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Desctiption

The pPD72020 is ar@ﬁanced graphics display control-
ler resulting fr méh implementation of CMOS technol-
ogy on the p. 722

In addition\to the functions of the wPD7220A, the
pPD7202\0§‘ncorporates address space expansion, video
HA “coftrol, and write mask functions. It is suitable for
aide range of applications from simple display term!-
nals'to high-resolution graphics display devices.

This data sheet covers only functions additional to those
of the uPD7220A. For further details of the pPD72020,
refer to the pPD72020 User's Manual.

Features

@ Enhanced functions compared with the uPD7220A

— Video memory space: 2M bytes maximum
(1M 16-bit words)

— Contro! of dual-port RAM (video RAM)

— Write-masking of any desired bit

— Enhanced external synchronization function

— CMOS technology

0 uwPD7220A-compatible functions

— High-speed graphics drawing: 500 ns/dot
(operating at 8 MHz)

— Selection of drawing timing: flashless/flash mode

— Drawing of stralght lines, arcs, quadrilaterals,
graphic characters

— Any kind of line specifiable

— Four different dot-correction modes

- Enlarged drawing/enlarged display

— Panning and scrolling

— Automatic cursor shifting

— Attributes assignable character by character

— [nterlaced/noninterlaced scanhing

— DRAM refreshing

— Master/slave operation

— Video memory control independent of main
memory

— 16 x 9-hit on-chip input/output FIFO

— DMA control

~- Single +5-volt power supply

Applications

Some application functions implemented by use of this
product in conjunction with other products may infringe
on U.S. Patent No. 4,197,590 and Re. 31,200 etc. held by
CADTRAK Corporation of the United States, and the

5q061

corresponding patents in various countries. Problems
may arise from such patents even when a different
graphics display controlier or discrete circuitry Is used,
and thus resolution on the basis of this product alone is
not possible. Therefore, the user is requested to under-
take as his or her own responsibility an investigation of
measures to cope with this situation before designing an
application system.

Ordering Information
Part No.

wPD72020C-8
#PD72020GC-8-386

Package
40-pln plastic DIP
52-pin plastic miniflat

Pin Configurations

40-Pin Plastic DIP

axcok 1 \./ 40 1 vop
DBIN [ 2 39 [ Aq7 (CSR-LC4) [CSR-IMAGE]
HSYNC-REF [] 3 38 |7 A4 (LC3) [AT-BLINK-CLC)
VSYNG/EX. SYNC [ 4 37 1 ADys5 (LC2)
BLANK [} & 36 [ AD14 (LCY)
RAS 16 35 [ ADy3 (LCO)
_DRQOAt8 (A13) el O 7 34 [ AD12
DACK/A19 (A14) (M7] [} 8 33 |11 AD1Y
RD 19 32 I7 AD10
WR ] 10 31 [ ADg
Ao O 1 30 | Aps
DBo [ 12 290 1 AD7
DBy [ 13 28 [ ADs
DB3 [] 14 27 7 ADs
DB3 [} 15 26 1 AD4
DB (] 16 25 [7 AD3
DBg ] 17 24 |1 AD2
D¢ ] 18 23 1 AD{
oB7 [ 19 22 1 Apo
GND T 20 21 |7 LPENWAIT/DT

() Character mode

[} Character/graphics combined mode
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VSYNG/EX.SYNC ] 1 20 1 pBs
BLANK L[ 12 28 [3 DB
NG O 18 27 0 NC
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gooogogooooouuand
geTclRE2ZEEE42
ag
g
22
I <
g |%
o135
() Character mode
[T Character/graph'cs combined mode
835157058
Pin Identification
Symbol Function Symbol Functlon
A0 Address select input for micropracessor LPEN/WAIT/OT See text and table 2,
interface RAS Row address strobe
ADg-AD1a Address-data lines to display memory RD Read strobe input for microprocessor
AD4a/LCO, AD44/LCH, See text and table 8. Interface
ADys/LC2 VSYNG/EX.SYNC Vertical video sync output or external
Ay/LC3/ATBLINK-CLC, See text and table 3. VSYNC input
A17/CGSR-LG4/CSRIMAGE WA Write strobe input for microprocessor
BLANK CRT blanking output interface
DACK/A19/A14/A17 See text and table 1. 2xCCLK Clock input
DBo-DBy Bidirectional data bus to host GND Ground
miotoprocessor Vpp +5-volt power supply
DBIN Display memory read Input flag 1c Intarnal connection
DRQ/Ag/A13/A 18 $ee text and table 1. NG No connectlon
HSYNC-REF Horlzontal video syne output
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PIN FUNCTIONS

Pins on the pPD7220A and the uPD72020 have similar
functions. Differences are described below.

Pins DRQ and DACK

The functions of these pins depend on the setting of the
PN bit by the WMASK command, which validates the
address extension functions See table 1.

Aj3, A, Ags-A19. When the address extension function
is selected by setting PN of the WMASK command, the
upper 2 bits (of the extended address) are output in the
video memory in each display/draw mode.

After the address extension function has been selected,
the DMA-related functions cannot be used. Use the CHR
and G bits of the SYNC command to set the display/
draw mode (as with the uPD7220A).

DRQ (DMA Request). When the DMAR or DMAW com-
mand is executed, the DMA request signal is output.
This signal Is input to the DRQ pin of the DMA controller.

After tho DMA-related functions have been selected, the
address extension functions cannot be used.

DACK (DMA Acknowledge). A signal indicating DMA
transfer is input. This signal is output from the DACK pin
of the DMA controller,

T-52-33-47
Pin LPEN/WAIT/DT

The functions of this pin depend onthe settmg ofthe DTE
bit by the WMASK command, which validates the DT
signal generation function. See table 2,

DT (Data Transfer). When the DT signal generatlon
function is selected by setting DTE of the WMASK
command, the DT signal is output to indicate the display
address supply timings for the pPD41264-type video
RAMs (VRAMS).

After the DT signal generation function has been se-
lected, the LPEN and WAIT functions cannot be used.

LPEN (Light Pen Strobe). When the light pen detects a
light input, the H-level signal is input.

After the LPEN function has been selected, the DT signal
generat_ion function cannot be used.

WAIT (Drawing Wait). When a signal that remains at the
H-level for a period of at least four clocks is input in the
drawing stop mode, the uPD72020 will stop drawing
temporarily if it is executing drawing and output a
display address.

After the WAIT function has been selected, the DT signal
generation function cannot be used.

Pins ADq3-ADys, A1, and A4z

The functions of some other pins depend on the operat;
ing mode: character, graphics, or character/graphics
combined. See table 3.

Table 1. Pin Functions Available Through Address Extension

Pin Symbol PN Bit (WMASK Command) Action Mode 1/0 Pin Function
DRQ/Ag/Aqa/As 0 Action similar to uPD7220A Output DRQ
1 Address extenslon Graphics Qutput Asg
Character Qutput Aq3
Combined Qutput A
DACK/A1g/A14/A17 [ Action similar to xPD7220A Input DAGR
Address extension Graphics Qutput Ayg
Character Output Ag
Combined OCutput Az
Table 2. Pin Functions Available Through DT Signal Generation
Pin Symbol DTE Bit (WMASK Command) Action 170 Pin Function
LPEN/WAI DT 0 Action similar to xPD7220A Input LPEN/WAIT
1 DT signal generation Output 513
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Table 3. Multifunction Pins AD13-ADys, Ags, and Agz
Pin Symbol Mode 110 Function
ADyg3-ADys - Graphics; combined /O Address-data lines 13-15 to display memory
LCO-LG2 Character Output Line counter bits 0-2
Atg Graphics Qutput Address bit 16
LC3 Character ] Output Line counter bit 8
ATBLINK-CLC Combined Output Attribute blink and clear line counter
Az Graphics Output Address bit 17
CSR-LC4 Charaster Output Cursor and line counter bit 4
CSRIMAGE Combined Output Cursor and bitmap area fiag

ADDED BLOCK FUNCTIONS

Refer to the pPD72020 Block Diagram and the System
Configuration Diagram.

Video RAM Control

Additionat blocks generate the DT sighal, which indi-
cates the display-address supply timings for the video
RAMs. Data within the RAMs can be transferred to the
serial register.

Pin Extension Control

The video memory address Is extended 2 bits (with the
address space extended fourfold) in each of the charac-
ter, character/graphics combined, and graphics modes.

These bits are used for both DACK pin and DRQ pin in
each mode: Aj4 and Aqg; A7 and Asg; Agg and Asg.
WMASK Register

This 16-bit register is used to mask the data for multi-
color synchronous drawing with one word in 8/4/2/1-bit
configuration.

IMPROVED FUNCTIONS

The pPD72020 functions have been improved while
maintaining compatibility with the pPD7220A in both
hardware and software, Table 4 compares functions of
the pPD72020 and the uPD7220A.

The pPD72020 is Initialized by reset input so that it can
function similarly to the pPD7220A.
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pPD72020 Block Diagram

T-52-33-47

A&
(14)

D D2 ol
AD43LCO (14) (14) [*7| (1a)

ADQ -AD{2 O-t—»] | ——-!

AD{ALCT Ow—>
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Central Drawing Addrass Conlroller
DBIN O
DIR
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RAS Ow—
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Display Address Controllar

AiglCal
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A17/CSRLCY ou—
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[ B Additionai to ppD7220A

Bits

8381-56818
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System Configuration Diagram; uPD72020 With Video RAM Conirol Signal DT
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Table 4. Comparison of uPD72020 and 4PD7220A Functions

#PD72020

sPD7220A

WMASK Command

WMASK command is used to validate the new functions of the
«PD72020.

pB7 | pB6 | DB | DB4 | DB3 | DB2 | DB1 | DBY
cMof o | 1 [o | 1 {1 o 1] 0
P1 WMKL
P2 WMKH
ps [ N | ™ JorE]cvi[ove| o [o] o

WMK  Sets the WMASK register value.
PN Sets the address extension function.

™ Changes the initializing timing of the horizental synchre-
nization counter in the slave mode for external synchroni-
zation, and sets the Initializing function of the field
counter,

DTE Sets the funclion of generating the DT signal.

cY Set the DT signal cutput mode and the BLANK signal
mask.

WMASK command is not used.

LPEN Command

Light pen address (LAD) Is extended 2 bits by setting PN of the
WMASK command.

PN 0 Same as uPD7220A
1 EAD is extended 2 bits,

pB7 | pBs | bB5 | DB4 [ DB3 | DB2 [ DB1 | DBO
ovo| 1 | 1 o[ o]lo ool o

Light pen address (LAD) extension function is not avallable.

| pB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
CMD| 1 1 0 0 0 0 ] 0

D1 LADL Di LADL

D2 LADM D2 LADH

D3 x|x|x|x| LADH Dax|x|x|x|x|x|LADH
CSHWCommand

Draw execution address (EAD) Is extended 2 bits by setting PN of
the WMASK command,

PN 0 Same as pPD7220A
1 EAD is extended 2 bits,

Draw execution addrass (EAD) extenslon function is not available.

Character Mode

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
CMD| 0 1 0 Q 1 0 0 1
P EADL
P21 0 EADH

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

P1 EADL
P2 o|o|o|- EADH
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Table 4. Comparison of uPD72020 and sPD7220A Functions (coni)

#PD72020

sPD7220A

CSRW Command (cont)

Character/Graphics Combined Mode (Character Display)

pB7 | pB6 | DB5 | DB4 | DB3 | DB2 | DB1

DBO

CMD| 0 1 0 0 1 0 0 1
P1 EADL
P2 EADM

P3 o|o|o|o|o|o|EADH

pB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
ol o | 1 Jolo |1 ]lolol
P1 EADL
P2 EADM
P3 dAD EADH
palwaofo]o]o o] o

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

CMD| © 1 0 0 1 0 0 1

P1

- EADL

P2

EADH

Character/Graphics Combined Mode (Graphics Display/Drawing)

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO|

CMD| 0 1 0 0 1 0 0 1

P1 EADL
P2 EADH
P3 dAD |we|o|o|o

Graphics Mode

DB7 | DB6 | DBS5 | DB4 | DB3 | DB2 | DBA1

DBO

bl o [ t [ oo | v oo}
P1 EADL )
P2 EADM
P3 dAD EADH

pafwe[o]o]o oJololo

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

CMD| 0 1 Q 0 1 0 0 1

P1 EADL
P2 EADM
P3 dAD [wa| o | EapH

CSRR Command
Draw execution address (EAD) is extended 2 bits by setting PN of
the WMASK ¢command.,
PN 0 Same as uPD7220A
1 EAD is extended 2 bits.
pB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
CMD| 1 1 1 0 0 4] 0 0

D1 EADL

D2 EADM

os | x [ x [ x| x| EADH

D4 dADL

D5 dADH

Draw execution address (EAD) extension function is not available.

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
cvol 1 {11 ]oJoJojojo
D1 EADL
D2 EADM
ps | x [ x [ x [ x| x| x| EAoH
D4 dADL
D5 dADH
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Table 4. Comparison of sPD72020 and yPD7220A Functions (conl) :
#PD72020 uPD7220A

SCROLL Command
Display start address (SAD) Is extended 2 bits by setting PN of the Display start address (SAD) extension function fs not available,
WMASK command. .
PN 0 Same as uPD7220A

1 SAD is extended 2 bits,

Character Mode
Built-ln RAM Map
] I I I ] O [

RA Contents or RAM RA Contents or RAM

0 SADAL 0 SADIL

1] o | SAD1TH ' 1t [o]o]o] SAD1H

2 SLIL l[oJoJo]o 2 SLIL [oJoJoTo

s | o] SL1H 3| o] ~ SLtH

4 SAD2L 4 SAD2L

5 | 0| SAD2H 5 |00 o] "~ SADZH

6 sLaL [o]JoJoT]o 6 sLaL loJoJoTo

71 *]o] SL2H 7 *|o] SL2H

8 SAD3L 8 SAD3L

9 | o] SAD3H 9 ol ofo] SAD3H

A sLaL [oJo]o]o A sLaL [oJofoTo

Bl *[o] SL3H Bl *]o] SL3H

c SADAL C SADAL

D | o] SAD4H Dj{o]ofo] SAD4H

E SLaL [oJofoTo E SLaL [o[oJoTo

Flx]o] SL4H Fl ] o] SL4H

*DAD+2 “DAD+2
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Table 4. Comparison of uPD72020 and xPD7220A Functions (cont)
pPD72020 pPD7220A
SCROLL Command {cont)
Character/Graphics Combined Mode (Character Display)
Built-In RAM Map
Y I O ) I I
RA Contents of RAM RA Contents of RAM
0 SADIL 0 SADIL
1 SADM 7 1 SAD1H
2 SLiL [ o] o | sap 2 SLIL [oJoJo]o
3 | *] o] SL1H s | *Jo] SL1H
4 SAD2L 4 SAD2L
5 SAD2M ] 5 SAD2H
6 sLaL | o | o | sapad 6 staL [o]Jo[o]o
7| *] o] SL2H 7] ] o] SL2H
8 SAD3L 8 SAD3L
9 SAD3M 9 SAD3H
A sLaL | o | o | sapbsH A sLaL [o]oJo]o
B[ *]o] ~ SLaH B |« | o] SL3H
c SAD4L c SADAL
D SAD4M * D SAD4H
E sLaL [ o] o | saps E sLat [oJoJo]o
Fl*«]o] SL4H Fl«]ol SL4H
*DAD+2 *DAD+2
Character/Graphics Combined Mode {Graphics Display/Drawing)
Built-In RAM Map
ws[ [ [ [ [ [ [uss Mws] | [ [ [ | [s
RA Contents of RAM RA Contents of RAM
0 SADIL 0 SADIL
1 SADIM 1 SADTH
2 SLiL [ o] o] sapw 2 SLiL [oJofo]o
3|« [m] SL1H 3| *|m] SLH
4 SAD2L 4 SAD2L
5 SAD2M 5 SAD2H
6 sLaL [ o] o[ sapzn 6 sLaL [oJoJo]o
7|+ [ ™| SLeH 7 [~ m]  SL2H
*DAD+2 *DAD+2
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Table 4. Camparison of yPD72020 and sPD7220A Functions {coni)
7 #PD72020 pPD7220A
Scroll Command (cont) '
Graphics Mode
Built-In RAM Map
T B A I 2 O I A
RA Contents or RAM RA Contents or RAM
0 SADIL 0 SADIL
1 SADM 1 SADIM
2 sLiL | SAD1H 2 SLiL [ o | o | sapH
8| *|m| SL1H 3| *|m] SLH
4 SAD2L 4 SAD2L
5 SAD2M 5 7 SAD2M
) stoL [ SAD2H 5 staL | o] o | sapaH
AER SL2H 7 [+ [ m] SL2H s
*DAD+2 *DAD+2
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COMMANDS

The pPD72020 supports all commands of the uPD7220A.
Although command names are different, opcodes are the
same. The pPD72020 can activate the software created
for use with the uPD7220A.

The improved functions of the uPD72020 can be used by
setting the new WMASK command. Once the RESET
command is input, however, the WMASK command
becomes inactive and the pPD72020 maintains the same
functions as those of the uPD7220A.

This section describes the WMASK command as well as
the SCROLL, LPEN, CSRW, and CSRR commands,
which are affected by the setting of the WMASK com-
mand.

WMASK Command

This new command (figure 1) controls four new func-
tions.

o WMASK register setting

e Address extension

e Selection of additional functions in the external slave
mode

o DT signal generation

Figure 1. WMASK Command Format

DB7 | DBG | DBS | DB4 | DB3 | DB2 | DB1 | DBO
cMD | © 1 0 1 1 0 1 0
P1 WMKL
P2 WMKH
pa | PN | ™™ [ore [ovi[covo]| o | o | o

WMK Bit. The pPD72020 is equipped with the conven-
tional MASK register and a 16-bit WMASK register. The
WMK bit is used to set this WMASK register.

The 16-bit WMASK register is used for write mask of the
muiticolor, simultaneously-drawn data with one word set
in 8-, 4-, 2- and 1-bit formats. Each bit of the WMASK
register corresponds to each bit of the drawn data.

(1) When a WMASK register bit is set to 0 by the WMK,
the drawn data bit corresponding to the WMASK
register bit set to 0 is not affected by drawing.

{2) When a WMASK register bit is set to 1 by the WMK,
operation is similar to the pPD7220A. Thus, the

3-42

drawn data bit correspanding to the WMASK register
bit set to 1 is affected by drawing.

When the RESET command is input, the xPD72020 Is’
set to this mode.

PN Bit. PN is used to set the address extension function
for the video memory.

(1) When PN = 0, operation is similar to the pPD7220A.
Thus, the address extension function cannot be
used.

When the RESET command is input, the uPD72020 is
set to this mode. ’

{2) When PN = 1, the video memory address is extended
2 bits (with the address space expanded fourfold).

The DRQ/Aa/A1a/A1g pin and the DACK/A1g/A14/A17
pin output the upper 2 bits of the extended address.
The DMA-related functions cannot be used.

The address to be output depends on the display and
drawing modes. See table 1. The address space Is
shown in table 5.

Table 5. Address Space With Extended Address

Character  Character/Graphics  Graphics

Mode Combined Mode Mode

Address 15 bits 18 bits 20 bits
space (32K words) (256K words) (1M words)

As the address space is expanded, the following com-
mand bits are also extended.

& LAD bit of LPEN command

e EAD bit of CSRW command

e EAD bit of CSRR command

e SAD bit of SCROLL command

Refer to the description of each command for details.
TM Bit. TM has been added to soive the following two
problems with the pPD7220A,

e Because the vertical and horizontal counters are
initialized at the start of VFP and HFF, respectively,
when the external synchronizing signal is input to the
pPD7220A, horizontal positioning cannot be readily
done for synchronization with the pPD7220A by input-
ting a synchronizing signal from the external device.
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® Whenthe pPD7220A is operated in the interlace mode,
input of the external synchronizing signal causes no
effect on the field counter. Thus, if the synchronizing
signal is unconditionally input from the external de-
vice when the pPD7220A is in the second field, the
second and first fields are reversed in subsequent
frames and the fields do not conform with the external
device,

When the uPD72020 operates in the slave mode for
external synchronization, the setting of the TM bit will
cause the pPD72020 to operate differently from the
#PD7220A in the following operations.

® The timing of initializing the horizontal synchronous
counter is changed.

¢ The initializing function of the field counter is vali-
dated.

Figure 2. Horizontal Counter Reset Timing

T-52-33-47

When TM = 0, the function similar to the external
synchronizing function of the pPD7220A is carried out.
When the RESET command is input, the pPD72020 is set
to this mode.

When TM = 1, the following two operations differ from
those of the uPD7220A. -

(1) When the RESET command is executed or the
EX.SYNC (external synchronizing signal) is input,
the horizontal counter is reset at the rising edge of
the HS. See figure 2.

(2) When the RESET command is executed in the inter-
lace mode or the EX.SYNC signal is input, the field
counter is unconditionally reset to the first field
mode. :

Thus, the VSYNG signal in the second field should be
removed externally so that the synchronizing signal
applied to the EX.SYNC pin serves as the VSYNG
signal in the first field (in the interlace mode).

X
w
o

) | —H§

O

—

@ Resetpositonwhen TM = 1
O Resetpositionwhen TM= 0

83SL-57068
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DTE, CY1, CY0 Bits. To prevent the display screen from
becoming blurred during drawing operations, the
pPD7220A normally performed drawing in the flashless
drawing mode. Thus, the drawing period was limited and
it was difficult to improve the drawing efficiency.

To solve this problem, video RAMs can be used for the
#PD72020. Through the use of VRAMs, both drawing and
display can be carried out simultaneously in the flashless
drawing mode with the result that the drawing efficiency
can be improved. DTE, CY1, and GY0 are used to control
the pPD41264-type VRAMs and the BLANK signal.

Table 6. DT Signal Output Modes

DTE (34} CYo Function

0 0 0 GDGC mode 0

0 0 1 GDG mode 1 (BLANK signal mask 1)

0 1 0 Inhibited

0 1 1 Inhibited

1 0 0 DT slgnal output mode 0 (BLANK sig-
nal mask 1)

1 0 1 Inhibited

1 1 0 DT signal output mode 1 (BLANK slg-
nal mask )

1 1 i DT signal output mode 2 (BLANK sig-
nal mask )

T If the uPD72020 has started drawing operations in the display
mode, the BLANK signal Is not set to H.

DTE = 0. Operation is similar to the uPD7220A. The DT
signal functions cannot be used. The LPEN/WAIT/DT pin
performs the LPEN or WAIT functions.
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The following two modes are available by setting CY1 or
CYO0 (table 6).

(1) GDC mode 0 operation is similar to the pPD7220A.
When the RESET command is input, the uPD72020 Is
set to this mode, )

(2) GDC mode 1 operation Is similar to GDC mode 0
except if the pPD72020 starts drawing operations
during the display period, the BLANK signal is not
set to H even in the flash screen mode.

DTE = 1. The DT signal functions are enabled and the
DT signal Is output from the LPEN/WAIT/DT pin. The DT
signal is used for display fiming when the display mem-
ory consists of dual-port video RAMs. The VRAMs allow
drawing during both drawing and display cycles.

When DTE is set to 1, the pPD72020 internally tracks the
display address and outputs it and the DT signal under
either of two conditions.

(1) Atthe start of every horizontal scan line (figure 3).

(2) When the fower 8 bits of the display address (DAD)
internal counter are 0.

The starting display address should be set before setting
DTE to 1. The uPD72020 will temporarily stop a drawing
operation before issuance of the DT signal, as inthe case
of the pPD7220A WAIT function.

The DT signal output timing depends on the setting of
the IM and DAD42 bits of the SCROLL command. CYO
and CY1 determine which of the following three DT
signal output modes is used.
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Mode 0 With DTE = 1. In mode 0, the DT signal is
output as shown in figure 4.

(1) At the start of every horizontal scan line.

(2) When the lower 8 bits of the DAD counter change
from FEH or FFH to 00H.

Additionally, the DT signal active state in mode 0 has the
following qualifications.

(1) DT may become active in succession; for example,
when the DAD counter changes to 00H just after the
start of a horizontal scan line as in figure 4C.

(2) When the lower 8 bits of the DAD counter become
O0H in succession, DT becomes active during the
first cycle only. See figure 4D,

(3) DT will not become active during HFP, HS, HBP, VFP,
VS, or VBP periods.

Mode 1 With DTE = 1. In mode 1, the DT signal is ouput
as shown in figure 5A.

(1) At the start of every horizontal scan line.

Figure 3. DT Signal Output for Each Horizontal Line

(2) When the lower 8 bits of the DAD counter change
ftom FEH or FFH to 00H.

Additionally, the DT signal active state in mode 1 has the
following qualifications.

(1) DT may become active in succession.

(2) When the lower 8 bits of the DAD counter change to
00H in succession, DT is active only during the first
cycle.

(3) DT can become active during HFP, HS, HBP, VFP, VS,
or VBP periods.

(4) DT will not become active while the DMA refresh
operatlon Is disabled (D-bit of SYNC command setto
1).

(6) DT becomes active every four cycles.

Mode 2 With DTE = 1. In mode 2, the DT signal output
is the same as described for mode 1 except DT is active
every eight cycles instead of every four cycles. See figure
5B. .

T-52-33-47

HS HBP. Display Period —
HSYNC \
BLANK
Data Transfer Cycle
bt
. 4 | E1 | E2 E4 | DT1|DT2| D1*| D2} E1 E2
CGDC Operations | 5 | g | g4 | pr+| D2v| DT1]OT2| D1*| D2*| E1 | E2
Symbols
DT Display cycle (data transfer cycle). DT signal is active.
D* Dummy display cycle. DT signal Is inactive,
E  Drawing cycle. If no data is drawn, display cycle is set.
B3SL-57078
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Figure 4. DT Signal Output, Mode 0 (Sheet 1 of 2)
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A. BitIM=0and Bit DAD+2=0

AD15-ADO(H) _XX

F8

F8

FB

FD

01

03 | 04

VSYNC

HSYNC

HS:

pm
@
°

BLANK

Cycle

0*

D*

. BitIM=0and Bit DAD+2=1

ADis- ADo(H) _ XX

FE

FE

04

08

VSYNC

I
o
o

D*

Cycle

Symbols
DY Display cycle (data transfer cycle). or signal is active.
D* Dummy display eycle. oT signal Is inactive,

E Drawing cycle. If no data is drawn, display cycle is set.

83557088
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Figure 4. DT Signal Output, Mode 0 (Sheet 2 of 2)

C. BitIM=1 and Bit DAD+2=0
ADi5-ADo(H) xX | xx | FF | FF | FF | FF oo [ oo [ o1 | ot [ o2 o2 o3 o3 [os | o4 o5

VSYNC

HSYNC

HS——-{«t——-HBP

BLANK

ﬁ / N\

Cydie E D |or [ D |br|o E E E E E

D. BitiM=1and Bit DAD+2=1
AD15-ADo(H) XX | XX | F8 {F8 [F8 | F8 | FA | FA | Fc |Fc | FE [ FE J oo [ oo [ o2 [o2 | o4

VSYNG

HSYNC

HS: HBP

BLANK

Cycle E DT | D E [ E DT | D* E E

a3sL-570¢3
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A, Mode1

ADi5-ADo(H) _ XX

xX] F5| F5 | F5| Fe | F7 | F8 | Fo | FA| FB) FC| FD] FE} FF| 00| O1

VSYNC

HSYNC

HS:

3
=]
o

BLANK

&) {1 13) )] )]

Cycle

bDr | B*j DT | D* E DT | D* E DT D* | D* DT | DT

B. Mode 2

AD15-ADO(H) xx

XX | F5s | Fs {Fs | Fe | F7 | F8 | FO | FA | FB FC | FD| FE| FF] 00 | o1

VSYNC
HSYNC
HS HBP:
BLANK
[l f 4 2
= N/ | N aAnva
Cycle DT 0t | pr{ DT | D E E E DT | D* p* | BT | D*
Symbols
DT Display cycle (data transfet cycle). oT signal is active
D* Dummy display cyde.ﬁ signal is inactive,
E  Drawing cycle. If no data is drawn, display cycle Is set.
1] DT becomes active at display cycle start,
(2 DT becomes active when counting of the DAD [ower
8 bits has terminated (FEH or FFH changes to 00H),

3] DT becomes active every four cycles as control'ed by

14]

counter that resels at diplay cycle start.

DT becomes active avery slght cycles.

83sL-57108

3-48




"N E C ELECTRONICS INC

NEC

30E D - MW Ly2?525 0027742 1 W

uPD72020
T-52-33-47

LPEN Command Figure 7. CSRR Command Format
When the address extension function is set by the DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
*WMASK command (with PN set to 1), the upper 2 bitsof  fomp | 1 1 1 0 0 0 a ]
the light pen address (LAD) in the LPEN command are D1 EADL
extended and a maximum of 20 bits can be used. - - Ao
When PN = 0, the light pen address (LAD) is the same as -
with the pPD7220A. bs | x [ x| x [ x| EADH

D4 dADL
The LPEN command format with the extended LAD is D5 dADH
shown in figure 6.

SCROLL Command

Figure 6. LPEN Command Format
DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
CMD | 1 i 0 0 0 0 0 0
Dt LADL
D2 LADM
o3 | x [ x| x| x]

LADH

CSRW Command

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the drawing execution address (EAD) in the LPEN com-
mand are extended.

When PN = 0, the drawing execution address (EAD) is
the same as with the uPD7220A.

Address extension causes the WG bits to be positioned
differently in the character/graphics combined mode
(character display/drawing) or the graphics mode,

The CSRW command formats are included in table 4.

CSRR Command

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the drawing execution address (EAD) in the LPEN com-
mand are extended and a maximum of 20 bits can be
used.

When PN = 0, the drawing execution address (EAD) is
the same as with the uPD7220A.

The CSRR command format with the extended EAD is
shown in figure 7.

When the address extension function is set by the
WMASK command (with PN set to 1), the upper 2 bits of
the display start address (SAD) in the SCROLL com-
mand are extended.

When PN = 0, the display start address (SAD) is the
same as with the uPD7220A.

The SCROLL command format is shown in figure 8. The
built-in RAM map with the extended SAD Is included in
table 4.

Figure 8. SCROLL Command Format
DBz | DB6 | DBs | DB4 | DB3 | DB2 | DB1 | DBO
cMD | o 1 1 1 RA
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Absolute Maximum Ratings AC Characteristics
Ta= +26°C Tp = -10to +70°C; Vpp = +50 V £10%
Supply voltage, Vpp -05t0 +7.0V  ltem Symbol Min  Max Unit Conditions
Input voitags, V| -05toVpp + 03V Clock 2xCCLK
Output voltage, Vo -05toVpp + 03V Clock cycle toy 126 10,000 ns
Operating temperature, Topt -10to +70°C High-level clock icH 62 ns
Storage temperature, Tstg ~65to +150°C width
Exposura to Absolule Maximum Ratings for extended periods may ~ Lovlevel clock L 52 ns
affect device reliability; exceeding the ratings could cause perma- width
nent damage. Clock rise tirne tcr 15 ns
. Clock fall time tcr 15 ns
DC Characteristics Hoad
Tp = =10 t0 +70°C; Vpp = +5.0V =10% ead Cycle ,
Parameter Symbol Min Max Unit Conditions Qd%sns setuptime tap 0 ns
Lowdevel i v, 0. . -
ow-levelinput V| 0.5 0.8 V  Except 2xGCLK Address hold tme T ) e
voltage -05 06 V 2xCCLK from RD 1 ,
High-level input Vi 22 Vgo +05 V Except RD pulse width taR1 fRD1 ns
voltage 2xCCLK, WR +20
85 Voo +05 V 2xCOLK Data outputdelay  tp 55 ns Cp =50pF
26 Voo +05 V WR fime from RO 4
_ Data float delay ! 0 58 ns
Low-leve! VoL 0.45 V oL = 22mA . = DF
output voltage 7 time from RD 7
High-level Vou 07 Vop V log = —400 gA RD pulse cycle tacy 45 toy ns DE=0
output voltage 12tgy ns DE=1
Low-levs! input Iy -10 sA Vp=0V; RO recovery trv 2igy ns Alsovalid in
leakage current except time DMA cycle
VSYNG, DACK
Write Cycle
-500 pA Vi=0V; -
VSYNG, DACR Address setup time  taw 0 ns
High-level input | 10 A V=V o ¥R
igh-level input Iy [ | = VpDi N
loakage current except Address held time  twa 10 ns
LPENWAIDT ~ fromWR T
500 gA Vi = Vpp: WR pulse width tww 60 ns
LPEN/WAITDT Data setup time to  tpyy 45 ns
Low-level lLoL -0 pA Vo=0V WR1
output leakage Data hold time two 10 ns
current ) from WR 1
High-level lLon 10 #A Vo = Vpp WH pulse cycle twoy 451icy ns
output leakage - -
current WA recovery time  tgy 2tgy ns Also valid in
DMA cycle
Supply current  Ige 70 mA
DMA Read Cycle
Capacit ance DA__CR setup time  takmr 0 ns
Ta = +25°C; Vpp = GND = OV toRD}
ltem Symbol Min Max Unit Condition DACK hold time  taak 0 ns
' o h from RD 1
nput 15 F = 1MHz =
OZ‘ C‘ P 0V except for RD pulse width ‘lﬂgg 'HDZ ns
put o 20  PF_ tested pin i +20
Input/out put Cio 20 pF Data output tan2 2tcy ns Cp = 80pF
. delay time from +60
K hatids
Clock input Cc 20 pF D {
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AC Characteristics (cont)
TA = -~10to +70°C; VDD = +50V =10%

AC Characteristics (cont)
Ta = —10to +70°C; Vpp = +6.0V +10%

T-52-33-47

Itetn Symbol  Min Max  Unit Conditions item Symbol Min  Max Unit Conditions
DMA Read Cycle(cont) ) Input Cycle
DREQ output delay tcpq 75 ns Cp = 50 pF Input signal setup  tpc 10 ns
time from time to 2xCCLK 1
2xCCLKY Input signal pulse  tpp toy ns
DREQ setup time  tpoak 0 ns width
to DACK 4 Note: Performs two-dimensional rectangular area assignment
DREQ | delay time t 1.5 ns G =500F whereby the dc parameter is set to other than 0. When byte-
from D.iCK ly : AKRQ oy + - P by-byte transfer is specified, the value is 5.5 tgy.
80
DACK pulse oy 45 toy ns  See Nofo. Voltage Thresholds for Timing Measurements
cycle
Highlevel DACK  twn  foy ns | 24 22 22
width nputs 08 08
0.45 -
Lowlevel DACK takL 25tgy ns
width
DMA Write Cycle ot Xi 2.2X
DACK setup time  tayw 0 ns : 08 08
to WR L
DA@R_hgld time WAK o] ns
from WR 1 35 35
2xCCLK Input
Read/Modily/Write Cycle . 0.6 0.6
Address/data tca 15 80 ns Cp =50pF 838157204
delay time from
2xCCLK ¢ )
Address/data float  toap 15 80 ns Cp =80pF
delay time from
2XGGLK 1
Data setup timeto tpg 0 ns
2xCCLK &
Data hold time tcor fcal ns
from 2xCCOLK |
DBIN delay time e 15 60 ns G = 50 pF
from 2xCCLK |
RAS 1 delay time  tgpsy 15 60 ns O =50pF
from 2xCCLK )
RAS 1 delay time  fgpg. 15 50 ns C_=50pF
from 2xCCLK ]
High-level RAS tasH 1/3 ns
width oy
Low-level RAS tasL 151cy ns
width -30
Address setup time  tapsL 30 ns
to ARSL {
Display Cycle
Output signal co 70 ns C_ =50 pF
delay time from
2xCCLK 1
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Timing Waveforms
Clock 2xCCLK
tcr
2xCCLK
83sL-57138
Read Cycle
A0 X valid )X Invalid X
A N
AR
t-1RA >
- tACY
«—tRR1
—_—
™ \ \ /
1DF
+—{RD1—*]
N v S
DBy -DB Valid
700 \ . £
tHCY
83st-57168
Write Cycle
Ao X Valid X Invalid >(
t Aw—> h— <—tWA —
——tww twey
w \ /T
two
tow—>
DBy -DBo Invalid x Valid X Invalid
L Wy
- B3SL57178
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Timing Waveforms (cont)
Read/Write Recovery
1RV =
— ’ X
®_/ \n__/
RV tRY =
p
WH \
{ tRV
83SL-57188.
DMA Read Cycle
2xCOLK
tCRQ tCRQ
DREQ \
N
1AKRQ
tROAK
TAKL | tAKH
DACK ’ L 2 N
TAKR—]
1RR2
4
AD 72
tRAK
tp|
tRD2 | i
D87 - DBy < fnvalid k Valid )27
. ¥,
- tAKCY
BasL-57148
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DMA Write Cycle

T-52-33-47

DREQ

\

2xCCLK
tCRQ tCRQ _T

tAKRQ
tRQAK
-+ tAKL “_‘IAKH j
DACK 9 N—
WR
———TAKW tww TWAK—]
1AKCY
83SL-57158
Read/Modify/Write Cycle
tt———F1 E2 E3 E4
2COLK ?l_—\ﬁ———/ \ 7 F \ \
{ARSL tinDC
tCA tCA
l CAF tCAF
ADIs-ADo ____{f vaid | % ———
K Qutput Address ’f Qutput Dal
t -—td -—Dl t
CBI Vafd CB!
DBIN Input Data
ARSL
JCA 1CA
‘s
Ajg -Ate >§k ;‘
{CRSH| | tCRSL tRSL l
AAS
__/ K
tRSH
43ISL-57158
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Timing Waveforms (cont)
Display Cycle
2xCCLK 7 ‘_\_
AD15-ADQ ] _<
tcA l
| tARSL
-
M
tCRSL: !A — +—1CRSH
tGRSH —] o tRSL
\ /
m _/ K 2
RSH
—»1 1CO [+ —» 1CO |+
HSYNC-REF
BLANK >< ><‘
VSYNG
1C0-LC3
CSR
CSR-IMAGE
AT.BLINK-CLC
BT
B38L-57198
Input Cycle
tPc
LPEN >§’
EX.SYNC 3
[~—1tpp
83SL-57426
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