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NEC/ MOS INTEGRATED CIRCUIT
uPD16432B

1/8, 1/15 DUTY LCD CONTROLLER/DRIVER

DESCRIPTION

The uPD16432B is a controller/driver with 1/8 and 1/15 duty dot matrix LCD display capability. It has 60 segment
outputs, 10 common outputs, and 5 dual segment/common outputs, giving a maximum display capability of 12
columns x 2 lines (at 1/15 duty).

LED drive outputs, key scanning key source outputs, and key data inputs are also provided, making it ideal for use

in a car stereo front panel, etc.

FEATURES

e Dot matrix LCD controller/driver

« Pictograph display segment drive capability (MAX. 64)

e LCD driver unit power supply Vico independently settable (MAX. 10 V)

* On-chip key scan circuit (8 x 4 matrix)

¢ Alphanumeric character and symbol display capability provided by on-chip ROM (5 x 7 dots)
240 characters + 16 user-defined characters

« Display contents
1/8 duty: 13 columns x 1 line, 64 pictograph displays, 4 LEDs
1/15 duty: 12 columns x 2 lines, 60 pictograph displays, 4 LEDs

« Serial data input/output (SCK, ﬁ, DATA)

¢ On-chip oscillator

¢ Reduced power consumption possible using standby mode
ORDERING INFORMATION

Part Number Package

1PD16432BGC-001-9EU 100-PIN PLASTIC TQFP (FINE PITCH, 14 x 14), Standard ROM code

The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

Not all devices/types available in every country. Please check with local NEC representative for
availability and additional information.
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1. BLOCK DIAGRAM
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2. PIN CONFIGURATION (Top view)

e uPD16432BGC-001-9EU

o (=2} @ ~ © [} < (v} o - o o 0 ~ © v < [} o — o (=2} @ ~ ©
RO RO RO RO RO RO RO RO RV RC RO RC RO RV RC RO R RORORORC)
Wwowwwwwwwwwwwwwwwwwwwwwwww
LT T TP a T Taree
75 51
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SEGss ——SEGa23
SEGs4 — —SEG22
SEGss ——SEG21
SEGss — —SEG20
SEGs7 ——SEG19
SEGss — —SEGus
SEGs9 — ——SEGa17
SEGeo — ——SEGas
SEGe1/COM14 — ——SEG1s
SEGe2/COMas ——SEGu4
SEGes/COM12 — ——SEGus
SEG64/COM11 ——SEG12
SEGes/COM1o — ——SEGu
COMo — ——SEGu1o0
COMs — ——SEGo
COMz7 —— SEGs/KSs
COMs — ——SEG7/KS7
COMs — —— SEGe/KSe
COMa4 ——SEGs/KSs
COM3 — ——SEG4/KSa
COM:2 —— SEG3/KSs
COM1 — O ——SEG2/KS2
COMo 100 26 J—SEG1/KS1
1 25
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3. PIN DESCRIPTIONS

Symbol Pin Name Pin No. 110 Function

SEG/KS: to Segment /key source dual- 26 to 33 (0] Pins with dual function as dot matrix LCD segment

SEGs/KSs function outputs and key scanning key source outputs

SEGo to SEGeo Segment 34 to 85 O Dot matrix LCD segment outputs

SEGe/COMsto | Segment /common dual- 86 to 90 (@) Switchable to either dot matrix LCD segment outputs

SEGss/COMio function or common outputs

COMo to COMg Common 91 to 100 O Dot matrix LCD common outputs

LED: to LED4 LED l1to4 (0] LED outputs are Nch open-drain

SCK Shift clock 17 | Data shift clock.
Data is read on rising edge, and output on falling edge.

DATA Data 18 1/0 Performs input of commands, key data, etc., and key
data output. Input is performed from the MSB on the
rise of the shift clock, and the first 8 bits are
recognized as a command. Output is performed from
the MSB on the fall of the shift clock.
Output is Nch open-drain.

STB Strobe 19 | Data input is enabled when “H”. Command processing
is performed on a fall.

KEY REQ Key request 16 (@) “H” if there is key data, “L" if there is none. Key data can
be read irrespective of the state of this pin. Output is
CMOS output.

RESET Reset 15 | Initial state is set when “L".

LCD OFF LCD off 14 | When “L”", a forced LCD off operation is performed,
and SEGn & COMn output the unselected waveform.

SYNC Synchronization 13 1/0 Synchronization signal input/output pin. When 2 or
more chips are used, wired-OR connection is made to
each chip. A pull-up resistor is also required when one
chip is used.

OSCi Oscillation 20 | Connect oscillator resistor.

* When an external oscillator is used, input a clock

OSCout 21 0 signal to the OSCin pin and leave the OSCourt pin
open, depending on the setting status of the CLS pin.

KEY1 to KEY4 Key data 22t0 25 | Key scanning key data inputs

Voo Logic power supply 12 - Internal logic power supply pin

Vss GND 5 - GND pin

Vico LCD drive voltage 11 - LCD drive power supply pin

* Vici to Vies LCD drive power supply 10to 6 - Dot matrix LCD drive power supply. Connect Vicsto

ground when an internal oscillator is used.

Data Sheet S11092E6VODS 5




NEC UPD16432B

4. PIN FUNCTION

4.1 LCD Display
In the uPD16432B LCD display, a 5 x 7-segment display and pictograph display segments can be driven. The
pictograph display segment common output is allocated to COMo, and up to 64 can be driven.

(1) Example of 1/8 duty connections

SEG1 2 3 4 5 6 7 8 9 10 61 62 63 64 65

COM1 — 7 7T 71T |---------—-—--
COM2 — S
COM3 — S
COM4 — I e
COMs — S
COM6 — I e
COM7 — e

coMo——1 1M " mM/H\©hr"""""""-"

64 Pictograph Segments

(2) Example of 1/15 duty connections

SEG1 2 3 4 5 6 7 8 9 10 56 57 58 59 60

COM1 — I 77T 71T |------------
COM2 — L [ [ [ | |---ceaae-
COM3 — I I
COMs4 — S T
COMs — I I
COMe — L [ [ [ | |---ceaae-
COM7 — I I

COMs — I 7T 7T 7 7T |------------
COM9s — S T
COM10 — S
COM11 — A T
COMi12 — S
COM13 — A T
COM14 — S

coMo—+— 1 Mt 1 H H--""""---

60 Pictograph Segments
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4.3 Display RAM Addresses
Display RAM addresses are allocated as shown below irrespective of the display mode.

ColumnNo. 1 2 3 4 5 6 7 8 9 10 11 12 13

Linel |OOH|01H|0O2H |0O3H |[04H |05H|06H|07H |08H |09H |OAH|0BH|0OCH

Line2 |ODH|OEH|OFH|10H|11H|12H |13H|14H |15H|16H|17H |18H

4.4 Pictograph Display RAM Addresses
Pictograph display RAM addresses are allocated as shown below.

Segment Output No.

Address
b7 { b6 { b5 | b4 | b3 { b2 { bl | b0

00H 1 2 3 4 5 6 7 8

01H 9 10 { 11 { 12 | 13 | 14 | 15 | 16

02H 17 {18 { 19 { 20 | 21 | 22 | 23 | 24

03H 25 126 {27 1 28 |29 {30 {31 32

04H 331343536 |37 ;3839 40

O5H 41 + 42 { 43 | 44 | 45 | 46 | 47 | 48

06H 49 | 50 { 51 { 52 | 53 { 54 | 55 | 56

07H 57 { 58 | 59 { 60 | 61 | 62 | 63 | 64

Remark When 1/15 duty is used (12 columns x 2 lines), 61 to 64 are disabled.
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45 CGRAM Column Addresses
A maximum of any sixteen 5 x 7-dot characters can be written in CGRAM. The row address within one character
is allocated as shown below, and is specified by bits b7 to b5.

The character code for which a write is to be performed must be specified beforehand with an address setting

command.

Row Dot Data

Address | b7 | b6 | b5 | b4 | b3 | b2 | bl | bO

00H 0 0 0

O1H 0 0 1

02H 0 1 0

O3H 0 1 1

04H 1 0 0 /

O5H 1 0 1

06H 1 1 0
« -— A — _
Row Address Font Data

(5 x 7 Dots)
Remark *: Fontdata (1: ON, 0: OFF)

Data Sheet S11092E6VODS 9
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4.6 Configuring a Key Matrix
Examples of key matrix configurations are shown below.

(1) Assumed case when 3 or more keys simultaneously pressed
A configuration example is shown below. In this kind of configuration, between 0 and 32 switches in the ON state

can be identified.

KEY1

KEY2

KEY3s

KEYa4

MDD M MNN M
NNV ANV AN
DM MM
U VU Y
DM MDD N
NNV ANV AN
DM M M
NNV ANV AN
DM M M
NNV ANV AN
DM M N
NNV ANV AN
DM MM
WV VU \Y
DM M N
NNV ANV AN
|

~
[
»
~
(]
N
~
(7]
w

KSs KSs KSe KS7 KSs

(2) Assumed case when 2 or fewer keys simultaneously pressed
A configuration example is shown below. In this kind of configuration, between 0 and 2 switches in the ON state

can be identified.

kevi (DM MDD D DD D
NPARNVAANY S NVAANYAAND SANVAANY/
1
DM DD DD DD s
RN ANV AN AN NP SNV AN AN $ - i
MDD D D DD DD
LG CRENANV ANV AL NVAANY SN AAND AR SNV
kevi— DM D D D MDD M
NP ARNP A NP ANV AN NP AP AN
'Y Y ¥ ¥ ¥ Y Y ¥ DiodeA
KS:1 KSz2 KSs KSs KSs KSe KS7 KSs

10 Data Sheet S11092EJ6VODS



NEC

uPD16432B

In this example, if 3 or more keys are simultaneously pressed, switches in the OFF state may be inadvertently

judged as being ON.

Take, for example, the case shown below where SW2 to SW4 are ON and KSu is selected (low level). Normally, the

11 current would flow and SW3 would be detected as being in the ON state. However, because SW2 and SW4 are

ON, the 12 current flows, and SW1 is mistakenly identified as being ON.

KEY2

SW1 SW2
M M M M M MM
--------\svl-*: VUV U UV
12 SW3 ' SW4
' M M MDY MDD M
______ D U O U UY
:
DY MDY MDD MDY MDD N
5\/ VUV U U Y
DD DD DD
N UY UV YU YUY
'Y Y ¥ ¥V Y Y Y V¥
KS: KS: KSs KSs KSs KS7 KSs
Selected

o

Also, if diode A is not connected, not only will the key data be unable to be read correctly, but the LCD may also be

affected and the IC damaged or its characteristics degraded.

Take, for example, the case shown below where SW1 and SW2 are ON, and KSu is selected (low level).

In this

case, in addition to 11, which is the current that normally flows, the short current between KSz and KS2 (12) also flows,

potentially causing the following three problems.

<1>
<2>

<3>

Incorrect transmission of the level to KEY2 will prevent the key data from being latched properly.

Because KS1 and KS2 have alternate functions as SEG outputs, the LCD will not display correctly.

The flowing of the short current between KSz (high level) and KSz (low level) (12) will damage or degrade the

IC.

KEY1

KEY2

KEYs

KEY4

b
N\
N

'
'
'
-

ar W

-----

M M MM
NNV AAY AN
MM DM
NNV ARV
DM MM
N ARV AN ARV
D MMM
VARV ANV ALY/
M MM M

U\ U

KSs KSs KSs

DM MDY M
NP ANV AP AN/

KSs KS7 KSs
_

Selected
(Low level)

Not selected (High level)

Data Sheet S11092E6VODS
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4.7 Construction of Key Data RAM
Key data is stored as shown below, and is read in MSB-first order by a read command.

b7 ------ b4 b3------ b0

KSs KS7

Ks KS Key data is as follows:

° ° 1: ON
0: OFF
KSa KSs3
KS2 KS1 Read Order
KEY4|KEY3|KEY2 | KEY1

4.8 Key Input Equivalent Circuit

Pull-Up : D |
Control Signal E

To Key %
Data RAM O KEYn

Remark In the event of key source output, the pull-up control signal
becomes “H”, and the pull-up transistor is turned on.

12 Data Sheet S11092EJ6VODS
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4.9 Key Request (KEY REQ)
A key request is output as shown below according to the state.

State KEY REQ""° Key Scan Internal Pull-Up Resistor
In key scan operation High level is output while any key | During key scan: ON
data is “1"."" During display : OFF

In standby mode or when SEGn | High level is output in case of key | Always ON
& COMn are fixed at Vics input only.

When key scanning is stopped Fixed at low level Always OFF

Note KEY REQ does not become low until the key data is all “0” (It is not synchronized with the key data reads).

4.10 LED Output Latch Configuration
The low-order 4 bits of the LED output latch are enabled, and the high-order 4 bits disabled, as shown below.

MSB LSB
|x‘x‘x‘x‘b3‘b2‘b1‘b0| X : Don't Care
\— LED:
LED2
LEDs
LEDa
Latch data is as follows:
1: ON
0: OFF

Data Sheet S11092E6V0ODS 13
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4.11 Commands

Commands set the display mode and status.

The first byte after a rise edge on the STB pin is regarded as a command.

If STB is driven low during command/data transfer, serial communication is initialized and the command/data
being transferred is invalidated (However, a command or data that has already been transferred is valid).

(1) Display Setting Command

This command initializes the uPD16432B, and sets the duty, number of segments, number of commons, master/
slave operation, and the drive voltage supply method. When multiple chips are used, only the chip that sent the
command is enabled. If initialization is performed during display, the display may be affected (especially when
multiple chips are used).

The state set when this command is executed is: LCD off, LED on, key scanning stopped. To restart the
display, it is necessary to execute “status command” normal operation. However, nothing is done if the same
mode is selected.

MSB LSB
[o] o] x| x| x|b2|b1]b0o| x:Dontcare

[

Duty setting
0: 1/8 duty (SEGe1/COM14 to SEGes/COM10 — segment outputs)
1: 1/15 duty (SEG61/COM14 to SEGes/COM10 — common outputs)

Master/slave setting°*®

0: Master
1. Slave

Drive voltage supply method selection
0: External
1: Internal

After powering on

[ [ [x[x[x]oJofol]

Note Please set only one uPD16432B to master, and the other to slave when in multi-chip mode. And
please set to master, when in single chip mode.

14 Data Sheet S11092EJ6VODS
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(2) Data Setting Command
Sets the data write mode, read mode, and address increment mode.

MSB LSB
[o] 1] x| x|b3][b2][b1|b0|  x: Dontcare

\—|—1— Data write mode/read mode setting

000: Write to display data RAM

001: Write to character display RAM
010: Write to CGRAM

011: Write to LED output latch

100: Read key data

Address increment mode setting

(Display data RAM, character display RAM)
0: Increment after data write
1: Address fixed

After powering on

[ [ [x[xJoJofolo]

(3) Address Setting Command
Sets the display data RAM or character display RAM address.

MSB LSB
[1] 0] x[ba[b3][b2|b1|b0| x: Dontcare

\ |
I Address

Display data RAM : O0H to 18H
Character display RAM : 00H to 07H
CGRAM : OOH to OFH

After powering on
[ | [xJofoJofofo]

Caution If an unspecified address is set, data cannot be written until a correct address is next set.
The address is not incremented even in increment mode.

Data Sheet S11092E6V0ODS 15
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(4)

16

Status Command
Controls the status of the uPD16432.

MSB LSB
[2 ]2 [b5|[b4][b3]b2]b1]bo|

After powering on
[ [ lofoJoJofo]o]

LCD cotrol

00: LCD forced off (SEGn, COMn = Vics)
01: LCD forced off (SEGn, COMn = unselected waveform)

10: Normal operation
11: Normal operation

LED control
0: LED forced off
1: Normal operation
Note2
Key scan control
0: Key scanning stopped
1: Key scan operation

Standby mode setting
0: Normal operation
1: Standby mode

Test mode setting
0: Normal operation
1: Test mode

Notel

Notes 1. The following states are use prohibited modes, and key scanning does not operate if these states are

set.

[ [ [ofofilofolol]

[ [ lofof1lsfofol]

2. The key data input operation is stopped. The key source signals from SEGn pin are output even in this

state.

Data Sheet S11092EJ6VODS
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4.12 Standby Mode

If standby mode is selected with bit b4 of the status command, the following state is set irrespective of bits b3 to
b0 of the status command.

(1) LCD forced off (SEGn, COMn = VLcs)

(2) LED forced off

(3) Key scanning stopped (but KEYn = key input wait)
(4) OSC stopped

There are two ways of releasing standby mode, as follows:

(a)Using Status Command
(b)Using KEYn

(a) Using Status Command
Select normal operation with bit b4 of the status command.

Table 4-1 Example of Use of Status Command

Command/Data
Item STB Description
b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

Standby mode L

Status command H 1 1 0 0 0 0 0 0 | Standby release (OSC oscillation start), LCD
control off (SEGn, COMn = V.cs), LED forced
off, key scanning stopped

Standby transition time L 10 us™*

Status command H 1 1 0 0 1 1 1 0 | Normal operation

End L

Note If LCD normal operation or key scan operation is initiated within the standby transition time, the LCD may
flicker.

Data Sheet S11092E6V0ODS 17
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(b) Using KEYn
If any key is set to the ON state, the standby mode is released and OSC oscillation starts. Also, KEY REQ is set
to “H", informing the microcomputer that a key has been pressed and standby mode has been released. In this
state, the key data is not memorized, and therefore it is necessary to set key scanning to the normal state after
the standby transition time, and fetch the key data.

Table 4-2 Example of Use of KEYn

_ Command/Data
Item STB Description
b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0

Standby mode L

Key data present L Standby release (KEY REQ =H,
OSC oscillation start)

Standby transition time L 10 us"**

Status command H 1 1 0 0 1 0 0 1 | LCD forced off (unselected waveform),
LED forced off, key scan operation

Key scan L 1 frame or more

Data setting command H 0 1 0 0 0 1 0 0 | Key data read, address increment

Key data H * * * * * * * * | For KSs, KS7

Key data H * * * * * * * * | For KSe, KSs

Key data H * * * * * * * * | For KS4, KSs

Key data H * * * * * * * * | For KSz, KS1

End L Key distinction

Note If LCD normal operation or key scan operation is initiated within the standby transition time, the LCD may

flicker.

Remark =*: key data (1:0N, 0 : OFF)

18 Data Sheet S11092EJ6VODS
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4.13 Serial Communication Formats

(1) Reception (Command/Data Write)

If data continues

STB
DATA >< b7 >< b6 >< b5  --------- b2 >< bl >< b0
SCK 1 2 3 I fffffffff 6 | 7 8

(2) Transmission (Command/Data Read)

STB

S () (2 CR () CI T 0 6 6 0

SCK |l| |2| |3| --- | |7| |8| 1| |2| |3| |4| |5| |6|
1us

Data Read Command Setting Wait Time twarr Data Read

Caution As the DATA pin is an Nch open-drain output, a pull-up resistor must be connected
externally (1 kQto 10 kQ).

Data Sheet S11092E6V0ODS 19
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*

5. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta =25°C, Vss=0V)

Parameter Symbol Rating Unit
Logic supply voltage Vob -0.3t0 +7.0 \
Logic input voltage ViN —0.3to0 +Vopo + 0.3 \Y,
Logic output voltage (Dout, LEDn) Vour —-0.3t0 +7.0 \Y
LCD drive supply voltage Vico -0.3to +12.0 Vv
LCD drive power supply input Vier to Vies —0.3t0 +Vico + 0.3 \Y
voltage
Driver output voltage Vour2 —0.3t0 +Vico + 0.3 \Y
(Segment, Common)
LED drive current loL1 20 mA
Package allowable dissipation Pr 1000 mw
Operating ambient temperature Ta —40 to +85 °C
Storage temperature range Tstg -55 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the

verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Recommended Operating Ranges

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Logic supply voltage Vob 2.7 5.0 5.5 \
LCD drive supply voltage Vico Vob 8.0 10.0 \
Logic input voltage ViN 0 Voo \Y
Driver input voltage Vico1 to Vieos 0 Vico \
LED drive current loL1 15 mA

20
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Electrical Characteristics (Unless specified otherwise, Ta =-40to +85°C, V oo =5V £10%,

Vico =8V £10%)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
High-level input voltage Vi1 0.7 Voo Vob \
Low-level input voltage Vio 0 0.3 Voo \
High-level input current IH SCK, STB, LCDOFF, RESET, 1 UA

KEY1to KEY4
Low-level input current I SCK, STB, LCD OFF, RESET, -1 UA

KEY1to KEY4
Low-level output voltage Vou1 LED: to LEDs4, lou1 = 15 mA 1.0 \
High-level output voltage Vo2 OSCour, KEY REQ), loHz = -1 mA 0.9 Voo \Y
Low-level output voltage VoL2 DATA, OSCour, SYNC, loL2 =4 mA 0.1 Voo \
High-level leak current ILoH2 DATA, SYNC, Vinout = Vbp 1 UA
Low-level leak current ILoL2 DATA, SYNC, Vinout = Vss -1 UA
Common output ON- Rcom Viep to Viecs — COMo to COMag, 2.4 kQ
resistance | lo| =100 uA
Segment output ON- Rsec Viep to Vics — SEG1 to SEGeo, 4.0 kQ
resistance | lo| =100 uA
Current consumption Iop1 Normal operation™*, Vi = Voo or Vss, 500 UA
(Logic) fosc = 250 kHz

Ibp2 Standby mode, Vi = Vop or Vss, 5 UA

fosc stopped
Current consumption lep1 Normal operation, internal bias selected, 1000 UA
(Driver) no load

ILep2 Standby mode, internal bias used, 5 UA
no load
Note Normal operation: Voo =5V, Vico =8V
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Switching Characreristics (Unless Specified Otherwise, Ta =-40to +85C, V pp = Vico =5V £10%,
RL =5kQ, CL =150 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Oscillator frequency fosc R =100 kQ 175 250 325 kHz
Output data delay time trzL SCK | —» DATA 100 ns
Output data delay time triz SCK | —» DATA T 300 ns
SYNC delay time tosyne 15 us

Remarks 1. The time for one frame is found as follows.
1 frame = 1/fosc x 128 clocks x duty number + 1/fosc x 64 clocks
If fosc = 250 kHz and duty = 1/15, 1 frame = 4 us x 128 x 15 + 4 us x 64 = 7.94 ms
2. TYP. values are reference values for Ta = 25°C.

Required Timing Conditions (Unless Specified Otherwise, Ta = 40 to +85°C, V pb = 5 V £10%,
Vicp = 8 V £10%, RL =5 kQ, CL = 150 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Clock frequency fosc OSCin external clock 100 500 kHz
High-level clock pulse width twHc OSCin external clock 1 5 us
Low-level clock pulse width twie OSCin external clock 1 5 us
Shift-clock cycle tevk SCK 900 ns
High-level shift clock pulse width twHk SCK 400 ns
Low-level shift clock pulse width twik SCK 400 ns
Shift clock hold time tHsTek STBT - sScKl 15 US
Data setup time tos DATA — SCK T 100 ns
Data hold time ton SCK T — DATA 200 ns
STB hold time thksTe SCKT—>STB 1 us
STB hold time twsts 1 us
Wait time twarr 8th SCK T — 9th SCK |, in data 1 us

read

SYNC removal time tSREM 250 ns
Standby transition time tesTe 10 us
Reset pulse width twrs RESET 0.1 us
Power-ON reset time troN From Power-ON 4 CLK

Output Load Circuit

5 kQ
DATA

150 pF
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Switching Specifications Waveform Diagrams (1/2)

1/fc
twHe
Vin

OSCin

Vi \

twie
P ViH ViH
STB
Vi
tHsTeK tHksTB
. e — | twsTe
| e E— |
tevk
twk twik
TR /Y 2 /
SCK
Vi

tos toH

v N/ T
DATA

M o AN
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Switching Specification Waveform Diagrams (2/2)

SYNC Timing (Master) SYNC Timing (Slave)
One Frame One Frame One Frame One Frame
tosyne tsrRem
SYNC
Internal Reset " "
SCK
Vi
tezL triz
DATA
VoL2 \ /
RESET
RESET

twre
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Output Waveforms

(1) 1/8 Duty (1/4 Bias: Vicz: Vics)

* Key scan period

*

KO‘l‘

0‘1‘2‘3‘4‘5‘6‘7

Vico
v [ [
COMo Vic2

Vica -
Viecs —

Vico —
Vict —
COM:1 Vic2

v L

Vics

AV/¥eh)
Vici
COMy Vic2
Vica
Vics

Vieo —

Vici Z
SEG: Vic2 —

Vica

Vics —

Vico —/
Vici /
SEG:2 Vic2
Vica
Vics

Vico = —

3/4Vico _
SEG1-COMo 2/4Vicp 2
1/4Vico

0

—1/4Vico

—2/4Vicp

—3/4V.co

—Vieo

Vico

3/4Vico
SEG1—-COM1  2/4Vicp
1/4Vico

0

—1/4V.co

—2/4Vco

—3/4V.cp

—Vico
—

4.4 ms
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COMo

SEG:

SEG:2

SEGs

SEGo to SEGes

Enlargement of Key Scan Period

Vico
Vica
Vic2
Vica
Vics
Vico
Vica
Vicz2
Vica
Vics
Vico
Vica
Vicz2
Vica
Vics

Vieo
Vica
Vic2
Vica
Vics
Vico
Vica
Vic2
Vica
Vics

A

7 K

1‘2‘3‘4‘5‘6‘7‘8

= Key source output
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(2) 1/15 Duty (1/5 Bias)

COMo

1/2Vico

COM:1

1/2Vico

COMaa

1/2Vico

SEG:1

SEG:1-COMo

Vicp
Vici
Vic2

Vics
Vica
Vics

Vieo
Vici
Vic2

Vics
Vica
Vics

Vico
Vici

oMz

Vics
Vica
Vics

Vico
Vici
Vic2
Vics
Vica
Vics

Vico

3/5Viep
1/2Vico-.
1/5Vico

o R
-1/5Vico |
—1/2Vicp”
—3/5Vicp

—Viep

—

* Key scan period

*
K

|z

=

‘0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14

— T

B >

7.9 ms
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Enlargement of Key Scan Period

14 K 0

1)2]s]als|6|7]8

COMo Vicz

1/2Vico *

<
S
(e}
@

SEG: Vic2

SEG:2 Vic2

Vico
Vica
SEGs Vic2
Vics
Vica

Ve —— LT LD LD B

R

= Key source output

SEGs to SEGes

NN FEEFEES

28 Data Sheet S11092EJ6VODS



NEC

uPD16432B

6. ACCESS PROCEDURES
Access procedures are illustrated below by means of flowcharts and timing charts.

6.1 Initialization

(1) Flowchart

{ Start }

Initial state
initialization

Key scan start

Display data RAM
write

Address setting

Display setting command (command 1)

BAbEEEESERE MSB LSB
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 | (/15 duty, master, internal drive)

Status command (command 2)

R MSB LSB
| 1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 1 | (LCD off, LED off, key scan operation)

Data setting command (command 3)

- oo MSB LSB

[o]12]0]0][0]0]o0] o] (DispaydataRAM, increment)

Address setting command (command 4)

- oo MSB LSB

[1]olo]olo]o0o] o] o] (DispaydataRAM: OH)

Display data

All data written?

NO

Character display
RAM write

Data setting command (command 5)
DR MSB LSB

Character data

All data written?

NO

Data Sheet S11092EJ6VODS
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LEDoutputlatch | l'\DAagg setting command (command 6) s
it
" [o]1]o0ofo]o]o]1]1] (LEDIatch, increment)
LED data
Status command (command 7)
LCD, LED on - MSB LSB
I 1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 0 I (LCD on, LED on, key scan operation)

(' To next processing )

(2) Timing chart

DATA
SCK
STB

DATA
SCK
STB

DATA

SCK

STB

30

:XCommand 1)<:>(Command Z)CXCommand 3)<:>(Command 4)<:>( Data 1
I I I (L
_ t t L

( X Data n-1 )D( Data n )D(Command 5><__<
(LI (LI (LI NN )
L \

X Data n )D(Command 6><:>< Data X:XCommand 7X
(LI (LI (LI NN
U v r

T~ I T
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6.2 Display Data Rewrite (Address Setting)

(1) Flowchart

(' To next processing )

(2) Timing chart

DATA
SCK

STB

Display data RAM Data setting command (command 1)
; RaSRTTEEEEE MSB LSB
write
| 0 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 | (Display data RAM, address fixed)
Address setting command (command 2)
Address setting R MSB LSB
[1]o]o[o]o]1]o] 1] (Displaydata RAM: 5H)
Display data

X Command 1)C>(Command 2X:X Data X

(L LT L
| L | B

Data Sheet S11092EJ6VODS
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6.3 Key Data Read

(1) Flowchart

( Start }

KEY REQ
recognition

NO

Data setting command (command 1)
Key data read i MSB LSB

[o]1]0]o0o]o0o]1]0]0] (keydata)
@
YES

Key data

---- Waittime: 1us

To next processing

(2) Timing chart

DATA X Command 1><:>< Data 1 )D( Data 2 >C>< Data 3 )C
SCK 1 T (T (T
s _|

KEYREQ |

578 L

KEY REQ

Cautions 1. Wait time twair (1 us) is necessary from the rise of the 8th shift clock of command 1
until the fall of the 1st shift clock of data 1.
2. KEY REQ does not become low until the key data is all “0".
(It is not synchronized with the key data reads.)
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6.4 CGRAM Write

(1) Flowchart

Address setting

CGRAM write n

CGRAM data

All data written?

YES

To next processing

(2) Timing chart

Data setting command (command 1)
MSB LSB

[o]1]0]o0o]lo]lo]1]0] (CGRAM, increment)

Address setting command (command 2)
MSB LSB

[1]o]lololoflo]o] o] (CGRAMcharactercode: OH)

DATA command2X__X_Datal X X Data2 X:X<

SCK L (LT (LT LT )
\

s8]

L

DATA

X _paas_ XX Dpata7_ X

STB

\
SCK > | | | |
\

|-
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6.5 Standby (Released by Status Command)

(1) Flowchart
{ Start }
Status command (command 1)

Standby - MSB LSB

f\LJ [1]2]0[1]0]o]o] o] (standby)
Status command (command 2)
Standby release  f=---------- MSB LSB
|1\1\0\0\0\0\0\0| (Standby release)

Transition

time OK? - Standby transition time: 10 us

Status command (command 3)
Normal operation ~ f=---------- MSB LSB

[1]1]ofo]1]1]1]0]| (LcDon, LEDon, keyscan operation)
(' To next processing )

(2) Timing chart

DATA X Command 1X XCommand 2 Command SX

SCK NIRIRIRI T e UMMHM
s _| t |
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6.6 Standby (Released by KEYn)

(1) Flowchart

{ Start }
Status command (command 1)
Standby - MSB LSB

r\L_/ [1]12]o]1]o0o]o]o0o] o] (Standby

Key request - -

Key (KEYn) input —
KEY REQ = H, OSC oscillation start

Transition

time OK? - Standby transition time: 10 us

Status command (command 2)
Normal operation  f=---------- MSB LSB

| 1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 0 | (LCD on, LED on, key scan operation)
{ To next processing }

(2) Timing chart

DATA X Command 1 X X Command 2 X

SCK | I I I
| tSTBY !
KEY REQ
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7. uPD16432B APPLICATION CIRCUITS

7.1 Example 1 of yPD16432B application circuit

(With internal power supply circuit, 1/15 duty)

5V

C1

!

Vop to 10V

Vbb

DATA
SCK
STB
KEYREQ

CPU —

CPU — | LCD OFF

Vss VLicp

Vic1

Vic2
Vic3
Vica

Vics

open

OSCiN
or | RESET OSCourt
VDD UPD16432B
LED1
LED2
LEDs3
LED4
SYNC
o (7')' 01’ (% KEYl
sa S ¥ X £ KEY:
2= 30 O OO KEYs
OO wWuw Wow oy,
"""" MDD r)
\NZANVAN VAN
MM N f)
- NZANVANPAN
\
\
15 k52 N SODD
\ P VasWa Wi
N \NFANVANPAN
eV Va Vi
\ AW A
Key matrix"°'
8 X 4 K
LCD Panel (8 x4 Keys)

Note 449* -

36

R1,R4 =1k to 10k

R2 =100kQ
R3 =330 to 1kQ
C1l =0.1uto 1.0uF
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7.2 Example 2 of uPD16432B application circuit
(With external drive circuit, 1/15 duty)

5V Vob to 10V
——-
a | A
Vbb Vss
VLcb R5
Vict
R1 Vic2
DATA Vics
—» SCK
cPU —» STB Vica
<+— KEYREQ
VLics
CPU — | LCD OFF
or L ——* RESET
VoD OSCN
OSCout
uPD16432B
LED1
LED2
LED3
LED4
SYNC
o (7)1 01') (c,g) KEY1
s o, XX X KEY:
=2 [OY0) OO0 ..O  KEY
L L L w LLl KEYa
AAAAA JAAYAAYAAY f)
\NZANFAVFAY
PanVanVary D
N \NPANVANVAN
\
\
15 52 % SPPD
apWasWa Vel
Y \NPANVANVAN
SOHD)
S AWAW/
Key matrix\°t
8 x 4 Keys
LCD Panel ( ys)

Note 449* =
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R3 =330to 1 kQ
C1=0.1uto1.0uF
C2=0.01 uto 0.1 uF

37



NEC 1PD16432B

8. PACKAGE DRAWING

100-PIN PLASTIC TQFP (FINE PITCH) (14x14)

A
B
RARARAAAAAAARRARARAAAHARR
75 51
=76 50=
0 i |
0 = — |
== i detail of lead end
0 - — |
0 i |
= = -S
0 = — | P S—
== + == C D
= = %Dﬂ\%
= = N
== = Q R
0 = — |
0 i |
0 = — |
0 i |
1 = 10@ 26D
J‘. ‘ ‘2‘5
L e JHﬁHHHHH HHHHHHHHHHHHHHHj
G~
H
— P K
i
MJ
NOTE ITEM MILLIMETERS
Each lead centerline is located within 0.10 mm of A 16.0+0.2
its true position (T.P.) at maximum material condition. B 14.0+0.2
C 14.040.2
D 16.0+0.2
F 1.0
G 1.0
W 022738
| 0.10
J 0.5 (T.P.)
K 1.040.2
L 0.5+0.2
Mo 01e5g 08
N 0.10
P 1.040.1
Q 0.1+0.05
R 3tL
S 1.27 MAX.

S100GC-50-9EU-2
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9. RECOMMENDED SOLDERING CONDITIONS

The u PD16432B should be soldered and mounted under the following recommended conditions.

For the details of the recommended soldering conditions, refer to the document Semiconductor Device Mounting
Technology Manual(C10535E).

For soldering methods and conditions other than those recommended below, contact your NEC sales
representative.

1 PD16432BGC-001-9EU  : 100-PIN PLASTIC TQFP (14 x 14)

Soldering Method Soldering Conditions Recommended
Soldering Condition Symbol

Infrared reflow Package peak temperature : 235°C, Time : 30 sec. MAX. (at 210 or higher), IR35-107-3
Count : 3 times or less.

Note

Exposure limit: 7 days ~ (after that, prebake at 125°C for 10 hours)
VPS Package peak temperature : 235°C, Time : 40 sec. MAX. (at 210 or higher), VP15-107-3

Count : 3 times or less.

Note

Exposure limit: 7 days ~ (after that, prebake at 125°C for 10 hours).

Partial heating Pin temperature: 300°C MAX., Time: 3 seconds MAX. (per side of device) —

Note After opening the dry pack, store it at 25°C ro less and 65% RH or less for the allowable storeage period.

Caution Do not use different soldering methods together (except the partial heating).
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[MEMO]
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

Data Sheet S11092EJ6VODS
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REFERENCE DOCUMENTS
NEC Semiconductor Device Reliability/Quality Control System (IEI-1212)
Semiconductor Device Mounting Technology Manual (C10535E)

e The information in this document is current as of December, 2000. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.

* No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.

* NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.

* Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.

* While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.

* NEC semiconductor products are classified into the following three quality grades:

"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products

developed based on a customer-designated "quality assurance program" for a specific application. The

recommended applications of a semiconductor product depend on its quality grade, as indicated below.

Customers must check the quality grade of each semiconductor product before using it in a particular

application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots

"Special”: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC semiconductor products is "Standard" unless otherwise expressly specified in NEC's
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not
intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.

(Note)

(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries.

(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for

NEC (as defined above).
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