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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 RAMSs), and a versatile CPU
interface. These features allow the AGDC to control
graphics drawing and display of bit-mapped systems.

Features

0 High-speed graphics drawing functions

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

— Maximum drawing speed

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

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

boundary retrieval)

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

— Image processing: slant, arbitrary angle rotation,
16/N enlargement, and N/16 shrinkage (N any
integer from 1 t016)

— Position specification by X-Y coordinates

— Logical operations between planes

50068

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
B 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
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Ordering Information

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

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

Clock Pins DA1gDAz;  Out Upper8 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 processor. 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 signa! generator and DUEE, 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 BLBE Data Access Format
horizontal sync frequency, number of dots per AGDC o 0 Word
line, etc. 16-bit CPU 0 0 Word

. 8/16-bit CPU 0 1 High (odd) byte

System Bus Control Pins BME-LitCPU1 O  Low (even) byte

ADg-ADjs WO /O bus to the CPU consisting of multiplexed 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

A1g-Aq0 In  Upper four address bits of the 20-bit address. AGDC. Set high by RESET.

ASTB In  Latches the address on Aqg-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 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.
connecle_d_to an g-bit CPU. HLDAK Out Indicates that the AGDC memory bus (DADg-
ADo UBE Data Access Format DAD45 and DA4g-DAg3 Is in high-Impedance state
0 0  Even-address word 0 that an external device can have access to the
0 1 Even-address byte display memory bus. Set high by RESET.

1 o] 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 isthe

host CPU. vertical sync signal output. When the AGDC
- operates as a slave, the EXVS input initializes the

WR In ::g:é";ﬁ a write of data to the AGDC from the internal vertical sync signal on the rising edge.

. - — HS/EXHS I/O Whenthe AGDC operates as the master, HS s the

TSR in  Enables 'lad'“rgl/w':'"s gfpltJheTlr:GDC _In:ernlal horizontal sync signal output. When the AGDC
relgls:egsb );ht ed 4 oSt g A; ':g's or s operates as a slave, EXHS Initializes the internal
selected by the address Input on Atg"At7. horizontal sync signal on the rising edge.

C5DM In Enables reading/writing of display memory N
through the AGDC by the host CPU. The display  D¥8PHY Signal Related Pins
memory address is generated by the address BLANK QOut Used to blank the display.
input on A d ADg-AD d by the bank
'r:‘;'fs“e"r‘ 16°A19 and ADg-AD4g &nd by the Bank  Hrams ™ Out Set 1o 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 (RDAVR) for mode (VRAMs not used), indicates the display
the AGDC. During the access, the signal may be cycle.
. RE! i the READY line high.
low. RESET will set the ine hig GCSR Out Specifies the display of the graphics cursor
i i he AGDC.

INT Out Signals an interrupt from the AGDC GWAIT Out_Graphics walt signal

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

DMAAK In  Acknowledgment of DMA request to the AGDC by GND Ground
the DMA controller.

- 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 V/O pins for display memory; 16-bit address
multiplexed with data.
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Pin Configurations

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

CLK —>» [«€— SCLK
RESET ——>» N
> Synchronizing BLANK
Vpp —> Signal Generator  |» HgEXHS
GND —> fe—> vs/EXVS
WAIT <—
DMARQ <—] Display <:> }——> DUBE
DMAAK ——> Processor e
INT ~— [<—— HLDRQ
< ! > HLDAK
READY CPU Display Memory
CSIR — > Interface Unit Interface Unit —> DWR
CSoM > Preprocessor P?;:’;’;g' <:> > DRD
RD —> —> DASTB
‘WR —>|
ASTB — > @ @ —> DTDISP
UBE —> —> GCSR
ADg-AD15 Sequence ROM Sequence ROM DADp-DAD15
A16-A19 DA1g-DA23

49NR-391B

System Configuration Example

System Bus §

U

f;

¢

Central Display CRT Synchronizing Signal
Processing Memory Address HPAJCZ[Z)EM g
Unit Controller
Display :
Memory Bus : : : S
MAGIC/ Character Display Display Data
ImPP Generator Memory >

49NR-392B
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General Application Diagram

Address

I

System Buses

Data Control

Qmm

Bir

DMA
> Controlter
DMARQ _ DMAAK
— HS
—| RD vs
— —> Timing
WR
BLANK Centroller
READY GCSR ——>|Cursor Control Circuit} * * *
»{CSIR — T T R G B
CSDM BRD — e le—! |—1 |—>]
_ Timing CAS|—>]
DWR}—>1  Controller WE <——_ _—_> LPD41264
INT DT —>] —— Display Memory
ASTB DT/OE
>| UBE DLBE
> A16-A19 DUBE —>
DASTB Character
pPD72120 | ROM
DA16-DA23
Latch Dy
ADg-AD15
DADg-DAD15 < >
HLDRQ
HLDAK >
LJ LJ
Control Data Address
CLK SCLK

Display Memory Buses

49NR-393B
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Ta = +25°C

Capacitance
TA = +25°C; VDD =GND =0V

Parameter Symbol Min Max Unit Condition
Supply voltage, Vpp -05t0 +7.0V Input G 10 pF 1= 1MHz
Input voltage, V| -05t0 +7.0V unmeasured
Output voltage, Vo -05t0 +7.0V :.::::Jm gso 222 z: tp‘;nos \;eturned
Operating temperature, Topr -10to +70°C  output
Storage temperature, TsTg -65to0 +150°C ﬁ's::( Cc 20 pF
Power dissipation, Pp 1AW
DC Characteristics
Ta = -10to0 +70°C; Vpp = +50V £10%
Parameter Symbol Min Max Unit Condition
Lowlevel input voltage ViL -05 0.8 A Except CLK or SCLK
-0.5 0.6 v CLK, SCLK
High-level input voltage Vin 22 Vpp + 05 v Except CLK or SCLK
35 Vpp + 1.0 v CLK, SCLK
Low-level output voltage VoL 0.45 v loL = 22 mA
High-level output voltage Vou 24 v lon = —400 kA
Low-level input leakage current I =10 pA vi=0V
High-level input leakage cur ent I+ 10 pA V)= Vpp
Low-level output leakage current ILoL -10 RA Vo=0V
High-level output leakage current ILoH 10 sA Vo = Vpp
Supply current Ibp 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 ok 125 600 ns
SCLK 2 toysk 125 600 ns tovk = toysk
High-level clock width CLK 2 WKH 52 ns
SCLK 2 twskH 52 ns
Lowlevel clock width CLK 2 twKL 52 ns
SCLK 2 twSKL 52 ns
Clock rise time CLK 2 tkr 15 ns
SCLK 2 tskr 15 ns
Clock fall time CLK 2 tkp 15 ns
SCLK 2 tskF 15 ns
Reset, Interrupt
Reset pulse width 3 trsT 5 tcysk
CLK 1 to INT 1 delay time 3 tow 50 ns CL = 50 pF
RD | to INT} delay time toRl 3icyk + 50 ns STATUS read
HLDRQ, HLDAK
CLK 1 to HLDAK delay time toKHA 50 ns C_ = 50 pF
HLPRQ setup time to CLK tskHQ 20 ns
HLDRQ hold time from CLK 1 4 thkHQ 20 ns
DMA Read/Write Cycle
CLK 1 to DMARQ output delay time 56 tokma 50 ns Cp = 50 pF
DMARQ setup time to DMAAK | 56 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 tswMmA 0 ns
DMAAK hold time from WR 1 6 THWMA 0 ns
Display Memory Bus Read Cycle
CLK 1 to address or data output delay time 4,78 toKkA 30 ns C = 50 pF
Input data setup time to CLK 1 7 tsko 20 ns
Input data hold time from CLK 1 7 tkD 0 ns
CLK 1 to DASTB 1 delay time 7.8 toKDSH 30 ns C_ = 50 pF
CLK | to DASTB | delay time 7.8 toKDSL 30 ns
CLK 1 to DRD delay time 7 tokpR 30 ns
CLK 1 to DWR delay time 8 tokow 30 ns
System Bus Read Cycle
TS setup time to RD | 9 tsre 0 ns
S hold time from RD 1 9 tHre 0 ns
RD width, high 59 WRH 50 ns
ASTB puise width 569,10 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 | 5,9 tHasA 0 ns

Data setup time to READY 1 59 tSRYD 0 ns

Data float delay time from RD 1 59 tRD 0 40 ns

RD | to READY | delay time 59 tDRRY 30 ns CL = 50 pF
RD hold time from READY 1 59 tHRvR 0 ns

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

System Bus Write Cycle

CS setup time to WR |, 10 tswo 0 ns

TS hold time from WH ¢t 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 1 6,10 tswp 50 ns

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

WR | to READY | delay time 6,10 towRyY 30 ns Ci = 50 pF
WA hold time from READY 1 6,10 tHRYW 50 ns

CLK 1 to READY 1 delay time 6,10 tokRry 40 ns CL = 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 11,1213 toskpAsH 30 ns CL = 50 pF
SCLK | to DASTB | delay time ) 11,1213 tpsKDASL 30 ns

SCLK 1 to DT/DISP delay time 11,1213 tpskot 30 ns

SCLK 1 to address delay time 11,12,13 toska 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 tOSKWT 70 ns

WAIT pulse width 1 twwr 4tcysk - 70 ns

EXVS setup time to SCLK 1 11 tsSKEV 20 ns

EXHS setup time to SCLK 1 11 tSSKEH 20 ns

EXVS hold time from SCLK 1 1 tHSKEV 20 ns

EXHS hold time from SCLK 1 1 tHSKEH 20 ns
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Figure 1. Voltage Thresholds for Timing Figure 3. Reset and Interrupt Waveforms
Measurements
mput 24V RESET

[except for
CLK or SCLK] g45v

22V
08V

22V
0.8V

=

tRST

"/ ./ \

Input 35V 35V
[CLK, SCLK] 06V 06V
tDKI
INT F
OQutput 22V 22V
[CL=50pF] 0.8V 0.8V ORI
49NR-353A
RD
Figure 2. Clock Waveforms 4oNR-355A
ck f S
X
twKH | | twkL
- - teyk
tKR [—
—»| je—tKF
sclk £ 3
X
tWSKH| |tWsKL
- - tCYSK
tSKR le—
—»] le—tskr
49NR-354A
Figure 4. HLDRQ and HLDAK Waveforms
. j'_\_Jz‘__\_zzr—\_/’_\_/‘__\_/_\_
tHKHQ tHKHQ ‘
1SKHQ tSKHQ
HLDRQ Z S
—_—
{DKHA [+ Io——b IDKHA
HLDAK \ /
tDKA tDKA
DADg-DAD 15, u High Impedance 1‘
DA16-DA23 - X
Note: DUBE, DLBE do not go to high impedance
49NR-356B
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Figure 5. DMA Read Cycle

“f N/

tDKMQ D
Fgd
.

DMARQ / \

|

<+-——>ltsMAMQ <+———»{tDKRY
!‘
DVAAR \
JF
tSRMA tHRMA
RD
& ’ff 1Z
tDRRY <—twnH]
READY \7’ /
tWAS —» tSRAS —b tDRAS
ASTB N
J’l’
_tsasa | | tHasa ISRYD |+ | e—tFRD
tHRYR

T

Valid Address ;
ADG-AD{5 ——{ e HH Valid Data
tsasafe—s] le—sitrasa
(g

A rFL
UBE X_ valid X X
JL

27

49NR-357B
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Figure 6.

DMA Write Cycle
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Figure 7.

Display Memory Bus Read Cycle

DRD

DASTB

DADg-DAD15

DA1e-DA23

o j 5:_/ l_\__72 A
. tDKDR tDKDR
\ ‘
t /
tDKDSH tDKDSL
___/ X
tDKA tDKA tskD tHKD
’L 4 R
Valid Address Valid Data
X f N
tDKA tDKA
4
x- Valid Address
tDKA L—' tDKA tDKA
2
—-——< Valid Address invalid
K

49NR-3698
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Figure 8. Display Memory Bus Write Cycle

tDKDW

DWR \

w SN SN\

/

tDKDW,

tDKDSII-i {DKDSL

DASTB
tDKA tokD {DKA
r
DADo-DAD15 ——-{ Valid Address X Valid Da
K
1DKA DKA

Valid Address

tDKA L—- tDKA

tDKA

Valid Address

DA16-DA23 ————

Invalid

iy

43NR-371B

Figure 9. System Bus Read Cycle

tDKRY

READY /

tDRRY
CSIR \
CSDM K ria
L
tSRC [<—tHRYR <—->I tHRC
RD \
\r Jllf d
le—— tWRH
tWAS —> 1SRAS {ORAS —]
ASTB N
N . / \
¥
tSASA le~ tHASA tSRYD le-tFRD
4
ADp-AD15s ———  Valid Address I—{( Valid Data
tSASA L—tHASA
— JF
UBE Valid Address
A16-A19 IF

49NR-3728
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Figure 10.

System Bus Write Cycle
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CSIR

Iqd

tDWRY
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P

CSDM o
74
tswe —tHRWY— <—>Itch
twwL
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N i ]\
S
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\( {L.
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4 4 X
ADg-ADIs — < Valid Address —~ Valid Data —
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A16-A19
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L— tHASA

Ffd
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7/

I{d
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Figure 11.

Display Cycle

St _/ §_/_\——/

tDSKDASH

o |\

tDSKDASL

O\

tDSKA

tDsSKA

DUBE, DLBE
DADg-DAD15, DA16-DA23

Valid Address

A

]

tDSKO

tDSKO
GCSR, VS/EXVS,
HSEXHS, BLANK

r

1DSKDT
DT/DISP

L?L

e
KDT

tDSKWT IDSKWT

D1 Cycle D2 Cycle D1 Cycle
SCLK
tSSKEV tSSKEV
tHSKEV
EXVS \
— 4 ~
D2 Cycle D2 Cycle
SCLK
tSSKEH tSSKEH
tHSKEH
EXHS \
—_————— —

49NR-375B
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Figure 12. Display Refresh Cycle (DT Mode)
SCLK A _‘_\
tDSKWT IDSKWT
{L
WAIT ‘-J
tDSKDASL
tDSKDASH —>
DASTB K /_\
L [
tDSKA —>
SF
DADg ) | ) ><
DAD12 Valid X Varl‘l'd X Valid
27
tDSKA —> IDSKA —>{ |«
DUBE, \ /
DLBE ; ia
tDSKO —> IDSKO—> <
f L
HS \_
tDSKDT ~—> |<—— tDSKDT ~>  [«—
Idd
_DT /" - N
DISP X
49NR-376B
Figure 13. Display Refresh Cycle (CS Mode)
SCLK  /
IDSKDASL
N |(_ IDI‘S;O tDSKO [ tDSKO
{L
HS /‘ J \
—  |*—tDSKDT tDSKDT
DT/DISP
—>| |<—tDSKDASH
DASTB /_\ /_\
R ¥ /r
—1 |*=—1tpska
Ifd
e rl;
DADp-DAD12 x Valid X X Valid X X
¥ Idd

49NR-3778
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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

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

e Sorting of vertex coordinates for triangular fill com-
mand

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

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

Drawing Processor

The drawing processor carries out the drawing opera-
tions on the display memory with the commands and
parameters generated by the preprocessor. The drawing
processor includes various arithmetic units, a general-
purpose register, an arithmetic logic unit, and mask
generating circuitry. In addition, it contains a 32-bit
barrel 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 alsc 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 Contro! 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 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 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 g

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

Classification Application Reglster Name Address (Hex) Bits
#PD72120 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, TE-7TF 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 5A-5B 16
Plane setting PDISPS 0C-0E 24
PDISPD 10-12 24
PMAX 14-16 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 €8-69 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 07 4
dAD2 0B 4
Logical address (X coordinate) value setting X 40-41 16
DX* 44-45 16
XS 48-49 16
XE 4C-4D 16
)] 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 5253 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 1 A A A 0 ™
02H O1H O0H
PhlI [T 1] e "
03H
5 A A A 4 ™
06H 0O5H 04H
[ofoToloT T [ T %o ™
O7H
[ A A A 0 A vt w
0AH 0SH 08H
Lfofolol TT 1T e ™
0BH
1 1 I D D D 44 w
24 bits

12H 11H 10H
Note: Where 0's are shown in a register, they must be written.

OFH is not used

PDISPD RW
24 bits

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

1 0 #4 ”W
15H 14H
| mop1 | mooo | :‘3?;’;“,,3?° W
e 17H is not used
N A I e #4 ™
1AH 194 18H
1BH is not used
N 4% F“”
1EH 1DH 1CH

1FH is not used

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

Ohlelelelols[ TTTT 1] S  °

| GZEE 1 EZEK | Shseen
lllIall:HIIIJIIISEIHIIIIf?fiﬁlFlT ™
IIJI“!HIIIIIIIWIHIIH’febns ™
lllI‘tlHlllllllulHllllTms ™
IIIIMI_‘HIIIIIIlMlHIIII'36’2,“s ™
lllIJHIIIIIIIMLHII5’6Ybns ™
||I!4£H||II||I4JHIIII’ffbus ™
|Il|4|BHI||IIl|4lH|l|ITgbits ™
llll‘ﬂ\ml|l||||4lHlll|’fcfms ™
IIlIlHlIIIIII4!HIIIIIgbns R
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Figure 14. Register Configurations (cont)

llllslHlllllllslHllll o s ™
IlllslHlllllllsleI\IlTgms ™
[II{SLHIIIIIIlstIII] e bis ™
HIISLHIIIIIIISSIHIIII o s ™
IIIISLHIIIIIIISJHIIII Tesite ™
(TTTTTTTTTITITIT I T) % ™
IIIIZZ:HIII!II:I!II??J@ ™
llllslHIIIHIISEIAIIII Tebits ™
HllslHllilllleolHllll e ™
IIIlSLHIIIIIIISZlHIIIIi‘?tﬁ”JN ™
IIlleiHIIIIIIIGJHIIIITSEQ“JN ™
IIIISLHIIIIIIIGSIHIHI oie ™
IIIISIQHIIIIIHGJHHIIT&%“ ™

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

[Cwer T wav ] Neae
6CH
[TTTTTTewr] 2 ™

6DH
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Figure 14. Register Configuration (coni)
[ OPERAT::: CODE | OPERA::;N Flags | SOMMAND w
L] JH [ [ | ImlH [ | eyeme v
fo| ac | DISPLAY PITGH ] S%PLAY N
73H 72H 312 bits

LI IT ] [ [ [ 1] [ [ 1] L] Zeehs N

76H 75H 74H
L] 77|H L] oee v
ers[ce] o | 079|H GCSRX _ | GheoHacSRX W
I°|°|°|<;B|H [ [ ] IAIH [] S v

7
[ wery ] [T 111 [] Vorecsave  w

7DH 7CH
[°l°l°|°7F|H [ [ 17EIH [] Tobrs N
l°l°|°l°7F|H [ [ | |7E|H [ o "
|°|°l°|°7F|H [ || |7EIH (] e N
l°l°|°|°7F|H [ [ ] |7E|H [ Wb "
[°l°l°|°7F|H [ | ] |7EIH [ e N
|°|°|°|°7FlH [ 1] |7E|H (] Toow "
|°|°|°|°7F|H [ [ | |7ElH (] e N
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Figure 14. Register Configurations (cont)

Lfofolod TIITITEITTT] 2 ot N
olofolel T I T T IL LT LT o ot N

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

Table 2. Register Descriptions
Address (Hex) Bits Name Description
00H-02H 24 EADORG Sets the physical address (effective address) in the display memory corresponding to
Execution Address the origin (0,0) on the logical plane (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 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 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 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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Table 2. Register Descriptions (conf)

Address (Hex) Bits Name

Description

1CH-'EH 24 STACK
Stack Pointer

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

Selects the type of logical operation to be performed on each plane during drawing or
copying. Each bit in this register corresponds to a display memory plane.The least
significant bit (bit 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 opsration
specified by MODO is to be performed and a 1, the operation specified by MOD1.

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

Pattern Count

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

TL = 1 PTNCNT 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,
each XCLMAX, YCLMAX

X and Y Clipping,

Minimum/Maximum
Values

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

6CH 4 MAGH
Horizontal
Magnification

Sets the horizontal enlarge/shrink factor.

6CH 4 MAGV
Vertical
Magnification

Sets the vertical enlarge/shrink factor.

3-121



pPD72120

NEC

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,
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 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 format and
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 . - X 3
AC Refresh address output pins Conditions for setting DT active
000 DADg-DAD 12 DADg-DAD7 = 0
001 Disabled Disabled
010 Disabled Disabled
011 Disabled Disabled
100 DAD4-DAD 42 DAD4-DADg =0
101 DAD2-DAD42 DAD2-DADg =0
110 DADg-DAD45 DAD3-DAD4g =0
11 DAD4-DAD 2 DAD4-DAD4¢ =0
74H-76H 24 DAD Sets the display starting address for the screen
Display Address
77H (Lower 8 12 wWC Sets the number of displayed words during a horizontal scan line (while BLANK low or
bits), Word Count Inactive)
4
Zﬁg (Upper wC 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
dinat
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
111 1111 1111

4094th display cycle
4095th display cycle
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Table 2. Register Descriptions (cont)

Address (Hex) Bits Name Description
79H 1 CRS Determines whether the horizontal and vertical cursor position registers are ANDed or
Cursor Configure ORed togethet. 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.
g:;?er Display 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 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
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 1stdisplay line
0000 0000 0010  2nd display line
1111 1111 1110 4094th display line
1111 1111 1111 4095th display line
7EH-7FH 12 HS (Horizontal Sets the horizontal video sync (timing) paramsters. 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 111 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
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Table 2. Register Descriptions (coni)

Address (Hex) Bits

Name

Description

7EH-7FH 12
each

VS (Vertical Sync),

VBP (Vertical Back
Porch),

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

Porch)

Sets the vertical sync (timing) parameters. See figure 23,
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)
VFP 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
1141 1111 1110 4094
111 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 0o/MOD1)

Source [S] Destination [D]
000000000000000000
000000000000000000
0000000000 0000000000000006000
0o 00 000000000000000000
oo | 11] oo 000000000000000000
oo |11 ] oo
oo {11 ] oo 1411111111111 19117
00 00 1111111111111 11117
0000000000 111111111111111111
114114111 111111411
111111111111111111
MOD = 0000; Replace Dby S MOD =0100; XORD and S
000000000000000000 500000000000000000
b | s D 00 00 L R 00 00
00| 0000000000 |00 oo| oooooooooo oo
0 0 0 ool o0 oo |oo o 0 0 ool oo oo |oo
ool oo | 11| 00 foo oo| oo {11] 0o foo
0 1 1 — o0 |11 00 0 1 1
11 00 ] 11| o0 |11 14 11 oo} 11 |11
4 o | o 11| oo 00 |11 4 o | 11 11 11 |11
11| 0000000000 |11 11 1111111111 |19
11 11 11 11
! ! ! 111111111171111111 ! ! 0 111111111119111111
MOD = 0001; Replace Dby S MOD =0101; XORD and §
000000000000000000 000000000000000000
R 00 00 bl s|©D 00 00
oo| 1111111111 |00 00 1111111111 [oo
0 0 1 ool 11 11 |00 o 0 1 ool 11 11 |00
oo 11 {oo| 11 [oo oo/ 11 oo} 11 foo
0 1 0 — 11 | oo | 11 [— 0 1 0
11 11 Joo | 11 |11 11] oo | 11| 00 |11
] o ] RIERE 1111 , o | o 11| oo oo |11
RIBERERERERERENER 11| 0000000000 |11
11 11 11 11
1 ! 0 111411911111111119 1 1 1 111111119111111111
MOD =0010; Replace Dby 0 MOD = 0110; XOR D and 0
000000000000000000 000000000000000000
b [ s 00 00 b | S D 00 00
00| 0000000000 JooO 00/ 0000000000 |00
0 0 0 00| 0000000000 |[0O 0 0 0 0ol 0000000000 {00
00| 0000000000 |00 00| 0000000000 |00
0 1 0 L1 0000000000 [~ 0 1 0
11| 0000000000 {11 [RIEEEEEREEEEE LR
s o ! o 11| oooooooo0o |11 . o ] RIEEEERERRRER N EE!
11] 0000000000 [11 1] 1111111111 |1
11 1 11 R
! ! 0 111111111111111111 1 ! 1 1141411111911 111111
MOD = 0011; Replace Dby 1 MOD =0111; XOR D and 1
000000000000000000 000000000000000000
b | s|D 00 00 D | s | P 00 00
00/ 1111111111 [oo 00| 1111111111 [oo
o 0 1 00l 1111111111 |00 0 0 1 0ol 1111111111 |00
ool 1111111111 Joo oo 1111111111 |oo
) 1 1 1111111111 0 1 1
RIEEREREEEERERN R 11 0000000000 |11
] o | RIBEREREREREERN R 1 ol o 11| 0000000000 |11
11 1111111111 [1 11| 0000000000 |11
11 11 11 1
! 1 1 1114111111111111111 ! ! 0 141111111111111111
49NR-3898
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Figure 16. Raster Operations; AND and OR (MOD 0/MOD1)

Destination [D]

Source [S]
0000000000
00 00
oo | 11] o0
oo | 11 ] oo
oo [ 11 ] oo
00 00
0000000000

000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000

MOD =1000; AND Dand S

o 000000000000000000
00 00
oo| oocoo000000 (0O
0 ool oocooocooo |oo
oo oocooooooo |oo
o — 00 00 |—
11 oo IIII 00 |11
0 11 o0 00 |11
11| ooocoooooo00 i1
] 11 11
111111111111111111

MOD = 1001; AND D and S
b 000000000000000000
00 00
co| ooooooo00C (0O
0 co| o0ooo0o000006 (0O
oo| ooooooooco (oo

0 00
11| 11 Iool 11 |11
1 11 11 11 |11
IR IR EERRE RN LR
o 11 11
1141111131191 11111

MOD =1010; ANDD and S
D 600000000000000000
00 00
00/ 0000000000 |00
0 00 00
00 00
1 L -
11| 0000000000 (11
0 11| oocooo00000 (11
11 0000000000 {11
o 11 11
111111111111111111

MOD =1011; ANDDand S
D 000000000000000000
00 00
00| 1111111111 |00
1 00| 11 11 {00
oo| 11 |oo| 11 |oo

0 00
11| 0000000000 |11
0 11| 0000000000 (11
11| oo0o0000000 [11
11 11
0 111111111111111111

NN

111111
111111
111111
111111
111111

MOD =1100; ORDand S

D ) D

000000000000000000
00 00
00 0000000000 00

o o 0 oo| oo oo |[oo
oo| oo |11| 00 f{oo

0 1 1 11
11 1111111111 11
q ° y 11 1111111141 11
11 1111111111 11
] , ; 11 11
111141191111 111111

MOD =1101; ORDand S

o { o 1
o 1| o
1] o} 1
] 1]

000000000000000000

MOD = 1110; ORD and S

000000000000000000

00 00
ool 1111111111 (00
o 0 1 ool 1111111111 |oo
oo 1111111111 [oo
0 1 1 11
11 oo |11l 0o |11
q 0 0 11| 00 00 {11
11 0000000000 [11
; | | 11 11
1411111119114 111111
MOD = 1111; ORD and §
b s o 000000000000000000
0 0 1
0 1 1
1 0 1
1 1 0

49NR-390B
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Figure 17. Status Register Format

8 7 6 5 4 3 2 1 0
| cup ] perov | opors VsSB vs DPERR | PPERR | DPBSY | PPBSY

3DH 3CH
Bit Flag Name Abbrevlation 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.
[} 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
o0—+DA23
MSB DA22
DA 21
==r Bank DA 20
CshM Register DA1g
LSB
- DA
A1 18
’ - DA
A1g 17
- DA
A7 ' H 16
- DAD
A6 ' H 15
AD 15 DAD14
AD 14 DAD13
AD13 DAD12
AD 42 DAD14
AD11q DAD 10
Ao DADS
ADg
ADg DAD7
AD7 DADg
ADg DADs
ADg DAD4
ADy DAD3
AD3 DAD2
AD» DAD
ADy4 DADo
ADg DLBE
— - DUBE
UBE
B83SL-5850A
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Figure 19. Register Format

7 6 5 3 2 1 0
L DBIE | PBIE CIE 0 0 ABORT RESET
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 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)

B83SL-5847A

Figure 21. Display Control Register

MSB 15 14 13 12 1

9 8 7 6 5 4 3 2 1 0 LsB

| o™ |orT | DAD +

| N[ Re | sc JFcci]tcoL|masi] mss | s | LA [sPsT]svs |

BIt Flag Name Abbreviation

Function

0 Slave Sync SVS

When the AGDC is in the slave mode, SVS de