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Description

The uPD7228A is an LCD controller/driver cantalning the
interfacing features for a dobl-matrix mode B-, 16-time division
LCD and a wmicroprocesscer. The uPDT2Z28A contains a 5 x 7 dot
matrix character generator corresponding to ASCII/JIS. Therefore,
user original patterns can be easily displayed.

The uPD72284 is the upgraded version of the uPD7228. The LCD
drive voltage is raised from bHY to 12V for higher contrast, wide

angle, and high-quality [.CD indication.

Features

¢ Direct LCD drive (12¥ withstand vollage)

o 8 or l6-time-division drive possible with a single chip
8—time division - 400 (50 x 8) dols
16-time division - b72 (42 x 16) dots

c 8 or lé6-time-division drive wilh n chips
BE-time division -~ n X 400 {(n x 50 x 8) dols
16-time division - n x B00 (n x 50 x 16) dols

o Display data storage RAM - 2 x 60 x 8 blts

¢ Programmer specified dol {(graphic) display

o Buoilt-in 5 x 7 dot matrix display (160 kinds) using mask
programmable character generalor
ASCII characters {(alphabetrs, numerals, and others)- 96 kinds
JIS5 characlers {(HKATAKANA, and others)- 64 kinds

o0 Cursor manipulation command

o B8-bit serijial interface
76X series, 78K series compatible

¢ d-blt parallel interface
uPD4CGH, S0H compatible

o Standby function

o CMOS

o Singlec povwer source



Ordering Information

Part number Package Quality grade

uPD7228AG-12 80-pin plastic QFP Standard
(14 x 20mm, 2.05mm thick)

Please refer to "Quality Grade on NEC Semiconductor Devices”
(Document number 1EI-1209) published by NEC Corporation to know
the specification of quality grade on the devices and its

recommended applicacations.



Fin Canfiguration (Top Yiew)

BO-pin plastic QFP (14 x 20mm}
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1. PIN FUNCTIONS
1.1 DO-D3 (Data Bus) ... 3-state input/output

In the parallel interface mode, these pins serve as 4-bit
parallel! data input/output pins.

Data on the DO-D3 lines is read at the STB signal rising edge.
The 4-bit data, read at the first rising edge of the STB, is
loaded into the upper 4 bits of the serial/parallel register, and
the data read at the second rising edge is loaded into the lower
4 bits of the register.

The serial/parallel register contents are output to the DO-D3
pins in synchronization with the STB signal falling edge. In the
same manner as read operation, the upper 4 bits of the
serial/parallel register are output in the {first STB signal
falling edge, and the lower 4 bits are output in the second STBD
falling edge.

In the serial interface mode, the D0 serves as the serial data
input pin (S[), and the D3 pin serves as the serial data output
pin (S0).

The D1 pin serves as the parallel/serial Interface mode selection

pin (P/S), and the D2 pin serves as the chip address enable pin
{CAE).

1.2 51 (Serial Data In) ... Also serves as DO input

This pin serves as the serial data input pin in the serial
interface mode. Data on the SI line is loaded into the
serial/parallel register at the SCK rising edge. The first data
becomes the MS3B. This is a Schmitt trigger input with

hysteresis, in order to prevent erroneous operation caused by

noise.



1.3 50 (Serial Data Out) ... Also serves as D3 output

This pin serves as the serial data ocutput pin in the serial
interface made. The serial/parallel register contents are output
to the SO pin with the MSB first in synchronization with the BSCK
pin falling edge.

1.4 P/S {(Parallel/Serial Select) ... Also serves as D1 input

This pin is sampled at the RESET signal falling edge {(when the
reset is released). If this pin is high, the parallel interface
mode is set., If it is iow, ithe serial interface mode is sel.
This is a Schmitt trigger input with hysteresis in order to
prevent erroneous operation caused by noise.

1.5 CAE (Chip Address Enable) ... Also serves as D2 input

The CAE input has a meaning, if P/S input is low (when the serial
inlerface mode is specifled? at the RESET signal falling edge
{when reset is released). [f the CAE signal is higZh at this
timing, the chip address function is enabled. [If the CAE signal
is low, the chip address funclion is disabled. This is a Schmiltt
irigeger input with hysteresis in order ta prevent erroneous
operatioen caused by noise.

1.6 CAO0, CAl (Chip Address)> ... Input

This is the input pin used to allocate the inherent address to
select each uPD7228A chip., when interfacing with the CPU in a
multi-chip configuratiaon. 1In the parallel interface mode, CAO
and CAl inputs are compared with the chip address information
sent from the CPU, regardless of the CAE input. 1n the serial
interface mode, these inputs are compared with the chip address
information sent from the CPU, when the chip address selection
function is enabled by the CAE inpul.
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Table 1-1 Processing CAl, CAD Pins

Mode CAl, CAQ
With chip address function Set to 00, 01, 10, or 13
- Always in parallel mode {always 00 in single chip
- When CAE=1 in serial mode configuration?
Without chip address functian Always set to 00
- When CAE=0 in serial mode

Notes: In a multi-chip configuration in the serial interface
mode, c¢hip selection 15 ailse possible by providing
decoded C5 signals far the number of chips used, without
using the chip address function. [n this case, CAE for
each ¢hip must be set to 0, and CAl and CAC pins musi be
set 1o OO0,

These are Schmitt trigpger inputs wilh hysteresis in order Lo

prevent erroneous aperation caused by noise.

1.7 €8 {(Chip Select) ... lnput

This is the chip select input, which is law active.

When the chip address function is not used, if a low is input 1o
the ©C5 input, the STB/3CEK and C/D inputs becoeme effective, so
that commands and data can be input/output,

When the chip address function is used, in arder far the STB/SCE
and C/D inputs to become effective, the chlip address infermation
and CAO0 and CAl inputs must coincide, and moreover, the C5 input
should become Jow,

When the €8 input is set to high, D3-D0 and BUSY pins
unconditionally become high impedance.

This is a Schmitt trigger input with hysteresis in order Lo

prevent erronegus operation caused by nolise.



1.8 STB/SCE {Strobe/Serial Clock) ... Input

In the parallel interface mode, this pin serves as the strobhe
signal input pin (3TB) for 4-bit parallel data input/output
operation. 1In the serial interface mode, this pin serves as the
serial clock input pin (SCE) far serial data input/output

operation.
1.9 /D (Command/Data) ... Input

This pin is used to identify whether seria! ar parallel data
input is & command or data. When inputting a command, set the C/D
pin to high. Yhen inputting data. set to low.

When inputting a command or data in the parallel interface mode,
the command or data is latched at the second STB rising edge. [n
the serial! interface mode, the command or data is latched at the
rising edge of tithe 8th S5CK. Haowever, in parallel input,
switching C/D must be performed, before the falling edge of the
1st 3TB.

When outputting data, C/D input must always be set to low,
regardless of whether the mode is parallel or serial.

This is a Schmitt trigger inpult with hysteresis in order to

prevent erropecus operation caused by noise.

1.10 PBPUSY {(Busy}! ... J-state output

This pin outputs a BUSY signal which indicates to the CFU that

the uPD72284A is busy because of internal processing.

[f this signal is low, the uPD7228A is busy, and the CPU cannot
exectte read/write to the uPD7228a,

The BUSY signal becomes low at the second rising edge of the STB
signal in the parallel inlerface mode. In Lhe serial interface
mode, the BUSY signal becomes low at the rising edge of the 8th
SCK.

The uPD72294 sets the BUSY signal to high, when the uPD7229A

complates the internal processing.
The BUSY output becomes high impedance, when the c¢chip is nol

selected (CS=high or the chip address does not coincide),
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1.11 SYNC {Synchroneus) ... 3-state input/output

In a muolti-chip configuration, in which the row drive signal s
commonly used, this pin inputs/outputs the synchronous signal in
order ta synchronize the phases of all LCD drive allernate cvycie
signals (row/column signals} with the frame periodgd.

One chip in  the multi-chip configuration isa selecled as the
master, and the 3¥YNC pin of the master is set to the output mode.
The remaining chips all serve as slave chips, and these 3YNC pins
are set to the input mode,

The SMM command is used to specify whether the pin funciions as
an input or ocutput pin.

The master chip, set in the output mode, outputs Lhe SYKC pulse
in the last ¢yele in each frame. A slave chip reads the S5YNC
pulse oulpul fram the master chip for synchronization with the
master chip.

Figures. 1-1 and 1-2 show SYKC pulse oulput timing waveforms in
B-time-division and 16-time-division modes, respectively.

In single chip configuration, the SYNC pin can be set in either
the input or cutput mode. However, when it is set in the input
mode, the SYNC pin must be fixed to Vas. [f it is set in Lhe
output mode, the SYNC pin must be lefl open.

L,
[ l frame |

oo |
™ | |

Fig. 1-1 SYNC Signal in B-Time-Division Mode
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I 1 {rame ._}

ROW0)

-] |

Fig. 1-2 SYNC Signal in 16-Time-Division Mode

1.12 CO0-C41 {Column} ... Output

These pins serve as LCD column drive signal output pins.

1.13 R8/C49-R15/C42 (Row/Column) ... Output

These pins serve as LCD row drive signals R8 to Rl5 or column
drive signals €49 to C42 outpul pins. Whether or not these pins
are used as row or column pins is specified by the SHM command .
1.14 RO/R8-R7/R15 (Raw) ... Qutput

These pins serve as LCD row drive signals RO to RY or B8 to Rl5.
wWhether or not these pins are used as RO tg R? or RE to Q1% is
specified by the SMM command .

1.15 Vicl-V¥oech (LCD Drive Vollage Supply?) ... Input

These pins input the reference voltage for determining the LCD

row/column drive signal voltage tevel,

1.16 CLOCK (Clock}) ... Input

This pin inputs Lthe external clock.
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1.17 RESET {(Reset) ... [nput

Thicz is the high active reset signal input pin. The resel
operation has prieority over all other operations.

This input i5 also wused for clearing the standby mode or
aoperation to retain data in the data memary at a iow power supply
voltage.

1.18 VYoo

Fositive vollage power supDly pin.

1.19 VYas

GND
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2. INTERNAL BLOCK FUNCTIONS
2.1 Serial/Parallel Interface

The uPD7229A contains both serial and parallel interface
functions. Whether the serial interface or the parallel
interface is used is determinéd by whether the P/S input is high
(specifying the parallel interface) or low (specifying the serial
interface) at the RESET signal falling edge.

The interface circuit is used to write commands and data from the
CPU or output data to the CPU.

The operation of the serial/paralle]l interface differs, depending
on the data processing mode setting. When a RESET is input, the
data processing mode is initialized to the write mode, so0 that
the first command input can be accepted. Afterwards, the mode
can be set to write related or read related data processing mode
by the data processing sei command.

l1f the data processing mode is set to the write, AND, OR, or the
character write related mode, the serial/parallel interface is
set to the data input mode, and the uPD7229A clocks in the data
from the SI pin (serial data) or fram the D3-D0O pins (4-bit
parallel data) in synchronlzation with the rising edge of the SCK
or the STB, respectively.

11 the data processing mode is set to the read mode, the
serial/parallel interface becomes the data output mode and
outputs data from the 50 pin (serial data) or from the D3-D0 pins
{4d-bit parallel data) in synchronization with the falling edge of
the SCK or the STB.

The serial/parallel register serves as the buffer, between B8-bit
serial data or two 4-bit parallel data transferred through the
serial input/output (S!, S0) or parallel input/output (D3-D0O) and
8-bit parallel data of the data memory.



']. Internal bus rﬁ

-

RESET o——

So , : B-bit serial/parallel register | 5
Read/write

CADCAl 0——e| epntr Y
" ol 5l biL 03 bit4-7
CD o——e {"'E

k!

BUST 0a— 4 4

D05l o

R S — Data
conirol

D2 {CAR e

PN

D3 S0 Qe

Fig. 2-1 Serial/Parallel Interface

i1f the C/D input indicates command specifications, the data input
from the CPU to the serial/parallel interface is sent from the
serial/parallel register to the command decoder for decoding.

[n the write mode, if the C/D input indicates data
specifications, the data loaded to the serial/parallel register
is directly transferred to the data memory. In the AND or OR
mode, the data loaded into the serial/parallel register is ANDed
or ORed with the data memory contents, and the result is
transferred to the data memory. In the character mode, the data
loaded into the serial/parallel register is regarded as ASCIl or
JI1S code and is sent to the character generator, [t is decoded
to 5 x 7-bit eharacter display pattern, and is stored into 5
successive data memory addresses.

Only when set to the read mode, can the serial/parallel interface
output data to the CPU. When set to the read mode, the
serial/paralle!l interface always reads B8-bit data from the data
memory and sets it in the serial/parallel register for the next
read aoperation.

In the serial interface mode, the data in the serial/parallel
register is output from the SO pin with the MSB first at each SCK

falling edge.
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in the parallel interface mode, the upper 4 bits of the data in
the serial/parallel register are output from the D3 to DG pins at
the first falling edge of the S5TB, and the lawer 4 bits of the
data in the serial/paralle]l register are output from those pins

at the second falling edge of the 5TB.
In either the serial/parallel interface mode, each time 8 bits of

data are output, the next 8 bits of data are automatically read
oul from the data memory and set in the serial/parallel register.

2.2 Cowmmand Decoder

If the B-b:l daila, input through the serial/parallel interface,
is specified as a command {C/D=1}, the data is clocked in as a
command, and is decoded to generate an internal contral signal.

2.3 Character Generatoaor

The ¢haracter generator becomes effective, when & character mode
selting command (SCML, S5CMR) is executed. [n this «case, B-bil
data written through the serial/parallel inlerface is interpreted
as a character code, and the § x T-dot matrix pattern,
corresponding to the code, will be generated. Jt is transferred
to Lthe § successive addresses in the data memory (7 bits x &
times).

The character generator contains the following 160 different
pattern data:

ASCI | J18
Upper-case aiphabets 26 KATAKANA 95
Lower-case alphabels 26 Symbols 0
Mumerical characlers 10
Symbols a4

IFigure 2-2 shows correspondence of character codes (ASCIYAIIS)
and 5 dots x 7 dots display patterns. 96 rcodes of 20H toe 7TFH
correspond to ASC1] characters, and AOH to DIFH correspend to 1S
characters.
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2-% Character codes and Display Patterns

2-4




Figure 2-3 shows the LCD <configuration for the character
generator. A character is configured in 5 x 7-dot configuration.
The most significant bit (bit ¥ of the data memory is not used
by the character genzrator. Therefore, LCD dots, corresponding to
the most significant bit (RY In B-time-division, or RY and R1% in
16-time-division), ¢can hbhe used for the cursor or indicator
display pattern, independently from the character generator.

The most significant bits are manipulated by a ouUrsar
manipulation command {(WRCURS, CLCURS)., etc,

(a) B-time-division (b} l6-time-division
—-- A% - —— RO
- A -~ Rl
- —— k2 --- — R2
--- ——— R2 -~ ——-~ R3
- el i — e R4
-— — RS - — FS
-—- — R - — B
VAV I 7 7 e
| L e
Caca| Cana - L
Cass Casz  Ca _— 10
— R1l
- RI2
- R13
-=- R4
—/ +/ /) R15

I

Casa Canl
thq- el Cn

Fig. 2-3 LCD Conflguration When Using Character Generator



2.4 Data Fointer

The data pointer ¢consists of a 6-bit binarcy counter {(DPS-DPO) and
1-hit bank flag (BNKF). It specifies the data memory address.

6-bit bimary counter

-

BMNKF DP5 | DP4 | DP3 | DF2 | DP1 | DFO

Fig. 2-4 Data Pointer Organization

The conlents of the bank flag and the &6-bit binary counter are
set simultanecously by the immediate data from the LDFI command.
The bank flag contents specify the data memory bank (BNEF=0: Bank
0, BNKF=1: Bank 1), and the £-bit binary counter contents specify
the address (00H to 3lH} in the bank specified by the bank flag.
The B-bit binary counter is an up/down counter., 1(its contents are
modified (+1, -1, or held) each time a read, write, oar AND
operation is performed, or an 8-bit data is input/output in the
OR mode, ac¢cording to the specifications for each mode setting
command .

When the BSET or BRESET command is executed, the B-bit binary
counter contents are modified (+1, -1, or held) eath time
according to the command specification,.

In addition, in the character mode, the E-bit binary counter
contents are modified (+5 ar -5%) each 1ime an B-bit data is input

or a cursor processing command is exacuted.

Noetes: The 6-bit binary counter value can exceed the limit of
the data memoery address space. For example, if the 6-bit
binary counter is decremented (-1) from 00, the wvalue
will be 3IFH, or it it is incremented (+1) from 31H, the
value will be J2H. However, the dala memory will perform
nathing fer the command specifying an address from 32H to

JFH.
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2.5 Data Memory

The data memory is a static RAM configured by two 50-word x RB-

bil banks. It is used for storing display data.

O0H
Bank 1}
{50 x 8)
J1tH
Q0OH
Bank 1
{50 x 8}
J1H

Fig. 2-% Data Memory Configuration

The data memory bank is specified by the bank flag in the data
pointer, and the addrecss in the bank is specified by the 6-bit
bBinary c¢ounier in the data poinler.

The 8-bkit data, written to the serial/parallel interface by the
CPll, is nsed for operation or decoded according to the specified
data processing mode, and 18 written into the data memory.

The data memory contents can be directly manipulated by a  bit
manipulation instruclion.

When the ul'D7229A is set in lhe read mode, the data memory
contents are output to the CPU  through the serial/paraliel
interface.

The data memory conilents are read oul in bit units in
synchranization with ithe row drive signal and are sent to the
column driver for driving the [CD. This operation is performed
independenily {rom command/dala write/read operatinon with Lhe
CPU, which 15 performed through Lthe sercial/parallel interface,
Display data read oul cperation differs, depending non the number

aof time-divisions.

2-7



{1)

B-time-division (single/multi-chip configuration)

The contents of the display data in bank ¢ or bank 1,
whichever i3 specified by the SMM command, are read out to
the column driver.

Figure 2-9 shows bits correspandence for the row driver and
calumn driver for the data memory. [Ii the data located at
the Hn and Cm intersection is 1, the correspending LCD dot
is ON. 1f the data is 0, the dot is OFF.

JNH XH . OlH O3
bin — R0

———R3 | Corvesponding
row signal

= o M s L B} e
2

[L
‘ ' ll |

C4d (a8 =1 =0

To column driver

Fig. 2-6 Data Memory (8=Time=Division, Single/Multi~Chip)



(2)

16-time-divigsion ¢{single-chip configuration)

Bank ¢ and bank 1 are used in a pair, and the contents are
read out to the column driver as 42 x 16-bit display data.

Figure 2-10 shows cerrespondence of bits for the row driver
and calumn driver for ithe data memory. 1f the data located

at the Rn and Cm inleresection is 1, the corresponding LCD

dot is ON. If the data is O, the dot is OFF.

MR HEH OIH  OQOH

T
=]
3

(IR

bank 0 ik

R7 | Corresponding

— RE row slgnal

bank |

- T T T W B

3L
| ‘ r-

Cal a0 Cl Co

To column driver

Fig. 2-7 Data Memory {(16-Time-Division, Single-Chip?



{7 16-Lime-division {(multi-chip configuration)

Bank ¢ and bank 1 are used in a pair, and the contents are
read out to the column driver as 50 X 1G-bil display data,
The row drive signals, output from each uPD7228A4, are RO-RY
or RA-H15.

Figure 2-11 shuws bits correspondence for Lthe row driver and

column driver for the data memory for each chip.

IH  WH ‘ OIH  00H

b

Rank o "

-

¥ Corresponding
row signal

o LS B+ | B

Fank |

=] h o & Lt =]
|
=
Lt

43 C4 .y (0t

—

To ecolumn driver

Fig. 2-8 Data Memory (1&6-Time-Division, Multti-Chip)
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2.6 LCD ¥Yoltage Control Circouil

This circuit multiplexes the DC vollage supplied from Lthe LCD
drive reference voltage inputs (¥iel 10 Vo .c5) with the AC signal

synchronized wilh the CLOCK and SYNC signal, and suppiies the
signals to determine the select and non-select level of the row

and column signals and the phase for the row and column drivers.

Table 2-1 indicates these signal levels and the phase.

Table 2-1 LCD Drive Voltage Signal Levels and Phase

rhmhaxt g-time-divisions le-time-divisions

Select ¥l Yoch Vioe( Yoeh
Row

Non-select ¥icd ¥Yicl Yocd Yol

Soelect Vooh vLcﬂ ULE5 vLcﬂ
Column

Non-select Vee2™ ¥ic? Yicd LEW=Y.

% ¥L¢E=¥L¢3

2.7 LCD Timing Control Circuit

This circuit generales lhe timing signals from the clack signal,
accarding Lte the frame frequency specified by the E&FF command,
and the number of time divisions specified by the SMM cammand.
The timing signals are necessary for automatically reading the
display data and driving the LCD, and are supplied to Lhe data
memory row/column driver, and LCD voltage cantrel circuit.

[f the SYNC signal is sel to the oulput mode by the SMM command,
the SYNC signal is output for each frame. lf the SYNC mode is
specilied Lto the inpult mode, the SYNC signal supplied from some
other ¢chip is input to generate the Ltiming Signals in
synchronizatlian with each frame inlerval.

The SYNC signal input/output function is used Lo synchronize the

LCD drive Lliming belween chips in mulli-chip configuralion.
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2.8 Row/Column Driver

The row/column driver consists of the column driver for C0-C4al
signals, row/column driver for R15-R8 and C42-C49, and a dual
mode row driver for RO-BY or RE-R15.

The dual mode row driver function is determined by the SMM

cammand .

Table 2-2 LCD Dual Mode Row Driver Funclion Selecltion

MM M1 Number of RO/SRB-R7/R1G Ri5/C4Z2-HRA/C49
time divisions
O 0 0
0o a1
B RO-NIT
o1 O
g 1 1 cC42-0C49
1 0 0O
RB-R15™*%
1 O 1
16
1 1 0O
RO-R7™™
1 1 1 R15-HS8

Nole 1t MM, M, is code specified by SMM command.
2: Some other chip handles RO-RY outputs.
3 Some other chip handles RB-R1% outpuls.
MaMyMo=111 is for single chip conflfiguralion. In this
case, RIS/C42-REB/C49 are used as row signal oulpuls, and

all 16 row signals are output from this chip.

These drivers perform switching aof the analog level in
correspondence to Lhe contenls of Lhe desplay dala read oul [ rom
the data memory and the timing signals supplied from Lthe LCD
timing contral circuit, according te tho select level, non-select
level, and phase supplied from the LCD volilage contral ¢ircuoil,
and generates and outputs row and column drive signals in order
to directly drive the LCD.



3. DATA INPUT/OQUTPUT OPERATION

In the uPD722BA, a command/data consists of 1 byte (8 bits), and
processing is performed each time a byte of data i=s transferred
in either the serial or parallel mode.

The end of a byte data transfer is confirmed by the byte gfounter
(octal/binary counter) whicth c¢ounts eight SCK counts or twe STB
counts.

This counter is unconditionally c¢leared, when CS=high or
RESET=high, and becomes ready to count a npew byte or data.
Therefore, if €S is set to high or RESET is inpul in the middle
of a byte transfer, Lhe byte transfer is not guaranteed.

In the serial interface mode, daia {s treated as 8-bit serial
data. It is regarded that 1 byte of data has been input or
output, when eight serial clock pulses {SCK) are counted in the
chip selected condition, then internal processing is started. At
the 8th rising edge of the SCK, the uPD7225A sets the BUSY signal
to low to inform the CPU that the uFD7229A i in a busy statle,.
When the internal processing completes, the uPD7229A sets the
BUSY signal te high to inform the CPU that the uPD722%4 is ready
For the next byte Ltransfer.

The serial data is input/output with the MSB {first (refer to
Figs. 3-1 and 3-2).

If the chip address selection function is specified in the serial
interface mode, the 8-bit serial data {only the lower 2 bits have
a meaning} for ¢chip address information must be writtem {first
after the TS falling edge. only 1he chip, whose address
coincides with this informalion. can enter command input or data
input/output operation (refer to Figs. 3-3 and 3-4).

In Lthe parallel interface mode, singe the data bus (DI-N0Y i5 a
4-bit bus, data is treated as 4-bit ¥ 2 paralle]l data. When Lthe
parallel data strobe signal (STB} is counted twice in the chip
sejected state, it [Is regarded that a byle of data has been
inputfaoutput, then the uPD7228A enters Lthe internal progcessing,.



At the 2nd rising edge of the ETB, the uPD7228A sets the BUSY
signa! to low, ta infoerm the CPU that the uPDY228A is in a busy
state, When the internal processing compietes, the uPD7228A sets
the BUSY signal to high, to inform the CPU that the uPD7228A is

ready for the next bhyte transfer.
In boeth inpuit and oulput operation, the upper 4 bits of paralel

data correspond to the first STB, and the lower 4 bits of
parallel data correspond to the second STB.

The parallel interface of the uPD7228A is compatible wiih the
uFPD82C43 [/0 expander, so that the parallel data can be input to
the uPD7228A in 1lhe same manner as sending 4-bit data Ltwice to
the uPD82C43. in addition, 8-bit data can ke read aout from the
serial /parallel register of the UPD7228A in the same way as
reading 4d-bit data twice from the uPD8ZC43.

The <¢hip address selection function is always specified In the
parallel interface mode. After the CS falling edge, the data on
the D1 and DO lines, read at the first falling edge of the STB,
becomes the chip address information. The lower 2 bits of the
command code, output fraom the CPU as the data {for selecting port
4 to port 7 of the uFD82C43, are used as the c¢chip address
information. After the CS falling edge, the command code, outputl
fram the CPU at the second and successive falling edges of the
STBE, has no meaning for the uPD7228A (refer to Figs. 3-5 and 3-
6.

Refer ta Section 4 for details on c¢hip address function

selection.

32



Internal
processing lime

Fig. 3-1 Serial Input Timing Waveforms (Without Chip Address
Selection Function)

Intarnal
processing time

Fig. 3-2 5Serial Output Timing Waveforms
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processing time
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4., SELECTING uPD7228A INTERFACE FUNCTION WITH CPU

The c¢ommand/data for the uPD7228A is 8 bits 1long. However,
serial interfacing with the CPU is made in 8-bit transfer or
parallel interfacing is made in twp 4-bit transfers. [ o
addition, the uFD7228A is provided with a chip address selection
function for multi-chip system configuration.

Whether the serial or parallel interface is used and whether aor
not Lhe chip address select function i used are specified by the

data on the D2 (CAE) line and DI (P/8) line at the RESET signal
release timing (falling edge).

-/

D2 1CAD /
\

D1 4P/E)

o

Fig. 4-1 Interface Specification Timing Waveforms

Table 4-1 Interface Specification Code

D2/(CAE} | D1/(P/S5) | Serial/parallel | Chip address
specification selection Functltian
0 0 Unprovided
Serial
1 {
Praovided
0/1 1 Parallel




4.1 Functions of Shared Pins

The functions of the STB/SCK, D3/50, and the DO/SI pins used for
clack input and data input/output differ, depending on whelther

the serjial interface or the paraliel]l interface is specified, as
indicated in Table 4-2.

Table 4-2 Functions of Shared Pins

Fin name Serial (P/S5=0}% Paralle! (P/5=1)

STE/SCK SCK inpul TB input
N3/50 SO outpul
D3-DO input/s
D2/ {CAE} - cutput
= (4-bit parallel
D1/ (P/5) - data bus)
DO/SI SI input
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4.2 Chip Address Selection Function

[n a multi-chip system configuration, the chip address selection
funclion compares the chip address assigned to each uPD7228A {by
CAD, CAl inputs} in advance and the chip address information (2
bits) sent from the CPU in the serial or parallel data format.
Cnly the chip whose address coincides with the e¢hip address
information is selected (enables command/data iAnput/output),
Thus, the CPU need not send twe or more chip select signals (553,
This function is  unconditionally proavided in the parallel
interface mode. However, in the serial interface made, Lthis
function is provided, when D2/{CAE}=1 {(at reset vrelcase}, is

specified.

{1} Parallel inlerface mode {(refer 10 Figs. 3-5 and 9-6)

After the falling edge of the TS5, the data read into DI
{carresponds 1o CAl) and DO (corresponds to CAO) at the first
falting edge of the STB becomes the 2-bit chip address
information.,

The parallel interface is ecquivalent to that for the uPDAE2C43 |/0
expander. Therefore, the chip address informatiaon <{0-3) for the
uPD7228A can be obtained on the D1 and DO lines at the falling
edge of the STB by executing an output or input instruction far
port 4 to port ¥ of the uPDA2C43, when the uwPDSOH ig connected Lo
the vPD7228A using the uPDE2C43 interface funclion.

(2} S5erial interface mode {(refer Lo Figs. 3-3 and 3-4)

After the falling edge of the CS, the dala read in to SI at the
rising edge of the 7th 5CK {(corresponds to CAl1) and B8th SCK
{corresponds ta CAQO), that is the loawer 2 bits of the first 8-bit

serial data. becomes Lthe chip address information.
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Motes 1:

When a RESET is input., the chip address comparison data
{data compared with CAl and CAO} in the uPDV228A 1is
cleared to "ag". Therefore, in milti-chip
canfiguration, if the C5 is set to low immediately
after the RESET input is released, a chip whose CAl and
CAD  are set to 700" sets the BUSY to high, informing
the CPU that Lhe chip can be accessed.

[f no chip address is sent, a chip whose CAY and CAOQ

are "00" will be accessed,.

The Ffollowing points must be noted for a multi-chip
configuration system usitng the parallel! inlerface; when
lrvansferving the process from chip A, which has already
been in the read mode to chip B, and again selecting
chip A after that, the data pointer must be sel Ly the

data pointer load command before reading data.



6. LCD DRIVE REFERENCE YOLTAGE SUPPLY

The wvalue of the LCD drive reference voltage to the uPD7228A
differs, depending on whether the number of time divisions is 8
or 16, so that the LCD drive reference voltage should be set as
shown in Figures 5-1 and 5-2.
Ve OV Ve Ve (Vs 01 Ve Yo
Vel "I"“—% Yita Vil P Vi é Viee
Vied "In"m.-3 ek V2 ——— You- 2 Yies
uPD7228A 4 uPD7228A4, 3
uﬂ-a V.,:: vlll-' = 'I,*“.
5
3 4
1!’“*‘ Vg — I '||I"“ v“'ﬂ vﬂ-- E Vies
Ve S Vo= ¥oen VS — Vau—Virs
Fig. 5-1 8&8-Time-Divisions Fig. 5-2 16-Time-Divisions
Remarks: For both 8 and 16-time-divisions, the LCD drive wvoltage

{Liep) must not exceed Vopon.



5.1 Supplying LCD Drive Reference Voltage by Resistor Network

Figures 5-3 and 5-4 show circuit examples, which supply the LCD
drive reference voitage indicated in Figures 5-1 and 5-2 using

register networks which divide the voltage level between Vpp-Vas.

WO ¥se Veu Ve OWos You
HI}
V.1l I |_ V.l |_
Rl 5
V2 | b=+ Vee2 —+
uPDT228A . wPD7228A Vi3 [
HI; R1 §
Vet = I
le H15
Y.e5 JI I— ¥ 3 'I |'_
Ra A2
y {‘—‘—‘—‘—— = 6.0V v =6.0W
7T T
Fig. 5-3 8-Time-Divisions Fig. 6-4 16-Time-Divisions
Circuit Example Circuit Example

The wvalues of RI and R2, which divide the valtage faor 8-time-

divisions and lG-time-divisions, are determined by the following

eXpressions:

v LoD
n2 {B-time-divisions)

R]

]
]

4(vnn - vLCD!

Yieo

A1 x R2 (16-time-divisions)

9{Vop = Voep)
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5.2 Reduction in Current Consumption by RESET Signal

If a resistor network is used to supply the LCD drive reference
valtage, some current is drained by the resistor netwark
connected across Von and Vss when no display operation is
performed, such as when the uPD7228A is in the STOP mode or when
it is being reset. Therefore, for a system to which reducing the
current draw is extremely important, the current path through the
resistor network must be cut off by an externmal circuit, when no
displaying is performed, to eliminate unnecessary current flow.
Figure 5-b shows a circuit which cuts off the current to the
resistor network during reset state (RESET=high) using the RESET
signal level instead of the Vss level.

Vou
You 1 Vaui¥.c0)
— Viel
— Vie2
i - v.3 #PD7228A
+— Vied
—] V.5
Quiput port RESET

Remarks: The power to the CPU and the uPD7228A must be from the

same source.

Fig. 5-5 Example of Controlling Current Path Using RESET Signal
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6. DISPLAY EXAMPLES

Figure G6-1 shows how the data memory contents and LCD display
pattern are corresponded, when displavying characters "AEZ" in §g-
time-division mode.

This example is to display 3 digits of 5§ x 7 (5 x 8y dot
characters, and uses dala memory addresses GOH to OFH (0 to 143
and column signals C0 to Cl14,

Figure &-2 shows the timing waveforms for displaying character

A" in columns Cl4 to C10 for the display example, shown in

Figure 6~1.

Figure 6-3 shows how the data memory contents and display pattern
are corresponded, when displaying characlers “gmg" in 1G-~tjime-
division made.

This example 18 to display 68 x 7 {9 x #8) dot characters In  two
raws, 3 digits in each row, and uses data memory addresses O0H to
OEH {0 to 14) in data memory banks ¢ and 1 and column signals CO
to Cl4.

Figure ©G-4 shows the timing waveforms for displavying character
"g" in calumns Cl4 to C10 for display example, shown in Fig. 6-3.
In Figures &-2 and €6-4, when the differential waveform levels
between Lthe row signal and c¢olumn signal are Veen and =¥oep, the

LCD dat cerresponding ta lhese signals will be 1it,



Timing sirobe

41 13 12 11 13 9 a8 7 & 5 4 3 2 1 0
Q | 1 i a i 1 1 1 I I 1 1 I I b —
1|90 I |jo]Ccq{O0 O] (00| d]I1 b 1
ljojolo]l |0 ]OojOjal|la|(a|[a]] o bn 2
1 I 1 1 ] I I | ljoje|(2(1l]0Cc)]|O b 3
----- 1 o]0 1 | 4] 1] 1] ol 4d 1 LF (1 o b 4
Ljo|o|o]lL It jojojojofjl{OC(O]O0]|D Wil §
ijofjajo]l I I I I I 1 1 | I i kit
ojg|Qo|ejojajjo]jojo|(o|e]O3|Q bt 7
g §|E cEEEE
sclclclelplelclsisle(c|ols|s FEEEEEEE

Note: Display data is read out from either bank O or bank 1.

Fig. 6-1 B=-Time-divisions
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Fig. 6-4 16-Time-divisions (When Displaying Characters A and 8)
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7. STANDBY MODE

The uPD7228A offers the standby mode in order to reduce the power
consumption, when displaying operation is not necessary.

The standby mode iz set, by executing the STOP command. The
standby mode is actually set, when the BUSY signal is set to high
after the STOF command is execulted. In the standby mode, the
uPD7228A stops supplying the CLOCK signal to the LCD timing
cantrol circuit and the clock control circuit by internally
masking the CLOCK signal. In addition, the yPD7228A initializes
the dala processing mode to the auvto-increment <{I,1,=00) write
mode. Howevery, no other modes are affected by RESET operatian,
s0 that the interface mode and the display mode will bhe retained.
The standby mode is cleared when a byte of data (command or data)
15 inpul, or when the BRESET =ignal falls, However, the
processing necessary during the standby mode and operation after
clearing Lthe standby mode differ, depending on which melthod i 8
used.

In addition, the CLOCK signal to the uPD722BA can be slopped
during the standby mode. in this case, the power consumptioh can
be further reduced, compared te when the CLOCK is only internally

mashked.
¥.1 Clearing Standby Mode
{1 Clearing standby mode by wriling a byte of data

if the previous operation modes (exXcepl the data processing
mode}, used before entering the standby mode, needs ta be
maintainad, ihe standby mode can be cleared by writing a
byte of data (command or data).

In the serial inlerface mode, the standby mode is cleared,
when writing 8 bits of serial data is completed (al the
rising edge of the Bth 3CK). In the parallel interface, lhe
standby mode is cleared, when writing Llhe second 4-bit data
is completed {al the rising edge of the 2nd STR).

When 1the c¢hip addresas seleclion function is  used in Lthe
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serial interface mode, 1f CS is set to high in the standby
mode, the first 8-bit data, after €5 is set to low, is used
as the chip address information, when the standby mode is
cleared. Therefore, the standby mode 1is cleared, when
writing the next 8-bit data is completed.

Notes: During the standby mode, the clock necessary for driving
the LCD by alternating current is stopped. Therefore,
the LCD drive signal level, before entering the standby
mode, is maintained in the standby mode. This means that
a DC voltage remains applied to the LCD in the standby
mode, To avoid this, control the Yo.=b pin voltage using
the CPU output port, as shown in Fig.7-1, and output a
high level from the output port, before executing the
STOF command, to eliminate voltage differential between

the Vpp and Vo.cb.

b
Yo ' Vo (Vie O)
1| % Viel
I % Vie2
uwPDT228A
CPU — Veed
— Vied
|} Ve S
Ouiput port '/y(,

Remarks: The power fed to the CPU and the uPD7228A must be from

the same source.

Fig. 7-1 Controlling LCD Drive Yol tage
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(2)

Clearing standby mode by RESET signal

Far a system for which only the contents of the data memory
need be held when the standby mode is cleared, the RESET
signal can be used io clear the standby mode.

When using the RESET signal for clearing the standby mode,
se¢t the RESET signal ta high after the standby mode is
inttiated (this can be checked by determining whether the
BUSY is set to high), then set the RESET signal to low when
clearing the standby mode. While the RESET signal is high,
the LCD drive voltage beceomes the same as when it is in the
reset operation, and no voltage is applied to the LCD.
However, unlike normal reselt operatiaon, the contents af the
data memory will not become undefined by the RESET signal.
The data which existed before enlering the standby mode is
retained, and it can be used after clearing the standby
mode .

In a system which uses this method, the current path cantrel
by the RESET signal shown in Fig. 5-5 can be used.



7.2 Stopping Clock Supply and Retaining Data at Low Voltage in
Standby Mode

In the standby mode, only the data memory contents can be
retained at a reduced voltage level. In this case, the power
consumption c¢an be further reduced by stopping the CLOCK supply
to the uPD7228A. When stopping the CLOCK supply to the uPD7220A
in the standby mode, check that the uPD7228A is in the standby
mode (check that the BUSY signal ts high, after executing the
STOP command), set the RESET signal to high, then stop the CLOCK
supply to the uPD7228A after the specified time period.

STOP Standby mode ~{

BUSY | ; S

C5

e —
b

CLOCK

I - __Ihtn can be reinlned__4 I |
at a reduced vollare ;

Fig. 7-2 CLOCK Supply Stop Timing Waveforms in Standby Mode
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8. RESET OFPERATION

The uPD7228A 1is initialized as follows, when a high level is
input to the RESET pin:

- The chip address compare data (compared with CAl, CA0 inputs)

is initialized to 00.

In a multi-chip configuration, BUSY output operation will

differ, depending on whether CAl and CA0 of the chip are 00

(coinciding address) or not (non-coinciding address) (refer to

Fig. 8-1).

When CAl, CAO0 = 00: Sets BUSY output to low, if CS=0. [f TS=1,
sets BUSY output to high impedance.

Other than 00 1 Sets BUSY output to high impedance,
regardless of €5 input.

In a single chip configuration, BUSY output operation ig the

same as that when CAl and CAOQO are 00.

- All processing operations {(command/data processing, reading

timing signal and display data to the row and column driver)

are stopped.

- ¥ie3d3 level DC current is output from each LCD drive signal
output pin (C0-C41, R15/C42-R8/C49, RO/RE&-R7/R15).

- The internal functions are sel as follows (to the same

conditions as when these commands are executed):

SWM ([,[o=00) : Auto-increment mode
LDPI (Do=Do=0000000): Data pointer is cleared to 0O
SMM (Ma-Mo=000) : B-time-divisions, RO/R8-R7/R15 pins

serve as RO-R7 pins, SYNC pin is set in
the input mode, the data memory is set
te bank 0.

SFF (Fa«Fo=000) : Frame frequency is set to fer/2%%.

- The byte transfer end counter is cleared.



- Jf the uPD7229A is in the standby mode, the standby mode s
maintained.

- The data memory contents become undefined.

When the high level input to the RESET pin is returned to low,
the operation Dbecomes possible, according to the initialized
contents. In addition, the next processing will be performed at
the falling edge aof the BESET signal. The display outputl will be
the same as when the DISF OFF is executed.

- The interface specification code {(seria}l/ parallel specifi-
cation, chip address selection function provided/unpravided?
is read from lhe D2/{(CAE) and DIi/(P/5) pins.

- A chip, whose CAl and CAD wvalues are O, becomez selecled

state,

- If a RESET is executed during the standby mode, the standby
made is cleared. In this case, the data memory contents are
retajned.
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{a) When CAl, CAO#00

= / \
=__/ \

U | S S

4L A

L__V_J"k =
Output from chip whose

"'
Output from Output from no chip
selected chlp CAl and CAD values are 00

{b) When CAl, CA0=00 and C35=0

e / \

3l

-L-

. \ /

L —~ v i v
Output from Output from chip, whose

gelected chip CAl and CAQ0 values are 0O

Fig. 8-1 Example of BUSY Output Timing Waveforms by RESET Input



9. COMMANDS

The uPD7228A offers the following 16 different commandz, each
¢conaisting of 1 byte (8B bits):
Table 9-1 Liat of Commands
Mnemonic Operation Hexadecimal cade
SEFF Set Frame Frequency 10-14
SMM Set Multiplexing Mode 18-1F
DISP OFF | Display Of{ 03
DISP ON Display On 09
LDP] Load Data Pointer with Immediate g0-B1,
Co~-F1

SEM et Read Mode 60-613
SWM Set Write Mode 645-67
SCRM Set OR Mode 68-6B
SANDM Sel AND Mode GC-bF
SCML et Character Mode with Left entry 71
SCMR 3et Character Mode with Right entry 72
BRESET Bit Reset 20-3F
BSET Bit Set 40-5F
CLCURS Clear Cursor 7C
WRCURS Write Cursor 7D
STOP cet Stop Mode 01

9.1 LCD Display Mode Setting Commands

The following commands are provided for LCD display mode setting:

SFF (Set Frame Frequency)
SMM (Set Mulliplexing Maode}

DISP OFF

(Display OfI}

DISP ON (Display On}




(L)

SFF {(Set Frame Fregquency)

0 O 0

1

0 Fx

Fi Fo

This command sets the frame frequency.
will be the clock freguency

The frame i{frequency

input from the CLOCK pim divided

by the frequency dividing ratio specified by Fa-Fo.

Fz Fi1 Fa Frame fregquency

0 0 0 for. /29

0 G 1 fop /212

0 1 O for /22

( 1 1 fer /21

1 { 0 fern/2?

1 0 1 These zsettings
to are not allowed

1 ] 1

9-2
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{2 SMM (Set Multiplexing Mode?}

0 1 1 Mz My Mo

This command specifies the number af time divisions, and the

functions of the row driver,

and the row/column

drtver,

input/output for the SYNC pin, and the data memory bank.

Mz My Mo | Number of RO/R8~R7/RLE | R1G/C42-RB/C49 [ SYNC pin [ Memory
time divisions bank
{ 0 0 a
[nput
> 0 1 1
8 RO=~RT
¢ 1 1 0
Outpul
Q 1 1 C42-C49 1
1 0 0
R8-R15 [npui
1 0 1
16 a, |
P 1 4
RO-R7 Output
1 H 1 R15-R&
(3 ODISP OFF {(Display Off>
[]
2 O 0 0 1 0 J
This command sets the reiationship of the rtow signat and
column signal to non-select level, regardless of the display

data, and deletes display.
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(4 DISP ON {(Display On)

When this command is executed, the display operation will be
performed according to the display data,

9.2 Data Pointer Load Command

(13 LDPI (Load Data Pointer with Immediate)

[
IDg Dn D.l. D:: Dﬂ D:I D{'t

Da-o=00H-31H, 40H-71H

This command loads 7-bit immediate data De-Do to the data

pointer.
9.3 Data Processing Mode Setting Commands

The following six different commands are available as the data

processing mode setting commands.

SRM (Set Head Mode)

SWM (Set Write Mode)

SORM (Set OR Mode)

SANDM (Set AND Mode)

SCML (Set Character Mode with Lef{t entry)
SCMR (Set Character Mode with Right entry)

Each of these commands sets the uPD7228A to the respective mode.
Afterwards, the ulPD7229A processes data in the specified mode
until a command to set a different processing mode is executed.

The lower 2 bits (l.le) of these data processing mode setting
commands specify the data pointer modification operation for each

byte data processing.
The data pointer is modified as follows:
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[ Data pointer contents of modification

el

Automatically incremented (+1) each time a byte of data is processed
Automatically decremented (-1) each time a byte of data is processed
This setting is not allowed

No modificalion (the same address is maintained)

—

{12

{2)

SBM (5et Read Mode?

0 1 1 0 0 0 I; Ig

The data processing mode is set to the read mode By 1lhis
command. Afterwards, data processing will be performed in
the read mode.

When this mode is set. the contents of the data memoary,
addressed by the current contents of the data pointer, are
automatically 1iransferred to the serjal/parallel register.
The data pointer is then modified according to I 14.

When all 8 bits of the serial/parallel register contenis are
read by the CPU, the contents of the data memory, addressed
by the modified data pointer, are automatically transferred
into the serial/paralle]l register for the pext read
operation. Afterwards, the same operation is repeated by
the CPU, each time an 8-bit data is read.

SWM (Sel Write Mode}

¢ 1 1 0 0 1 Iy Ie

The data processing mode is set to the write mode by this
command. Afterwards, data processing will be performed in
the write mode.

When this mode ig sel, the 8-bit data written into the
serial/parallel register by the CPU is stored inte the data
memory addressed by the current contents af the data
pointer. The data pointer is then modified, according ta
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{3)

{4)

[,[o- Afterwards, the same operation is5 repeated, each Lime
an 8-%it data is written by the CPU.

SOBRM (Set OR Mode)

a 1 1 ¢ 1 0 [ is

The data pracessing mode 15 s5elt to the OR mode by Lhis
command. Afterwards, data praocessing will be performed in
the OR mode.

When this mode is set, the 8-bit data, written into the
serial/parallel register by the CPU, is ORed with the dala
memory addressed by the current contents of the dala
peinter, and Lhe result will be stored into lthe same data
memory address. The data pointer is then modified. accarding
te [,!o. Afterwards, the same aoperation is repeated, each
time an B-bit data is written by the CFU.

S5ANDM (S5et AND Mode)

c 1 1 o 1 1 v lo

The dala pracessing mode is set to the AND mode by Lthis

command. Afterwards, data processing will be performed in
the AND made.
¥hen this mode is set, the #-bit data, written inlo the

serial/parallel register by the CPU, is ANDed with the data
memory addressed by the current contents of the data
pointer, and the result will be stored inte the same data
memory address, The data pointer is Lthen modified,
according to Iileo. Afterwards, the same operation is

repeated, each time an B-bil data is written by the CPU.
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(5)

{6)

SCML {(Set Character Mode with Left entry)

The data processing mode Is set to the character mode with
left entry by this command. Afterwards, data processing
will be performed in ihe character mode with left entry.
When this mode is set, the 8-bit data writiten into the
serial/paralie! register by the CPU is treated as ASC!] ar
JI5 code and is decoded to & x 7-bit character display data
by the character generator, [t is written inta the lower
five consecutive data memory addresses from the address
indicated by the current contents of the data memory. As a
result, the data pointer contents are subtracted by 5 <(-5).
Afterwards, the same operation is repeated, each time an 8-
bit data is written by the CPU,

SCMR (Set Character Mode with Right entry}

The data processing mode is set to the character mode with
right entry by this command. Afterwards, data processing
will be performed in the character mode with right entry.
When this mode is set, the B8-bit data written intn the
serial/parallel register by the CPU is treated as ASCII or
JIS code and is decaoded to 8 x 7T-bhit character display data
by the character generator, and is written into the
subaequent flve data memory addresses from the address
indicated by the current contents of the data memory. As a
result, the data peinter contents are added by § (+5).
Afterwards, the same operation is repeated, each time an 8-
bit data is written by the CPU.
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3.4 Memory Bit Manipulation Commands

The following four different memory bit manipulation commands are

available:

BRESET (Bit Resetl)
BSET (Bit Set)

CLCURS (Clear Cursor?
WRCURS (Write Cursor)

The BRESET and BSET commands can be executed in any data
processging moade. After the bit specified by the BRESET/BSET
command in the data memory addressed by the data pointer is
set/reset, ithe data pointer is modified according to the lower 2
bits (J;Jo) of the command byte.

The CLCURS or WRCURS command is used to clear or set the cursor
{bit 7 position) in the character mode. After these commands are
execuyted, the data pointer contents are added by & or subtracted
by &.

Data polinter manipulation by these memory bit manipulation
commands is effective, anly when these commands are executed.
Afterwards, the data pointer is modified according to the data
processing mode that has been sel.

However, the dala pointer contents are modified by the memory hit
manipulation command. Therefore, Lhe modified wvalue will be used
ag the initia)l value for the subsequent modification operation.
The figure below shows the BRESET and BSET command bit
specifications and maodification contents for the data pointer.

7 0
Bz B, Do Data memory
0 4 @
9 0 1

to {
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Jx Jo Data pointer contents for modification

+1]

-1

This setting is not allowed

No modification (the same address is maintained}

—— O
ol = =

(1> BRESET {(Bit Reset)

1
0 O 1 Bz B; Bo Ji1 Jo

This commands resets {(tec 0) the bit specified by Bz;-Bs of
the data memory addressed by the data pointer. Afterwards,
the data polinter is modified according to J,Jo.

{2) BSET (Bit Set})

0 1 0O Bz B, Bs Ji1 Ja

This commands sets (to 1) the bit specified by Bz-Bs 0of the
data memory addressed by the data pointer. Afterwards, the
data pointer is modified according to JiJo.

{3) CLCURS (Clear Cursar)

When this command is executed in the character mode, bit 7
of each data memory of the five subsequent addresses (SCMR
mede) or the lower five conseculive addresses (SCML mode)
from Lthe address, indicated by the current cantents of the
dala pointer, is reset (1o 0.

This command can be used to clear the cursor displayed for 5
x T-bit configuration character.

9-4



{4}

(1)

WRCURS (Write Cursor?’

When this command is executed in the character mode, bilt 7
of each data memory of the five subseguent addresses (SCMR
mode) or the lower five conseculive addresses (5CML mode)
from the address, indicated by lhe current contents of Lthe
data pointer, is set (to 13,

This command can be used %to display the cursor for 5 X 7-bit

configuration character.

Standby Operation Setting Command

STOF (Set Stop Mode?

This command sets the STOP mode {(standby mode}.
The data processing mode is initialized to the auto-

increment (lylo=00) write mode,

Other modes are not affected by this command execution,
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10.

Figure 10-1 shows a circuit example,

.  SYSTEM CONFIGURATION EXAMFLE

in a multi-chip system configuration.

)

1 Multi-Chip Configuration of uPD7228As

LCD {40 characters x 2 lines)

[ I T 1T

—

when four uPD7228As are used

HP C49 ~ CD €45 ~ CO Cé4e ~ CO . C4g~C0  RA~RIS
CAl CAl CAl CAl = 28A
AT o 0 Ecng Lg m  CAo[F @ Chol @  ChAo |+ “PD"LE
1 iy
(=] EMQUL'EE “
= T 1| I } o [HEXK! [EXBENX!
N 1
EENTE
[« ™
uPDSOH
Fig. 10-1 System Configuration Example (Multi-Chip)
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10.2 Notes on Interfacing with uPD40H and uPD50H

The interface mode specification data (P/S) for the uPD7228A is
read im synchronization with the falling edge of the RESET signal
{(when cleared}. The specification level (high for parallel
specification) must be maintained for at least 4us after the
falling edge of the RESET signal.

Therefore, for a system using the external ROM with the uPD40H or
uPDS0OH, this must be noted when parallel interfacing the uPD7228A
with the uPD40H or uFPDHOH.

g taen - Doen MIN.
BiD
Bl tasg - 4z MIN.

Fig. 10-2 RESET and P/S (D1) Timing Waveforms

External ROM

) Upper 4 bits of ROM address

uPDT228A
P - X}
P22 D2
P21 =1 D1{P/5)
APDYOH, S0H !
P20 Do
P24 »{ RESET

Fig. 10-3 Typical Connection When Using External ROM
(Parallel Interface)
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In these systems, data transfer between the uPD7228A and the
uPD40H or uPD50H is performed through the lower 4 bits (P23-P20)
of port 2 for the uPD40OH or uPD50H. On the other hand, the
contents of the upper 4 bits (PCH: PCl11-PC8) of the ROM address
are also output to the same pins in time-division. Therefore, 1if
the eXxXternal ROM access starts immediately after the BRBESET is
cleared by a port 2 output instruction, the data of the 1lijines
(P21=D1), corresponding to the P/S of the upper 4 bits of the ROM
address, must be held high, until tump=4us is satisfied.

PC bit 11 10 9 8 7 1 0

P/S(D1}

Fig. 10-4 Program Counter (PC) for uPD40H and uPDS50H

For examplie, for the uPD40H {(up to 4K bytes of external ROM can
be accessed}, execute a port 2 output instruction, by which the
uPD7228A RESET is cleared within addresses 200H-3FFH, 600H-7FFH,
AOQH-BFFH, EQOH-FFFH and a high level is input to the P/S. No
instruction (jump, call, return) which exceeds these address
ranges should be executed until after 4us have elapsed,. In
addition, no port 2 output instruction, which changes the P/T,

should be executed during this period.
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Table 10-1 uPDBOC40H Addresses

PC bit
Address —

1110 4i9°% 8 T 6 .....
200H-2FFH | 0 0 Y18 0 x  x .....
300H-3FFH | 0 0 .14 1  x  x .....
600H-6FFH| © 1 1.4 0 X X .....
700H-7FFH|{ 0 1 1 . 1 X X .....
AOOH-AFFH | 1 0o 1., 0 X X veens
BOOH-BFFH | 1 o 1 1 X X e
EOOH-EFFH | 1 1 1 © 0 X X «.u..
FOOH-FFFH | 1 1 1 1 X X e

!

This is the address for 1

Remarks: x: don't care
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11. ELECTRICAIL SPECIFICATIONS

Absolute Maximum Ralings (Ta=25*C)

[tem Symbol Conditions Ratings Uni t
Power supply voltage Yoo -0.3 to +7.0 ¥
LCD drive voltage (Note) Vien 4.5 to 12.5 L
input vollage v, -0.3 to Yoot(1.3| ¥
Qutput vol tage Yo -0,3 ta ¥pop+0.3 ¥
Cperating temperature Toop: ~40 to +85 “C
Storage temperalure Teta =55 to +1E0D *

Note: qu;p:'inp'Vj_,:E » vj..i:ﬂivﬂﬂ
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DC Characteristics (Ta=-40 to +85%*C, Vopp=8V+10X%, Vpo8=-6.0V+]10X%)
Ttem Symbo] Conditions MIN TYP | MAX Unit

Input voltage, Vi ea Except 5CK 0. 7Y Voo ¥
high —

“IHE SE G-Bvbb vDD v
Input voltage, Vio 0 3. 3Voo ¥
low
Input leahage TLtn ¥i=¥op 1¢ 'L
current, high
Input leakage TR ¥, =0V -10 uA
current, low
Qutput voltazge, Yaua BUSY, DO0-D3 Ioy=-4000A Veo—-0.5 ¥
high

Yaonz SYNC, low=-100uA Ve-0.5 Y
Cutput voltage, ¥or1 BUSY, DO=-DI lor=l.7mA d.8 ¥
low

VoLz STNC, | s.=100uA 0.5 L'}
CGutpul [eakage lLon Yo=¥oo i GA
current, high
Output leakage lLow YasOV =10 A
current, low
Row gutput Raow i 16 ki
impedance
Row/caiumn Rasw coL 7.5 20 kO
output impedance
Column output ReoL 15 30 K
impedance

|l o Operation mode, f,=400kiz 250 600 uA
Supply current

ooz STOP mode, CLE=0¥ 25 uA
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Capacilance (Ta=2%58"C, Ypp=0V)

[tem Synba Conditions MIN | TYP | MAX | Unit

[nput capacitance Cim 10 pF
f=1MHz
Qutput capacitance | Cour | Unmeasured pins returned to 0V, 25 pF
[ /O capacitance Cra 15 pr
AC Characteristics (Ta=-40°C to +86C, Vop=+5V¥+10%)
Common operation
[tem Symbo | Conditions MIN | TYP | MAX | Unit

Clock operation frequency o | G0 1100 | kHz
Clock high-level pulse width | bwue 50 ns
Clock low-lavel pulse widih bwre A50 ns
RESET high-level width luna 4 s
CS | —~BUSY delay time tbcss | Co=50pF 3 us
C5 T —-DUSY float delay time | tpcsee | Co=50pF 5 us
CT high-level width twres 4 us
S¥NC load capacitance CLaxy 100 pF
Data set time (RESET |) tapr U us
Data hold 1ime (RESET |} | HRE 5 us
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Serial input/output operation

. Item Symbo | Conditions MIN | TYP | MAX | Unit
SCK period tevx 0.9 us
SCK high-level pulse width Ewaix 400 ns
SCK low-level pulse width twex 400 ns
High-level SCK hold time (BUSY 1)| tuex 0 ns
Sl set time (SCK 1) baix 120 ns
SI hoid time (SCK t) bk 270 ns
SCK | —+50 delay time toxe | Co=50pF 350 | ns
gth SCRt -BUSY delay time tora | CL=50pF 4 | us
BUSY low-level time twre | Cr=50pF 18 64 | 1/1c
C/D set time (first SCK ) tapx 0 us
C/D hold time (8th SCK 1) turo 3 us
CS hold time (8th SCK ) tuxcs 5 us
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Parallel input/output ocperation

Ttem Symbol Condilions MIN | TYP | MAX [ Unil
Command input set time {STB 4} b Cp=80pF 120 ns
Cammand input hold time (5TB }) g CpL=20pF 110 ne
Data input set time (STB 1) te € =80pF 250 ns
Data input hold time (STB 1) tn | CL=20pF 70 ns
Data ontpul delay lime t acc Cr=80pF g0 750 ns
Data output hold time b _EL:EGPF O 150 ns
STB low=-level pulse widlh laL 700 ns
5TO high-levelr:;;; bsm ] us
ST hoald time (BUSY 1) Lipa 0 us
2nd STB!-—=BUSY delay time loan 4 us
BUSY low-level time twee | Co=50pF 18 64 | 1/1:
C/D set time (first STB 4 tapa 0 us
C/D hold time (2nd 5TRT) lhso 3 ns
C8 hold tlime {(2nd STB 1) thacs 3 us
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AC timing measurement voltages (except STB/SCK,

BUSY
0TV 0.7Vee
> Testi <
i
0.3V points 0.3V
Clock timing waveforms

l-lrff, -

| -

CL

RESET input timing waveforms

Interface specification timing waveforms

Lina LT

DL D2
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Serial

input/output timing waveforms

11-7

cs
pot— Leyn i Luiwca
/D Command/data specification
e ] lsun
——
S— [ M R—
tmw
L™ [ =2
= -y
5CK
Hih
t-._t
Ly
Serial Serial ‘\
Sl daia data
(MSH) wsa /
—
50



Parallel input/output timing waveforms

al

Eusica |

" ltnn

— [0

e | i i S F—

ty i

¢nntruf5 Data
ba-D3 leiﬂ input k

o= T [

Dala
output

Do-D3
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Data Memaory STOP Mode Low Power Supply Voltage Data Retention
Characteristics (Ta=-40 to +85°C)

[tem Symbol Conditions MIN TYP MAX Unit

Data retention power Yooon 2.0 v
supply vol tage

Data retention power Iopon Vopor=2 .0V 20 uA
supply current

Data retention high level | Yiupr . 9oooR Yopprt0.2 ¥
RESET input voltage

RESET, CLOCK setup time tsrc 10 us

RESET, CLOCK hold time trne 10 us

Data retention timing waveforms

—Data retention mode-—
v“ 'I::'
@ 3 @
RESET
0N D
CLOCK
—_—] Ly e —— —_— | I3 o
(D Vosea
f:}vm
Voo
@ Ve

Notes: All inputs must be set below Vpppr in the data retention

mode .
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12. PACKAGE DRAWINGS

B0-pin plastic QFP (14 x 20) (Unit: mm)

24, 7284
20,08
! i‘
[ — - - —
—rx] i - = Enlarged detail of lead end
[ — - | —
[ — T
[ - - —
[ = = [ |- <
= —e= EE 3
= — - o =
I = - e w
o4
g
=

PEOG-B80—=12-1
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13. RECOMMENDED SCLDERING CONDITIONS

When mounting the uPD722BA by soldering, soldering should be
performed under the follevwing recommended conditions.

Far other soldering wmethods, please consult with NEC sales
personnei.

Table 13-1 Recommended Soldering Condition

Product name Package Recommended condiltions
reference code
IR3I0=-107

uPD7228AG-12 g0-pin plastic QFP YP15-107
Fin partial healing

Table 13-2 Soaldering Conditions

Recommend ed
conditions Soldering wethod S0ldering condilions

reference code

Package peak lemperature: 230°C,
Time: 30 seconds max. (Z10*C min.},
1R30-107-1 Infrared reflow Number of soldering operations: 1,
Maximum number ol days: 7 days®™
{beyond this periaod, 10 hours af
pre-baking is required al 125*C)

Parkage peak temperature: 215°*C
Time: 40 seconds max. {(200*C min.},
YFI5~107-| YIS Nomber of soldering operations: 1,
Maximum number of days: 7 days®
{beyond this period, 10 hours of
pre~backing is requited at 125*C)

Pin partial heating | Pin parlial heating | Pin temperature; J00'C max.,
Time: 10 seconds max.

#7 Number ol days alter unpacKing the dry pack. Sinrage conditions are 25*C and
G5%RH max.
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Mote: Do not use different soldering methods together {however,
pin parlial heating can be performed with other soldering

methods).,

Remarks: For details on recommended saldering conditlions, refer
to the information document "Semiconductor Device

Mounting Manual®™ {IE[-G16).
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No part of this document may be copied or repraduced in any farm or by any means without the prior written
cansent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
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NEC Corporation does not assume any liability for infringement of patents, copyrights of other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device No license, either express, implied or atherwise, is granted under any patents, copyrights
or other intellectual property rights of NEC Corporation or others
The devices listed in this docurment are not suitable for wse in the field where very high reliability is required
including, but not limited 1o, aergspace equipment, submarine cables nuclear reactor control systems and life
support systems. If customers intend 1o use NEC devices for above applications or those intend to wse “Stan:
dard’” quality grade NEC devices for 1he apptication not intended by NEC, please contact our sales people in
advanca.
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Machine toals, tndustrial robots, Audio and Visual equipment, Other consumer products, 81C.
Special Automotive and Transportation equipment, Traffic control systems, Antidisaster systems, Anti-
Crfme SWslams, 210,




