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1PD7228

4PD7228 is an LCD controller/driver having all the functions necessary for interfacing an 8-/16-time division
dot-matrix LCD with a microprocessor. Asingle uPD7228 chip is capable of driving a dot-matrix LCD, consisting
of up to 50 columns by 8 rows, totalling 400 dots, or an LCD consisting of 42 columns by 16 rows, totalling
800 dots. The LCD controller/driver contains a 5 x 7 dot matrix character generator, conforming to ASCH and
JIS (Japan Industrial Standard), so that Japanese characters (katakana) as well as alphanumeric characters
can be displayed. The interfacing function can be effected in two modes: serial or 4-bit parallel.

FEATURES
¢ Directly drives LCDs ‘
A single uPD7228 chip can drive two types of LCDs:
8- and 16-time division LCDs.
8-time division:” 400 (= 50 x 8) dots
16-time division: 672 (= 42 x 16) dots
¢ Multiple chip LCD driving system can be configured by using several uPD7228 chips, in which case, the
total number of dots that can be driven increases, as foliows:
8-time division: n x 400 {= n x 50 x 8) dots
16-time division: n x 800 (= n x 50 x 16) dots
» 2 x50 x 8 bit RAM for display data storage
« Displays dots (graphics) specified by programmer
¢ Internalcharacter generator displays 64 types of ASCIl dot matrices (alphanumeric characters and symbols)
with each matrix consisting of 5 x 7 dots. In addition, 96 types of JIS dot matrices (katakana and symbols)
can aiso be displayed.
¢ Cursor operation commands
¢ 8-bit serial interface, compatible with 7500, 75X, 87AD, and 78K series
e 4-bit parallel interface, compatible with 7500, 75X, 84/84C series
¢ Standby function
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1. PIN FUNCTIONS

1.1 DO TO D3 (DATA BUS) -... 3-STATE I/0

These four pins constitute a data bus in paraliel interface mode, and inputs or outputs 4-bit parallel data.

Data on the DO to D3 pins are read each time the STB signal rises. The 4-bit data read at the first rising
edge of the STB signal is loaded to the higher 4 bits of an internal serial/parallel register, while the data read
at the second rising edge of the STB signal is loaded to the lower 4 bits of the register.

The contents of the serial/parallel register are output to the DO to D3 pins each time the STB signal falls.
When data is read, the higher 4 bits of the register are output to the D0 to D3 pins at the first falling edge of
the STB signal, and the lower 4 bits of the register are output when the STB signal falls second time. In serial
interface mode, the DO pin functions as a serial data input pin (S} and the D3 pin serves as a serial data output
pin {SO).

The D1 pin also selects parallel or serial interface mode (P/S pin), andthe D2 pinis also used as achip address
enable (CAE) pin.

1.2 Sl (SERIAL DATA IN) ---- INPUT PIN SHARED BY DO PIN :

In serial interface mode, the DO pin serves as the S| pin, whose data is loaded to an internal serial/paraltel
register at the rising edge of the SCK signal from the MSB first. The SI pin is internally connected to a Schmitt
trigger input circuit having hysteresis characteristics and thus is protected from the adverse effect of noise.

1.3 SO (SERIAL DATA OUT) ---- OUTPUT PIN SHARED BY D3 PIN
In serial interface mode, the D3 pin serves as the SO pin that outputs serial data. The contents of an internal

serial/parallel register are output to this pin with the MSB first in synchronization with the falling edge of the
SCK signal.

1.4 P/S (PARALLEL/SERIAL SELECT) .- INPUT PIN SHARED BY D1 PIN

If this pin is high, when the RESET signal falls (i.e., when the RESET signal is released), the parallel interface
mode is set; if it is |oW, the serial interface mode is set. This pin is internally connected to a Schmitt trigger
input circuit having hysteresis characteristics and thus is protected from the adverse effect of noise.

1.5 CAE (CHIP ADDRESS ENABLE) ---- INPUT PIN SHARED BY D2 PIN

The function of this pin is effected when the RESET and P/S signals both go low, i.e., when the serial interface
mode is set. When this pin goes high in synchronization with the failing of the RESET and P/S signals, the
chip address function is enabled; when the CAE pin goes low, the chip address function is disabled. This pin
is internally connected to a Schmitt trigger input circuit having hysteresis function and thus is protected from
the adverse effect of noise.
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1.6 CAO AND 1 (CHIP ADDRESS) ---- INPUT

These two pins assign an address to each of several yPD7228 chips, when a multiple chip systemis configured.
These pins are independent from the CAE input pin in the parallel interface mode, bit, in the serial interface
mode, compare the chip address information sent from the CPU when the chip address function of the CAE

pin is enabled.

Table 1-1 Levels of CA1 and 0 Pins

Mode CA1, 0

With chip address function enabled and
« always in parallel interface mode
* when CAE = 1 in serial interface mode

Set to 00, 01, 10, or 11 (fixed to
00 in a single chip system)

With chip address function disabled and
when CAE = 0 in serial interface mode

Fixed to 00

Note 1. When a multiple chip system is configured and used in the serial interface mode, chip address
function is enabled by supplying as many decodes CS signals as there are uPD7228 chips in the
system to each chip in the system, even though the CAE pin is low, disabling the chip address
function. At this time, however, the CA1 and 0 pins must both be cleared to 00.

The CA1 and 0 pins are internally connected to a Schmitt trigger input circuit having hysteresis charac-
teristics and thus is protected from the adverse effect of noise.

1.7 CS (CHIP SELECT) - INPUT

This is a low-active chip select signal input pin.

When the chip address function is disabled, inputting a low-level signal to the cs pin makes the STB/SCK
inputsignal and C/D input signal valid, enabling command input and data input/output. When the chip address
function is enabled, merely lowering the CS signal is not sufficient to make the STB/SCK and C/D input signals
valid. The chip address information sent from the CPU must also coincide with the signals input to the CAQ
and 1 pins.

When the signal input to the cs pin is raised to high level, the D3 to DO and BUSY pins unconditionally
enter the high-impedance status. The CS pin is internally connected to a Schmitt trigger input circuit having
hysteresis characteristics and thus is protected from the adverse effect of noise.

1.8 STB/SCK (STROBE/SERIAL CLOCK) .- INPUT

In the parallel interface mode, this pin inputs a strobe signal that is used to input/output 4-bit parallel data
(STB pin function). In the serial interface mode, this pin functions as the SCK pin that inputs serial clocks
necessary for inputting or outputting serial data.

B Ly27525 0070702 884 M
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1.9 C/D (COMMAND/DATA) -... INPUT

This pin selects commands or data to be input in paralle! or serial mode. To input commands, raise the
level of this pin; lower the level to input data.

When commands or data are input in the parallel interface mode, the C/D pin content is latched at the second
rising edge of the STB signal. In the serial interface mode, the C/D pin content is latched at the eighth rising-
edge of the SCK signal. Do not change the C/D pin level before the STB signal rises for the first time in the
parallel interface mode.

To output data, always keep the C/D pin at the low level, regardiess of whether the parallel or serial interface
mode is used.

The C/D pin is internally connected to a Schmitt trigger input circuit having hysteresis characteristics and
thus is protected from the adverse effect of noise.

1.10 BUSY (BUSY) --.. 3-STATE OUTPUT

This pin outputs an active-fow BUSY signal to the CPU to inform the CPU that uPD7228 is busy. When the
BUSY signal is low, the CPU cannot read or write uPD7228.

The BUSY signal goes low at the second rising edge of the STB signal in the paralle! interface mode; in
the serial interface mode, it goes low at the eighth rising edge of the SCK signal. When internal processing
for uPD7228 is over, the BUSY signal goes high.

The BUSY signal for a yPD7228 enters the high-impedance status when that uPD7228 is not selected (i.e.,
when the CS pin is high or the chip address sent from the CPU does not coincide with the uPD7228 address).

1.11 SYNC {SYNCHRONOUS) -.-- 3-STATE OUTPUT

If more than one uPD7228 is used to configure a multiple chip system, where the row drive signal is
commonly used, the SYNC pin inputs or outputs a sync signal that synchronizes the phases and frame cycles
for the LCD drive AC signals (row/column signals) of all uPD7228s.

In a multiple chip system, one of the several uPD7228s is selected as the master chip. The SYNC pin for
the master chip is set in the output mode. Allthe other chips in the system are regarded as slave chips, whose
SYNC pins are set in the input mode.

The SYNC pin for each uPD7228 is set in the input or output mode by the SMM command.

The master chip, whose SYNC pin is set in the output mode, outputs a sync pulse during the last cycle for
each frame. The slave chips read the sync pulse output by the master chip and are synchronized with the
master chip.

Figs. 1-1 and 1-2 below, respectively show output timing charts for the SYNC signal with 8- and 16-time
division LCDs. When only one uPD7228 chip is used in a system, the SYNC pin may be set in either of the
input or output modes. However, when the pin is set in the input mode, the potential on the pin must be fixed
to Vss. In the output mode, open the SYNC pin.

Fig. 1-1 SYNC Signal with 8-Tirﬁe Division LCD
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Fig. 1-2 SYNC Signal with 16-Time Division LCD

} 1 frame
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~ |

1.12 CO TO C41 (COLUMN)}) .... OUTPUT
These pins output LCD column drive signals.

1.13 R8/C49 TO R15/C42 (ROW/COLUMN) ... OUTPUT

These dual-function pins output row drive signals or column drive signals to an LCD. Whether these pins
serve as the row drive signal output pins or column drive signal output pins is specified by the SMM
command.

1.14 RO/R8 TO R7/R15 (ROW) --.- OUTPUT
These eight pins output row drive signals RO to R7 or R8 to R15. Whether row drive signals RO to R7 or
R8 to R15 are output is specified by the SMM command.

1.15 Vic1 TO Vics (LCD DRIVE VOLTAGE SUPPLY) -..- INPUT
These pins input a reference voltage that determines the voltage level for the LCD row and column drive
signals.

1.16 CLOCK (CLOCK) .--- INPUT
This pin inputs an external clock signal.

1.17 RESET (RESET) ---- INPUT

This pin inputs a high-active RESET signal, which takes precedence over any other uPD7228 operations.
The RESET signal is also used to release the standby mode or to retain data in the data memory on a low supply
voltage.

1.18 Voo
Positive supply voltage pin

1.19 Vss
GND pin.
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2. INTERNAL FUNCTIONAL BLOCKS

2.1 SERIAL/PARALLEL INTERFACE

The interface circuit for uPD7228 can function as a serial and parallel interface. Which interface function
is effected is determined by the P/S pin level, when the RESET signal goes low. That is, the circuit operates
as a parallel interface, when the P/S pin is high, when the RESET signal goes low, and it functions as a serial
interface, when the P/S pin is low.

All the commands and data sent from the CPU are written to yPD7228 through this interface circuit. In
addition, the interface is also used to output data from uPD7228 to the CPU. The serial/parailel interface
operation differs, depending on the data processing mode to be set. When the RESET signal has been input,
#PD7228 is set in the write mode, allowing the first command to be input. After that, the LCD controller/driver
is set in a write-related or read-related mode by a data processing mode setting command.

When the write, AND, OR, or a character write mode is set as the data processing mode, the serial/parallel
interface enters the data input mode and reads data from the Si pin (serial data) or the D3 to DO pins (4-bit
parallel data) in synchronization with the rising edge of the SCK or STB signal.

When the read mode is set, the serial/parallel’interface is set in the data output mode and outputs data from
the SO pin (serial data) or D3 to DO pins (parallel data) in synchronization with the rising edge of the SCK or
sTB signal.

The serial/parallel register, shown in Fig. 2-1, serves as a buffer between the 8-bit serial data or two 4-bit
parallel data transferred through the serial |/O pins (Sl and SO) or parallel I/O pins {D3 to D0), and 8-bit paraliel
data of the data memory.

Fig. 2-1 Serial/Parallel Interface

\ Internal bus R

8
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RESET O—> —
S O——»| Readiwrite SCK 8-bit serialfparallel SO
o] register
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cB o control bit03 bit4 7
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The data input from the CPU to the serial/parallel interface is sent, if input of command is specified by the
C/D pin, from the serial/parallel register to a command decoder, where the data is decoded.

When the C/D pin specifies input of data, the data loaded to the serial/parallel register is transferred to the
data memory as is in the write mode. In the AND or OR mode, the data loaded to the serial/paraliel register
is ANDed or ORed with the contents of the data memory, and the result of the AND or OR operation is
transferred to the data memory. In the character mode, the data loaded to the serial/parallel register is
regarded as an ASCII or JIS (Japan Industrial Standard) code, sent to the character generator, decoded into
a character display pattern consisting of 5 by 7 bits, and stored in five contiguous addresses of the data
memory.

The serial/parallel interface outputs data to the CPU, only when the read mode is set. In the read mode,
the serial/parallel interface always read 8-bit data from the data memory in preparation for the next read
operation, and sets the data in the serial/parallel register.

In the serial interface mode, the higher 4 bits of the serial/parallel register are output from the D3 to DO
pins at the first rising edge of the STB signal, and the lower 4 bits of the register are output at the second rising
edge of the STB signal. In both the serial and parallei interface modes, when the first 8-bit data has been
output, the next 8-bit data is automatically read out from the data memory and is set in the serial/paralle!
register.

2.2 COMMAND DECODER

If the 8-bit data input through the serial/parallel interface is specified by the C/D pin to be a command (when
the C/D pin is 1), the command decoder reads that data as a command, decodes it, and generates an internal
control signal.

2.3 CHARACTER GENERATOR

Thecharacter generator becomes valid when a character mode setting command (SCML or SCMR) has been
implemented. Itinterpretsthe 8-bit data written to uPD7228 through the serial/parallel interface as ASCll codes
(alphanumeric characters and symbols) or JIS codes (katakana and symbols), generates 5 x 7 dot matrix patterns
corresponding to the codes, and transfers the dot matrix patterns to five contiguous addresses of the data
memory. Therefore, the character generator transfers 7-bit dot matrix pattern five times to the memory.

The character generator can generate a total of 160 types of characters, which are broken down as
follows:

ASCII JIS

Uppercase characters: 26 | Katakana: 55
Lowercase characters: 26 | Symbols: 9
Numerals 10

Symbols : 34

10 M Lu2?525 0070706 42T IR
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Fig. 2-3 shows the correspondence between the character (ASCll or JIS) codes and 5 x 7 dot display patterns.
Ninety-six codes, from 20H to 7FH, correspond to ASCIl characters and sixty-four codes, from AOH to DFH,
correspondto JIS characters. Fig. 2-2 shows the LCD configuration when the character generator is used. Each
character consists of 5 by 7 dots. Because the character generator does not use the most significant bits (bit
7) of data memory addresses, the dots for an LCD (R7 in the 8-time division mode and R7 and R15 in the 16-
time division mode) corresponding to the most significant bits can be used as a cursor or the display pattern
of an indicator, independently from the character generator.

The most significant bits can be manipulated by cursor manipulation commands (WRCURS and
CLCURS).

Fig. 2-2 LCD Configuration

(8} 8-time division mode (b} 16-time division mode
R —— _ RO ——— L RO
I | R1 S | R
— L R2 R ___ R2
S | R3 I . R3
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— RS S L RS
S | R6 I ______ R6
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Caie  Coanz Cn ] l__ ___ R10
— ____ Rm1
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Fig. 2-3 Character Codes and Displayed Patterns
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2.4 DATA POINTER
The data pointer comprises a 6-bit binary counter (bits DP5 to DP0) and 1 bit of bank flag (BNKF}, as shown

in Fig. 2-4, and points to an address of the data memory.

Fig. 2-4 Data Pointer Configuration

6-bit binary counter

A

BNKF DP5 | DP4a | DP3 | DP2 | DPt DPO

The contents of the bank flag and the 6-bit binary counter are simultaneously set by the immediate data
from the LDPI command. The BNKF content specifies one of two banks of the data memory (i.e., bank 0 is
specified when BNKF is 0, and bank 1 is specified when BNKF is 1), while the contents of the 6-bit binary
counter specifies an address (00H to 31H) in the bank specified by the BNKF.

The 6-bit binary counter is an up-down counter, whose contents are modified (increased by 1, decreased
by 1, or retained) in the read, write, AND, and OR modes as specified by a mode setting command each time
8-bit data is input or output.

When the BSET or BRESET command is carried out, the 6-bit binary counter contents are modified as
directed by the command. In the character mode, the counter contents are increased or decreased by five
each time 8-bit data is input or output, or each time a cursor processing command is carried out.

Note The 6-bit binary counter contents can be a value outside the address range of the data memory. For
example, although the lower limit of the address range is 00H and the upper limitis 31H, itis possible
to decrease the counter contents from Q0H by one to 3FH, or to increase them from 31H by one to
32H. However, the data memory accomplishes nothing in response to a command that specifies
an address from 32H to 3FH.

2.5 DATA MEMORY

The data memory is a static RAM, which consists of two banks, with each bank consisting of 50 words by
8 bits, as shown in Fig. 2-5. The memory stores display data.

Fig. 2-5 Data Memory Configuration

QOH
Bank 0
(50 x 8)
31H
00H
Bank 1
(50 x 8)
31H
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A data memory bank is specified by the bank flag (BNKF) for the data pointer and is addressed by the
6-bit binary counter for the data pointer.

When the CPU writes 8-bit data to the serial/parallel interface for uPD7228, the data is processed or decoded
in accordance with a data processing mode set in advance, and then is written to the data memory.

The data memory contents are directly manipulated by a bit manipulation command.

When uPD7228 is set in the read mode, the data memory contents are output to the CPU through the serial/
parallel interface. The data memory contents can also be independent from the write and read operations
of commands and data, which are transferred between uPD7228 and CPU through the serial/parallel interface,
and can be read bitwise in synchronization with the row drive signals and sent to the column driver. How
the display data is read out to the column driver differs, depending on the number of divisions for the LCD,
more specifically, the number of rows for the LCD.

(1) When the LCD has 8 rows (in single/multiple chip configuration)
The dispiay data in one of the two banks specified by the SMM command is read to the column
driver.
Each bit in the specified data memory bank corresponds to each dot of the LCD, as illustrated in Fig.
2-6, and when a data memory bank bit corresponding to an LCD dot at the intersection of a row and a
column of the LCD is 1, the LCD dot lights; when the bit is 0, the dot remains dark.

Fig. 2-6 Data Memory

31H  30H . 01H  O0H
bit 0 " | RO
1 4 ;1
2 4 | R2
3 : — R3 Corresponding
4 ¥ | Ra [ row signals
5 ¥ | &
6 ¥ R
7 b | R7
CL CL cl Co

\ 4

To column driver
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{2) When the LCD has 16 rows {in single chip configuration)
Both banks 0 and 1 of the data memory are used to drive a total of 672 LCD dots (= 42 words by 16 bits,
with data memory addresses 30H and 31H unused). Each bit in the data memory corresponds to each

dot of the LCD which, again, is at the intersection of a row and a column of the LCD, as shown in Fig.
2-7.

Fig. 2-7 Data Memory

29H  28H 01H  00H

(bit0

R1
R2
R3
R4
RS
R6
R7 Corresponding
R8 row signals
R9
R10
RN
R12
R13
R14
R15

Bank 0 <

Bank 1 9

MR

N OO R W N =S O N AW NS

R R o o W R M wWR R M MR oM

|

C41  C40 ] co

’
\

v

To column driver

When a bit in the data memory corresponding to an LCD dot at the intersection of a row and a column
is 1, the dot lights; when the bit is 0, the dot remains dark.
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(3) When the LCD has 16 rows {in multiple chip configuration)

Both banks 0 and 1 of the data memory are used to drive a total of 800 LCD dots (= 50 words by 16 bits,
because, this time, all the words of the data memory are used). Note that one uPD7228 chip outputs eight
row drive signals: RO to R7, or R8 to R15.

Fig. 2-8 shows the correspondence between the data memory bits and the bits ofthe row driver and column
driver for one uPD7228 chip. Note that, although all the 16 row drive signals, RO to R15, are shown in
this figure, one uPD7228 outputs only eight row drive signals, say, RO to R7, and that the rest of the
signals, R8 to R15, are output by another uPD7228.

Fig. 2-8 Data Memory

31H  30H 01H  00H

(bito

L R1
_____ R2
| R3
| R4
| RS
—__ R6
— R7 Corresponding
N T row signals

| RO
L R10
L RN
___ R12
| R13
| R4
1l Ri15

Bank 0 <

O ~N O O bW -

Bank 1 <

F P @ R R R O R M R MmO R R R R

N O s W N =

o

C49 C48 Cc1 Co

v

To column driver
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2.6 LCD VOLTAGE CONTROL CIRCUIT

This circuit divides the DC voltage supplied from an external power source through the LCD drive reference
voltage input pins (Vic1 to Vic5) by an AC signal synchronous with the CLOCK and SYNC signals, and suppiies
a signal to the row and column drivers. The signal supplied to the drivers determines volitage levels at which

row and column drive signals should be selected or not, as shown in Table 2-1. The signal also determines
the phase of the row and column drive signals.

Table 2-1
8-time division 16-time division
- + - +
Selected Vic0 Vich Vico Vich
Row Not selected Vicd YLC1 Vicd Viet
Selected Vics Vico Vich Vico
Column Not Selected Vic2* Vic2 Vic3 Vic2

* Vie2 = Vie3

2.7 LCD TIMING CONTROL CIRCUIT

This circuit generates timing signals necessary for automatic reading of display data and for driving the
LCD in accordance with a frame frequency specified by the SFF command, based on the clock signal and with
the number of time divisions specified by the SMM command. The circuit then supplies the timing signals
to the data memory, row and column drivers, and LCD voltage control circuit.

If the SYNC signal is set in the output mode by the SMM command, the SYNC signal is output in each frame
cycle. Ifthe SYNC signal input mode is set by the command, the SYNC signal supplied from another uPD7228
chip is input and synchronized in frame cycle units to generate the timing signals.

The SYNC signal input/output function is used to synchronize the LCD drive timing for each uPD7228 chip
in multiple chip configuration.

17
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2.8 ROW AND COLUMN DRIVERS

pPD7228 is provided with three types of drivers. One is a column driver that drives column signals CO to
C41. Another is a row driver that drives row signals RO to R15. The other is a row/column driver that drives
row signals R15 to R8 and column signals C42 to C49.

The functions of the row driver and row/column driver are determined by the SMM command, as shown

in Table 2-2.
Table 2-2
M2 M Mo™'| Number of rows RO/R8-R7/R15 R15/C42-R8/C49
0 0 0
0 1
0 8 RO-R7
0 1 0
0 1 1 C42-C49
1 0 0 N
R8-R15"2
1 0 1
16
1 1 0
RO-R7"3
1 1 1 R15-R8
*1. Mz, M1 and Mo are the specification codes for the SMM command.
*2. RO to R7 are output by another chip.
*3. R8to R15 are output by another chip. However, when M2M1Mo = 111, pins R15/C42 to R8/C49

are used to output row signals in single chip configuration, so that a single chip for uPD7228
outputs all the 16 row signals.

These drivers select an analog voltage corresponding to the display data read out from the data memory
and the timing signal supplied by the LCD timing control circuit, creates row and column drive signals that
can directly drive an LCD, and outputs the signals to the row and column pins. The level and phase of a selected
analog voltage are determined by the LCD voltage control circuit.

18

B Ly2?525 00?0714 5TL I



NEC uPD7228

3. DATA INPUT/OUTPUT OPERATIONS

Commands and data uPD7228 handiles are 1 byte (8 bits) long. A 1-byte command or data is processed
each time it has been transferred between the CPU and uPD7228, regardless of whether the serial or parallel
interface mode is set.

Whether or not byte data has been correctly transferred is checked by a byte counter (octal/binary counter)
that counts eight falling edges of the SCK signal or two falling edges of the STB signal.

This counter is unconditionally cleared when the CS signal or RESET signal goes high, so that the counter
gets ready for counting the new byte data. If the CS signal or RESET is allowed to go high while a byte is
being transferred, the byte may not be correctly transferred.

A transferred byte is processed as 8-bit serial data in the serial interface mode. When eight serial clocks
{SCK) have been supplied to a selected uPD7228, it is assumed that 1-byte data has been input or output, and
consequently, the uPD7228 starts its internal processing. The uPD7228 lowers the BUSY signal at the eighth
rising edge of the SCK signal, mformmg the CPU of its busy state. When the internal processing has finished,
the uPD7228 raises the BUSY signal to inform the CPU that the next byte can be transferred.

Serial data is input and output with its MSB first (see Figs. 3-1 and 3-2).

In the serial interface mode with the chip address function enabled, 8-bit serial data (through only the lower
2 bits of it have meanings), which indicates a chip address, is written to all the uPD7228s in the system, and
only the uPD7228, whose address coincides with the input 8-bit serial data, is allowed to input commands or
input or output data (see Figs. 3-3 and 3-4). In the parallel interface mode, 8-bit data is divided into two
4-bit data and input because the data bus of uPD7228 is 4 bits wide (D3 to D0). When the parallel data strobe
signal (STB) is input twice to a selected uPD7228, it is assumed that 1-byte data has been input to or output
from that uPD7228. The uPD7228 starts the internal processing, raising the BUSY signal at the second rising
edge of the STB signal to inform the CPU that it is busy. When the internal processing of the uPD7228 has
ended, the BUSY signal is raised, indicating that the CPU can transfer the next byte to the uPD7228.

The higher 4 bits of 8-bit paraliel data are input to or output from #PD7228 at the first rising edge of the
STB signal, while the lower 4 bits are input/output when the STB signal rises the second time.

The parallel interface for uPD7228 is compatible to 8243 I/O expander. Therefore, 8-bit parallel data can
be input to uPD7228 in the same manner as when outputting 4-bit data twice to 8243. Moreover, the 8-bit
data for uPD7228's serial/parallel register can be read out in the same manner as when reading 4-bit data out
twice from 8243,

In the parallel interface mode, the chip address function for uPD7228 is always enabled, and chip address
information is input through the D1 and DO pins at the first falling edge of the STB signal after the CS signal
has fallen. As the chip address information, the lower 2 bits of a command code, output from the CPU as data
selecting ports 4 to 7 of 8243, are used. After the CS signal has risen, the CPU outputs a command code at
the second falling edge of the STB signal, but this command code is meaningless for uPD7228 (see Figs.
3-56 and 3-6). For details on the chip address function, refer to 4.
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Fig. 3-1 Serial Input Timing (with chip address function disabled)
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Fig. 3-2 Serial Output Timing
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Fig. 3-5 Parallel Input Timing
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Fig. 3-6 Parallel Output Timing
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4. SELECTING FUNCTION INTERFACING BETWEEN nuPD7228 AND CPU

Although commands and data processed by uPD7228 are 8 bits long, uPD7228 communicates with the
CPU through an 8-bit serial or 4-bit parallel interface. In addition, uPD7228 has a chip address select function,
so that more than one chip for uPD7228 can configure a multiple chip system.

Whether the serial or parallel interface of uPD7228 is used, and whether the chip address select function
is used or not are specified by the data sent by the CPU through the D2 (CAE) and D1 (P/S) pins for uPD7228,
when the RESET signal for uPD7228 is released li.e., falls).

Fig. 4-1 Interface Specification Timing

RESET /

D2/CAE)
DIAP/S)
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Table 4-1 Interface Specification Codes

D2/(CAE){ D1/(P/S)

Specifies serial/paraliel
interface

Specifies chip address select
function

Serial

Disabled

Enabled

on

Parallel

4.1 DUAL-FUNCTION PINS FUNCTIONS

Depending on whether the serial interface or parallel interface is specified, the functions for dual-function
pins, used to input clock and to input/output data pins (STB/SCK, and D3/SO, D0/SI), differ as shown in Table

4-2.

Table 4-2 Dual-Function Pins Functions

Pin With serial interface (P/S = 0) | With parallel interface (P/S = 1)
STB/SCK SCK input STB input
D3/S0O SO output
D2/(CAE) —_ D3 to DO I/O
— (4-bit parallel data bus)
D1/(P/S) -
Do/S! Sl input

4.2 CHIP ADDRESS SELECT FUNCTION

The chip address select function is to select (i.e., allow commands and data to be input or output by) one
of several uPD7228s connected to the CPU, so that the CPU does not have to send several chip select (CS)
signals. Each uPD7228 chip is assigned a chip address in advance (by CAO and CA1 pins). The CPU sends
2-bitchip address information as serial or parallel data. Thechip address select function forauPD7228 compares
the chip address for the uPD7228 with the chip address information sent by the CPU, and, if both the addresses
coincide, it enables the uPD7228 to input or output commands and data. This function is unconditionally
effected in the parallel interface mode. However, in the serial interface mode, it is enabled when the D2/{CAE)
signal is set to 1, when the RESET signal has been released.

(1) In parallel interface mode (See Fig. 3-56 and 3-6.)
The chip address information is the 2-bit data read to the D1 (corresponding to CA1) and DO {corresponding
to CAO) pins at the first rising edge of the STB signal after the CS signal has fallen.
Since the uPD7228 interface is compatible to the interface for 8243 /O expander, uPD7228 can be con-
nected by using the 8243 interface function for uPD7500 or uPD80C48. The chip address information (0
to 3) for that uPD7228 can be input to the D1 and DO pins by executing an output or input instruction for
the ports 4 to 7 of 8243, when the STB signal falls.

25
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{2) In serial interface mode (See Fig. 3-3 and 3-4.)

The 2-bit chip address information is the lower 2 bits of the data read to the S| pin at the seventh
(corresponding to CA1) and eighth (corresponding to CAO) rising edges of the SCK signal after the CS
signal has fallen, i.e., the first 8-bit data input to the SI pin.

Note In multiple chip configuration, the chip address comparison data for each uPD7228 is cleared

Note

to 00, when the RESET signal has been input. When the CS signal goes low, immediately after
the RESET signal has been released, the chip whose CA1 and CAO pins are cleared to 00 raises
its BUSY signal to the high level, informing the CPU that the chip can now be accessed.

The CPU starts accessing this chip, when it has detected the high level of the BUSY signal.
However, the CA1 and 0 pins of the chip to be accessed first do not necessarily have to be 00,
and the chip to be accessed first can be determined by the chip address information the CPU
sends, when it accesses a chip.

In a multiple chip system using a parallel interface, when a chip which should alternate with
another chip is continuously selected in the read mode, do not read that chip immediately when
it has been selected for the second time. Before reading the chip, implement a data pointer load
command to set a restart address. The data pointer load command must also be carried out
before reading a chip, if the chip alternating with another chip has contiguous read addresses.

5. SUPPLYING LCD DRIVE REFERENCE VOLTAGE

The way the LCD drive reference voltage is supplied to uPD7228 differs, depending on whether uPD7228

controls/drives an 8- or 16-time division LCD, as shown in Fig. 5-1 and 5-2.

26

Fig. 5-1 With 8-Time Division LCD Fig. 5-2 With 16-Time Division LCD
(VicO) Voo Voo {Vic0) Voo Voo
Vict Voo— % Vico Viel Voo— % Vico
Vic2 Voo~ % Vico Vic2 Voo~ % Vieo
HPD7228 ‘ uPD7228
Vi3 Vi3 vlm-ngco
Vicd Voo- % Vico Vicd Voo— g Vico
VicS Voo—-Vico Vich Voo-Vico

Remarks Keep the LCD drive voltage (Vico) to Voo or less, regardless of whether an 8- or 16-time division

LCD is to be driven.
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5.1 LCD DRIVE REFERENCE VOLTAGE DIVIDER

The LCD drive reference voltages, shown in Figures 5-1 and 5-2, respectively, can be supplied volitage
dividers connected across the Voo and Vss pins, as shown in Fig. 5-3 and 5-4, respectively.

Fig. 5-3 With 8-Time Division LCD Fig. 5-4 With 16-Time Division LCD
{Vic0) Voo Voo (Vic0) Voo * 4 Voo
R1 R1
Viel Vit
R1 R1
Vic2 i Vie2
R1
uPD7228 Vic3 uPD7228 Vie3
R1 R1
Vicd Vicd
R1 R1
Vich Vich |
R2 ) R2
Vss Vss Vss . Vss

In the above figures, the values for resistors R1 and R2 are determined by the following formutas:

Vico
R1 = R (Btime divic
4 (Vop - Vicp) x R2  (8-time division)
A
R1= = xR2  {16-time division)

5 (Voo - Vico)

5.2 REDUCING CURRENT DISSIPATION WITH RESET SIGNAL

When the LCD drive reference voltage is supplied through a voltage divider, a slight amount of current leaks
through the resistors across the Voo and Vss pins, even when uPD7228 is set in the STOP mode or is reset.
In"a system such as the one powered by a battery where the leakage current may have an adverse effect, it
is necessary to keep the supply current from flowing through the resistors in the voltage divider. This can
be done by cutting off the current path by an external circuit, as shown in Fig. 5-5. The circuit shown in this

figure uses the RESET signal and prevents the current from flowing into the resistors, when the RESET signal
goes high.

27
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Fig. 5-5 Current Path Control with RESET Signal
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Remarks The power source for the CPU and uPD7228 must be the same.
6. DISPLAY EXAMPLES

Fig. 6-1 shows the contents for the data memory and the corresponding LCD display patterns, when
uPD7228 displays the characters “AEZ” on an 8-time division LCD.

In this example, three digits of 5 x 7 (5 x 8) dot LCDs, data memory addresses 00H to OEH (0 to 14}, and
column signals CO to C14 are used.

Fig. 6-2 shows a timing chart corresponding to the character “A” displayed on columns C14 to C10 in Fig.
6-1. Fig. 6-3 shows the data memory contents and LCD display patterns to dispiay the characters “ANZ" and
numerals “8, 5” on a 16-time division LCD.

In this example, six digits of 5 x 7 (5 x 8) dot LCDs, addresses 00H to OEH (0 to 14) in data memory banks
0 and 1, and column signals CO to C14 are used.

Fig. 6-4 shows a timing chart corresponding to “A” and “8" displayed on the columns C14 to C10 in Fig.
6-3. In Fig. 6-2 and 6-4, when the difference between the row and column signals in waveform level ranges
from Vico AND —Vico, the LCD dot, corresponding to each waveform level, lights.
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Fig. 6-1 With 8-Time Division LCD

upPD7228 -
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Data memory addresses in bank 0/1 4 * N
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1i0|0)JO0|Y|1|O0|lO|JO|O|O]JO|O}J1]|O bit 2
1 1 1 1 1 1 1 1 1 |00 41 0|0 bit 3
1yo0i0jo0jt{1io0to0|l0jOojOo{1|0]O0]|O bit 4
1{o0jo0jo0(1y17(0|0|0j0{1|0{0|O0]|O bit 5
1 0i0}0 1 1 1 1 1 1 1 1 1 1 bit 6
orojolO0jOojO0Oj0fO0O|0jOlO0O|O]J]O]|O]|O bit 7

ol o Ol | &N| | | D
I 2 ¥ = 2 of of ~ o v 2 o o ~ o ol el &2l @
O O O] O Of © O] O Of O O O] O} O] O S =| d] ol 3| B B &

C ojc|clac| e

Note Display data is read from either bank 0 or 1.
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Fig. 6-4 With 16-Time Division LCD
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7. STANDBY MODE

uPD7228 is provided with a standby mode, in which the power dissipation for uPD7228 is reduced.

This mode is set when the STOP command has been carried out and the BUSY signal has subsequently
gone high. When setin the standby mode, uPD7228 internally masks the CLOCK signal to stop supply of clocks
to the LCD timing control circuit and clock control circuit and initializes the data processing mode to the write
mode in which autoincrement (l1lo = 00} is accomplished. However, the other modes are not changed and,
therefore, the interface mode and display mode are retained.

The standby mode is released when 1-byte data (command or data) has been input or when the RESET signal
goes high, though the subsequent operations and processing, while in the standby mode, differ depending
on whether the standby mode is released by input of 1-byte data or RESET signal.

During the standby mode, supply of the CLOCK signal to uPD7228 can also be stopped, in which case the
power dissipation for uPD7228 can be reduced to a level lower than that when the CLOCK signal is internally
masked by uPD7228.

7.1 RELEASING STANDBY MODE

(1) By writing 1-byte data
To retain the operation modes (except the data processing mode) immediately before the standby mode,
even after the standby mode has been released, release the standby mode by writing 1-byte data
(command or data) to uPD7228. The standby mode is released when 8-bit serial data has been written
in the serial interface mode (at the eighth rising edge of the SCK signal) or when the second 4-bit data
has been written in the parallel interface mode (at the second rising edge of the STB signal).
However, if the chip address select function is used in the serial interface mode, and if the CS signal goes
high during the standby mode, the first 8-bit data input after the CS signal has gone low is used as chip
address information. Therefore, the standby mode is not released until the next 8-bit data is input.
Note in the standby mode, the supply of clocks necessary for AC driving of the LCD is stopped. As
aresult, the LCD drive signals are fixed to the voltage level immediately before the standby mode
is set. Consequently, a DC voltage is continuously applied to the LCD. To prevent this, control
the voltage on the Vich pin by using an output port of the CPU, as shown in Fig. 7-1, to output
a high-level signal from the output portimmediately before the STOP command is implemented,
so that no potential difference exists across the Voo and Vich pins.
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Fig. 7-1 LCD Drive Voltage Contro!l

Voo
Voo Voo (VicO)
— Vil
—] Vic2
CPU —] Vic3  uPD7228

— Vicd

= }* Vics

Output port 7{

Remarks The power source for the CPU and pPD7228 must be the same.

(2) By RESET signal

In a system where only the data memory contents have to be retained, when the standby mode has been
released, the RESET signal can be used to release the standby mode. To use the RESET signal, the signal
must be raised to the high level after the standby mode has been set (which can be confirmed by the high
level of the BUTsignal). The standby mode is released by lowering the RESET signal. While the RESET
signal is high, the LCD drive output pins are in the status same as when they are reset and apply no voltage
to the LCD. In this case, however, unlike the ordinary reset operation, the data memory contents do not
become undefined, when the RESET signal has been input, and the memory data immediately before the
standby mode is set are retained during the standby mode. After the mode has been released, therefore,
the data can be used. In a system employing this standby mode releasing method, the current path can
be controlled using the RESET signal, as shown in Fig. 5-5.
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7.2 STOPPING CLOCK SUPPLY AND RETAINING DATA ON LOW VOLTAGE IN STANDBY MODE

In the standby mode, only the data memory contents can be retained on a tiny amount of voltage. In this
case, the power dissipation for uPD7228 can be reduced further by stopping the supply of the CLOCK signal
to uPD7228. To stop the supply of the CLOCK signal in the standby mode, confirm that uPD7228 has been
set in the standby mode (by checking whether the BUSY signal has gone high after the STOP command was
carried out), raise the RESET signal to the high level, wait for a specified time, and then stop the supply of
the CLOCK signal.

Fig. 7-2 Stopping CLOCK Supply in Standby Mode

sToP |-——— Standby mode —-| l

BUSY <> I i
[ I
RESET
cLOCK

___| tshc l__ Data can be retained __| tHAC ;,_

on low voltage
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RESET
When a high-level signal has been input to the RESET pin, uPD7228 is initialized as follows:

« The chip address comparison data (compared with the signals input to the CA1 and CAOQ pins) are
initialized to 00. Therefore, in muitiple chip configuration, the BUSY signal operation differs, depending
on whether or not the chip address coincides with the address information sent from the CPU, i.e.,
whether or not the CA1 and 0 signals for the chip are 00.

Chip with CA1and 0=00: The BUSY signal goes low, if the CS signal is 0; if the cs signalis 1, the
BUSY signal enters the high-impedance status.

Other chips : The BUSY signal enters the high-impedance status independently from
the input condition for the CS signal.

+ All the processing operations (command/data processing, reading of timing signal, and display data to
the row and column drivers) are stopped.

» ADC signal equivalent to the Vic3 level is output to all the LCD drive signal output pins (CO to C41, R15/
C42 to R8/C49, RO/R8 to R7/R15).

« The internal functions are set in the status in which the following commands are implemented.

SWM (o = 00) : autoincrement mode

LDPI (Ds to Do = 0000000) : data pointer is cleared to 0

SMM (Mz to Mo = 000) : 8-time division. RO to R7 functions of RO/R8 to R7/R15 pins. SYNC pin
in input mode. Data memory bank 0

SFF {F2 to Fo = 000) : frame frequency set to fci/214

* The byte transfer end counter is cleared.
« |f the standby mode has been set, it is retained.
» The data memory contents become undefined.

When the RESET signal is lowered, uPD7228 can start operating from the initialized status. Note that the

following processing is accomplished when the RESET signal goes low, and that the display output is in the
same status as when the DISP OFF command has been carried out.

36

» An interface specification code (specifying parallel or serial mode and whether the chip address select
function is enabled or disabled) is read from the DS/(CAE) and D1/(P/S} pins.

» The chip, whose CA1 and 0 pins are both 0, is selected.

o If uPD7228 is reset while in the standby mode, the standby mode is released. In this case, the data
memory contents are retained.
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Fig. 8-1 RESET Timing Example
(a)
RESET / \
CS / \
BUSY i \ R 2 . L. S S {
Output by selected chip Qutput by chip,
whose CA1 and 0 are 00.
(b}
RESET / \
= o’
BUSY \1 \ \{\']
Output by selected chip Output by chip,
whose CA1 and 0 are 00.
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9. COMMANDS
uPD7228 is provided with the following 16 commands, all of which are 1 byte (8 bits) long.

Table 9-1 Command List

Mnemonic Operation Hex. code
SFF Set Frame Frequency 10-14
SMM Set Multiplexing Mode 18-1F
DISP OFF Display Off 08
DISP ON Display On 09
LDPI Load Data Pointer with Immediate 80-B1, CO-F1
SRM Set Read Mode 60-63
SWM Set Write Mode 64-67
SORM Set OR Mode 68-68
SANDM Set AND Mode 6C-6F
SCML Set Character Mode with Left entry 71
SCMR Set 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 Set Stop Mode 01

9.1 LCD DISPLAY MODE SETTING COMMANDS
These four types of LCD display mode setting commands are available:

SFF  (Set Frame Frequency)
SMM (Set Multiplexing Mode})
DISP OFF (Display Off)

DISP ON (Display On)

{1) SFF (Set Frame Frequency)

0001‘0F2F1Fo

Set a frame frequency, which is the frequency of the clock input from the CLOCK pin and divided by a
ratio specified by bits F2 to Fo of this command.

38 M buie?525 0070734 394 A




NEC 1PD7228

F2 F1 Fo Frame frequency
0 0 0 fe/214
0 0 1 foy213
0 1 0 fey212
0 1 1 fe/211
1 00 fcy210
1 0 1
Inhibited
11 fcu: clock frequency

{2} SMM (Set Muitiplexing Mode)

0 0 0 11 M2 M Mo

Specifies the number of rows, selects the functions of the row and row/column drivers, sets the SYNC
pin in input or output mode, and specifies a data memory bank.

Mz M1 Mo | Number of rows | RO/R8-R7-R15 | R15/C42-R8/C49 | SYNC pin | Memory bank
0 0 0 0
Input
0 0 1 1
8 RO-R7
| 0 1 0 0
1 Output
| 0 1 1 C42-C49 1
i 1.0 0
! R8-R15 Input
1 0 1
16 0,1
1 1 0 0
N utput
1 1 1 RO-R7 R15-R8

(3) DISP OFF (Display Off)

00 0 01t 0 0O

Sets the row and column signal at a voltage level at which they are not selected and turns off the display.
The effect of this command is independent from the displayed data.

(4) DISP ON (Display On)

0000]1001

Accomplishes display operation in accordance with the displayed data.
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9.2 DATA POINTER LOAD COMMAND

(1) LDPI {Load Data Pointer with immediate)

1 De Ds DAIDa D2 D1 Do

Ds-o = 00H-31H, 40H-71H
Loads 7 bits of immediate data (bits De to Do) to the data pointer.

9.3 DATA PROCESSING MODE SETTING COMMANDS
The following six types of data processing mode setting commands are provided:

SRM {Set Read Mode)

SWM {Set Write Mode)

SORM  (Set OR Mode}

SANDM (Set AND Mode)

SCML  (Set Character Mode with Left entry)
SCMR  (Set Character Mode with Right entry)

By writing any of these commands, uPD7228 is set in the mode specified by the command and processes
data in the set mode, until the mode is changed by another data processing mode setting command.

The lower 2 bits (11 and lo} for each data processing mode command specifies how the data pointer should
be modified, each time byte data is processed, as shown in the table below.

hh e Data pointer modification

0 0 |Incremented by 1 each time byte data processed (autoincrement)

0 1 | Decremented by 1 each time byte data is processed (autodecrement)

1 0 | Inhibited

1 1 | Not modified (same address is retained)

(1) SRM (Set Read Mode)

0 1 1 00 0 b I

Sets the read mode.

In this mode, the data memory contents addressed by the data pointer are automatically transferred to
the serial/parallel register. After that, the data pointer contents are modified as specified by bits |+ and
lo of this command. When all the 8-bit contents of the serial/parallel register have been read by the CPU,
the next data memory contents addressed by the modified contents of the data pointer are automatically
transferred to the serial/parallel register. In this way, the contents of the data pointer and serial/paraliel
register are updated each time the CPU reads 8-bit data from the serial/parallel register.
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(2)

{3)

(4)

(5)

SWM (Set Write Mode)

Sets the write mode.

in this mode, the 8-bit data, written by the CPU to the serial/parallel register, is stored in the data memory
addressed by the contents of the data pointer. After that, the contents of the data pointer are modified
as specified by bits |1 and lo of this command. In the same manner, the contents of the data pointer and
serial/parallel register are updated each time the CPU writes 8-bit data to the serial/parallel register.

SORM {Set OR Mode)

Sets the OR mode.

Inthis mode, the 8-bit data written by the CPU to the serial/paraliel register are ORed with the data memory
contents addressed by the data pointer contents and the OR operation result is stored in the same data
memory address. After that, the data pointer contents are modified as specified by bits l1 and lo of this
command. In the same manner, the contents for the data pointer and serial/parallel register are updated
each time the CPU writes 8-bit data to the serial/parallel register.

SANDM (Set AND Mode)

Sets the AND mode.

In this mode, the 8-bit data written by the CPU to the serial/parallel register are ANDed with the data
memory contents addressed by the data pointer contents and the AND operation result is stored in the
same data memory address. After that, the data pointer contents are modified, as specified by bits 11 and
lo for this command. In the same manner, the contents for the data pointer and seriél/paraHel register
are updated, each time the CPU writes 8-bit data to the serial/parallel register.

SCML (Set Character Mode with Left entry)

0111'0001

Set the left entry character mode.

In this mode, the 8-bit data written by the CPU to the serial/parallel register is decoded by the character
generatorinto an ASCIl or JIS code, consisting of 5 by 7 bits, and is written to five contiguous data memory
addresses. The highest address of these five addresses is indicated by the data pointer contents. As a
result, the data pointer contents are decremented by five. In the same manner, the contents for the data
pointer and serial/parallel register are updated, each time the CPU writes 8-bit data to the serial/parallel
register.
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(6) SCML (Set Character Mode with Right entry)

6 1 1 10 0 1 0

Set the right entry character mode.

In this mode, the 8-bit data written by the CPU to the serial/parallel register is decoded by the character
generator into an ASCIl or JIS code, consisting of 6 by 7 bits, and is written to five contiguous data memory
addresses. The lowest address of these five addresses is indicated by the data pointer contents. As a
result, the data pointer contents are incremented by five. In the same manner, the contents for the data
pointer and serial/parallel register are updated, each time the CPU writes 8-bit data to the serial/parallel

register.

9.4 MEMORY BIT MANIPULATION COMMANDS
The following four types of memory bit manipulation commands are available:

BRESET (Bit Reset)
BSET (Bit set)
CLCURS (Clear Cursor)
WRCURS (Write Cursor)

The BRESET and BSET commands can be accomplished in any data processing mode, and resets and sets
a specified bit of the data memory addressed by the data pointer. The bit to be reset or set is specified by
the BRESET or BSET command. After the specified bit has been reset or set, the data pointer contents are
modified as specified by the lower 2 bits (J1 and Jo) of the command byte. The CLCURS and WRCURS
commands are used to clear and display the cursor (bit 7 position). When these commands have been
executed, the contents of the data pointer are incremented or decremented by five.

The data pointer contents can be manipulated only when any of these commands is executed. After the
command has been carried out the data pointer contents are modified, in accordance with the previously set
data processing mode. ’ '

However, since the data pointer contents have already been modified by the bit manipulation command,
further modification of the data pointer contents starts from the value set by the command.

The command bits of the BRESET and BSET commands, Bz to B, specify a data memory bit as follows:

B2 B1 Bo Data memory

000

001
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(1

(2)

{3)

{4)

Jiv Jo Data pointer modification

0 0 Incremented by 1
0 1 Decremented by 1
1 0 Inhibited

1 1 Not modified (the same address is retained)

BRESET (Bit Reset)

0o 0 1 B2IB1 Bo Ji1 Jo

Resets to 0 a bit specified by the bits Bz to Bo of this command in the data memory addressed by the data
pointer. After that, the data pointer contents are modified in accordance with bits J1 and Jo.

BSET (Bit Set)

0 1 0 Bz|B1 Bo J1 Jo

Sets to 1 a bit specified by the bits B2 to Bo of this command in the data memory addressed by the data
pointer. After that, the data pointer contents are modified in accordance with bits J1 and Jo.

CLCURS (Clear Cursor)

When this command is carried out in the character mode, only bit 7 of a data memory address higher
{(SCMR mode) or lower (SCML mode) than the address indicated by the data pointer contents by five
addresses is reset to 0.

This command can be used to clear the cursor for display characters consisting of 5 by 7 dots.

WRCURS (Write Cursor)

When this command is carried out in the character mode, only the bit 7 of a data memory address higher
(SCMR mode) or lower (SCML mode) that the address indicated by the data pointer contents by five
addresses is set to 1. This command can be used to display the cursor for display characters consisting
of 5 by 7 dots.
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9.5 STANDBY MODE SETTING COMMAND

(1) STOP (Set Stop Mode)

0 0 0 00 0 O 1

Sets the STOP mode.

The data processing mode is initialized to the write mode of the autoincrement mode (I1 and lo = 00) when

this command has been carried out. The other modes are not affected.

System Configuration Example (Reference)

LCD (40 characters by 2 lines)

m

u

)

RO C49 -~ CO ca9 -~ €O cag ~ CO C49 ~ COR8~RI15
t cA1 CAllS, CAl cAl}
RT « e £ ) caof® ) caols, (3) CAG*
o O NALmZ
8 JwmiSRES
1 /\ i /\ ] AN 3
4 hY Z } Z AN
—a
S-2JYILLER
& agaraTQ
Q.
84, 84C series
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Notes on Interfacing with 84/84C Series CPUs

The interface mode specification data for uPD7228 (P/S signal) must be input to uPD7228 in synchroni-
zation with the falling edge of the RESET signal (when the RESET signal is released) and kept at the
specified level {high in the paraliel interface mode) for at least 4 microseconds after the RESET signal has
fallen. Therefore, in a system using an ROM-less product of 84/84C series, or a system using an external
ROM with an ROM integrated product of 84/84C series, particular attention must be paid to interfacing

these CPUs with uPD7228.

RESET

P/S(D1)

1HAD |

External ROM
P23
P22

84/84C P21

series P20
P24

tsor : Of2sMIN.
thro : 422sMIN.

} Higher 4 bits of ROM address

D7228

D3
D2

DUP/S)
DO

RESET

in these systems, data are transferred between the CPU and ;PD7228 through the lower 4 bits of the port
2 (P23 to P20 pins) of the CPU, and the higher 4 bits (PCH: PC11 to PC8) of the external ROM address are
output to the same pins by means of time division. Therefore, if accessing the external ROM starts
immediately after the RESET signal has been released by the port 2 output instruction, the bit of the higher
4 ROM address bits corresponding to the P/S pin uPD7228 (P21 = D1) must be kept at the high level for

at least 4 microseconds.
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11 10 9 8 7

/// Program counter (PC) of CPU

L

P23 P22 P21 P20

J

PS(D1)

For example, when uPD8039 (that can access up to 4K bytes of external ROM) is used, a port 2 output
instruction that releases the RESET signal for uPD7228 and outputs a high-ievel signal to the P/S pin of
uPD7228 must be implemented. When this instruction has been accomplished and before 4 microseconds
have elapsed after that, instructions that may cause program implementation to jump from the following
address ranges (such as jump, call, and return instructions) must not be carried out. in addition, a port
2 output instruction, that changes the level of the P/S pin, must not be carried out, either.

200H to 3FFH, 600H to 7FFH
AOOH to BFFH, EOOH to FFFH
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10. ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C)
ltem Symbol Conditions Ratings Unit
Supply Voltage Vbp ~0.3to +7.0 \Y
Input Voltage Vi -0.3 to Voo +0.3 v
Output Voltage Vo -0.3 to Voo +0.3 Vv
Operating Temperature Vopt -10 to +70 °C
Storage Temperature Vstg -65 to +150 °C
DC CHARACTERISTICS (Ta = -10 to +70 °C, Voo = 5 V + 10 %)
Item Symbol Conditions MIN. TYP. | MAX. [ Unit
Vil Except SCK 0.7 Voo Voo \Y
High-Level input Voltage
Vinz SCK 0.8 Voo Vop \Y
Low-Level input Voltage Vic 0 0.3Vop| V
High-Level Input Leakage Current VuH VI = Voo 10 HA
Low-Level Input Leakage Current Vu Vi=0V -10 HA
v BUSY, DO - D3 Vo 0.5 v
O 1 low = -400 pA oo =%
High-Level Output Voitage
Vouz SYNC, Voo ~0.5 \
lou = -100 pA
BUSY, DO - D3 045
Vour | o = 1.7 mA ' v
Low-Level Output Voltage
Vouz SYNC, 0.45 \%
loL = 100 uA
High-Level Qutput Leakage Current lLon Vo =*Vpp 10 UA
Low-Level Output Leakage Current Iot Vi=QV -10 uA
LCD Drive Voltage Vico 3.0 Voo v
Row Cutput Impedance Rrow 4 8 kQ
Row/Column Output impedance Rrow/coL 5 10 kQ
Column Qutput Impedance RcoL 10 15 kQ
Operation mode, 200 400
o011 £, = 400 kHz HA
Supply Current STOP p
mode
lop2 ! 20
CLK=0V HA
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CAPACITANCE (Ta = 25 °C, Voo = 0 V)

Item Symbol Conditions MIN. TYP. | MAX. [ Unit
input Capacitance CiN f=1MHz 10 pF
Output Capacitance Cour with pins other than 25 pF
Input/Output Capacitance Cio that measured at 0 V 15 pF

AC CHARACTERISTICS (Ta = -10 to +70 °C, Vop = +5 V +10 %)
Common Operations:

Item Symbol Conditions MIN. TYP. | MAX. | Unit
Clock Operation Frequency fc 100 1100 kHz
High-Level Clock Pulse Width twhe 350 ns
L ow-Level Clock Pulse Width twie 350 ns
High-Level RESET Width tHRS 4 us
CS | - BUSY Delay Time tocse | C. =50 pF 2 us
CS T — BUSY Float Delay Time tocsef | CL =50 pF 4 us
High-Level CS Width twhcs 4 us
SYNC Load Capacitance Cusy 100 pF
Data Set Time (vs. RESET {) tsoR 0 us
Data Hold Time (vs. RESET ) tHRD 4 us

Serial Input/Output Operations:

item Symbol Conditions MIN. TYP. | MAX. | Unit
SCK Cylce tevk . 0.9 us
High-Level SCK Pulse Width twhk 400 ns
Low-Level SCK Pulse Width twik 400 ns
High-Level SCK Hold Time
(vs. BUSY 1) tHeK 0 ns
S| Set Time (vs. SCK T) tsik 100 ns
SI Hold Time (vs. SCK T) thi 250 ns
SCK | = SO Delay Time toko CL =50 pF 320 ns
8th SCK T — BUSY Delay Time toks CL =50 pF 3 us
Low-Level BUSY Time tws | CL=50pF 18 64 1/fc
C/D Set Time (vs. 1st SCK T) tsoK 0 us
C/D Hold Time (vs. 8th SCK T) thKD 2 us
CS Hold Time (vs. 8th SCK T) tHKCS 2 ps
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Parallel Input/Qutput Operations:

Item Symbol Conditions MIN. TYP. | MAX. | Unit
Command Input Set Time
(vs. STB 1) A CL =80 pF 100 ns
((\:,osr.nsLnTian)lnput Hold Time ts CL = 20 pF 90 ns
Data Input Set Time (vs. STB T) tc CL =80 pF 230 ns
Data Input Hold Time (vs. STB T) to CL= 20 pF 50 ns
Data Qutput Delay Time tacc CL =80 pF 90 650 ns
Data Output Hold Time tH CuL =20 pF 0 150 ns
STB Pulse Width tst 700 ns
High-Level STB Time tsH 1 us
High-Level STB Hold Time
(vs. BUSY T) tHBs 0 us
2nd STB T — BUSY Delay Time toss 3 ps
Low-Level BUSY Time twis CuL =50 pF 18 64 1/fe
C/D Set Time (vs. 1st STB 1) tsos 0 s
C/D Hold Time (vs. 2nd STB T) tHsD 2 s
CS Hold Time {vs. 2nd STB T) tHscs 2 us
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AC Timing Measured Voltage (excluding STB/SCK and BUSY)

0.7Voo 0.7Voo
~ Measuring 7

points
03vor « ™ 0.3von

Clock Timing

Iffc

twhc

CL

RESET Input Timing

| THRS |

RESET

Interface Mode Specification Timing

RESET

1sDR tHRD

D1,D2
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Serial Input/Output Timing
twhes
s
e tocss tHkCS
/D Command/data specification
thro
te— 1sox tocser
/ Voo 0.5V
BUSY _g
0.45v
tew
tuex | toka
twHx
__ \ [ A A
SCK
1st 2nd 8th
tsik tHK
Serial Serial
S| data data
{MSB) {LSB)
— DKo
SO
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Paraliel Output Timing

tocss

twHes

HSD

BUSY ———§

Hes

518
i ,'Z
ta—ol BB !

Control
ooo3 input

Data
inpuut

2nd

to

tacc

0o D3
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DATA RETENTION CHARACTERISTICS FOR DATA MEMORY IS STOP MODE AND ON LOW VOLTAGE
{Ta =-10 to +70 °C)

Item Symbol Conditions MIN. TYP. MAX.| Unit
Data Retention Supply Voltage Vooor 2.0 \
Data Retention Supply Current Ibpbor Vobopr = 2.0 V 20 HA
Data Retention High-Level RESET 0.9 VooDR
input Voltage Vikor Vobor +0.2 v
RESET & CLOCK Setup Time sk 10 us
RESET & CLOCK Hold Time tHRC 10 us

Data Retention Timing

Data retention
mode

et

Voo

O)
RESET @ \@ / @
O] @
CLOCK
tsre tHRC

@ Vooor

@ ViH

@ ViH1DR

@ Vie

Note Keep all the input levels to Vooor or less in the data retention mode.

11. REFERENCE MATERIAL

* SEMICONDUCTOR DEVICE PACKAGE MANUAL (IEI-1213)
* NEC SEMICONDUCTOR DEVICE RELIABILITY/QUALITY (IEI-1212)
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12

. PACKAGE DRAWING

80 PIN PLASTIC QFP (14x20)

54

NOTE

Each lead centerline is located within 0.15
mm (0.006 inch) of its true position (T.P.) at
maximum material condition.

detail of lead end

Q|0
]
o 9§
3
b3
P80G-80-12-2
ITEM| MILLIMETERS INCHES
A 24.7+0.4 0.972:3813
B 20.0%0.2 0.795%3.3%3
C 14.0%0.2 0.551:3:3%3
D 18.720.4 0.736+0.016
F 1.0 0.039
G 0.8 0.031
H 0.35%0.10 0.014+33%¢
i 0.15 0.006
J 0.8 (T.P) 0.031 (T.P.)
K 2.3520.2 0.093:5:9%8
L 1.220.2 0.047:3:3%%
M 0.15%349 0.0065:583
N 0.15 0.006
P 2.05%%3 0.081:3888
Q 0.1£0.1 0.004%0.004
S 2.45 MAX. 0.097 MAX.

When placing your order for this package, specify package code pPD7228G12.
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