120

Table 6. Operation Flag Descriptions

Name Description
PXEN (Pixel Drawing Enable) The plane or packed pixel display memory configuration is selected by PXEN and the number of bits in
BPPX (Bits per Pixel) one pixel is defined by BPPX. The uPD72120 display memory data width is 16 bits. For plane
configuration, PXEN = 0.
BPPX PXEN Bits/Pixel
xx o 1
00 ] 2
o1 1 4
10 1 8
1 1 16
ES (Enlarge/Shrink) Select the enlarge and shrink optlons.
Egc ((E::::ge}g::::: c:r:ilzg“t?"w ES ESH ESV Copy Operation Drawing Operation
e Y 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 16/11
11 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 initialized
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)

TL (Tiling Pattern)
SS (Single Source Pattern)

Description

Defines the use of a tiling pattern in filling.

L ss Function

] 0 Not used

0 1 The pattern in the PTNCNT register is used for all planes

1 o] 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 is necessary to paint with a different
color for each bit, set TL = 1 and SS = 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)
WR (Write Right)

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

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)

Specifies the normal or fast mode for drawing.

FAST Function
0 Normai speed
1 Fast speed

Howsever, 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 repiacing data.

COPY The FAST mods can be used only for ordinary COPY with replace, 1t 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
o} 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 )
[¢] 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 Selects the transfer mode between planes.
S::;cgeizst;manon SD 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 muitiple 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.
FS Function
(o} X Points drawn
1 X Points not drawn
oo o0o0
O 0 O © @ @ o
000 O® e ® 00O O
® 6o 6000 ®©® e e 00
000 0oe e e X0 o0 OO
e o0 o X0O0OO®S® e s o
0O 0 0O ® e e 00000
®© ® o 000X ® 0o oo
0 0 00 X ® e e 0 000
® ¢ 06000 ®© 0 s o0
0O 000 ® oo
e @0 ¢ 000
o 00 o0
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.
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