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NEC

NEC Electronics Inc.

pPD72022
Intelligent Display Processor

Description

The pPD72022 Intelligent Display Processor (IDP) per-
forms CRT display control and image display data pro-

cessing for text, static pictures, and sprites.

Features

Three display modes: text, semigraphics, graphics
Four-way horizontal split-screen display
Smooth-scroll control (vertical, horizontal)

Sprite image display

16-color display

Attribute addition (7 max)

Interlaced display through external synchronization
Up to 256K x 16-bit word video memory addressing
DRAM refresh

Optional dual-port RAM

Bus arbitration control
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CRT control signal programmable variables

— Horizontal display time, retrace time (left and
right), sync pulse width

— Vertical display time, retrace time, sync pulse
width

— Rasters/line

— Blinking time

Variable display resolution

— Horizontal: 640 dots max (22-MHz max dot rate)

— Vertical: 512 dots max

— Display signal (4 bits/dot) serial output

Horizontal and vertical external synchronization

22 screen-control/drawing commands

CMOS

Single +5-voit power supply

Ordering Information

Part Number Package
wPD72022GF-3B9 80-pin plastic miniflat
uPD72022L 68-pin PLCC
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Pin Configurations

88-Pin PLCC
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DMARQVAK/BUSRQ []16 54[7 VAD,
READY []17 53[1 VADsg
RD C}18 52[7 VADg
WR 19 510 VAD,
€S 20 50[1 VADg
DMAAKVRQ/BUSAK []21 491 Vpp
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80-Pin Plastic Minifiat
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READY [}10 s5{1 VADg
NC 11 5417 NC
RD 12 53[0 VADg
NC 13 52[7 NC
WR 14 511 VAD;
€3 15 50[1 VADg
DMAAKVRG/BUSAK []16 4381 Vpp
ASTB 17 487 GND
NC []18 47[1 VADg
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Pin Identification

Symbol 1/0  Signal Function Symbol 1/0  Signal Function
Host System Interface VRD Out Video Memory Read. Strobe signal to read data
ADgAD; /O Three-state, bidirectional address/data bus. See from video mermory.
table 1. VWH, Out Video Memory Write, High and Low. Strobe
ASTB In  Address Strobe. Read address information from signals to write data into video memory.
ADg-AD7. CRT Interface
BUSAK In Bus Acknowledge. While this signal is active, BLANK Out  Blanking display signal.
PD72022 controls the system bus.
#PD720 ystem Du DTCLK /O Dot Clock. During internal DTCLK mode, timing
BUSRQ Qut Bus Request. Request for system bus control. pulses derived by dividing CLK are output.
CLK In  System clock. During external DTCLK mode, the internal
- For=y o] scanning subsystem derives a reference clock
[o13] In  Chip Select. Enables RD and WR signals. from the DTCLK input.
DMAAK In__ DMA Acknowledge. Enables DMA cycle. HEYN /0 Horizontal Sync. Signal output when interna!
DMAR! QOut DMA Request. sync is specified; signal input when externai sync
is specififed. ’
INT QOut Interrupt request to host processor
= LPEN In  Light Pen Strobe. The DTCLK mode is specified
RD In  Control signal for reading data or status flag from by the LPEN level when the RESET signal level
uPD72022. rises.
READY Out Indicate's #PD72022 may be accessed for memory LPEN  DTCLK Mode
read/write cycle or /O read/write cycle. High  internal DTCLK output
RESET In  Initializes pPD72022, Low  External DTCLK input
VAR Out Video Memory Acknowledge. Indicates host PXDg-PXDgz Out  Pixel Qata 0-3. Display signal {four bits/dot) in
processor has direct control of video memory. sync with DTCLK.
VRQ In  Video Memory Request, Host processar requests VSYN I/O  Vertical Sync. Signal output when internal sync is
direct control of video memory. specified; signal input when external sync is
— specified.
WR In  Control signal for writing data, commands, or - P
parameters into nPD72022. Display Data Control
Video Memory Interface DCy, DCy Out Display Cycle. Specifies display processing cycle
RS o m s when pPD72022 is accessing video memory.
Out olumn Address Strobe. DC; DCp Display Oycle
MOD In  Mode change signal. See RA4. 0 0 Other than indicated below
RAg-RA;  Out Raster Address 0-1. RAg and RA, are also used for o 1 Static picture display cycle
DMg and DM, respectively. See Display Data 1 0 Sprite display cycle
Control in this table. 1 1 Screen start cycle
RAxRA;  Out Raster Address 2-3. RAp and RAg are also used for See Video Memory interface, RA, and RAg
DCg and DC4, respectively. See Display Data DM, Out Display Mode. Specifies the static picture display
Control in this table. DM, mode.
RA4 Out Raster Address 4. RAy is also used for MOD input. DMy DMo Display Mode
S 0 X Text mode
Qut Row Address Strobe. 1 0 Semigraphics mode
SRCLK Out Serial Read Clock. Used with optional dual-port 1 1 Graphics mode
RAM. See Video Memory Interface, RAg and RA4.
SRD Out  Serial Read. Active while data is read from serial
port with optional dual-port RAM. Other Pins
VADG- /O Video Memory Address O-15 outpuf;, DRAM  CNO Ground
VAD15 refresh addresss output; data input/output. Voo +5-volt power supply
VAie- Qut Video Memory Address 16-17. Also used for RAg, NC No Connection
VA7 RA4
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pPD72022 Block Diagram
Host Processor Control Display Control Unit
Interface Unit Processor Unit
—
Display Address ===
ASTB ———» :> Registers ﬁ [ CAS
RD ——» ’ — VRD
Sprite :>
R Control - TWH
Registers "
Video - T
ADg -AD7 <:> <:> <:> Memory Access VWL
internal Sprite Control
K e > RAo-Ras
" o~
VADQ -
READY -w—ip |——| @ VAD15
STATUS
DMARQVAK :> Display Data <:> I
‘BUSRQ Processor
DMAAK/VRQY [-——— SRCLK
BUSAK
Bus
Arbitration f
Circuit Line Buffer RAM js——— LPEN
)y :> PXDo -
RESET —» Line Buffer RAM PXD 3
#2 ) !
vob ———* Video Signal —_—
—_— Generator HSYN
GND
System/Dot CRT Timing j«— VSYN
DTgtE ysCIe:::k ° ’:"> Generator :J>
Generator —~— —» BLANK
B83SL-59308
Table 1. Functions of Address/Data Bus ADgAD,
[33] DMAAK WR RD AD. AD AD, Bus Function
2 1 0
1 X X X X x Floating (high impedance)
0 1 0 1 0 1 0 #PD72022 command input
1 1 1
0 1 1 #PD72022 parameter input
1 1 0
1 0 0 X x x Write operation via DMA transfer
o] 0 0 1 0 1PD72022 status output
1 1 1
0 1 1 pPD72022 parameter output
1 1 0
1 0 1 0 X X x Read operation via DMA transfer

x = Don't care
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uPD72022 in a Video Display System

oM
RD
WR
ASTB

Host CPU
uPD70108

ADg - AD7
Ag -A19
INT

INTAK

READY

~

Latch

wPD71059
Interrupt
Controlier

20

Main
Memory

Note:

Although the pPD72022 can execute all
required video memory control operations,
this system example uses bus arbitration
for enabling direct video memory access
by the host processor.

nPD72022 IDP
RD
WR
=1 ASTB 4
PXDo- PXD3 : 16/24-kHz
Color Monitor
Palette v
DTCLK |—— D/A
BLANK [—
VSYN
K Apo - AD; HEWN ]
RAS
CAS
| Control
INT —\iD Gate
VWH
VWL
READY VAK
Aj
RAg - RA4
VADO-VAD 15 [™]
VRQ CS
[ T —
5
Decoder s Character <: Latch
Generator
<: ROM
uPD23C2000
8 )
F/F
16
K sune
Buffer
+—
16
Bus
:> Buffer <::> Do -Dis
I Video
; l Memory
18 Latch ﬂ 8 AO-A7/
M
: # s oAt

83SL-60568
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Absolute Maximum Ratings
Tp = +25°C

DC Characteristics
Tp = -10to +70°C; Vpp = +5V £10%

Power supply voltage, Vpp -05t0 +7.0V Parameter Symbol Min Max Unit Conditions
Input voltage, V| ~05t0 +7.0V Input low ViL -05 0.8 V  Note 1
Output voltage, Vo 05t0 +70v  Votage Z05 06 V  Note 2
Operating temperature, TopT -10 to +70°C input high ViH 22 Vpp+05 V Note1t
Storage temperature, TsTg ~65to +150°C voltage 35 Vpp+ 10 V Note2

Output low VoL 0.45 V loL = 22mA
Capacitance voltage
Ta = +25°C; Vpp = GND = O V; f = 1 MHz Output high Von 07 Voo V lon = —400 pA
Parameter Symbol Min Max Unit Conditions voltage
Input C 10 pF  Unmeasured pins Input low I -10 pA V=0V
capacitance returned to 0 V leakage current
Output Co 20 pF Input high ILIH 10 #A V| = Vpp
capacitance leakage current
Input/output Cio 20 pF QOutput low ILoL -10 pA V=0V
capacitance leakage current
Clock input Cc 20 pF Output high ILon 10 pA V| = Vpp
capacitance leakage current

Power supply Ibp 150 mA

current

Notes:

(1) Except CLK, DTCLK, and RESET

(2) CLK, DTCLK, and RESET
AC Characteristics
Ta = ~10to +70°C; Vpp = +5V £10%
Parameter Filgure Symbol Min Max Unit Conditions
Clock
System clock cycle 2 tcy 45 50 ns
System clock width, high 2 tKH 18 ns
Systern clock width, low 2 tekL 18 ns
Dot clock cycle 2 tcypk 45 4tcy ns Input; C|_ = 30 pF

67.5 4tcy ns  Output; G = 30 pF

Dot clock width, high 2 tokDKH 18 ns  Input C = 30 pF

tKKH ns  Output; C_ = 30 pF
Dot clock width, low 2 tokDKL 18 ns
Reset
RESET pulse width tRSRSL 8tcy + 61cyDk ns
LPEN setup time to RESET 7 SLPRS 16 toy
LPEN hold time from RESET T 3 tHRSLP 0
CPU Read/Write Cycle
ASTB pulse width 4,5 tsTSTH 45 ns
Address setup time to ASTB ! 4,5 tsasT 25 ns
Address hold time from ASTB | 4,5 tHAST 10 ns
T3 setup time to RD or WR 1 4,5 tscSRW 0 ns
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Conditions
CPU Read/Write Cycle (cont)
TS5 hold time from AD or WR 1 4,5 tHRWCS 0 ns
RD pulse width 4,15 tRAL 170 ns
Data delay time from RD { 4,15 torD 120 ns
Data hoid time from RD 1 4,15 tHrRD o] ns
Data float time from RD T 4,15 trRrD 55 ns
WR puise width 5,16 twwi 180 ns
Data setup time to WR 1 5,16 tsow 100 ns
Data hold time from WR 1 5, 16 thwp 10 ns
READY delay time from RD or WR | 4,5 tppwrDY 55 ns
16
READY delay time from VRQ { 9 tpvarDY 60 ns
RD recovery time 4 tavR 150 ns
WR recovery time 5 tavw 150 ns
Read access cycle 4 tcvr tarL + 10tcy ns
Wirite access cycle 5 toyw twwL +10tcy ns
VRAM Read/Write Cycle
Random read/write cycle 6-8, tcYRAS 270 ns  Note 1; also refresh cycle
113 360 ns Note 2; also data transfer cycle
RAS width high 68,  tRASRASH 95 ns
11413
RAS width low 6-8, tRASRASL 130 ns Note 1; also refresh cycle
n-13 210 ns  Note 2; also data transfer cycle
TAS width high 67,  icASCASH 110 ns
11-13
TAS width low 67, tcasCASL 105 ns  Note 1
113 185 ns Note 2; also data transfer cycle
RAS ! delay time from CTAS 1 16;81.3 tDCASRASL 30 ns
TAS | delay time from RAS | 67,  tprascasL 40 ns
11-13
RAS 1 delay time from CAS { 6-7,  1DCASRASH 60 ns  Note 1
1113 150 ns Note 2; also data transfer cycle
Address setup time to RAS | 6-8, tsvARAS 35 ns
11413
Address hold time from RAS | 68,  tHRASVA 10 ns
11-13
Mode setup time to TAS | 6-7, tsMDCAS 10 ns
11413
Mode hold time from TAS | 6-7,  ticasmD 110 ns  Note 1
113 185 ns  Note 2
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Conditions

VRAM Read/Write Cycle (cont)

VRD 1 delay time from CAS 1 6, thcasvR 70 ns  Note 1
1213 150 ns  Note 2

CAS 1 delay time from VRD T 6, tovRCAS 0 ns
11-13

VRD pulse width 6, tVRVRL 70 ns  Note1
1213 150 ns  Note2

CAS | delay time from VW T 6 tOVWHCAS 70 ns

VW | delay time from RAS T 6 tDRASHW 35 ns

VW | delay time from TAS © 6 thcASVWL 15 ns

Input data setup time to VRD * 6 tspvr 40 ns

Input data hold time from VRD * 6 tHVRD 0 30 ns

VRD 1 delay time from RAS | 6, tORASVRH 130 ns  Note1
12-13 210 ns  Note 2

RAS | setup time from VRD 1 6, tSVRRAS 15 ns
12-13

VRD ! hold time from RAS 6, tHRASVR 25 ns
12-13

VRAM Write Cycle

RAS | delay time from VRD t 7 toVRRAS 15 ns

VRD ! delay time from RAS | 7 tbRASVRL 130 ns

RAS | delay time from VW 1 7 tOVWRAS 35 ns

VW 1 delay time from RAS | 7 tDbRASLVW -10 ns

CAS | delay time from VW 7 tOVWLCAS 10 ns

VW 1 delay time from CAS 7 thCASVWH 155 ns

VW pulse width 7 tywwvwL 165 ns

Data setup time to CAS 7 tspcas 10 ns

Data hold time from TAS | 7 tHCASD 155 ns

VRAM Refresh Cycle

TAS | delay time from RAS 1 8 tDRASHCAS 20 ns

VRAM Request

VAK setup time to CAS 1 9 tsvACAS 20 ns  Interleave mode

VAK hold time from CAS ¢ 9 tHCASVA 10 ns

VRQ recovery time 9 tavva 10tcy ns

READY delay time from VAQ { 9 tovaRDY 60 ns

VRQ hold time from READY 1t 9 turoYVQ 0 ns

VAD float delay time from CAS 1 910  trcasvaD 30 ns

VAD delay time from CAS 1 9,10  tpcasvap 50 ns
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AC Characteristics (cont)

Parameter Figure Symbol Min Max Unit Conditions
VRAM Request (cont)

BURSQ ! delay time from BUSAK 1 10 tpsABQ 0 ns  Dual-port mode
BUSAK hold time from BUSRQ T 10 tHBQHBA 10 ns

BUSAK hold time from BUSRQ | 10 tHBQLBA 0 2000 ns

Data Transfer Cycle

VRD 1 delay time from SRCLK T 11 tDSKVR 100 ns

SRCLK hold time from VRD 1 11 tHVRSK 100 ns

RAS | delay time from VRD ¢ 11 toVRRASL 30 ns

VRD hold time from RAS { 11 tHRASLVR 60 ns

VRD hold time from CAS | 11 tHCASVR 10 ns

RAS 1 delay time from VAD | 11 tOVRRASH 100 ns

TAS 1 delay time from VRD T 11 tovRCAS 120 ns

VRD hold time from RAS © 11 tHRASHVR 10 ns

VRAM Serial Read Cycle

SRD width high 12,13 tsRsRH 200 ns

SRD width low 12,13 tgpsAL 200 ns

SRCLK ! delay time from SRD { 12,13 tpsmsk 15 ns

SRCLK width high 12,13 tsKskH 25 ns

SRCLK width low 12,18 tekskL 25 ns

Serial read cycle 12, 13 toysk 90 ns

Data setup time to SRCLK T 12 tspsk 25 ns  Graphics display cycle
Data hold time from SRCLK * 12 tHsKD 10 ns

Data setup time to VRD T 13 tsovR 40 ns  Textdisplay cycle
Data hold time from VRD 1 13 tHvRD 0 30 ns Semigraphics display cycle
Display Timing

Output display time from DTCLK T 14 topkosP 5 38 ns Note 3; C|_ = 50 pF
Input setup time to DTCLK T 14 tsiok 25 ns Note 4

Input hold time from DTCLK T 14 bk 5 ns

Input puise width 14 t 6 tcypk ns

DMA Cycle

DBMARQ 1 delay time from DMAAK & 15,16  tppapQH 50 ns

DBMARQ ! delay time from DMAAK 1 15,16 tppapaL 0 ns

DMAAK hold time to DMARK | 15,16 typapa 0 ns

DMAAK setup time to RD 4 15 tSDAR o} ns

DMAAK hold time to RD 1 15 tHRDA 20 ns

DMAAK setup time to WR ! 16 tspaw 0 ns

DMAAK hold time to WR T 16 tHWDA 20 ns
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AC Characteristics (cont)
Parameter Figure Symbol Min Max Unit Conditlons
Interrupt
INT rising time 17 INTR 30 ns
INT falling time 17 WNTE 30 ns
Notes:
(1) Cycles: Text display; Semigraphics display; Display start
(2) Cycles: Graphics display; Sprite display; Command processing
(3) HSYN, VSYN, BLANK, PXD0-PXD3
(4) HSYN, VSYN, LPEN
Figure 1. Voltage Thresholds for Timing Figure 3. Reset Waveform
Measurements
1 tRSASL
Output 22V — \
L 08 v RESET
e— tSLPRS —*1 tHRSLP

Clock 22V
input/Output - 0.8V

0.4V

35V

XA
49NR-478A

LPEN

_A

49NR-480A

Figure 2. Clock Waveform

e tKKL:

CLK \

DTCLK

tKKH

N

N

tCYDK

49NR-479A
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Figure 4. CPU Read Cycle

ASTB

ADg-AD7

ISTSTH

L‘ tHAST!

[«—tSAST:

_Hi-E_gr }_HI-Z_

Valid Address

Valid Data

3

tDRD

tHRD

tFRD

A

L—tSCSRw——I [ tRRL—>|

tHRWCS
— 4 |
RD \ N
A
tRVR
tCYR
IDRWRDY
Hi-Z Hi-Z
READY == = — — — — — — — _—— = - = = —-
49NR-434B
Figure 5. CPU Write Cycle
tSTSTH
ASTB / \
[«— tSAST L tHAST >
4 s
ADp-AD7 X Valid Address X X Valid Data X
tspw tHWD
= \ N
L—%CSRW——" fe— tWwwiL—> <—*ItHRWCS
—_— A
WR \ \
K
tRVW
tcyw
tDRWRDY
Hi-Z Hi-Z
READY = =— — — == — = — ] = )= e = — = = = — -
49NR-435B
3-68

This Materia

Copyrighted By Its Respective Mnufacturer




NEC

uPD72022

Figure 6.

VRAM Read Cycle

tDCASRASL—>|<— IDRASCASL

N

fe——————— IRASRASL ————>]

tCYRAS

IDCASRASH

tRASRASH
tDRASHVW ——>

tCASCASL

This Materia

Copyrighted By Its Respective Mnufacturer

tCASCASH ————————| tDCASVWL
t [e———— tHCASMD ————>]
SVARAS tHRASVA tSMDCAS HC ‘
RA1]/DI Vi R L
VA6 [RAG]/DMo, VA1 7 [RA1]/DMs Valid Address Mode x
RA2/DCg, RA3 /DCq X
- IDVWHCAS ——>l<—tDCASVR —
- 4 \
VWH, VWL
_____/
| tDRASVRH tDVRCAS
tSVRRAS tHRAsvn—-‘ tVRVRL—>
|
=g s
VRD / /
‘ tHVRD
tSDVR
VADQ -VAD Hi-Z R Hi-Z i X Hi-ZzA
15 __ T Valid Address —_ = - Valid Data }-— —g
W |
49NR-436B
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Figure 7.

VRAM Write Cycle

CAS

VA16 [RAQ]/DMo, VA17 [RA1] /DMy
RA2/DCp, RA3 /DC1

VWL

VWH,

VRD

VADQ-VAD15

RA4/MOD

tCYRAS
tRASRASL
5\ /l N
~ \_
. le——— tRASRASH ———>
tDCASRASL—>|<——— IDRASCASL DCASRASH
l«——— tCASCASL —>
N Y
; tCASCASH
(——PI 1]
ISVARAS tHRASVA  ISMDCAS HCASMD
7 ! X
X Valid Address Mode x
X by X
tDRASLVW [« {DCASVWH
[«—DVWRAS—>]  |<— IDVWLCAS —*
YWVWL
i \
_/ K 4
l«—— tDVRRAS IDRASVRL
|
/ NI
tSDCAS tHCASD
i-Z b s 3 Hi-Z —
- = Valid Address Valid Data — = =
N _<
Hi-Z 3 Hi-Z ‘..
_ - Valid Address _— - — — — —
r s

49NR-437B
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Figure 8. VRAM Refresh Cycle

tCYRAS
le——————— tRASRASL —————>

s \ e N

[«——— tRASRASH ————™
tDCASRASL—>| l«———— tDRASHCAS —-1

CAS

tSVARAS tHRASVA

1 X
VAi6 [RAQ)/DMy, VA1 7 [RA1]/DM f Vaiid Address Mode
RA2/DCp, RA3 /DCy X __A
VWH, VWL _/ \___
VRD / \__.

. X .
VADo-VAD1s Hi-Z . Hi-Z
—_—— lid Add >._ — = —— = —
RA4/MOD Valid ress

49NR-4388

Figure 9. VRAM Request; interleave Mode
tHCASVA

oo _/—\_,,
l-— tHclAsv;\
tSVACASﬂ ltsvacas
VRQ \
A 'f
tRVVQ

= \ ) N\

tDVQRDY tHRDYVQ

Hi-Z Hi-Z
READY = — ‘— IN_ . _ _HzZ

tFCASVAD —>| [<— — «— tDCASVAD
L
Hi-Z
VAD -_ - -
L —

43NR-4398
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Figure 10. VRAM Request; Dual-Port Mode

%ﬂﬂ_DJWJﬂ
e

BUSRQ

tDBABQ

BUSAK /

tDCASVAD —»
VAD — — — — g PR S —J

I

2 Cycles—>

Ty S

L

Hi-Z

\

Iyd (4

tHBQHBA

—>1 |[«—tFCASVAD

p— "= —
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Figure 11. Data Transfer Cycle

tCYRAS
le—————— tRASRASL —————>]

= \ /

IDCASRASH

}

N

tRASRASH

tDCASRASL—>|<«— tDRASCASL
l«——— tCASCASL ———>

cas N /S

tCASCASH ——— >

t. R —
SVARAS ‘—__'( tHRASVA  SMDCAS HT’TMD
- F —
VA16 [RAD] /DMp, VA17 [RA1]/DMy d
Add Mod
RA2 /DCo, RAg /DC Valit ress e ode
VWH, VWL /
tDVRRASH!| |tHRASHVR
tHCASVR—>]  fe—
IDVRRASL: tHRASLVR «—— tDVRCAS
J
VRD 1/
SRD / \
tDSKVR tHVRSK
SRCLK / \ | \
VADg-VAD15 __ Hi-Z A ) —_— e — — e = =
A /MOD g‘ Valid Address 7}—

49NR-441B
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Figure 12.

VRAM Serial Read Cycle; Graphics Display

RAS

CAS

VA16 [RAQ)/DMp, VA17 [RA1]/DM(
RA2/DCo, RA3/DCy

VRD

SRD

SRCLK

VADo-VADi5

RA4MOD

N

tCYRAS
tRASRASL ———————>

tDCASRASL—>

tDCASRASH

«—— tDRASCASL

[e—— tRASRASH ———

[ tCASCASL ——>

tCASCASH ————————>|
t t
SVARAS HRASVA {SMDGAS HCASMD ‘
' Fs X
X Valid Address Mode K
X N
L— tDCASVR —-1
tDRASVRH tDVRCAS
lSVRRAsr——> e~ tHRASVR «— tVRVRL
7 :1\\\\\ ]2
tSRSRL I<— tSRSRH —»l
tDSRSK I
tCYSK
tSKSKL->|
A )\_4 \___
tSKSKH -
tsDsK tsSDsK
tHSKD ; tHSKD
4 p !
Valid Data X X Valid Data X X
K
5 Hi-Z
—_—— Valid Address _— e = = —— -
r < :

49NR-442B
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Figure 13.

VRAM Serial Read Cycle; Text or Semigraphics Display

CAS

VA6 [RAQ]/DMo, VA17 [RA1]/DMy
RA2 /DCg, RAG /DC1

VRD

SRD

SRCLK

tCYRAS
tRASRASL
N / ’
o 4
\ tRASRASH
ASRASH
tDCASRASL—>|<——DRASCASL De
tCASCASL
N ]
tCASCASH ——————>|
t. |e— t] —_—
SVARAS tHRASVA SMDCAS HCASMD ‘

X

7 ¥
Valid Address
N

Mode

L— tDCASVR —>|

tSVF?RAS I‘—-'
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Figure 14. Display Timing
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Figure 15. DMA Read Cycle Figure 16. DMA Write Cycle
DMARQ \ DMARQ \
t tDDADQL
boADAL tHDQDA tDDADQH tHDQDA
DMAAK ; DMAAK
I«—tHRDA tSDAW L—!HWDA
fe— twwiL—>
RD WR
tDRD tFRD tSWD tHWD
Hi-Z
) ADQ-AD7: — — — Vahd Data - - -
Hi-Z Hi-Z2
ADp-AD7: — —  — Valid Data @— —_—— -
tDRWRDY
IDRWRDY Hi-Z _Hz_
READY — — — —
Hi-Z Hi-Z
READY — — — - - - = 49NR-446A
49NR-4454
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INTERNAL STRUCTURE

The uPD72022 IDP consists of three units: host proces-
sor interface unit, control processor unit, and display
control unit. Refer to the uPD72022 Block Diagram.

Host Processor Interface Unit

The host processor interface unit transfers commands,
parameters, and such status information as the
uPD72022 internal processing state, to and from the
host processor.

Control functions include asynchronous bus interface
control, DMA control, and interrupt control.

Control Processor Unit

The control processor unit reads and executes com-
mands and parameters from the host processor via the
host processor interface unit.

Display data processing in video memory, display ad-
dress control, screen control, etc,, in the display control
unit are implemented.

Display Control Unit

The display control unit generates and outputs video
memory display addresses, display signals, and CRT
control signals. It generates various timing signals re-
quired in the uPD72022.

COMMANDS

The pPD72022 has 22 commands for implementing ini-
tialization, display control, and sprite control opera-
tions. See table 2.

Table 2. List of Commands

Name Function

Initialization

SYNC Selects display operation mode and specifies
scan timing.

Display Control

DSPOF Generates screen control table base address and
border color; enables display controller; starts
display.

DSPOP Disables display controller and terminates
display.

DSPDEF Defines display screen layout and display format.

CURDEF Defines cursor display format.

ACTSCR Selects active screen area.

CURS Moves cursor to specified cursor display position.

LPNR Determines light pen position.

This Materia
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Table 2. List of Commands (cont)

Name Function

Video Memory Control

DPLD Specifies video memory operation address or address
offset.

DPRD Determines video memeory operation address.

MASK Sets bit mask for data storage in video memory.

RDAT Reads contents of video memory and sends data to
host processor.

WDAT Stores transfer data in video memory.

BLKTOT Reads the video memory contents and transfers the
data via DMA operation.

BLKTIN Stores the data transferred via DMA operation into
the video memory.

EXIT Terminates video memory operation command
processing.

Sprite Control

SPRON Enables the sprite controller and initiates sprite image
display.

SPROF Disables the sprite controller and terminates sprite
image display.

SPRSW Toggles the sprite display on or off for each sprite
operation.

SPRRD Reads the sprite attribute table data.

SPRWR Writes data into the sprite attribute table.

SPROV Determines the sprite controlier operation status.
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INITIALIZATION COMMANDS

SYNC Command
Command Code 10H

[oJoJof[+JToJo]ol o |
Parameters
RM EL | EV | WM EY
0 RF | EC | BS | RV RS
0 LBL
0 0 LBR
HAD
0 0 RBR
0 0 RBL
0 0 HS
0 0 TBL
0 0 TBR
VAD (U
0 [VAD (H) BBR
0 0 BBL
0 0 VS

The SYNC command terminates display controller oper-
ation and defines operation mode and horizontal/vertical
scan timing with the following parameters.

e ILM, DPM (Interleave Mode, Dual Port Mode)

The format of the interblock interface between the
host system, IDP, and video memory is specified.
Dual-port mode can only be specified for the VRAM
serial access (VM = 1).

DPM ILM Operation

0 0 Standalone mode
0 1 Interleave mode
1 0 Dual-port mode
1 1 Disabled

3-78

EV (Enable Vertical Blank Interrupt)

Parameter EV determines whether the occurrence of a
vertical blanking signal causes an interrupt signal to
be generated on the INT pin.

EV Interrupt
0 Vertical blank interrupt disabled

1 Vertical blank interrupt enabled
EL (Enable Light Pen Interrupt)

Parameter EL specifies whether the occurrence of a
light-pen signal causes an interrupt signal to be
generated on the INT line.

EL Interrupt
0 Light pen interrupt disabled
1 Light pen interrupt enabled

VM (VRAM Access Mode)

Parameter VM specifies the video memory access
mode for static picture display data generation.

VM Video Memory
0 Random access mode

1 Serial access mode
RM (Raster Mode)

Parameter RM specifies CRT scanning mode and
display signal generation mode.

RM CRT Scanning Mode

00 Noninterlace (640 x 400, 24K CRT)

01 Interlace (640 x 400, 15K CRT)

10 Vertical magnify (640 x 200, 24K CRT)
11 Normal (640 x 200, 15K CRT)

RS (Resolution Select)

Parameter RS specifies the divide ratio for generation
of the display signal dot time. This ratio can be
combined with horizontal and vertical scan timing to
vary display resolution. Table 3 is an example based
on a 20-MHz source clock.
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Table 3. Display Resolution Example (20-MHz Clock)
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RS Divide Ratio Corresponding Resolution HAD Setup Value  VAD Setup Value Recommended CRT

000 Divide by 4 256 x 192 256 (63) 192 Horizontal scan frequency 15.75 kHz
001 Divide by 3 320 x 200 320 (79) 200

010 Divide by 2 512 x 192 512 (127) 192

011 Divide by 1.5 640 x 200 640 (159) 200

100 Divide by 1 640 x 400 640 (159) 400 24.83 kHz

Others Disabled (dot clock is not output)

e RV (Reverse Screen)

Parameter RV specifies reverse display of the entire
screen. When RV is cleared to 0, normal display is
enabled; when RV is set to 1, text foreground and
background colors in the text display are reversed.

e ES (External Sync)

Parameter ES specifies use of the HSYN and VSYN
pins and external synchronization. When ES is set to
1, horizontal and vertical synchronizing signals are
output on the HSYN and VSYN pins.

When ES is cleared to 0, the pins are placed in a
high-impedance state, and display timing is synchro-
nized with an input reference signal.

e EC (External Clock)

Parameter EC specifies DTCLK pin operation and
determines display timing signals. When ECis setto 1,
a signal generated from the internal divider is output
on the DTCLK pin as dot clock.

When EC is cleared to 0, the DTCLK pin is placed ina
high-impedance state, and display timing is based on
an input clock reference signal.

EC an be set in external dot clock input mode (LPEN
signal is low at reset time).

e RF (Refresh Control)

Parameter RF controls video memory refresh opera-
tions. When RF is cleared to 0, no refresh operation is
performed; when set to 1, refresh operations are
initiated.

o LBL (Left Blanking) See figure 18.
LBR (Left Border)
HAD (Horizontal Active Display)
RBR (Right Border)
RBL (Right Blanking)
HS (Horizontal Sync)

Horizontal scan timing is specified in four-dot time
(TCK) units. Each timing is generated at the time of
(specified value + 1) x TCK.

The horizontal scan parameters have the following
restrictions.

HS = 04H
LBL = 03H
HAD = odd number (bit0 = 1)

e TBL (Top Blanking) See figure 18
TBR (Top Border)
VAD (Vertical Active Display)
BBR (Bottom Border)
BBL (Bottom Blanking)
VS (Vertical Sync)

The number of rasters (vertical scan lines) is specified
to control vertical scan timing. An integer multiple of
2 is set in the valid display time (VAD). The vertical
border time (TBR, BBR) can be omitted if the speci-
fied value is 0.

The vertical scan parameters have the following re-
strictions.

VS = 04H

TBL + TBR = 10H (for non-sprite display)
TBL + TBR = 20H (for sprite display)
VAD = 04H

BBR + BBL = 02H
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Figure 18. Horizontal and Vertical Scan Parameters
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DISPLAY CONTROL COMMANDS

The DSPON command enables the display controlier

DSPON Command and generates the display signal.
Command Code 12H In display access after the screen control table base
address is specified in byte units, the address provided
[ 0 [ 0 l 0 | 1 | 0 l 0 | 1 | 0 | by multiplying the setup value by 256 is referenced as the
screen control table start address.
Parameters
o BC (Back Drop Color)
Base address (lower)
0 0 0 o © Parameter BC specifies the background color of the
pper) e s - h
transparent color specification portion of the valid
0 0 BC display time and the horizontal/vertical border area.
3-80
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DSPOF Command
Command Code 13H

[o[ofTof+Jofol+ [+ ]

The DSPOF command disables the display controller
and sprite controller and terminates display. The
horizontal/vertical retrace time is output on the display
signal output pin.

DSPDEF Command
Command Code 14H

L oJoJlof+rJof1]ofo |
Parameters
ATROFF (L)
ATROFF (M)
0 PITCH [ o | H
0 [ 0 MRA
o 0 0 HRA
BR [ o] o | o

The DSPDEF command defines display screen layout
and display format. The following parameters are speci-
fied.

e ATROFF (Attribute Offset)

The character code and attribute code store address
offset are specified in byte units. If the offset is a
negative value, input the complement.

ATROFF Offset

OH Disabled

1H 1 byte

2H 2 bytes
3FFFFH 262,143 bytes
40000H 262,144 bytes
7FFFFH ~1 byte

® PITCH (Character Pitch)
The character code pitch is specified.

PITCH Pitch
OH Disabled
1H 1 byte
;IH 7 bytes

o MRA (Maximum Raster Address)

The character vertical display size is specified in
number of rasters. This position is used as the under-
line display position.

MRA No. of Rasters
0to 6H Disabled

7H 8 rasters

1FH 32 rasters

o HRA (Horizontal Raster Address)

The horizontal line display position is specified as a
raster position.

HRA Display Position
OoH First raster

1H Second raster
1FH 32nd raster
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e BR (Blinking Rate)

The blink attribute character display and cursor blink
are specified. Each character specified with the blink
attribute is turned on (bright) in the time of the setup
value x 24 fields and off (dark) in the time of the setup
value x 8 fields.

The cursor blinks in the time of the setup value x 8
fields.

The number of bright and dark fields for attribute and
cursor blink are shown below.

Attribute Cursor

BR Bright Dark Bright Dark

OH 768 256 256 256

1H 24 8 8 8

2H 48 16 16 16

IFH 744 248 248 248
CURDEF Command

Command Code 15H
CofloloJ 1vJo[+Jof~ |
Parameters
| CURN [ o [ce [ e |

The CURDEF command defines the cursor display
mode. Parameter CURN specifies cursor sprite, and the
CURS command specifies the cursor position, which
also updates the display position of the sprite specified
in CURN.

e BE (Blinking Enable)

Parameter BE specifies whether cursor blinking is
enabled. To suppress cursor blinking, clear BE to 0.

e CE (Cursor Enable)

Parameter CE specifies whether cursor display is
enabled. To turn off the cursor, clear CE to 0.

Since the sprite function is used for cursor display,
specify sprite display accordingly at the same time.
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ACTSCR Command
Command Code 16H

[oToJo[+Jof+T e |
Parameters
[o|san|o|o|o[o|o|

The active screen area where cursor position control
and light pen position control are valid is specified.

SCRN Active Screen Area

0 First split screen

1 Second split screen
2 Third split screen

3 Fourth split screen
CURS Command

Command Code 1EH

[elolo [ [+ [+[o]
Parameters
Vertical position (lower)
o [ oo [ o o] (upper)
Horizontal position (lower)
Olololololol(upper)

The cursor is moved to the position specified by the
parameters.

Screen position is specified by virtual screen coordi-
nates, first designating a Y (line) position valus, then an
X (column) position value. If a specified position ex-
ceeds the lower or right edge of the virtual screen, the
cursor is positioned at the respective edge of the virtual
screen.

The internal variable data pointer (DPTRO) is updated to
the video memory address value corresponding to the
coordinates of the cursor position.
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LPNR Command
Command Code 1AH

[oeJofo ]+ [o]4

[ o ]

OQutput Data

In the commands listed in table 4, the address update
mode is specified in the command code MOD field, and
the data pointer value can be updated each time a VRAM
access is made.

If the coordinates on the virtual screen can be obtained
by cursor position specification and light pen input

Vertical position {lower) position detection, the data pointer (DPTRO0) is updated
o I 0 I 0 | 0 | 0 l (uppen) to the corresponding video memory address value.
Horizontal position (lower) Table 4. Data Pointer e
o [ o] o[ o] of o | weee A e SixToT
MOD  Data Pointer Update WDAT BLKTIN
The light pen detection coordinates are determined and g Data pointer Is not changed. Enabled  Disabled
the light pen detection status Is reset to 0. 01 ATROFF value is added; then the Enabled Enabled
Virtual screen coordinates are specified by first desig- data pointer Is updated.
nating the Y (line) position and then the X (column) 10 PITCH value is added; then the  Enabled  Enabled
position. data pointer is updated.
The internal variable data pointer (DPTRO) is updatedto 1 3;LR’°Y::::|;SU°G‘;‘::; thenthe  Enabled  Enabled
the video memory address value corresponding to the i pdated.
light pen detection coordinates.
DPRD Command
VIDEO MEMORY OPERATION COMMANDS Command Code 8AH
DPLD Command I 1 l ) | o l ) I p I ) | p I o |
Command Code 8E/8FH
[Tl e o v [ 7 [+ [w] Jeebe
VRAM address (lower)
Parameters (ntermediate)
VRAM address (lower) 0 | o] [ 0 | (o] l 0 | (upper)
(intermediate)
o JoJofofo] (upper) The data pointer (DPTRO) value is determined.
The address data entered by using the parameter is MASK Command
stored in the specified internal variable data pointer = Command Code 89H
TR1
(DPTRO or DPTR1) |‘l°|°|°|‘|°|°|’]
N  Data Pointer
0  Store in DPTRO Parameters
1 Store in DPTR1 [ PrR— |
The data pointer value is used for address specification
or update in later VRAM access.
The 19-bit address parameter can be used to access
512K-byte video memory space. If the DPTR1 value is
negative, input the complement.
3-83

Copyrighted By Its Respective Mnufacturer



This Materi al

pPD72022

NEC

The mask data entered via the parameter is stored in the
internal variable mask register (MSKR).

The mask register value is used for write data mask
processing in later VRAM access. When the mask bit
value is 0, the VRAM contents are held; when 1, write
data is stored.

In mask processing, the mask register value is deter-
mined before a VRAM write operation is initiated.

The video memory contents at the transfer destination
address are read and ANDed with the inverted mask data
value, and a mask is set. In addition, the write data to be
stored in video memory and the mask data value are
ANDed together, and a mask is set. The results are ORed
together, and then written into video memory.

With the WDAT (Write VRAM Data) command, mask
processing is performed for data input by the host
processor according to the mask register value. Then,
the data is written into video memory at the address
specified by the data pointer (DPTRO).

After the data is written, the data pointer (DPTRO) con-
tents are updated according to MOD specification (table
4) to the next video memory address.

If the host processor inputs data consecutively, the data
write into video memory and data pointer update are
repeated until another command is entered.

BLKTOT Command

Command Code 99/9A/9BH

RDAT Command [+ TofoJt]1]of mom
Command Code 90/91/92/93H DMA Transfer Output Data
|1|o|ol1|o|o| Moo | Read data
Output Data
Read data .
: Read data
: The video memory contents are read from the address
Read data specified in the data pointer (DPTRO0) and stored in the

The video memory contents are read from the address
specified in the data pointer (DPTRO), and the data is
transferred to the host processor.

If the host processor receives the memory data, the data
pointer (DPTRO) contents are updated according to MOD
specification (table 4), and the video memory contents at
the next address are read and transferred.

The memory contents are read until another command is
entered.

WDAT Command
Command Code 94/95/96/97H

[1]o|o|1|o]1| MOD
Input Data

Write data

Write data
3-84
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output data buffer A DMA transfer request signal
(DMARQ) is then generated to prompt the DMA control-
ler to receive the read data. The DMA acknowledge signal
(DMAAK, RD) is used to output the data buffer contents
to the data bus. If the DMA controller receives the data
and the buffer is not empty, the DMA transfer request
generation is continued.

If the buffer is empty, the data pointer (DPTRO0) value is
updated according to MOD specification (table 4), and
the video memory contents at the next address are read
and stored in the output data buffer Therefore, the
address of the data read by the DMA controller does not
correspond to the data pointer value.

If the output data buffer is empty, the memory read and
the data pointer update are repeated until the host
processor inputs another command based on the DMA
controller terminal count.
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BLKTIN Command SPRITE CONTROL COMMANDS
Command Code 9D/9E/9FH SPRON Command
[ 1 l 0 l o I ] | ) I 1 J MOD I Command Code 82H
DMA Transfer input Data l ! ] 0 | ° | ° ’ 0 I 0 l ! | 0 I
Parameters
Write data
. SAB (lower)
: o [ ol oJoT o (upper)
Write data HSPN ESP | SPMG | sPGR
ite

DMA transfer request signal (DMARQ) is generated to
prompt the DMA controller to transfer write data. Data
input together with the DMA acknowledge signal
(DMAAK, WR) is written into video memory.

Mask processing is performed for data input by execut-
ing the DMA transfer according to the mask register
value; then the data is written into video memory at the
address specified in the data pointer (DPTRO).

After the data is written, the data pointer (DPTRO) con-
tents are updated according to MOD specification (table
4) to the next video memory address.

If the DMA controller inputs data consecutively, the data
write into video memory and the update of the data
pointer are repeated until the host processor inputs
another command based on the DMA controller terminal
count.

EXIT Command
Command Code 88H

L+l oloJof+rJoJoflo]

Command processing during parameter acceptance is
stopped and a command wait state is initiated.

Video memory operation command processing during
data transfer is stopped and a command wait state is
initiated.

If parameter acceptance is terminated and processing is
started, data or any command other than the video
memory operation commands cannot be terminated by
issuing the EXIT command.

This Materi al

If the display controller has been enabled by the DSPON
command, sprite display is initiated.

The sprite status (SC) in the status data is reset and
interrupt signal generation from the sprite controller is
enabled or disabled according to ESP specification.

The sprite attribute table and sprite pattern area base
address (SAB), sprite magnification (SPMG), and sprite
grouping function (SPGR) are set in the sprite controller.

if the command is input during sprite display, the sprite
controller operation parameter is changed.

® HSPN (Horizontal Sprite Number)

This parameter specifies the maximum number of
sprite images that can be displayed on a single
horizontal line.

® SPMG (Sprite Magnify)

Sprite magnification display is specified. When SPMG
is set to 1, sprite display data is magnified two-fold in
the vertical direction display.

o SPGR (Sprite Grouping)

The grouping function in sprite detection is specified.
When SPGR is set to 1, collision detection between
different groups is enabled.

e ESP (Enable Sprite Interrupt)

INT signal from the sprite controller is specified.
When ESP Is set to 1, an INT signal is generated atthe
INT pin when sprite collision is detected or the maxi-
mum number of sprite images is exceeded.
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SPROF Command
Command Code 83H

SPWR Command
Command Code 84H

[+ [ofofoJoJoJ+]1 |

[+ JoJofoTof+]ofeo |

Sprite controller operation is disabled and sprite display
is terminated.

SPRRD Command
Command Code 80H

[+ ToJoJoJoeJofofo |

Parameters

] SPN | ATN |

Output Data

Read data 1

Read datan

The sprite attribute table contents are read from the
address corresponding to the SPN (sprite number) and
ATN (attribute number) parameters, and the data is
transferred to the host processor.

ATN  Attribute

YP lower

YSIZE, SPSW, YP upper
XP lower

XSIZE, SPDM, XP upper
SPDA lower

SPDA upper

SCF (color)

Not used

NOUMbHWN=0O

If the host processor receives the attribute data, the
attribute number is incremented and the next attribute
data is read and transferred. When attribute number 7 is
read, the sprite number is also updated so that the next
sprite vertical position (YP lower) can be read.

The attribute data read and the attribute and sprite
number update are repeated until another command is
input.
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Parameters

[ SPN [ ATN ]

Input Data

Store data 1

Store data n

Data input by using the parameters is stored in the sprite
attribute table.

ATN  Attribute

YP lower

YSIZE, SPSW, YP upper
XP lower

XSIZE, SPDM, XP upper
SPDA lower

SPDA upper

SCF (color)

Not used

NOOSRWN—=O

The input data following the second parameter is written
into video memory from the address corresponding to
the first parameter SPN (sprite number) and ATN (at-
tribute number).

Each time one byte of data is stored, the attribute
number is incremented so that the next attribute number
can be specified. When attribute number 7 is stored, the
sprite number is also updated so that the next sprite
vertical position (YP lower) can be specified.

If the host processor inputs data consecutively, the
attribute number is incremented from 0 through 7 for
each sprite number, which advances in increments of 1.

SPRSW Command
Command Code 85H

[+ TofoJolol+Jof:1 |

Parameters

[ SPN
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This command specifies the sprite display on or off by
setting the sprite attribute SPSW bit.

The sprite number is specified in the SPN parameter. f
the SPSW parameter is set to 1, sprite display is turned
on; if cleared to 0, sprite display is turned off. Thus,
display on or off for each sprite can be specified as
desired.

SPROV Command
Command Code 81H

[ 1 [oJoJolofJofJolft |
Output Parameters
[ o [so] ¢ | ovs |

The sprite controller operation status is determined and
the sprite status bit in the status data (SC) is reset to 0.

The sprite controlled status is defined by parameters
SO, OVS, and C.

(1) SO indicates whether the maximum number of sprite
images that can be displayed on a single horizontal
line (HSPN specification) has been exceeded.

(2) OVS specifies the first excessive sprite number.
(8) C indicates the detection of sprite collision.

STATUS

The pPD72022 sends the display hardware operation
status and command processing status information to
the host processor via the status output port.

The status data format and the bit contents viewed from
the host are explained below.

7 6 5 4 3 2 1 0
| wp [ v | sc | R | - |BUSY]03F| iBF |

Input Buffer Full

IBF (bit 0) indicates that data is stored in the internal
input data buffer during command/parameter input from
the host processor. It is set on the rising edge of the WR
strobe signal when the host processor writes
commands/parameters. It is reset when the input data
buffer contents are read by uPD72022 internal process-

ing.

The host processor should check that the flag is reset
before inputting the next command/parameter. If a
command/parameter is input when the flag is set, the
uPD72022 drives the READY signal low, forcing the host
to wait.

Output Buffer Full

OBF (bit 1) indicates that the uPD72022 has data stored
in the output data buffer. It is set when a write is made to
the output data buffer during internal processing. It is
reset on the rising edge of the RD strobe signal when the
host reads the output data buffer contents through the
parameter output port.

The host processor should check that the flag is set
before reading data from the parameter output port. if
data is read when the flag is set, the uPD72022 drives the
READY signal low, forcing the host to wait. The flag is
reset when a command is input.

Busy

The BUSY flag (bit 2) indicates that the uPD72022 is
performing command processing. It is set under the
same conditions as IBF and reset when the execution of
all commands stored in the internal FIFO buffer has
been completed.

In command processing of SPRRD, SPRWR, BLKTIN,
BLKTOT, WDAT, or RDAT, however, BUSY is reset when
the FIFO buffer is empty after the completion of process-
ing of successive input commands. Therefore, BUSY is
always set when any of these six commands is being
executed.

Error

ER (bit 4) indicates that an error occurred during com-
mand processing. It is set when an abnormal state is
encountered; for example, when parameters required for
command execution are not entered, or the value of an
entered parameter is not proper.

When an error occurs, pPD72022 stops command pro-
cessing. To recover, issue the EXIT command, followed
by the desired command. ER is reset when the EXIT
command is executed.

Specific error causes are as follows.

(1) Parameter is entered when command code is not
entered.

(2) Command/parameter is entered from any port other
than the command or parameter input port.

(3) Any code other than a command code is entered
from the command port.
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(4) The number of parameters is too large. Up to a given
number of parameters are assumed to be valid and
processed. When excessive parameters are entered,
ER is set and the excessive parameters are not
processed.

(6) The number of parameters is too smail. All the
entered parameters are assumed to be valid and
processed.

(a) When a command (except EXIT) is entered fol-
lowing the parameters, ER is set and command
processing starts

(b) When an EXIT command is entered following the
parameters, it is assumed that termination of the
immediately preceding command entered is
specified. ER is not set and command entry is
awaited.

(c) When other than a command or parameter entry
follows the parameters, an error results. ER is set
and command entry is awaited.

(6) LPNR command is made on any area other than the
active screen area specified by the ACTSCR com-
mand.

Sprite Control

The SC flag (bit 5) indicates occurrence of sprite over or
sprite collision state during sprite display operation. It is
updated each time one screen display is terminated
(vertical blank).

(1) Sprite Over. The SC flag is set when the number of
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sprite images existing on a single horizontal line
exceeds the HSPN setup value. The first sprite
number exceeding the setup value can be read by
command (SPROV) specification.

(2) Sprite Collision. The SC flag is set when dot overlap
of two or more sprite images occurs.

Vertical Blank

VB (bit 6) indicates vertical blanking time (BBR, BBL, or
VS time). It can be used for the host processor to
synchronize with display operations.

Light Pen Detect

LP (bit 7) indicates that an address is detected by using
the light pen signal. It is set when the address is detected
and reset when the LPNR command is issued.

CONTROL

After initialization (figure 19), the pPD72022 executes
control according to the sequence shown in figure 20.

In figure 20, a check is made to ensure that IBF (bit 0) of
the uPD72022 status data format is cleared to 0; then the
command/parameter is written.

If the command is a data read or write command, then
data is read or written.

The sequence to check that the IBF bitis cleared to 0 can
be omitted by using the READY signals; however, this
does not apply to read commands (RDAT, BLKTOT,
SPRRD, DPRD, LPNR, SPROV).
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Figure 19. uPD72022 Initialization

Input RESET
Signal

IDP Status
=00H

Yes
Issue SYNC Display operation mode, scan timing, etc., are set
Command ! T )
The display screen layout and display format are specified. As required, the active
Isé%:?riag': screen area is selected by using ACTSCR or the cursor display format is specified
by using the CURDEF command.
Issue SPRON The sprite attribute table base address and sprite display format are specified.
Command
Set Screen . Screen control information or sprite attribute information is stored in video memory.
Control Information
Store Display Data Display data is stored in video memory.

Issue DSPON

Screen control table base address and border color are set and disptay is initiated.
Command

49TB-4828
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Figure 20 pPD72022 Basic Control Flow

Terminate
Writing Command/
Parameter

Y ¥

( Read Data J ( Write Data )

l |
=D
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DISPLAY
Static Picture Display

The uPD72022 IDP has three static picture display
modes: text, semigraphics, and graphics.

Text Mode. Video memory data is recognized as char-
acter code and attribute data. Character patterns from
the character generator specified by character code are
displayed. Color or format qualification is specified by
attribute data paired with character code. See figure 21.

Semigraphics Mode. Video memory data is recognized
as pattern code. Pattern data {format and color) in the
pattern data area specified by pattern code is displayed.
Two modes are available according to how pattern data
is stored. See figures 22 and 23.

Graphics Mode. Video memory data is recognized and
displayed as color patterns corresponding directly to the
display screen. See figure 24.

Sprite Image Display

The wPD72022 IDP can control a maximum of 32 sprite
images. Collision between sprite images can be de-
tected.

Any desired color pattern (sprite) is displayed at any
desired position of the screen based on information in
the video memory sprite attribute table. Sprite control
commands can change the sprite size, color, display
address, display position, etc. See figure 25.

Screen Split Display

The pPD72022 IPD can split the display screen into
rectangular windows and display any area extracted
from video memory. Each display area is independently
controlled by the pPD72022. See figure 26.

Copyrighted By Its Respective Mnufacturer



NEC

pPD72022

Figure 21. Data Flow in Text Mode
Display Screen
Video Memory
- n line
nline Character IDP
m column memory
Attribute data Attribute, m column
Character code color specification
A
Character generator
83v0-59238
Figure 22. Data Flow in Semigraphics Mode 0
Display Screen
Video Memory
Mode specification nline
m chaj&%n Pattern code IDP
MOD
|
Color specification m coumn
Pattern code —>|
Color
specifi-] A
cation
83vQ-53248
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Figure 23. Data Flow in Semigraphics Mode 1

Disptay Screen
Video Memory
Mode specification nline
m?:glr:ﬁnn Pattern code IDP
MOD
A m column
Color specification
Pattern code —
—_—e
A 16 color
83vQ-53258
Figure 24. Data Flow in Graphics Mode
Display Screen
Video Memory
n rasters
n rasters . IDP
Graphics memos m dots
m dots P y h ]
Color specification T
83v0-59268
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Figure 25. Data Flow During Sprite Image Display
Display Screen
Video Memory A
Yp
Sprite attribute data
IDP Xp %
vsize J[ VP 7
xsize || XP SPDM
1 Attribute,
—4 SPDA color specification
Atribute —l
Display position
control
/
Sprite pattern data
83v0-59276
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Figure 26. Example of Screen Split Display

Video Memory
VW1

VSA 1 —»| |
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Virtual Screen 1
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Display Screen
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ABC RH 1
Real Screen 1

[ T« (RXP2,RYP2) Ny

RH 2

Real Screen 2

| = (RXP3,RYPY
Display RH3
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Scan Mode Specification

The uPD72022 IDP enables specification of four scan
modes by using SYNC command parameter RM before
video signal generation. See figure 27.

Noninterlace Mode.The raster address is incremented
for each horizontal scan. The display data address is
updated every specified number of rasters.

In graphics mode, the display data address is updated
each horizontal scan.

Interlace Mode. Odd and even fields are displayed
alternately. In the odd field, the raster address starts at 0;
in the even field, it starts at 1. The raster address is
incremented by two for each horizontal scan.

In graphics mode, the display address is updated so that
display data in the opposite field is skipped.

In interlace mode, the MRA value must be specified so
that the numbeer of rasters is even.
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To use the interlace mode, a value appropriate for the
16-kHz monitor must be set in the raster parameter and
the interlace synchronizing signal must be input from an
external source.

Vertical Magnification Mode. The raster address is
incremented every two horizontal scans. The display
data address is updated every specified number of ras-
ters.

in graphics mode, the display data address is updated
every two horizontal scans.

Normal Mode. The raster address is incremented each
horizontal scan. The display data address is updated
every specified number of rasters.

In graphics mode, the display data address is updated
each horizontal scan.
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Figure 27. Scan Modes

A. Noninterlace Mode

C. Vertical Magnification Mode

Dot Position [CG Image)
7654321

076543210

Raster

NOUDWN2ONOINAWDN=O

640 x 400 data is displayed on a 24.8-kHz CRT.

Dot Position [CG Image]
76 5483210766543210

Raster

Address

NNOOUMADRWWNN—S 200

640 x 200 data is displayed on a 24.8-kHz CRT.

B. Interlace Mode

D. Normal Mode

Dot Position [CG Image]

765 4321076543210
Odd o
field
2
4
Raster
Address ¢
2
4
6

640 x 400 data is displayed on a 15.8-kHz CRT.

Even
1 field

Dot Position [CG Image]
7654321076%543210

Raster

Address

NONARN-ONOOAWN2Q

640 x 200 data is disptayed on a 15.8-kHz CRT.
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