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PRELIMINARY DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT

uPD16434

1/8, 1/16 DUTY LCD CONTROLLER/DRIVER

DESCRIPTION

uPD16434 is LCD controler/driver containing the interfaing feathres for a dot-matrix mode 8-, 16-times division LCD
and a microprocessor. uPD16434 contains a 5 by 7 dot matrix character generator corresponding to ASCII/JIS.
Therefore, user origenal patterns can be easily displayed.

FEATURES

Dot matrix LCD controller/driver

8 or 16-times division drive possible wiht a single chip

8-time division - 400(50 by 8) dots

16-time division - 672(42 by 16) dots

8 or 16-times division drive possible wiht nO chip

8-time division - nX400(50 by 8) dots

16-time division - n X800(50 by 16) dots

Display data storage RAM - 2 X50X8 bits

Programmer specified dot(graphic) display

Capable of alphanumeric and symbolic displays through built-in ROM (5 by 7 dots)
160 characters

Parallel data input/output (Switchable between 4 and 8 bits)
Cursor manipulation command

Upgraded version of pPD7228, nPD7228A, uPD7229, uPD7229A

ORDERING INFORMATION

Part Number Package

uPD16434-001-G12 Chip/wafer, Standard ROM code

The information contained in this document is being Issued in advance of the production cycle for the
device. The parameters for the device may change before final production or NEC Corporation, at its
own discretion, may withdraw the device prior to its production.
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Pin Configuration (Top View)

80-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 §T§, 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
-seriaI/paralIel register are output in the first STB signal
falling edge, and the lower 4 bits are output in the second STB
falling edge.

In the serial interface mode, the DO serves as the serial data
input pin (SI), 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 SI (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 MSB. 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 output pin in the serial
interface mode. The serial/parallel register contents are output
to the SO pin with the MSB first in synchronization with the SCK
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 low, the serial interface mode is set.
This is a Schmitt trigger input with hysteresis in order to

prevent erroneocus 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
interface mode 1is specified) at the RESET signal falling edge
(when reset 1is released). If the CAE signal is high at thjs
timing, the chip address function is enabled. If the CAE signal
is low, the chip address function is disabled. This is a Schmitt
trigger ihput with hysteresis in order to prevent erroneous

operation caused by noise.
1.6 CAQ, CAl (Chip Address) ... Input

This 1is the input pin used to allocate the inherent address to
select each yPDI6434 chip, when interfacing with the CPU in a
multi-chip configuration. In the parallel interface mode, CAO
and CAl inputs are compared with the chip address information
sent from the CPU, regardless of the CAE input. In 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 input.



Table 1-1 Processing CAl, CAO Pins

Mode CAl, CAO0
With chip address function Set to 00, 01, 10, or 11
- Always in parallel mode (always 00 in single chip
- When CAE=1 in serial mode configuration)
Without chip address function Always set to 00
- When CAE=0 in serial mode

Notes: In a multi-chip configuration in the serial interface
mode, chip selection is also possible by providing
decoded CS signals for the number of chips used, without
using the chip address function. In this case, CAE for
each chip must be set to 0, and CAl and CAO0 pins must be
set to 00.

These are Schmitt trigger inputs with hysteresis in order to
prevent erroneous operation caused by noise.

1.7 S (Chip Select) ... Input

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

When the chip address function is not used, if a low is input to
the CS input, the STB/SCK and C/D inputs become effective, so
that commands and data can be input/output.

When the chip address function is used, in order for the STB/SCK
and C/D inputs to become effective, the chip address information
and CAO and CAl inputs must coincide, and moreover, the C§S input
should become low. )

When the CS -input is set to high, D3-DO and BUSY pins
unconditionally become high impedance.

This is a Schmitt trigger input with hysteresis in order to

prevent erroneous operation caused by noise.
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1.8 STB/SCK (Strobe/Serial Clock) ... Input

In the parallel interface mode, this pin serves asg the strobe
signal input pin (STB) for 4-bit parallel data input/output
operation. In the serial interface mode, this pin serves as the
serial clock input pin (SCK) for serial data input/output

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

This pin is used to identify whether serial or parallel data
input is a command or data. When inputting a command, set the C/D
pin to high. When 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. 1In
the serial interface mode, the command or data is latched at the
rising edge of the 8th SCK. However, in parallel input,
switching C/D must be performed, before the falling edge of the
1st 5TB.

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 input with hysteresis in order to
prevent erroneous operation caused by noise.

1.10 BUSY (Busy) ... 3-state output

This pin outputs a BUSY signal which indicates to the CPU that
th¢ K4 PD16434 is busy because of internal processing.

[f this signal is low, the 4 PD16434 is busy, and the CPU cannot
execute read/write to the 4 PDI6434.

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

The uPD16434 sets the BUSY signal to high, when the 4 PD16434
completes the internal processing.

The BUSY output becomes high impedance, when the chip is not
selected (E§Ehigh or the chip address does not coincide).
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1.11 SYNC (Synchronous) ... 3-state input/output

In a multi-chip configuration, in which the row drive signal is
commonly used, this pin inputs/outputs the synchronous signal in
order to synchronize the phases of all LCD drive alternate cycle
signals (row/column signals) with the frame period.

One chip 1in the multi-chip configuration is selected as the
master, and the SYNC pin of the master is set to the output mode.
The remaining chips all serve as slave chips, and these SYNC pins
are set to the input mode.

The SMM command is used to specify whether the pin functions as
an input or output pin.

The master chip, set in the output mode, outputs the SYNC pulse
in the last cycle in each frame. A slave chip reads the SYNC
pulse output from the master chip for synchronization with the
master chip.

Figures. 1-1 and 1-2 show SYNC pulse output timing waveforms in
8-time-division and 16-time-division modes, respectively.

In single chip configuration, the SYNC pin can be set in either
the input or output mode. However, when it is set in the input
mode, the GSYNC pin must be fixed to Vss. If it is set in the
output mode, the SYNC pin must be left open.

l 1 frame

]

_t

Fig. 1-1 SYNC Signal in 8-Time-Division Mode
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} 1 frame ﬁll

ROWO

-] |

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/éolumn) ... Output ,
These pins serve as LCD row drive signals R8 to R15 or column

drive signals C49 to C42 output pins. Whether or not these pihs

are used as row or column pins is specified by the SMM command.

1.14 RO/R8-R7/R15 (Row) ... Output

These pins serve as LCD row drive signals RO to R7 or R8 to R1S.
Whether or not these pins are used as RO to R7 or R8 to R15 is
specified by the SMM command. -

1.15 Veecl-Vieb (LCD Drive Voltage Supply) ... Input

These pins input the reference voltage for determining the LCD

row/column drive signal voltage level.
1.16 CLOCK (Clock) ... Input
This pin inputs the external clock.
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1.17 RESET (Reset) ... Input

This is the high active reset signal input pin. The reset
operation has priority over all other operations.

This input is also used for <clearing the standby mode or
operation to retain data in the data memory at a low power supply
vol tage.

1.18 Vpp

Positive voltage power supply pin.

1.19 Vss

GND



2. INTERNAL BLOCK FUNCTIONS
2.1 Serial/Parallel Interface

The 4 PD16434 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/parallel interface differs, depending
on the data processing mode setting. When a RESET is input, the
data processing mode is initialized to the write mode, so that
the first command input can be accepted. Afterwards, the mode
can be set to write related or read relﬁted data processing mode
by the data processing set command.

If 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 uxPD16434 clocks in the data
from the SI pin (serial data) or from the D3-D0O pins (4-bit
parallel data) in synchronization with the rising edge of the SCK
or the STB, respectively.

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

The serial/parallel register serves as the buffer, between 8-bit
serial data or two 4-bit parallel data transferred through the
serial input/output (SI, SO) or parallel input/output (D3-D0) and
8-bit parallel data of the data memory.
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Fig. 2-1 Serial/Parallel Interface

If 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.

In 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 ASCII or
JIS code and is sent to the character generator. It is decoded
to 5 x 7-bit character display pattern, and is stored 1into 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/parallel interface always reads 8-bit data from the data
memory and sets it in the serial/parallel register for the next
read operation.

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.



In the parallel interface mode, the upper 4 bits of the data in
the serial/parallel register are output from the D3 to DO pins at
the first falling edge of the STB, and the lower 4 bits of the
data in the serial/parallel register are output from those pins

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

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

2.2 Command Decoder

I[f +the 8-bit data, 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 control signal.

2.3 Character Generator

The character generator becomes effective, when a character mode
setting command (SCML, SCMR) is executed. In this case, 8-bit
data written through the serial/parallel interface is interpretéd
as a character code, and the 5 x 7-dot matrix pattern,
corresponding to the code, will be generated. It is transferrgd
to the § successive addresses in the data memory (7 bits x 5
times). .

The character generator contains the following 160 different
pattern data: :

ASCII JIS
Upper-case alphabets 26 KATAKANA 55
Lower-case alphabets 26 Symbols 9
Numerical characters 10
Symbols 34

Figure 2-2 shows correspondence of character codes (ASCII/JIS)
and 5 dots x 7 dots display patterns. 96 codes of 20H to 7FH
correspond to ASCII characters, and AOH to DFH correspond to JIS

characters.
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Fig. 2-2 Character codes and Display Pattern (Standard ROM code : 001)
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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 7) of the data memory is not wused
by the character generator. Therefore, LCD dots, corresponding to
the most significant bit (R7 in 8-time-division, or R7 and R15 in
16-time-division), can be used for the cursor or indicator
display pattern, independently from the character generator.

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

(a) 8-time-division (b) 16-time-division

RO
Rl

-- R2 -~ ——— R2

- — R3 -=- —— R3
R4
RS
R6
R7
R8
R9
R10
R11
R12
R13
R14
R1S

7
,CMJ Charl ———
Chn+4e Chaea Ca Paap—

-

Ch+3 Chast
Chnes Chez Cha

Fig. 2-3 LCD Configuration When Using Character Generator



2.4 Data Pointer

The data pointer consists of a 6-bit binary counter (DP5-DP0O) and
1-bit bank flag (BNKF). It specifies the data memory address.

6-bit binary counter

A,
r )

BNKF DP5 | DP4 | DP3 | DP2 | DP1 | DPO

Fig. 2-4 Data Pointer Organization

The contents of the bank flag and the 6-bit binary counter are
set simultaneously by the immediate data from the LDPI command.
The bank flag contents specify the data memory bank (BNKF=0: Bank
0, BNKF=1: Bank 1), and the 6-bit binary counter contents specify
the address (00OH to 31H) in the bank specified by the bank flag.
The 6-bit binary counter is an up/down counter. Its contents are
modified (+1, -1, or held) each time a read, write, or AND
operation 1is performed, or an 8-bit data is input/output in the
OR mode, according to the specifications for each mode setting
command.

When the BSET or BRESET command is executed, the 6-bit binary
counter contents are modified (+1, -1, or held) each time
according to the command specification.

In addition, in the character mode, the 6-bit binary 'counter
contents are modified (+5 or -5) each time an 8-bit data is input

oOr a cursor processing command is executed.

Notes: The 6-bit binary counter value can exceed the 1limit of
the data memory address space. For example, if the 6-bijt
binary counter is decremented (-1) from O00OH, the value
will be 3FH, or it it is incremented (+1) from 31H, the
value will be 32H. However, the data memory will perform
nothing for the command specifying an address from 32H to
3FH.



2.5 Data Memory

The data memory is a static RAM configured by two 50-word x 8-
bit banks. It is used for storing display data.

OOH
Bank 0
(50 x 8)
31H
O0H
Bank 1
(50 x 8)
31H

Fig. 2-5 Data Memory Configuration ,

The data memory bank is specified by the bank flag in the data
pointer, and the address in the bank is specified by the G—bit
binary counter in the data pointer.

The 8-bit data, written to the serial/parallel interface by the
CPU, is used for operation or decoded according to the specified
data processing mode, and is written into the data memory.

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

When the 4 PD16434 is set in the read mode, the data memory
contents are output to the CPU through the serial/parallel
interface.

The data memory contents are read out in bit units in
synchronization with the row drive signal and are sent to the
column driver for driving the LCD. This operation is performed
independently from command/data write/read operation with the
CPU, which is performed through the serial/parallel interface.
Display data read out operation differs, depending on the number

of time-divisions.



(1)

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

The contents of the display data in bank 0 or bank 1,
whichever is specified by the SMM command, are read out to
the column driver.

Figure 2-9 shows bits correspondence for the row driver and
column driver for the data memory. If the data located at
the Rn and Cm intersection is 1, the corresponding LCD .dot
is ON. If the data is 0, the dot is OFF.

31H 30H « OlIH _OOH
bit 0 y RO
—i}
) R1
—4§ —
2 | S Rz
5 1§ ———R3 | Corresponding
— it '
) R4 | row signal
—4§ -
5 T R
5 37 Bs
~iF
; R7
ik

N

C49 C48 Ci co

To column driver

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



2)

l16-time-division (single-chip configuration)

Bank 0 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 correspondence of bits for the row driver
and column driver for the data memory. If the data located
at the Rn and Cm interesection is 1, the corresponding LCD
dot is ON. If the data is 0, the dot is OFF.

20H 28H . OlH OOH
bit 0 I RO
—i
1 Rl
—f—
2 ——— R2
3 —fF— A3
bank 0 —f
4 R4
—ff—
5 — RS
_“_*
6 R6
—4—
7 R7 | Corresponding
—
0 R8 row signal
—i}
1 R9
—4§
2 W R10
3 I RIl
bank 1 —4¢
4 i R12
BR
5 R13
44—
6 . R14
Y
7 R1S
C41 C40 Cl Co

To column driver

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



(3

16-time-division (multi-chip configuration)

Bank 0 and bank 1 are used in a pair, and the contents are
read out to the column driver as 50 x 16-bit display data.
The row drive signals, output from each 4 PD16434, are .RO-R7
or R8-R15.

Figure 2-11 shows bits correspondence for the row driver and

column driver for the data memory for each chip.

3lH 30H OlH OOH
~—4}
bit 0 RO
j—
1 Rl
l%
2 ——— R2
—4t
3 —~——R3
Bank 0 —i}
4 R4
——
5 ——RS
—
6 . R6
; 47L47 R? Corresponding
o ~F A8 row signal
—{—
1 —— R9
—if
2 R10
3 i R1l
Bank 1 —f f—
4 R12
——
5 R13
—f—
6 R14
—~{—
7 R15
—f — l .
C49 C48 Cl co

To column driver

Fig: 2-8 Data Memory (16-Time-Division, Mul ti-Chip)
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2.6 LCD Voltage Control Circuit

This circuit multiplexes the DC voltage supplied from the LCD
drive reference voltage inputs (Vrcl to VoLch) with the AC signal
synchronized with the CLOCK and SYNC signal, and supplies 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

8-time~-divisions 16-time-divisions
- + - +

Select VLcO Vieb vLcO VLCS
Row

Non-select Vicd Veel Vicd Veel

Select Vieh VLCO Vieh Vo0 ,
Column

Non-select vch* Vie2 VLC3 vch

b 3 Vee2=V1e3 |

2.7 LCD Timing Control Circuit

This circuit generates the timing signals from the clock signal,
according to the frame frequency specified by the SFF command,
and the number of time divisions specified by the SMM command.
The timing signals are necessary for automatically reading the
display data and driving the LCD, and are supplied to the data
memory row/column driver, and LCD voltage control circuit.

I[f the SYNC signal is set to the output mode by the SMM command,
the SYNC signal is output for each frame. If the SYNC mode is
specified to the input mode, the SYNC signal supplied from some
other chip 1is input to generate the timing signals in
synchronization with each frame interval.

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

LCD drive timing between chips in multi-chip configuration.



2.8 Row/Column Driver

The row/column driver consists of the column driver for C0-C41
signals, row/column driver for R15-R8 and C42-C49, and a dual
mode row driver for RO-R7 or R8-R15. , o

The dual mode row driver function is determined by the SMM

command .

Table 2-2 LCD Dual Mode Row Driver Function Selection

MaMiMo™? Number of RO/R8-R7/R15 R15/C42-R8/C49
time divisions '

[ N
st

8 RO-R7

0
0
010
011 C42-C49

R8-R15*2 ,

16

RO-R7*°
111 R15-R8

Note 1: M2MiMo is code specified by SMM command.
2: Some other chip handles RO-R7 outputs.
3: Some other chip handles R8-R15 outputs.
MzMiMo=111 is for single chip configuration. In this
case, R15/C42-R8/C49 are used as row signal outputs, and

all 16 row signals are output from this chip.

These drivers perform switching of the analog level in
correspondence to the contents of the desplay data read out from
the data memory and the timing signals supplied from the LCD
timing control circuit, according to the select level, non-select
level, and phase supplied from the LCD voltage control circuit,
and generates and outputs row and column drive signals in order
to directly drive the LCD.



3. DATA INPUT/OUTPUT OPERATION

In the u#PD16434, a command/data consists of 1 byte (8 bits), and
processing is performed each time a byte of data is transferred
in either the serial or parallel mode. '

The end of a byte data transfer is confirmed by the byte counter
(octal/binary counter) which counts eight SCK counts or two STB
counts.

This counter is unconditionally <cleared, when CS=high or
RESET=high, and becomes ready to count a new byte or data.
Therefore, if CS is set to high or RESET is input in the middle
of a byte transfer, the byte transfer is not guaranteed.

In the serial interface mode, data is 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 uPD16434 sets the BUSY signal
to low to inform the CPU that the uPD16434 is in a busy state.
When the internal processing complefes, the u#PD16434 sets the
BUSY signal to high to inform the CPU that the xPD16434 is ready
for the next byte transfer.

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 written first
after the CS falling edge. Only the <chip, whose address
coincides with this information, can enter command input or data
input/output operation (refer to Figs. 3-3 and 3-4).

In the parallel interface mode, since the data bus (D3-D0) is a
4-bit bus, data is treated as 4-bit x 2 parallel data. When the
parallel data strobe signal (STB) is counted twice in the chip
selected state, it 1is regarded that a byte of data has been
input/output, then the ;4?016434"enters the internal processing.



At the 2nd rising edge of the STB, the xZPD16434 sets the BUSY
signal to low, to inform the CPU that the #PDI16434 is in a busy
state. When the internal processing completes, the u«PDIB434 sets
the BUSY signal to high, to inform the CPU that the #PD16434 is
ready for the next byte transfer.

In Dboth input and output 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 ©PD16434 is compatible with the
uPD82C43 1/0 expander, so that the parallel data can be input to
the 4 PDI6434 in the same manner as sending 4-bit data twice to
the uPD82C43. In addition, 8-bit data can be read out from the
serial/parallel register of the #PDIB434 in the same way as
reading 4-bit data twice from the uPD82C43.

The chip 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 from the CPU as the data for selecting port
4 to port 7 of the uPD82C43, are used as the <chip address
information. After the CS falling edge, the command code, output
from the CPU at the second and successive falling edges of the
STB, has no meaning for the 4 PD16434 (refer to Figs. 3-5 and 3-
6). |

Refer to Section 4 for details on chip address function

selection.
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&
-

Internal
processing time

Fig. 3-1 Serial Input Timing Waveforms (Without Chip Address,

Selection Function)

SB LsB

BUSY --(4/ 441\_4[—-

Internal
processing time

c/d _—\

Fig. 3-2 Serial Output Timing Waveforms
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BUSY output for newly
selected chip
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4. SELECTING 4 PD16434 INTERFACE FUNCTION WITH CPU

The command/data for the u#PD16434 is 8 bits long. However,
serial interfacing with the CPU is made in 8-bit transfer or
parallel interfacing is made in two 4-bit transfers. In
addition, the #PD16434 is provided with a chip address selection
function for multi-chip system configuration.

Whether the serial or parallel interface is used and whether or
not the chip address select function is used are specified by the
data on the D2 (CAE) line and D1 (P/S) line at the RESET signal
release timing (falling edge).

-/

D24CAB
D1/(P/5)

Fig. 4-1 ‘Interface Specification Timing Waveforms

Table 4-1 Interface Specification Code

D2/(CAE) | D1/(P/S) { Serial/parallel | Chip address
specification selection function
0 0 Unprovided
Serial
1 0
Provided
0/1 1 Parallel




4.1 Functions of Shared Pins

The functions of the STB/SCK, D3/SO, and the DO/SI pins used
clock input and data input/output differ, depending on whether

the serial

indicated

interface or the parallel

in Table 4-2.

interface is specified,

Table 4-2 Functions of Shared Pins

Pin name | Serial (P/S=0) Parallel (P/S=1)
STB/SCK SCK input STB input
D3/S0O SO output

D3-DO0 input/
D2/ (CAE) - output

(4-bit parallel
D1/(P/S) - data bus)
D0O/SI SI input

for

as



4.2 Chip Address Selection Function

In a multi-chip system configuration, the chip address selection
function compares the chip address assigned to each u PD16434 (by
CAO, CAl inputs) in advance and the chip address information (2
bits) sent from the CPU in the serial or paralle] data format.
Only the chip whose address coincides with the chip address
information 1is selected (enables command/data input/output).
Thus, the CPU need not send two or more chip select signals (CS).
This function is unconditionally provided in the parallel
interface mode. However, in the serial interface mode, this
function is provided, when D2/(CAE)=1 (at reset release), is

specified.
(1) Parallel interface mode (refer to Figs. 3-5 and 3-6)

After the falling edge of the CS, the data read into D1
(corresponds to CAl)_and DO (corresponds to CAOQ) at the first
falling edge of the STB becomes the 2-bit chip address
information.

The parallel interface is equivalent to that for the uPD82C43 1/0
expander. Therefore, the chip address information (0-3) for the
14 PD16434 can be obtained on the DI and DO lines at the falling
edge of the STB by executing an output or input instruction for
port 4 to port 7 of the uPD82C43, when the uPD50H is connected to
the 4 PD16434 using the uPD82C43 interface function.

(2) Serial interface mode (refer to Figs. 3-3 and 3-4)

After the falling edge of the CS, the data read in to SI at the
rising edge of the 7th SCK (corresponds to CAl) and 8th SCK
(corresponds to CAO0), that is the lower 2 bits of the first 8-bit

serial data, becomes the chip address information.



Notes 1:

When a RESET is input, the chip address comparison data
(data compared with CAl and CA0) in the “PD16434 is
cleared to "o0". Therefore, in multi-chip
configuration, if the CS is set to low immediately
after the RESET input is released, a chip whose CAl and
CAO are set to "00" sets the BUSY to high, informing
the CPU that the cﬁip can be accessed.

If no chip address is sent, a chip whose CAl1 and CAO

are "00" will be accessed.

The following points must be noted for a multi-chip
configuration system using the parallel interface; when
transferring 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 set by the

data pointer load command before reading data.



5. LCD DRIVE REFERENCE VOLTAGE SUPPLY

The wvalue of the LCD drive reference voltage to the uPD16434
differs, depending on whether the number of time divisipns is 8
or 16, so that the LCD drive reference voltage should be set as
shown in Figures 5-1 and 5-2.

VieO) Vo —__R,, (VecO) Vo ——_-rv,.
Veel Vio= 3 Vieo Veel Voom V.
[ ] 4 t (%4 [ J 5 134
2 2
Y;t2 V.,——-V.” V.g2 — vu—_vuo
14 PD168434 ] : 4 PD16434 ;
Vi3 Vie3 Voo~ g Vieo
Vied 23 _4
Lc V» V;gu Vlt4 p—— v” V“.
4 5
Vie5 Voo— Vieo . Vie5 Voo = Vi
Fig. 5-1 8-Time-Divisions Fig. 5-2 16-Time-Divisions

Remarks: For both 8 and 16-time-divisions, the LCD drive voltage

(LLep) must not exceed Vpp.



5.1 Supplying LCD Drive Reference Vol tage by Resistor Network

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

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

Vic0Voo _R,, VecO) Voo _R“
Rl '
Vel | Vel
R1
Vie2 —— Vie2
L PD18434 _, ‘ #PD18434 . ,
Rl
Vied H Vicd
R1
Vic5 — ViS5
R2
Vi, -60V v -60V
Fig. 5-3 8-Time-Divisions Fig. 5-4 16-Time-Divisions
Circuit Example Circuit Example

The wvalues of Rl and R2, which divide the voltage for 8-time-
divisions and 16-time-divisions, are determined by the following

expressions:

Vien
Rl = X R2 (8-time-divisions)

4 (VDD - VLCD)

VL.CD

R1 x R2 (16-time-divisions)



5.2 Reduction in Current Consumption by RESET Signal

If a resistor network is used to supply the LCD drive reference
voltage, some current 1is drained by the resistor network
connected across Vpp and Vss when no display operation is
performed, such as when the g4 PD18484 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 external circuit, when no
displaying is performed, to eliminate unnecessary current flow.

Figure 5-5 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 Vsgs level.

<
8

Voo Voo (V.0
Veel

Vie2

ves 4 PD16434

CPU

Vicd

VieS

LITT]

Output port RESET

Remarks: The power to the CPU and the H#PD16434 must be from the

same source.

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



6. DISPLAY EXAMPLES

Figure 6-1 shows how the data memory contents and LCD display
pattern are corresponded, when displaying characters "AEZ" in 8-
time-division mode.

This example is to display 3 digits of 5 x 7 (5 x 8) dot
characters, and uses data memory addresses OOH to OEH (0 to 14)
and column signals CO to Cl4.

Figure 6-2 shows the timing waveforms for displaying character
"A" in columns Cl4 to Cl10 for the display example, shown in

Figure 6-1.

Figure 6-3 shows how the data memory contents and display pattern
HANZ "
8,5

are corresponded, when displaying characters in® 16-time-
division mode.

This example is to display 5 x 7 (5 X 8) dot characters in two
rows, 3 digits in each row, and uses data memory addresses OOH to
OEH (0 to 14) in data memory banks 0 and 1 and column signals CO
to C14.

Figure ©6-4 shows the timing waveforms for displaying character
IVA'V
8
In Figures 6-2 and 6-4, when the differential waveform levels

in columns Cl4 to ClQ for display example, shown in Fig. 6-3.

between the row signal and column signal are Viep and -Veeo, the
LCD dot corresponding to these signals will be lit.



£ PD16434

Timing strobe -

Bank 0/1 (Note) data memory address

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o[1]1][1]o]1 1] 1 1 bit0 ——
1[ofofJol1|1]olololo]o|olo|o]: bit1
1lofofol1[1]o|olofolo]lolo|1]o bit2
virfa a1 ]oloflo[1fo]o bit3
T Tilololol1]1]ofolo]lo]lolilololo bit4
1lofoflolif1]oloflolol1lo|lo]o]o bits
vlofJofola[a a1 |11t bit6
ofolofofo]o]o|o|o|o]oflo]lo|o]o bit7
EEEEEEEE
5ElcEGIBBll8Bls|slsls s EEEEEEEE

Note: Display data is read out from either bank 0 or bank 1.

Fig. 6-1 8-Time-divisions



fe— 1 ]
frame —

VL: 1- 1
ROWO Vie2- !

v” -
Veel-
ROW 1 Vie2-
: Vied-
Vied-—

v” -—
Vel
Vie2-
Vie3-
Vied-

g T m————— o

=
@]
-~

Voo —
Cl10,Cl4 Vie2-

Vied -

Voo —
ClL,Cla C13 Vie2- - ] ‘ ’ |
Vied -

vlt. -

1 4Vieo~

ROW0-~C13 =14V o~
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Fig. 6-2 8-Time-divisions (When Displaying Character A)
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. PD16434

Timing strobe

Data memory address

STd/LH

p1H/9d

e1d/sy

cid/vd

114/ed

O1y/ed

64/1d

1312 11 10

14

bio -+

bitl

bit2

bit3

bit4
bit5

bité
bu7

bit0

bitl

bit2

bit3
bit4

bit5

bité

bit7

8Y/04

1
1
0
0
[¢]
0
1
0
1
0
0
1
1
1
0
0

00

0

0

1D

(

(48]

[ Ye)

28]

°10)

90

Lo

To RO/R8-R7/R15
of slave chip

80

6D

N

[s]¢e]

112

(4%

ElD

viD

N

Bank O

Bank 1j-

I

16-Time-divisions

6-3

Fig.
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Vied -
VieS5-
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Voo —

V;cz"
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V“S"
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= l/SV.,“-
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Fig. 6-4 16-Time-divisions (When Displaying Characters A and 8)

6-5



7. STANDBY MODE

The u#PD16434 offers the standby mode in order to reduce the power-
consumption, when displaying operation is not necessary.

The standby mode is set, by executing the STOP command. The
standby mode is actually set, when the BUSY signal is set to high
_after the STOP command is executed. In the standby mode, the
1 PD16434 stops supplying the CLOCK signal to the LCD timing
control «circuit and the clock control <circuit by internally
masking the CLOCK signal. In addition, the #PD16434 initializes
the data processing mode to the auto-increment (I1,1o=00) write
mode. However, no other modes are affected by RESET operation,
so that the interface mode and the display mode will be retained.
The standby mode is cleared when a byte of data (command or data)
is input, or when the RESET signal falls. However, the
processing necessary during the standby mode and operation after

clearing the standby mode differ, depending on which method is

used. ;
In addition, the CLOCK signal to the u#PD16434 can be stopped
during the standby mode. In this case, the power consumption can

be further reduced, compared to when the CLOCK is only internally

masked.
7.1 Clearing Standby Mode
(1) Clearing standby mode by writing a byte of data

If the previous operation modes (except the data processing
mode), used before entering the standby mode, needs to be
maintained, the standby mode can be cleared by writing a
byte of data (command or data).

In the serial interface mode, the standby mode is <c¢leared,
when writing 8 bits of serial data is completed (at the
rising edge of the 8th SCK). In the parallel interface, the
standby mode is cleared, when writing the second 4-bit data
is completed (at the rising edge of the 2nd STB).

When the chip address selection function is used in the

7-1



serial interface mode, if CS is sét to high in the standby
mode, the first 8-bit data, after CS is set to low, is used
as the chip address information, when the standby mode is
cleared. Therefore, the standby mode is 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 aveid this, control the V.5 pin voltage wusing
the CPU output port, as shown in Fig.7-1, and output a
high level from the output port, before executing the
STOP command, to eliminate voltage differential between

the VDD and VLCS.

Y‘u
Voo Voo (Vic 0)
~——4‘ Veel
— V2
& PD16434
CPU — Vie3
— Vied
{— VieS
Output port }4

Remarks: The power fed to the CPU and the £ PD16434 must be from

the same source.
Fig. 7-1 Controlling LCD Drive Vol tage
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(2)

Clearing standby mode by RESET signal

For 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 to clear the standby mode.

When using the RESET signal for clearing the standby mode,
set the RESET signal to high after the standby mode is
initiated (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 becomes the same as when it is in the
reset operation, and no voltage is applied to the LCD.
However, unlike normal reset operation, the contents of the
data memory will not become undefined by the RESET signal.
The data which existed before entering 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 control
by the RESET signal shown in Fig. 5-5 can be used.



7.2 Stopping Clock Supply and Retaining Data at Low Vol tage 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 can be further reduced by stopping the CLOCK supply
to the £ PD16434. When stopping the CLOCK supply to the uPD16434
in the standby mode, check that the H#PD16434 is in the standby
mode (check that the BUSY signal is high, after executing the
STOP command), set the RESET signal to high, then stop the CLOCK
supply to the u#PD16434 after the specified time period.

STOP I-—— Standby mode h—-l

BUSY S I —
Cs I ,
.
RESET ,
CLOCK

onc __‘Data can be retalned_’ e
I at a reduced voltage e I

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



8. RESET OPERATION

The uPD16434 is initialized as follows, when a high level is
input to the RESET pin:

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

is initialized to 00.

In a multi-chip configuration, BUSY output operation will

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

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

Fig. 8-1).

When CAl, CAO = 00: Sets BUSY output to low, if CS=0. If C§=1,
sets BUSY output to high impedance.

Other than 00 : Sets BUSY output to high impedance,
regardless of CS input.

In a single chip configufation, BUSY output operation is the

same as that when CAl and CAO are 00.

- All processing operations (command/data processing, reading
timing signal and display data to the row and column driver)

are stopped.

= Vie3 level DC current is output from each LCD drive signal
output pin (C0-C41, R15/C42-R8/C49, RO/R8-R7/R15).

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

conditions as when these commands are executed):

SWM (I:16=00) : Auto-increment mode
LDPI (De-Do=0000000): Data pointer is cleared to 0
SMM (M2-Mo=000) : 8-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
‘ to bank 0.
SFF (F2-Fo=000) : Frame frequency is set to fcr./2%4.

- The byte transfer end counter is cleared.



- If the uPD16434 is in the standby mode, the standby mode is

maintained.
- The data memory contents become undefined.

When the high level input to the RESET pin is returned to low,
the operation becomes possible, according to the initialized
contents. In addition, the next processing will be performed at
the falling edge of the RESET signal. The dispiay output will be
the same as when the DISP OFF is executed.

- The interface specification code (serial/ parallel specifi-
cation, chip address selection function provided/unprovided)
is read from the D2/(CAE) and D1/(P/S) pins.

- A chip, whose CAl and CAO values are 0, becomes selected

state.

- If a RESET is executed during the standby mode, the standby
mode is cleared. In this case, the data memory contents are

retained.



(a) When CAl, CA0#00

C

i
N

. V—J\ VY / V" -
Output from no chip Output from chip whose

Output from
selected chip CAl and CAO values are 00

(b) When CAl, CA0=00 and CS=0

o / \

al

= \ /

J —
Output from chip, whose
CAl and CAO values are 00

s
Output from
selected chip

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



9. COMMANDS

The PD16434 offers the following 16 different commands, each
consisting of 1 byte (8 bits):
Table 9-1 List of Commands

Mnemonic Operation Hexadecimal 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,

C0-F1

SRM Set Read Mode 60-63

SWM Set Write Mode 64-67

SORM Set OR Mode 68-6B

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

The following commands are provided for LCD diéplay mode setting:

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

DISP ON (Display On)



(1

SFF (Set Frame Frequency)

0

0

0

1

0 Fa

Fi Fo

This command sets the frame frequency.

The frame

frequency

will be the clock frequency input from the CLOCK pin divided

by the frequency dividing ratio specified by F.-Fo.

F2 Fi Fo Frame frequency

0 0 0 ferL/2%*4

0 0 1 fer/2*3

0 1 0 fer/2*2

0 1 1 fer/2**

1 0 0 fer/2%°

1 0 1 These settings
to are not allowed

1 1 1

fer:

Clock frequency



(2) BSMM (Set Multiplexing Mode)

T

0 0 0 1 1 Mz My Mo

This command specifies the number of time divisions, and the
functions of the row driver, and the row/column driver,
input/output for the SYNC pin, and the data memory bank.

Mz My Mo | Number of RO/R8-R7/R15 | R15/C42-R8/C49 SYNC pin | Memory
time divisions bank
0 0 0 0
Input
0 0 1 1
8 RO-R7
0 1 0 0
Output
0 1 1 C42-C49 1
1 0 0
R8-R15 Input
1 0 1
16 0, 1
1 1 0 '
RO-R7 Output
1 1 1 R15-R8

(3) DISP OFF (Display Off)

This command sets the relationship of the row signal and
column signal to non-select level, regardless of the display

data, and deletes display.



(4) DISP ON (Display On)

When this command is executed, the display operation wilf be

performed according to the display data.
9.2 Data Pointer Load Command

(1) LDPI (Load Data Pointer with Immediate)

|
1 De. D5 D4 Ds D2 Dl DO

De-0=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 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)

Each of these commands sets the uPD16434 to the respective mode.
Afterwards, the uPD16434 processes data in the specified mode
until a command to set a different processing mode is executed.
The lower 2 bits (I:Io) 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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lo Data pointer contents of modification

0 0 |Automatically incremented (+1) each time a byte of data is processed

0 1 Automatically decremented (-1) each time a byte of data is processed

1 0 | This setting is not allowed

1 1 No modification (the same address is maintained)

(1) SRM (Set Read Mode)
T
0 1 1 0 0 0 I; Ie
The data processing mode is set to the read mode by tHis
command. Afterwards, data processing will be performed in
the read mode.
When this mode is set, the contents of the data memory,
addressed by the current contents of the data pointer, are
automatically transferred to the serial/parallel register.
The data pointer is then modified according to I;Io. !
When all 8 bits of the serial/parallel register contents are
read by the CPU, the contents of the data memory, addressed
by the modified data pointer, are automatically transferred
into the serial/parallel register for the next read
operation. Afterwards, the same operation is repeated by
the CPU, each time an 8-bit data is read.
(2) SWM (Set Write Mode)

0 1 1 0 0 1 1I;i Io

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

When this mode 1is set, the 8-bit data written into the
serial/parallel register by the CPU is stored into the data
memory addressed by the current contents of the data

pointer. The data pointer is then modified, according to
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(3)

(4)

Iilo. Afterwards, the same operation is repeated, each time
an 8-bit data is written by the CPU.

SORM (Set OR Mode)

k.

0 1 1 0 1 0 I; Ie

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

. the OR mode.

When this mode is set, the 8-bit data, written into the
serial/paralle] register by the CPU, is ORed with the data
memory addressed by the current contents of the data
pointer, and the result will be stored into the same data
memory address. The data pointer is then modified, according
to I.1o. Afterwards, the same operation is repeated, each
time an 8-bit data is written by the CPU.

SANDM (Set AND Mode)

0 1 1 0 1 1 I, Io

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

When this mode is set, the 8-bit data, written into 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 into the same data

memory address. The data pointer is then modified,

according to [:1,6. Afterwards, the same operation is

repeated, each time an 8-bijt data is written by the CPU.



(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 the character mode with left entry.
When this mode 1is set, the 8-bit data written 1into the
serial/parallel register by the CPU is treated as ASCII or
JIS code and is decoded to 5 x 7-bit character display data
by the character generator. It is written into 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 chafacter 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 8-bit data written into the
serial/parallel register by the CPU is treated as ASCII or
JIS code and is decoded to 5 x 7-bit character display data
by the character generator, and 1is written into the
subsequent five data memory addresses from the address
indicated by the current contents of the data memory. As a
result, the data pointer contents are added by 5 (+5).
Afterwards, the same operation is repeated, each time an §-
bit data is written by the CPU.



9.4 Memory Bit Manipulation Commands

The following four different 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 executed in any data
processing mode. After the bit specified by the BRESET/BSET
command in the data memory addressed by the data pointer is
set/reset, the data pointer is modified according to the lower 2
bits (JiJo) 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
executed, the data pointer contents are added by 5 or subtracted
by 5.

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

However, the data pointer contents are modified by the memory bit
manipulation command. Therefore, the modified value will be used
as the initial value for the subsequent modification operation.
The figure below shows the BRESET and BSET command bit

specifications and modification contents for the data pointer.

7 0
B2 B: Bo Data memory
0O 0 O |
0O 0 1
to {
1 1 1




(1)

(2)

(3

Ja Jo Data pointer contents for modification

+1

-1

This setting is not allowed

No modification (the same address is maintained)

R NeNe)
OO

BRESET (Bit Reset)

i
0 0 1 Bz Bi Bo Ji Jo

This commands resets (to 0) the bit specified by. B.~Bo of
the data memory addressed by the data pointer. Afterwards,

the data pointer is modified according to J,Jo.

BSET (Bit Set)

I
O 1 O Bz B1 Bo J:. JO

This commands sets (to 1) the bit specified by B2-Bo 0f the
data memory addressed by the data pointer. Afterwards, the
data pointer is modified according to JiJo.

CLCURS (Clear Cursor)

When this command is executed in the character mode, bit 7
of each data memory of the five subsequent addresses (SCMR
mode) or the lower five consecutive addresses (SCML mode)
from the address, indicated by the current contents of the
data pointer, is reset (to 0).

This command can be used to clear the cursor displayed for §

X 7-bit configuration character.



(4)

(1

WRCURS (Write Cursor)

When this command is exXecuted in the character mode, bit 7
of each data memory of the five subsequent addresses (SCMR
mode) or the lower five consecutive addresses (SCML mode)
from the address, indicated by the current contents of the
data pointer, is set (to 1).

This command can be used to display the cursor for § X 7 bit

configuration character.

Standby Operation Setting Command

STOP (Set Stop Mode)

This command sets the STOP mode (standby mode).

The data processing mode is initialized to the auto-
increment (I1;16=00) write mode.
Other modes are not affected by this command execution.

o)
I
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10.

10.1

SYSTEM CONFIGURATION EXAMPLE

Multi-Chip Configuration of X4 PD16434s

.

Figure 10-1 shows a circuit example, when four #PD16434s are used

in a multi-chip system configuration.

1)

LCD (40 characters x 2 lines)

—

T T

1T

=

7

R‘O C49 ~ CO C49 ~ CO C49 ~ CO n C49~CO0  R8—RI5 4 p
CAl CAl CAl CAl
R7 0) CAS _?;: m CAOg 2) CAO s 3) CAOQ | u Dx16434
7 8 ol Z 4
4 ds8cRES
< [ | P i PANYEEX 4 PN ] )
U
B-FUSAEFE
&
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 #PDI6434 is
read in 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
UPD50H, this must be noted when parallel interfacing the 4 PD16434
with the uPD40H or uPDSOH.

RESET

s0n et tuno

tson s Qs MIN.

P/S(D1) tuao - 4 usMIN,

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

External ROM

} Upper 4 bits of RON address

L PD16434
P23 D3
P22 D2
P21 D1(P/S)
#PD40H, 50H (P75}
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 4 PDI6434 and the
uPD40H or uPD50H is performed through the lower 4 bits (P23-P20)
of port 2 for the uPD40H or uPD50H. On the other hand, the
contents of the upper 4 bits (PCH: PC11-PC8) of the ROM address
are also output to the same pins in time-division. Thereforé. if
the external ROM access starts immediately after the RESET is
cleared by a port 2 output instruction, the data of the lines
(P21=D1), corresponding to the P/S of the upper 4 bits of the ROM

address, must be held high, until tgyrp=4us is satisfied.

—
o

PC bit 11 10 9 8 7

P23 P22 p21 P20

P/S(D1)

Fig. 10-4 Program Counter (PC) for uPD40H and uPD5OH

For example, for the uPD40H (up to 4K bytes of external ROM cén
be accessed), execute a port 2 output instruction, by which the
1 PD16434 RESET is cleared within addresses 200H-3FFH, 600H-7FFH,
AOOH-BFFH, EOOH-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/S,

should be executed during this period.
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Table 10-1 uPDS80C40H Addresses

PC bit
Address o
11 q 8 7 6 .....
200H-2FFH | 0 o x  x :
300H-3FFH | 0 Erd o1 x ox ...
600H-6FFH | 0 1 1% o x x .....
700h-7FFH | 0 1 HTH 1 x  x ...
AGOH-AFFH | 1 o {1 o x x .....
BOOH-BFFH | 1 0 818 1 x  x .....
EOOH-EFFH | 1 1 0. X X .....
FOOH-FFFH | 1 1 1 X X ...

This is the address for 1

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

Absolute Maximum Rating (Ta=257C)

Item Symbol Conditions Rating Unit
Power supply voltage VDD -0.3 to +7.0 \Y
LCD drive voltagel (Note) VLCD1 VDD=5.0V 45t012.5 \4
LCD drive voltage2 (Note) VLCD2 VDD=3.0V 2.5 to 10.5 Vv
Input voltage Vi -0.3 to VDD+0.3 \
QOutput voltage Vo -0.3 to VDD+0.3 Vv
Operating temperature TA -40 to 85 C
Storage temperature Tstg -65 to 150 C

Note : VLCD=VDD - VLC5
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DC Characteristics (Ta=-40 to +85°C, Vpp=5V+10%, Veeb=-6.0V+10%)

Item Symbol Conditions MIN TYP MAX Unit
Input voltage, Viky Except SCK 0.7Vop Vob '
high —

VIHZ S K O.SVDD VDD v
Input voltage, Vio 0 0.3Vpp | V
low
Input leakage I in Vi=Vpp 10 uA
current, high
Input leakage I V=0V -10 uA
current, low
Output vol tage, VQH1 BUSY, D0-D3" IoH=‘4OOUA Vop=-0.5 \'
high

VOHZ SYNC, IQH=‘100UA VDD‘O. 5 Y
Output voltage, Vora BUSY, D0O-D3 Ior=1.7mA 0.5 v
low

VQx_,z SYNC, on_-:lOOUA 0.5 v
Output leakage Iron Yo=Vpp 10 uA
current, high
Output leakage [roL Vo=0V -10 uA
current, low
Row output Rrow 6 16 kQ
impedance
Row/column Rrow/coL 7.5 20 . kQ
output impedance
Column output Reor 15 30 kQ
impedance

Ipp1 Operation mode, f.=400kHz 250 600 uA
Supply current :

Ipp2 STOP mode, CLK=0V 25 UuA

11

{
[aN]




Capacitance (Ta=25°C, Vop=0V)

Item Symbol Conditions MIN | TYP | MAX | Unit
Input capacitance Cin 10 pF
f=1MHz :
Output capacitance Cour Unmeasured pins returned to 0OV. 25 pF
I/0 capacitance Cio 15 pF
AC Characteristics (Ta=-40°C to +85°C, Vpp=+5V+10%)
Common operation
[tem Symbol Conditions MIN | TYP | MAX .Unit
Clock operation frequency fe 100 1100 | kHz
Clock high-level pulse width twuce 350 ns
Clock low-level pulse width twec 350 ns
RESET high-level width turs 4 :us
CS | —~BUSY delay time tpess | CL=50pF 3 | us
CS t ~BUSY float delay time | tpcser | CL=50pF 5 us
CS high-level width twhes 4 us
SYNC load capacitance CLsvy 100 pF
Data set time (RESET }) tspr 0 us
Data hold time (RESET }) turp 5 us
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Serial input/output operation

Item Symbol Conditions MIN [ TYP | MAX | Uni t
SCK period tevk 0.9 us
SCK high-level pulse width twhk 400 ns
SCK low-level pulse width twex 400 ns
High-level SCK hold time (BUSY t)| tumx 0 ns
SI set time (SCK t) tsix 120 ns
SI hold time (SCK t) thk: 270 ns
SCK! —~S0 delay time toxo | CL=50PF 350 | ns
8th SCK! »BUSY delay time toke | CL=50pF 4 us
BUSY low-level time twes | Co=50pF 18 64 |1/fc
C/D set time (first SCK }) tspx 0 us
C/D hold time (8th 5CK 1) truxn 3 us
CS hold time (8th SCK 1) tukcs 5 us
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Parallel input/output operation

Item Symbol Conditions MIN | TYP { MAX | Unit
Command input set time (STB ) ta | CL=80pF 120 ns
Command input hold time (STB {) te Cr=20pF 110 ns
Data input set time (STB t) tc CL=80pF 250 ns
Data input hold time (3TB t) to CrL=20pF 70 ns
Data output delay time tace | CL=80pF 90 750 | ns
Data output hold time tu CL=20pF 0 150 | ns
STB low-level pulse width ts. 700 ns
STB high-level time tsu 1 us
STB hold time (BUSY t) tups 0 us
2nd STBt-~BUSY delay time tpsa 4 us
BUSY low-level time twes | CL=50pF 18 64 |1/fc
C/D set time (first STB 4) tsps 0 us
C/D hold time (2nd STB t) tusp 3 us
'CS hold time (2nd STB }) tuscs 3 us
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NEC

#PD16434

DC CHARACSTICS
(UNLESS OTHERWISE SPECIFIED, TA=-40 to +85°C, VDD=3VA:10%,VDD-VLC5=9V110%)

UNIT

| TEM SYMBOL CONDITIONS MIN. |TYP. IMAX.

High Level [nput Voltage VAL Except SCK 0.7 Voo V Do \"

High Level Input Voltage V i SCK 0.8 Voo V \Y

Low Level Input Vol tage VL 0 0.3V 0o \'

High Level Input Leakage I LIH Vi=VoD 10 KA
Current

Low Level Input Leakage I LIL Vi=0V -10 uA
Current

High Level Output Voltage V oH1 BUSY, D0-D3, 10H=-100 . Al V 00-0.5 \Y%

High Level Output Vol tage V 0H2 SYNC, 10H=-100 u A V 00-0. 5 \%

Low Level Output Voltage Vool BUSY, D0-D3, 10.=500 x A 0.5 Vv

Low Leve! Output Voltage V oL2 SYNC, 10t=100 u« A 0.5 \"

High Leve! Output Leakage | LOH Vo=VoD 10 pA
Current

Low Level Output Leakage | oL Vo=0V -10 HA
Current

Low Output Impedance R ROW 8 k Q

Low/Column Output R RoW/COL 10 kQ
Impedance

Column Output Impedance R co. - 20 k Q

Supply Current | DOt Operation mode, fC=400kHz 150 250 puA

Supply Current | DD2 STOP mode, CLK=0V 20 g A

CAPACITANCE (T A=25C. VD=0V)

| TEM SYMBOL CONDITIONS MIN. [TYP. [MAX. UNIT

Input Capaci tance CIN f=1MHz 10 pF

Output Capacitance C our with pins other than that 25 pF

Input/Output Capacitance cClo measured at OV 15 pF
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NEC ©PD16434

AC CHARACTERISTICS (UNESSOTHRNISE SPECIFIED, T A=—40to+85C. V0 =+3 V+10%)
Common Operations

ITEM SYMBOL CONDITIONS MIN. [TYP. IMAX. | INIT
Clock Operation Frequency fc 20 80 |kHz
High Level Clock Pulse Width t We 350 ns
Low Level Clock Pulse Width t We 350 ns
High Level RESET Width t 1S 4 US
CS | — BUSY Delay Time t OC8 Cl=%0pF 4 us
CSt— BUSY Float Delay Time]  t DCS/B CL=0pF 6 us
High Level CS Width t WS 10 H“S
SYNC Load Capacitance CLsr 100 pF
Data Set Time (vs.FESET }) t S’ 0 ps
Data Hold Time (vs.RESET ) t HD 10 uS
Serial Input/Output Operations
ITEM SYWBOL CONDITIONS MIN. [TYP. IMAX. | INIT
X Cycle t OK 1 4SS
High Level XK Pulse Width t WK 450 ns
Low Level SX Pulse Width t WK 450 ns |
High Level SXX Hold Time t HK 0 ns
(vs.BUSY 1)
S| Set Time (vs.SX 1) t SIK 200 ns
S| Hold Time (vs.SX 1) t K 500 ns
X} — 0 Delay Time t KO CL=0pF 400 ns
8th XK t — BUSY Delay Time t KB Cl=0pF 5 US
Low Level BUSY Time t W8 Ct=50pF 18 64 |[1/fcC
C/D Set Time (vs.1st K ) t S 0 us
C/D Hold Time (vs.8th SX 1) t HO 4 us
CS Hold Time (vs.8th XK t) t HCS 6 us
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NEC 1 PD16434

Parallel Input/Output Operations

ITEM SYMBOL CONDITIONS MIN. [TYP. [MAX. | WNIT

Camand Irput Set Time tA Cl=80pF 200 ns
(vs.STB )

Command Input Hold Time tB CL=20pF 180 ns
(vs.STBY)

Data Imput Set Time tc CL=§0 pF 450 ns
(vs.STBt)

Data Imput Hold Time to CLl=20pF 100 ns
(vs.STB1)

Data Output Delay Time t AC CL=80pF 200 2000 ns

Data Output Hold Time t H CL=20pF 0 900 ns

Low Level STB Pulse Width t L 2000 ns

High Level STB Time t H 3 MS

STB Hold Time (vs.BUSY 1) t HS 0 4

2rd STBf— BUSY Delay Time| t DB 5 i@

Low Level BUSY Time t WB CL=%0pF 18 64 1/f¢

C/MD Set Time (vs.1st STBY)| t o8 0 s

C/D Hold Time (vs.2d STBt)| t HD 4 [

CS Hold Time (vs.2nd STB1)| t 1S 4 us
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AC timing measurement voltages (except STB/SCK, BUSY)

0.7Vee
Test
points
0.3Voe

0.7Voo

0.3V

Clock timing waveforms

e

RESET input timing waveforms

s

Interface specification timing waveforms

D1.D2
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Serial input/output timing waveforms

}._!-na

al

'._t.a. e tuees

c/D Command/data specification

N tane

BUSY /

he— tuox —of

ft—— born ——]

N1t 2nd 8th
"\(
-ty } [
Serial Serjal
Sl data data
(MSB) LSB)
toso
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Parallel input/output timing waveforms

al

"‘— tocss . |e——tiacs

/
L—llu
o 4
BUSY \Z
trns —p] L—lu
58 —XS /
Ist ~ 2nd
bH e }"lc bt L ts

D0-D3 [‘;‘m / Data Y
\input}{gwpug}l

D0O-D3
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Data Memory STOP Mode Low Power Supply Voltage Data Retention
Characteristics (Ta=-40 to +85°C)

Item Symbol Conditions MIN MAX Unit
Data retention power Voopr 2.0 v
supply voltage
Data retention power Ioppr Vobor=2.0V 20 uA
supply current
Data retention high le‘vel Viubr 0.9Vpppor Vopopor+0. 2 v
RESET input voltage
RESET, CLOCK setup time tsre 10 us
RESET, CLOCK hold time ture 10 us

Data retention timing waveforms

P—Data retention mode—

Voo
of |\ 'R
RESET
@
CLOCK
——] Lync ) —.l Luae
D Vooea
@V
® Vmon
Ve
Notes: All inputs must be set below Vpppr in the data retention

mode.
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12. PACKAGE DRAWINGS

80~-pin plastic QFP (14 x 20) (Unit: mm)
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REFERENCE DOCUMENTS
Document Name No.
Semiconductor device mounting technology manual 1EI-1207
NEC semiconductor device reliability/quality control system 1EI-1212
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NEC #PD164314

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.
NEC Corporation does not assume any liability for infringement of patents, copyrights or 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 otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.
The devices listed in this document are not suitable for use in aerospace equipment, submarine cables, nuclear
reactor control systems and life support systems. If customers intend to use NEC devices for above applications
or they intend to use "Standard" quality grade NEC devices for applications not intended by NEC, please contact
our sales people in advance.
Application examples recommended by NEC Corporation
Standard: Computer, Office equipment, Communication equipment, Test and Measurement equipment,
Machine tools, Industrial robots, Audio and Visual equipment, Other consumer products, etc.
Special: AutomotiveandTransportationequipment,Trafficcontrolsystems,Antidisastersystems, Anticrime
systems, etc.
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