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pPD72020
CMOS Graphics Display Controller

Description

The uPD72020 is an enhanced graphics display control-
ler resulting from the implementation of CMOS technol-
ogy on the uPD7220A.

In addition to the functions of the uPD7220A, the
#PD72020 incorporates address space expansion, video
RAM control, and write mask functions. it is suitable for
a wide range of applications from simple display termi-
nals to high-resolution graphics display devices.

This data sheet covers only functions additional to those
of the uPD7220A. For further details of the uPD72020,
refer to the uPD72020 User’s Manual.

Features

O Enhanced functions compared with the xPD7220A

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

— Control of dual-port RAM (video RAM)

— Write-masking of any desired bit

— Enhanced external synchronization function

— CMOS technology

0 uPD7220A-compatible functions

— High-speed graphics drawing: 500 ns/dot
(operating at 8 MHz2)

— Selection of drawing timing: flashless/flash mode

— Drawing of straight 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

— Interlaced/noninterlaced scanning

— DRAM refreshing

— Master/slave operation

— Video memory contro! independent of main
memory

— 16 x 9-bit 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
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corresponding patents in various countries. Problems
may arise from such patents even when a different
graphics display controller 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.

pPD72020C-8
uPD72020GC-8-3B6

Package

40-pin plastic DIP

52-pin plastic miniflat

Pin Configurations

40-Pin Plastic DIP

2xCCLK 1 VDD
DBIN [ 2 A17 (CSR-LC4) [CSR-IMAGE]
HSYNC-REF [} 3 A4g (LC3) [AT.BLINK-CLC]
VSYNC/EX. SYNC ] 4 AD15 (LC2)
BLANK 5 AD14 (LC1)
RAS O 6 AD13 (LCO)
DROQY/A18 (A13) [A16] ] 7 AD12
DACK/A19 (A14) A7) [ 8 AD11
RD AD10
WR ADg
A0 AD8
DBg AD7
DB ADs
DB2 ADs
0B3 AD4
DBy AD3
DBg AD2
DBg AD1
DBy ADo
GND LPEN/WAIT/DT

() Character mode

[} Character/graphics combined mode
835L-5704A
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52-Pin Plastic Miniflat
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() Character mode
[} Character/graphics combined mode
838157058
Pin ldentification
Symbol Function Symbol Functlon
AQ Address select input for microprocessor LPEN/WAIT/DT See text and table 2,
interface RAS Row address strobe
ADg-ADq2 Address-data lines to dispiay memory D Read strobe input for Microprocessor
AD43/LCO, AD14/LC1, See text and table 3. interface
ADg/LC2 VSYNC/EX.SYNC Vertical video sync output or external
A4g/LC3/ATBLINKCLT, See text and table 3. VSYNC input
A17/CSR-LC4/CSRIMAGE WR Write strobe input for microprocessor
BLANK CRT blanking output Interface
DACK/A19/A14/A17 Ses text and table 1. 2xCCLK Clock input
DBg-DB7 Bidirectional data bus to host GND Ground
microprocessor Voo + 5-volt power supply
DBIN Display memory read input flag ic Internal connaction
DRQ/A4g/A13/Aq6 See text and table 1. NG No connection
HSYNC-REF Horizontal video sync output
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PIN FUNCTIONS

Pins on the uPD7220A 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.

A13, Aqa, A1g-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 the 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.

Pin LPEN/WAIT/DT

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

DT (Data Transfer). When the DT signal generation
function is selected by setting DTE of the WMASK
command, the DT signal is output to indicate the display
address supply timings for the uPD41264-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
generation 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 AD13-AD15, A1g, and A7

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 110 Pin Function
DRQ/A15/A13/A 6 0 Action similar to pPD7220A Output DRQ
1 Address extension Graphics Output Ag
Character Output A3
Combined Output As
DACK/A19/A14/A17 0 Action similar to uPD7220A Input DACK
1 Address extension Graphics Output Aqg
Character Output Aqa
Combined Output Ay?
Table 2. Pin Functions Available Through DT Signal Generation
Pin Symbol DTE Bit (WMASK Command) Action 1/0 Pin Function
LPEN/WAIT DT 0 Action similar to nPD7220A Input LPEN/WAIT
1 DT signa! generation Output DT
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Table 3. Multifunction Pins AD13-ADs, A1g and Agz

Pin Symbol Mode /0 Function
AD43-AD 15 Graphics; combined [I{e] Address-data lines 13-15 to display memory
LCo-LC2 Character Output Line counter bits 0-2
Ag Graphics Output Address bit 16
LC3 Character Output Line counter bit 3
AT.BLINK-CL! Combined Qutput Attribute blink and clear line counter
Ag7 Graphics Output Address bit 17
CSR-L.C4 Character Output Cursor and line counter bit 4
CSR-IMAGE Combined Qutput Cursor and bit-map area flag

ADDED BLOCK FUNCTIONS

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

Video RAM Control

Additional blocks generate the DT signal, 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: A4 and Asz; A17 and Agg; Ajg and Agg.

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 uPD72020 and the uPD7220A.

The uPD72020 is initialized by reset input so that it can
function similarly to the uPD7220A.
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pPD72020 Block Diagram
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System Configuration Diagram; uPD72020 With Video RAM Control Signal DT
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Table 4. Comparison of uPD72020 and uPD7220A Functions

#PD72020

uPD7220A

WMASK Command

WMASK command is used to validate the new functions of the
1PD72020.

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
cvp] o | 1 [ o [ 1 [ 1o 1] o
P1 WMKL
P2 WMKH
P3 PNITMIDTEICY1|CYO‘0[0|0

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

™ Changes the initializing timing of the horizontal synchro-
nization counter in the slave mode for external synchroni-
zation, and sets the initializing function of the field
counter.

DTE Sets the function of generating the DT signal.

WMASK command is not used.

cY Set the DT signal output mode and the BLANK signal
mask.
LPEN Command

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

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

pB7 | DB6 | DB5 | DB4 | DB3 [ DB2 | DB1 | DBO
cvol 1 | 1 oo |o]o]o] o
D1 LADL
D2 LADM
o3 [ x [ x [ x [ x]

LADH

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

DB7 | DB6 | DBS | DB4 | DB3 [ DB2 | DB1 | DBO
eMp| 1 | 1 oo |o|o]o]o
D1 LaDL

D2 LADH

D3 xlx|x|x|x|x|LADH

CSRW 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.

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

Character Mode

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DEO
cMol o [ 1 oo 1o o] 1
P1 EADL

P2 | 0 | EADH

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
cMpl o | 1 o] o 1| o] o] 1
P1 EADL
P2l o] o]o]

EADH
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Table 4. Comparison of xPD72020 and 4PD7220A Functions {cont)

pPD72020 pPD7220A
CSRW Command (cont)

Character/Graphics Combined Mode (Character Display)

DB7 | DB6 | DBS5 | DB4 | DB3 | DB2 | DB1 | DBO DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
M| o | 1 o] o] 1o o] 1 emp| o | 1 ol o | 1 o] ol 1
P1 EADL P1 EADL

P2 EADM P2 EADH

P3 o|o]o[o|o|o|EADH

Character/Graphics Combined Mode (Graphics Display/Drawing)

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO DB7 | DB6 | DBS | DBa | DB3 | DB2 | DB1 | DBO
cmo| o | 1 oo 1o o] 1 omp| o | 1 | o | o | 1] o] o] 1
P1 EADL P1 EADL

P2 EADM P2 EADH

P3 dAD o | o EADH P3 dAD [wa] oo | o
Palwa]o[ofo]olojoljo

Graphics Mode

DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
ol o [ 1 ol o | 1] o] o] 1 evo|l o | 1 1o lo| 1| o] o]

P1 EADL P1 EADL

P2 EADM P2 EADM

P3 dAD EADH P3 dAD [we] 0 | EADH

Pa jwa[ o [o]o o[ofofo

CSRR Command
Draw execution address (EAD) is extended 2 bits by setting PN of Draw execution address {EAD) extension function is not available.
the WMASK command.
PN 0 Same as uPD7220A
1 EAD is extended 2 bits.
DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 ﬁBO DB7 | DB6 | DB5 | DBa | DB3 | DB2 | DB1 | DBO
CMD | 1 1 1 0 0 0 0 0 CMD | 1 1 1 0 0 0 o] 0
D1 EADL D1 EADL
D2 EADM D2 EADM
o | x [ x [ x[x] EADH D3 x|x|x[x|x|x|EAoH
D4 dADL D4 dADL
D5 dADH Ds dADH
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Table 4. Comparison of sPD72020 and uPD7220A Functions (cont)

pPD72020

#PD72020 uPD7220A

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

1 SAD is extended 2 bits.

Character Mode
Built-In RAM Map
T I 2 I

RA Contents or RAM RA Contents or RAM

0 SADIL 0 SADIL

1] o] SADTH 1 Jolofo] SAD1H

2 SLIL [oJo]o]o 2 sLiL [o o] o]

3 |~ ] o] SL1H 3 | *]o] SL1H

4 SAD2L 4 SAD2L

5 | o | SAD2H s o[ o]o] SAD2H

6 sLaL [oJoJo]o 6 sLaL [o o] o]

7 1+ ] o] SL2H 71« o] SL2H

8 SAD3L 8 SAD3L

9 | o] SAD3H 9 oo o] SAD3H

A sLaL [o]oJoJo A SLaL o] o] o]

B | *] o] SLaH B | *]o] SL3H

c SAD4L c SAD4L

D | o | SAD4H D oo o] SAD4H

E sLaL [oJo]o]o E sLaL [oJo] o]

Fl~]o] SL4H Fl o] SLaH

*DAD+2 * DAD +2
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Table 4. Comparison of uPD72020 and uPD7220A Functions (cont)

uPD72020

$PD7220A

SCROLL Command (cont)

Character/Graphics Combined Mode (Character Display)

Built-In RAM Map

me[ [ [ [ [ [ s me] | [ [ [ [ i
RA Contents of RAM RA Contents of RAM
0 SADIL 0 SADIL
1 SADTM 1 SADTH
2 SL1L [ o [ o | saoiH 2 SLIL [oJo]o]o
3 | « | o] SL1H 3 |« ] o] SL1H
4 SAD2L 4 SAD2L
5 SAD2M 5 SAD2H
6 sLaL [ o [ o | saozH 6 SLaL [oJoJoJo
7|« ] o] SL2H 7 =] o] SLeH
8 SAD3L 8 SAD3L
9 SAD3M 9 SAD3H
A sLaL [ o ] o | sapsH A SL3L [o]ofo]o
B | * | o] SL3H B |« ] o] SL3H
c SADAL c SADAL
D SADAM - D SAD4H
E sLaL [ o[ o seoad E sLaL [oJoJo]o
Fl o] SL4H Fl=]o] SL4H
“DAD+2 T

Character/Graphics Combined Mode (Graphics Display/Drawing)
Built-In RAM Map

T I T B
RA Contents of RAM RA Contents of RAM
) SAD1L 0 SADIL
1 SADIM 1 SAD1H
2 sLIL [ o [ o | seotd 2 stiL [oJoJo]o
A SL1H 3 [« [m] SL1H
4 SAD2L 4 SAD2L
5 SAD2M 5 SAD2H
6 staL [ o [ o | saped 6 sLaL |o[o[o]o
7« ]m] SL2H 7 [ [m] SL2H
*DAD+2 *DAD+2
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Table 4. Comparison of uPD72020 and xPD7220A Functions (coni)

rPD72020 pPD7220A
Scroll Command (cont)

Graphics Mode
Built-In RAM Map

T T I
RA Contents or RAM RA Contents or RAM

0 SADIL ) SADIL

1 SADIM 1 SADTM

2 SLIL SAD1H 2 SLIL | o | o | sapw
3 |« ]m ] SL1H 3 | < [m] SL1H

4 SAD2L 4 SAD2L

5 SAD2M 5 SAD2M

6 sLaL SAD2H 6 SLaL | o ] o] sapzn
7]+ [m] SL2H 7 m] SL2H

*DAD 12 “DAD T3
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COMMANDS

The uPD72020 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 pPD72020 can be used by
setting the new WMASK command. Once the RESET
command is input, however, the WMASK command
becomes inactive and the xPD72020 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.

® WMASK register setting

e Address extension

e Selection of additional functions in the external slave
mode

¢ DT signal generation

Figure 1. WMASK Command Format

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
cmp | o 1 0 1 1 ) 1 0
P1 WMKL
P2 WMKH
Pa | PN | ™™ |DTE|CY1|CY0| o [ o] o

WMK Bit. The xPD72020 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
multicolor, 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 uPD7220A. Thus, the
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drawn data bit corresponding to the WMASK register
bit set to 1 is affected by drawing.

When the RESET command is input, the uPD72020 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 uPD7220A.
Thus, the address extension function cannot be
used.

When the RESET command is input, the nPD72020 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/A18/A13/A15 pin and the DACK/A19/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.

e 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 solve the following two
problems with the uPD7220A.

e Because the vertical and horizontal counters are
initialized at the start of VFP and HFP, respectively,
when the external synchronizing signal is input to the
pPD7220A, horizontal positioning cannot be readily
done for synchronization with the xuPD7220A by input-
ting a synchronizing signal from the external device.
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® When the 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 uPD7220A 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 uPD72020 to operate differently from the
pPD7220A 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

When TM = 0, the function similar to the external
synchronizing function of the pPD7220A is carried out.
When the RESET command is input, the uPD72020 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.

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

@

~

C/R:

—

@ Reset positionwhen TM =1
O Reset position when TM =0

835L-5706B
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DTE, CY1, CYO 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
uPD72020. 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 CY0 are used to control
the pPD41264-type VRAMSs and the BLANK signal.

Table 6. DT Signal Output Modes

DTE CY1 CYo Function

0 0 0 GDC mode O

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

¢} 1 0 Inhibited

0 1 1 Inhibited

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

1 0 1 Inhibited

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

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

T 1If the uPD72020 has started drawing operations in the display
mode, the BLANK signal is not setto 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.

3-44

The following two modes are available by setting CY1or
CYO (table 6).

(1) GDC mode 0 operation is similar to the wPD7220A.
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 uPD72020 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 timing when the display mem-
ory consists of dual-port video RAMs. The VRAMSs allow
drawing during both drawing and display cycles.

When DTE is set to 1, the uPD72020 internally tracks the
display address and outputs it and the DT signal under
either of two conditions.

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

(2) When the lower 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 uPD7220A WAIT function.

The DT signal output timing depends on the setting of
the IM and DAD+2 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
00H 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
from 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
operation is disabled (D-bit of SYNC command set to
1).

(5) 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.

HS: HBP. Display Period ——
HSYNC \
BLANK
Data Transfer Cycle
DT
. E4 | E1 E2 | E3 | E4 | DT1|DT2| D1*| D2*| E1 E2
CGDC Operations | &5 | g3 | g4 | D1+| D2¢| OT1{DT2| D1*| D2*| €1 | 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.
83SL-57078
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Figure 4. DT Signal Output, Mode 0 (Sheet 1 of 2)

A. BitIM=0and Bit DAD+2=0
AD15-ADo(H) xx | xx | Fs | F8 | F8 | F9 | FA | FB | FC

FD | FE | FF | 00 [ O1 02 | 03 | 04

VSYNC

HSYNC

HS +

X
@
o

BLANK

ﬁ /

Cycle E p*| DT | D* E E E

DT | D* E E

B. BitIM=0and Bit DAD+2=1
ADi5-ADo(H) _xx | XX | FE | FE | FE | 00 | 02 | 04

06 | 08 | OA [ OC | OE | 10 | 12 14 16

VSYNC

HSYNC

HS Hi

BLANK

Cycle E D DT | Dr| D E E

Symbols

DT Display cycle (data transfer cycle). ot signal is active.
D* Dummy display cycle. T signal is inactive.

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

8351-57088
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Figure 4. DT Signal Output, Mode 0 (Sheet 2 of 2)
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C. BitIM=1 and Bit DAD+2=0
ADis-ADo(H) XX | XX | FF | FF | FF | FF | 00

00 01t 01 02 | 02 | 03 03 | 04 | 04 05

VSYNC

HSYNC

HS HBP

BLANK

ﬁ AV

Cycle E D] DT { D* | DT | D* E £

D. BitIM=1 and Bit DAD+2 =1
AD1s-ADo(H) XX | XX | F8 | F8 | F8 | F8 | FA | FA | FC

FC |FE | FE | 00 | 00 | 02 | 02 | 04

VSYNC

HSYNC

HS

BLANK

Cycle E DT | D* E E E

DT | D* £ E

B83SL-57098
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E

Figure 5. DT Signal Output, Mode 1 and Mode 2

A. Mode 1
AD15-ADo(H) xx | xx| F5 | F5 | F5 | F6 | F7 | F8 | F9 | FA| FB | FC FD| FE| FF| 00| o1
VSYNC
HSYNC
HS HBP
BLANK
[3] Q) 3] (3] 21 | @
or / \_/ / /
Cycle E DT D' DT j D* E DT | D E DT| D* | D' | DT | DT
B. Mode 2
ADi5-ADo(H) “xx | xX | Fs | Fs | F5 [ Fe6 | F7 | F8 | Fo | FA | FB | FC | FD| FE| FF | 00 | of
VSYNC
HSYNC
HS HBP
BLANK
[ (1 [4] {2]
_—
ARV anva
Cycle DY [ D*{ D [ DT | D* E E E DT | D* [ D* | DT | D
Symbols
DT Display cycle (data transfer cycle). ﬁsignal is active
D* Dummy display cycle. DT signat 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 lower
8 bits has terminated (FEH or FFH changes to 00H).
[3] DT becomes active every four cycles as controlled by
counter that resets at diplay cycle start.
[4]) DT becomes active every eight cycles.
83SL-57108
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LPEN Command

When the address extension function is set by the

*WMASK command (with PN set to 1), the upper 2 bits of
the light pen address (LAD) in the LPEN command are
extended and a maximum of 20 bits can be used.

When PN = 0, the light pen address (LAD) is the same as
with the uPD7220A.

The LPEN command format with the extended LAD is
shown in figure 6.

Figure 6. LPEN Command Format

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBo
cMD | 1 1 0 0 0 0 0 )
D1 LADL
D2 LADM
s [ 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.

Figure 7. CSRR Command Format

DB7 | DBe | DB5 | DB4 | DB3 | DB2 | DBY | DBO
oMb | 1 1 1 0 0 ) 0 0
D1 EADL
D2 EADM
o3 | x [ x [ x ] x] EADH
D4 dADL
D5 dADH
SCROLL Command

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
DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
cmp | o 1 1 1 RA
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Absolute Maximum Ratings

AC Characteristics

Ta = +25°C Ta = -10to +70°C; Vpp = +5.0V £10%
Supply voltage, Vpp -05t0 +7.0V Item Symbol  Min Max Unit Conditions
Input voltage, V| -0.5toVpp + 0.3V Clock 2xCCLK
Output voltage, Vg -05toVpp + 03V Clock cycle tcy 125 10,000 ns
Operating temperature, TopT -10to +70°C High-level clock tcH 52 ns
Storage temperature, Tstg - 65to +150°C width
Exposure to Absolute Maximum Ratings for extended periods may Low-level clock toL 52 ns
affect device reliability; exceeding the ratings could cause perma- width
nent damage. Clock rise time tcr 15 ns
o Clock fall time tor 15 ns
DC Characteristics
Ta = —10t0 +70°C; Vpp = +50V *10% Read Cycle
Parameter Symbol  Min Max Unit Conditions ﬁ)d%%es‘s setup time  tag 0 ns
Lowdevel input  V iy . V  Except 2xCCLK -
ow-ievelinpu L 05 08 xoept 2xCC Address hold time  1ga 0 ns
voltage -05 0.6 V. 2xCCLK from RD 1
High-tevel input Vi 22 Vgg +05 V Except RD pulse width tRR1 R0t ns
voltage 2xCCLK, WR +20
35 Voo + 05 V 2xCCLK Data output delay  taps 55 ns Cp = 50pF
25 Vg +05 V WR time from RD |
Low-level VoL 045 V lo=22mA [?ataf“°a‘£i‘ay toF 0 55 ns
output voltage time from RD 7
High-level Von 07 Vpp V lop = -400gA PO pusecyde  tpcy  4Stoy ns DE=0
output voltage 12tcy ns DE =1
Low-level input I -10 pA V=0V, RD recovery thv 2tcy ns Also valid in
leakage current except time DMA cycle
VSYNC, DACK ,
Write Cycle
~500 pA V=0V, -
VSYNC, DACK Address setup time  tay 0 ns
to WR |
High-level input 14 10 uA Vi = Vpp; -
leakage current except Address hold time  twa 10 ns
LPEN/WAITDT from WR 1
500 WA V) = Vop; WR pulse width tww 60 ns
LPEN/WAIT/DT Data setup time to o 45 ns
Low-level loL -10 @A Vg=0V WR 1
output leakage Data hold time twb 10 ns
current from WR 1
High-level ILoH 10 BA Vo = Vpp WR pulse cycle twey 45ty ns
output leakage —_— - —
current WR recovery time gy 2tcy ns Also valid in
DMA cycle
Supply current  Icc 70 mA
DMA Read Cycle
Capacitance DACK setuptime  takg o] ns
Tp = +25°C; Vpp = GND = 0V toRD
ltem Symbol Min Max Unit Condition DACK hold time  trak 0 ns
from RD 1
Input C 15 pF = 1MHz = -
- 0V except for RD pulse width tRR2 o2 ns
Output Co 20 pl tested pin +20
Input/output Cio 20 pF Data output tro2 2tcy ns C_ = 50pF
Clock input Cc 20 pF delay time from +60
RD |
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AC Characteristics (cont)

Ta = -10to +70°C; Vpp =

+5.0V £10%

AC Characteristics (cont)
Ta = -10to +70°C; Vpp = +5.0V =10%

Item Symbol  Min Max Unit Conditions Item Symbol  Min Max Unit Conditions
DMA Read Cycle(cont) Input Cycle
DREQ output delay tcpa 75 ns C_ = 50 pF Input signal setup  tpg 10 ns
time from time to 2xCCLK 1
2XCCLKT Input signal pulse  tpp tcy ns
DREQ setup time  tgoak 0 ns width
to DACK { Note:” Performs two-dimensional rectangUlar area assignment
DREQ | delay time  taknq 1.5 ns G, = 50 pF whereby the dc parameter is set to other than 0. When byte-
from DACK | oy + by-byte transfer is specified, the value is 5.5 toy.
80
DACK pulse oy 45 1oy ns  See Note. Voltage Thresholds for Timing Measurements
cycle
- — 24
High-tevel DACK tAKH toy ns 2.2 22
width Inputs 08 08
SACK 0.45 : :
Low-level DACK takL 251y ns
width
DMA Write Cycle Xz.z 2.2 X 3
Outputs
DACK setup time  taxw 0 ns 08 08
to WR |
DACK hold time twak 0 ns
from WR 1 35 35
2xCCLK Input
Read/Modify/Write Cycle Los 06\
Address/data tca 15 80 ns Cp = 50 pF 835157204
delay time from
2xCCLK 1
Address/data float  toar 15 80 ns C_ = 50pF
delay time from
2xCCLK 1
Data setup time to  tpg o] ns
2xCCLK |
Data hold time tcpr topl ns
from 2xCCLK |
DBIN delay time tcri 15 60 ns C_ = 50 pF
from 2xCCLK |
RAS 1 delay time tCRSH 15 60 ns Cp =50 pF
from 2xCCLK
RAS 1 delay time  {cggL 15 50 ns Cp = 50 pF
from 2xCCLK |
High-level RAS tRSH 1/3 ns
width oy
Low-level RAS tasL 1.5ty ns
width -30
Address setup time  taps| 30 ns
to ARSL |
Display Cycle
Output signal tco 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 >< Invalid ><
AR
Pt RA
tRCY
ra——1RR1
!
RD \
DF
[+—tRD1
4 l\
DB7 -DBp Valid
4
tRCY
B83SL-57168
Write Cycle
A0 X Valid X Invalid X
1 Aw—> F—twa —
tww twey
1
WR /
twb
tDW'—"
DB7 -DBg Invalid j Valid X Invalid
l[- twey !
83SL-57178
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Timing Waveforms (cont)

Read/Write Recovery
l tRY |
RD
TRV TRV
)
WR \
tRV
83SL-5718B
DMA Read Cycle
2xCCLK
1CRQ tCRQ -
DREQ \
K
1AKRQ
tROAK
tAKL ' tAKH
DACK \ P
TAKR—]
|
'RR2
— 4
RD
N
tRAK
IDF
tRD2 | i
DB7 - DBg < Invalid Valid
TAKCY

B83SL-5714B

3-53



pPD72020 N E C

Timing Waveforms (cont)

DMA Write Cycle

tCRQ ~-—tCRQ—™
DREQ \
|
tAKRQ
tRQAK
tAKL | tAKH
DACK 3 A
WR
TAKW i T ww tWAK—|
TAKCY
83sL.57158
Read/Modify/Write Cycle
E1 E2 E3 E4
2xCCLK ;[__\F__j \1 ] / \ ]L__\_—
tARSL | IDC
1CA | ICA
4 Valid N Valid
ADi5-ADo <F Qutput Address ’ Cutput Data
tcBl tCBI
DBIN ‘ input Data
TARSL
tCA | tCA
Alg -Ais X{
LCRSH | tCRSL tRSL -
I
RAS .
N
tRSH
83SL-57118
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Timing Waveforms (cont)

Display Cycle
2xCCLK 7 l_-\_
AD15-ADo —<
ICA ‘
| tARSL
o
A19 -A1s ><
T
'CRSL‘l’v — ~+—tCRSH
ICRSH —» - tRSL
F \
_RAS _/ K 7
tASH
—» 1CO [*+— — tCO I‘7
HSYNC-REF
BLANK >< >{
VSYNC
LCo-LC3
CSR
CSR-IMAGE
ATBUNK-CLC
DT
B3SL-57198
Input Cycle
tpc
L PEN >§’
EX.SYNC h
e——1pp
83sL-57128
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