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PRELIMINARY
16-CHARACTER 1-LINE DOT MATRIX LCD
CONTROLLER DRIVER WITH KEYSCAN

B GENERAL DESCRIPTION MPACKAGE OUTLINE

The NJUB470 is a Dot Matrix LCD controller driver for 16-character 1-
line with keyscan in single chip.

It contains keyscan circuit and input/output ports, bleeder resistance,
oscillation circuit, microprocessor interface circuits, instruction decoder
controller, character generator ROM/RAM, high voltage operation com-
mon and segment drivers.

The microprocessor serial interface circuit which operates by 1MHz is
incorporated.

The character generator ROM consists of 7,680 bits stores 192 kinds NJUG470F
of 5 x 8 dots character Font. Each 160 bits CG RAM and Icon display s

RAM stores 4 kinds of special character displayed on the dot matrix

display area and 80 kinds of Icon on the Icon display area.

The 18-common and 40-segment drivers operated up to 16-character

1-line with 80 Icon and static segment LCD display.

BFEATURES

@ 16-character 1-line Dot Matrix LCD Controller Driver

@ Maximum 80 icon Display

@ Serial Direct Interface with Microprocessor

@ Display Data RAM - 16 x 8 bits : Maximum 16-character 1-line Display

@ Character Generator ROM - 7,680 bits : 192 Characters for 5 x 8 Dots

@ Character GeneratorRAM - 32 x 5 bits : 4 Patterns( 5 x 8 Dots)

@ Icon Display RAM - 16 x 5 bits : Maximum 80 Icon

@ High Voltage LCD Driver : 18-common / 40-segment

@ Duty and Bias Ratio :1/18 duty and 1/5 bias

@ Useful Instruction Set  : Clear Display, Return Home, Display ON/OFF Cont, Cursor ON/OFF Cont,
Display Blink, Cursor Shift, Character Shift

@ 32key input (4x8 keyscan)

@ Bleeder resistance on-chip

@® Low Power Consumption

@ Operating Voltage --- 4.5to 5.5V ( Except LCD Driving Voltage )

@ Package Outline -— QFP100

@ C-MOS Technology
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WIRC NJU6470
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NJU64/0

ETERMINALDESCRIPTION
PAD No.| SYMBOL e} FUNCTION
1 VDD | Power Source (+5V)
2 VSSs | Power Source (GND)
3 osc1 | Oscillation terminal : External R connects to these terminals
4 os 02‘ o For external clock operation, the clock should be input on OSC1 terminal and
OSC2 terminal should be open.
5 V5
6 V3 l LCD Driving Power Sourse
7 V2
Maker test terminal
8 T1 | "1" : Busy or address or RAM data read
"0" : Normaily
9 RS | Register selection signal input terminal b
10 RW | Read / Write selection signal input terminal
11 cs I Chip select signal input terminal
12 SCL | Sift clock input terminal
13 SIo o Serial Data I/O terminal
- Keyscanning terminal
1417 X0~X3 Vo When this terminal is not used ,should be open .
— - Keyscanning terminal
1825 Yo=-Y7 Vo When this terminal is not used ,should be open .
Keyscan request signal terminal
26 REQ (0] "1" : Push any key
"0" : Normally
2734 | PIO-PI7 | Input port terminal
- - Output port terminal
35-~40 | PO0POS © Terminal structure is Nch open-drain.
Output port use GND
“ ves2 I Same voitage to VSS and VSS2
42 COMM1 (0] lcon Common Driving Signal terminal
4350 { COM1~8 ®] LCD Common Driving Signal terminals
5190 | SEG1+40 0] LCD Segment Driving Signal terminals
91~98 | COM16~9 o] LCD Common Driving Signal terminals
99 COMM2 (6] Icon Common Driving Signal terminal
——— Reset terminai
100 RESET l When the "L" level is input over 1.8uS to this terminal, the system is reset.

Ar. N N I N pPLy



NJU6470

M FUNCTIONAL DESCRIPTION
(1-1)Register
The NJUB470 incorporates 8-bit registers, an Instruction Register(IR), a Data Register(DR) a Key Register(KR), an
Output port Register(LR) and an Input port Register(PR). The Register(IR) stores instruction codes such as "Clear
Display" and "Cursor Shift" or address data for Display Data RAM(DD RAM), Character Generator RAM(CG RAM)
and Icon Display RAM (MK RAM).
The MPU writes the instruction code and address data to the Register(IR), but it does not read out from the
Register(IR).
The Register(DR) is a temporary stored register, the data stored in the Register(DR) is written into the DD RAM,
CG RAM or MK RAM and read out from the DD RAM, CG RAM or MK RAM.
The data in the Register(DR) written by the MPU is transferred automatically to the DD RAM, CG RAM or MK
RAM by internal operation. The Register(KR,LR,PR) is a temporary stored register, the key scan data(KR), output
port data(LR) and input port data(PR) are stored in the each Register.
These registers are selected by the selection signal T1 and RS as shown below.
Table 1. shows register operation controlled by T1, RS and R/W signals.

Table 1. Register Operation

T RS RIW zj;‘:tee‘: Operation
0 IR Write
PR Read (Input port data)
Wiite (DR to DD RAM, CG RAM or MK RAM
0 L 0 DRLR ELR:Output port data) )
0 1 1 KR Read (Key scan data)
1 0 1 IR Read busy flag and address counter
1 1 1 DR Read (DD RAM, CG RAM or MK RAM to DR)

(1-2)Address Counter(AC)
The address counter(AC) addresses the DD RAM, CG RAM or MK RAM.
When the address setting instruction is written into the Register(IR), the address information is transferred from
Register(IR) to the Counter(AC). The selection of either the DD RAM, CG RAM or MK RAM is also determined by
this instruction.
After writing (or reading) the display data to (or from) the DD RAM, CG RAM or MK RAM, the
Counter(AC) increments (or decrements) automatically.
- The address data in the Counter(AC) is output from SIO when T1="1", RS="0" and R/W="1" as shown in Table 1.

ANt . NN DN _ I N PL



NJU6470

(1-3)Display Data RAM(DD RAM)
The display data RAM (DD RAM) consists of 16 x 8 bits, stores up to 16-character display data represented in 8-

bit code.
The DD RAM address data set in the address counter(AC) is represented in Hexadecimal.

(Example) DD RAM address "8"

Ac | x| * [Ac3|ac2 | act | aco [« [« 1 Jo]o]o]

Hexadecimal : —_ 8

*:Don't care

(1-3-1)The relation between DD RAM address and display position on the LCD
1 2 3 4 5 6 7 8 9 10 MM 12 13 14 15 16 < Display Position

[o]1]2]3]4a]s5]e]7[8]s|Aa]B]c|Dp]E]|F |—DDRAMAddress(Hex,)

When the display shift is performed,the DD RAM address changes as follows: *
(Left Shift Display)
O-[1f[2fafa]s]ef7r[efofaloc]ofefF]o]
(Right Shift Display)
[Flol1]2]sf4]sfef7]s]e]ale|c|p]eE|=m

Ao NN D AN MLy



NJU6470

(1-4)Character Generator ROM(CG ROM)

The Character Generator ROM (CG ROM) generates 5 x 8 dots character pattern represented in 8-bit character
code.The storage capacity is up to 192 kinds of 5 x 8 dots character pattern.

The correspondence between character code and standard character pattern of NJU6470 is shown in Table 2.
User-defined character patterns (Custom Font) are also available by mask option.

Table 2. CG ROM Character Pattern (ROM version 02)

Upper 4bit. (Hexadecimal
01123145 |6|7|8|9|/A|B|C|D|E|F
¢ FIICH I PRV I T I
0 1% E
1 o | - [ PR s [T R
: 3 I I P
2 |6 ol Y
3 ool |FF ot E o R T G B
4 .
a | e R Dbt LR H .........
6| | |E] e o el e R
,:(‘et : eaien | canne
g 7 §. LEELT e Bl ELTTES BLIEN EP LT
‘é gl | i [ Y R T
g ;
9 wme | » [« w| | jecass
A TR wtd I R I A
B I B N O I weeie | 5E ':: -------
C o ST B B el
N R R N N A I R
O P i IO (1

3 Character code (10)H~ (1F)H, (80)H~(9F)H don't exist.
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NJU6470

(1-5)Character Generator RAM(CG RAM)

The character generator RAM ( CG RAM ) stores any kind of character pattern in 5 x 8 dots

written by the user program to display user's original character pattern. The CG RAM stores 4 kinds of character
in 5 x 8 dots mode.

To display user’s original character pattern stored in the CG RAM, the address data (00)x-(03)x should be written
to the DD RAM as shown in Table 2.

Table 3. shows the correspondence among the character pattem, CG RAM address and Data.

Table 3. Correspondence of CG RAM address, DD RAM character code
and CG RAM character pattern (5 x 7 dots)

Character
?Bg’;‘f\tﬁ’&ftgf CGRAM Address Pattern
(CGRAM Data)
76543210 43 210 43210
- bnd «— —_ — e
Upper bit  Lower bit Upper bit  Lower bit Upperbit Lowerbit
000 | 1
001 1 0 8
319 : 11 0
011 Character Pattern
0000%%00 00| {00 | R Example))
101 N0 0 0
110 [J0 0 0 |
111 00000 J«Cursor Position
000 o o o [
001 0 o [lo
010
011 0 0 [lo 0 |Character Pattern
0000%%01 01| Y00 Example(2)
101 00 |0 0
110 00 |mo o
111 00000 J<«Cursor Position
0000*%11 11
100
101
1710
111

Notes : 1. Character code bit 0,1 correspond to the CG RAM address bit 3,4(2bits:4 patterns).

2. CG RAM address bits 0 to 2 designate character pattern line position. The 8th line is the cursor
position and the display is performed by logical OR with cursor. Therefore, in case of the cursor display,
the 8th line should be "0". if there is "1" in the 8th line, the bit "1" is always displayed on the cursor
position regardless of cursor existence.

3. Character pattern row position corresponded to the CG RAM data bits 0 to 4 are shown above.

4. CG RAM character patterns are selected when character code bits 4 to 7 are all "0" and these are
addressed by character code bits 0 and 1.

5. "1" for CG RAM data corresponds to display On and "0" to display Off.

6. CG RAM address is linked with MK RAM address. MK RAM first address(20)H is next to CG RAM last

address(1F)H. And CG RAM first address(00)H is next to MK RAM last address(2F)H.

As N N 1 N P17



NJU6470

(1-6)Icon Display RAM(MK RAM)

The NJU6470 displays maximum 80 Icons.

The Icon Display is controlled by writing the Data into MK RAM corresponds to the Icon.
The relation between MK RAM address and Icon Display position is shown below:

36

COMMK1 . . COMMK2
CoM1 EyE . S COM9
COM2 = s GHHE s GOM10
COM3 b s CHEmE - - - COM11
COM4 .. CHmes- - - - COoM12
COM5 ER . G- - - COM13
COM6 gt - - B CHREHE- - - - COoM14
GOM? Ea e - - -G CHHEgHE- - - 3 COM15
Coms L.lnE}[JE} - - -HiEHE G- - - - — COM16
SEG 1234 j-‘ e 252423321 2122232425 = - -

Table 4. Correspondence among Icon Position, MK RAM Address and Data

MK RAM Address Bits for lcon Display Position
(20H~2FH) D5 | b4 | D3 | D2 | D1 | DO

5 4 3 2 1
10 9 8 7 6
15 14 13 12 1
20 19 18 17 16
25 24 23 22 21
30 29 28 27 26
35 34 33 32 31
40 39 38 37 36
45 44 43 42 41
50 49 48 47 46
55 54 53 52 51
60 59 58 57 56
65 64 63 62 61
010 1101 | 2DH 70 69 68 67 66
010 1110 | 2EH 75 74 73 72 71
010 1111 2FH | * * * 80 79 78 77 76

Notes: 1. When the Icon display function using, the system should be initialized by the software initialization
because the MK RAM is not initialized by the power tuming on and hardware reset.
2. The Icon display is not shifted by the display shift instruction.
3. MK RAM address is linked with CG RAM address. CG RAM first address(00)H is next to MK RAM last

address(2F)H. And MK RAM first address(20)H is next to CG RAM last address(1F)H.

O
<
lw)
D

010 0000 | 20H
010 0001 | 21H
010 0010 | 22H
010 0011 | 23H
010 0100 | 24H
. 010 0101 | 26H
010 0110 | 26H
010 0111 27H
010 1000 | 28H
010 1001 | 29H
010 1010 | 2AH
010 1011 | 2BH
010 1100 | 2CH

¥l ] RN X)X X]X] *F X
¥ PR ] ] e]H]R|®]H] ] ] ] K] | ] *
¥ fE ] ]| ]| ®E]N]X]E]*]x] ] x]*
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| NJU6470

(1-7)Timing Generator

The timing generator generates a timing signals for the DD RAM, CG RAM and MK RAM and other internal
circuits.

RAM read timing for the display and interal operation timing for MPU access are separately generated, so that
they may not interfere with each other.

Therefore, when the data write to the DD RAM for exampie, there will be no undesirable influence, such as fllcker-
ing, in areas other than the display area.

(1-8)LCD Driver

LCD Driver consists of 18-common driver and 40-segment driver.

The character pattern data are {atched to the addressed Segment-register respectively. This latched data controls
display driverto output LCD driving waveform.

(1-9)Cursor Blinking Control Circuit

This circuits controls cursor On/Off and the cursor position character blinks.
The cursor or blinks appear in the digit residing at the DD RAM address set in the address counter (AC).

When the address counter is (8)s, a cursor position is shown as follows:

AC6 AC5 ACA AC3 AC2 AC1 ACO
acfoJoJo]li1fofo]ol]

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 «Display Position
[o]1]2]3[4]s]s]7]s8[ofa]B]c]|D]E]F |~DDRAMAddress(Hex)

Cursor position

Note : The cursor or blinks also appear when the address counter (AC) selects the CG RAM or the MK RAM. But
the displayed cursor and blink are meaningless.
If the AC storing the CG or MK RAM address data, the cursor and blink are displayed in the meaningless
position.

Al Ao . DS N Py



NJU6470

(1-10)Initialization By Hardware
The NJUB470 incorporates RESET terminal to initialize the all system. When the "L" level input over 1.8us to the
RESET terminal, reset sequence is executed. In this time, busy signal output during 1.45 ms (fosc=69kHz) after

RESET terminal goes to "H".

*Timing Chart
Qver 1.8us
External
RESET Signal
1.45ms
BUSY

«Initialization flow

D=0 : Display Off
I Display On/Off Control I D=0 : Cursor Off
D=0 : Cursor Blink Off

[ EntyModeset | YD51:Increment by f

| Clear Display ]

L End ]

A N .. N 4 N P12



NJUG470

(1-11)Key Scan
The Key scan function performs scanning 32 keys of the 8x4 matrix and the two times key scanning and data
comparison to check key-in. When these data are the same value, the data is output.

(1-11-1)Intemal operations of Key Scan Circuit

RESET ="H"
Misttme | T
| X-scan :
tKS(Set by Instruction)

| Y-scan |
L———]——_ 41

— — —— — — —_—~
I 2ndtime 1

The 2nd scanning
data stored as the 1st
scanning data at next
time comparison.

Compariso
1st data and
nd datg

Data Output
I

REQ="H"

H @Temlinal

REQ="L"

Key Scan Stop

@ When the RESET is released (RESET ="H") the scanning starts automatically.
When the initialization is executed, key scan data is "000"H, Sampling Rate is tKS 9.28mS (at fOSC=69kHz).
The key scanning is performed continuously until the RESET is executed (RESET ="L").

@ The key scanning circuit executes X-scan and Y-scan in pairs, and executes it 2-time.
When the first scanning data and the second data are the same, the data is-output and “H” is output to REQ
terminal. When the first and second data are not the same, “L" level is output to REQ terminal.

@ The second scanning data is stored as the first data, and then the next scanning is executed as the second
scanning.



NJU6470

(1-11-2)Composition of internal key scan circuit

The composition of intemal key scan circuit is shown below. X0 to X3 and YO to Y7 are the same circuits.
The key switches are connected to Xn wire and Ym wire as shown below. When the key switch is pressed, the Xn
wire and Ym wire connected to the key switch should be shorted.

® ON
’_ % OoFF
X3
l_{ X2
X 1
X 0
Key scan data Y 7 A A AL
O<‘l NZANN” BN VAN
Y6 P N U
3/ pv
YS e N NS N
pu v
Y 4 MM N
AN N
Y3 a o)
9
Y2 DDy
vy
Y 1 e Na S WA Y
pv J T\
YO OD— DD
NJUB470

(1-11-3)Key scan detecting timing

The key scan data detecting is sepalated to (X0 to X3) and (YO to Y7) as shown below.
In case of (D timing, (YO to Y7) are “L” and the inverted data of (X0 to X3) are detected as the scanning data.
In case of @ timing, (X0 to X3) are “L” and the inverted data of (YO to Y7) are detected as the scanning data.

Example : Key scan detecting timing

L@ L @ |
K 0 A

Key scan data

------

X3 T | Loutput [ ([ o1 |o
— X2 —l o] "L" Output |7 D10 1
xo T Lo [/ ([ os [
Switch ' /1 o7 0
ON Y7o L Output [T 7T o6 | o
Short Y6 W 1 — 5
Ys | Output [T 4 |o
Y4 |'Output [T D3 | 1
L vs ™ wouput vot [ p2 | o
Y1 "L Output [ 27 1 75 - f L] P |o

vo rouput [T Inverse

..... .

A"._l 4‘_‘“ D‘J"‘. ﬁ‘ ’u



NJU64/0

And key scan data detecting is shown below. Both (X0 to X3) and (YO to Y7) key scan data are took-in at the
timing of 3/4 tKP (key scan pulse width) shown below.

i B

]
e 1
Cay

V3AKPT r3/4tkPTT

YO~Y7

i

Key scan detecting timing

(1-12)Input port circuit
The input port circuit consists of 8 ports (PI0 to PI17), suitable for various sensor input.

The chattering is prevented by 2-time data sampling and compairing the each data.
S

(1-12-1)internal operations of Input port circuit

RESET ="H"

1st Sampling

tKS(Set by Instruction)

2nd Sampling

The 2nd sampling
data is stored as the
1st sampling data at
next time comparison.

omparison
1st data and
nd dat

Data Output

IIHII

RESET Terminal

Sampling Stop

@ When the RESET is released (RESET ="H") the sampling starts automatically.
When the initialization is executed, the input data is "00"H, Sampling Rate (tKS) is 9.28mS (at fOSC=69kHz).
The sampling is performed continuously until the RESET is executed (RESET ="L").

@ The input port circuit executes data sampling 2-time.
When the first sampling data and the second data are the same, the data is output

® The second sampling data is stored as the first data, and then the next data sampling is executed as the
second sampling. )

At NN . D _Jd N Py



NJU6470

(1-12-1)Example : Input port of inner composition

::rl)%]::cﬂoc?rcuit Incoming data
OFFE, = = 1
OFF; = D6 |1
OFFE~ % D5 1
OFF~ g D4 1
OFF, = 3 | 1
|ON, g D2 0
OFE ¢ g D1 1
OFE ; g DO 1
7
NJU6470

(1-13)Output port circuit

The output circuit consists N-ch open drain structure output port, 6-port (POO0 to POS5), suitable for LED driver.
It also consists built in period programable pulse circuit, therefore it is able to blink LED by only 1-instruction.

(1-13-1)Inner composition of output circuit and Example of LED connecting

Inner composition of output circuit is shown below, and POO to POS are the same circuits.

ON :Turn On e "L" level output
OFF :TurnOff ................ High Inpedance

Pulse 1: (Blinking/0.5sec) ... Each 0.5sec repeat cycle (L—High Inpedance)
Pulse 2: (Blinking/1.0sec) ... Each 1.0sec repeat cycle (L—High inpedance)
Pulse 3: (Blinking/2.0sec) ... Each 2.0sec repeat cycle (L—High Inpedance)

Note:The Maxmum drive voitage of terminal PO(Nch Tr) is 7V.

PQOS

Pull-up
Resistor

Output pattern Pulse circuit

»

PO4

NJU6470

Y. VY . VY . Y L <

POs3
POz
PO
{poo

=\
&y

LED

reL s



| NJU6470

(2)Instructions

The NJU6470 incorporates two registers, an Instruction Register (IR) and a Data Register(DR).

These two registers store control information temporarily to allow interface between NJU6470 and MPU or
peripheral ICs operating different cycles. The operation of NJU6470 is determined by this control signal from MPU.
The control information includes register selection signals (RS), read/write signals (R/W), Test terminal and data
bus signals (S10).

Table 5. shows each instruction and its operating time.

Table 5. Table of Instructions

Code Execute
T1 }rw|RS|p15|p14|D13{D12 D11 |D10 | DO | D8 | D7 | D6 | D5 | D4 | D3 |D2| D1 DO| time

Instructions

MakerTesting O OO ") *l*I*I*t*]l*t1t*fjojo|Jojo]|]O|O)]O]O]|217us

Clear Display ocjojoyrgpt*y1*f{**¢t*|1*1*JojojojoO|JO}jO]|]O]|1]138mS

RetunHome (O |Oj O * 1 "¢ | *|*|*}*|*]0o]ofjojojofjo]1]™]217uS

EntryModeSet fOJO|OF* || *|™*|*]*|*]*]10]|]0}j0]O0O|0O]|1]VD|S]|217uS

Display On/Off | o f g f g« =11 |~|*]"]ololololi]|o]|lc]|a|217us

Control
Coursor or R | »
Display shit | © | © ] ° ofo|o]f1|sc|re 290uS
Key Input Sampling M B O R I I I I input [ Key |, |.
Rate set ojojo 011 Port Scan 7S
StODORAM Yo fofo~|«|*|*|*|*]*|*|1]o]"]|" |ooramo~FH]217us
Address

Set CG/MK RAM CG RAM( 00~ 1F)H

Address ofojo T MK RAM(20~260H | 2178
Wite Data Write data(DD RAM)
Tite LData 1o
RAM oottt {1 1o [.T.T. [wiite datacce rRam | 217us
Write data(MK RAM)
Wirite Data to PO VU RV R B I Output |
ouput ot | 910" 1| oot pos | Po4 | Po3 | Po2 |Po1 |Po0| ous
Read Data from 0 1 0 * * * * * * * * |PI7|PI6|PIS|PI4|PI3}PI2]PI1]|PIO ousS
Input Port

Read Data from

O 1111 > * | * |KX3{KX2KXT|KXOIKY7 |KY6|KY5 KY4|KY3 [KY2{KY1|KYO| OuS
Key Scan

ReadBusyFlag | | f gl w e[ a|a ot a|«]~]~|or|as|as]|ns]|nzlat]|ac] ous

& Address
Read data(DD RAM)
Reads:;;fmm bbbl LT, T, Tread dataica Ry | 290us
Read data(MK RAM)
*Don't care

Note : fosc=69KHz when the fosc changes, the execute time also changes.
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(2-1)Description of each instructions

(a)Maker Testing
T1 Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Code|0|0|0|*I*I*l*[*|*|*|*|0|0|0|0[0|0|0|0|

All "0" code in 4-bit length is using for device testing mode ( only for maker).

(b)Clear Display
T1 Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Codelololo|*|*|*|*|*|*|*|*|olo|0|0|0|0|0|1|

Clear display instruction is executed when the code "1" is written into Do.

When this instruction is executed, the space code (20)+ is written into every DD RAM address, the DD RAM
address (00)+ is set into the address counter and entry mode is set increment.

If the cursor or blink are displayed, they are retumed to the left end of the 1st line in the LCD.

The (S) of entry mode, DD RAM, CG RAM, MK RAM do not change. %

Note: The character pattern for character code (20)n must be blank code in the user-defined
character pattern(Custom font).

(c)Return Home
T1 RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Cczde[o|o|o]*|*|*|*|*|*[*|*lo]o|o|0|o|o|1|*|
Return home instruction is executed when the code "1" is written into D1. When this instruction is executed,
the DD RAM address (00)+ is set into the address counter. Display is returned its original position if shifted,
the cursor or blink are returned to the left end of the 1st line in the LCD if the cursor or blink are on the
display. '
The DD RAM contents do not change.

(d)Entry Mode Set
T1 ”Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Code|o|o[o|*|*|*|*|*|*|*|*|o|o|o|o|o|1]l/D|s|

Entry mode set instruction which sets the cursor moving direction and display shift On/Off, is executed when
the code "1" is written into Dz and the codes of (I/D)and (S) are written into D1(I/D) and Do(S), as shown

below.
(/D) sets the address increment or decrement, and the (S) sets the entire display shift in the DD RAM
writing.
1D Function
1 Address increment. The address of the DD RAM or CG RAM increment { +1)
when the read/write, and the cursor or blink move to the right.
0 Address decrement: The address of the DD RAM or CG RAM decrement ( -1)
when the read/write, and the cursor or blink move ta the left.
S Function
Entire display shift
The shift direction is determined by I/D.: shift to the left at'I/D=1 and shift to the
right at the I/D=0. The shift is operated only for the character, so that it looks as if
1 . X
the cursor stands still and the display moves. .
The display does not shift when reading from the DD RAM and writing/reading
into/from CG RAM.
0 The display does not shift.

Yy . Y . Y T Y Y & ]
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(e)Disptay ON/OFF Control
T1 Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Code JoJoJof«f«]+|*j*j*[«]*fojofofoft1]DjcB]

Display On/Off control instruction which controls the display On/Off, the cursor On/Off and the cursor position
character blink, is executed when the code "1" is written into Ds and the codes of (D), (C) and (B) are written
into D2(D), D1(C) and Do(B), as shown below.

D Function

1 Display On.

Display Off.l n this mode, the display data remains in the DD RAM so that

0 it is retrieved immediately on the display when the D change to 1.
Cc Function
1 Cursor On. The cursor is displayed by 5 dots on the 8th line.

0 Cursor Off. Even if the display data write, the I/D etc does notichange.

B Function

The cursor position character is blinking. Blinking rate is 500ms at fs.=69kHz.
The cursor and. the blink can be displayed simultaneously.

o] The character does not blink.
OmMmms Ommang KEREERN
OO moo0om EEEENE
|_m{m{mim mOCCOm REERN
[ Jul ] ] | |mimim| | EEEEE
mOO0Om EREER EREEN
| Jm{m|m} | | |mimim| | EEEERER
ml 1] ]| _ RmOOOm EREER
NMEREN ooaoo EREEE
Cursor
Character Font 5x7dots ‘ Altemnating display
(1)Cursor display example (2)Blink display example
(f)Cursor/Display Shift

T1 RwW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Code|0|0|o|*|*|*|*|*|*|*[*|o|o|0|1|S/C|R/L|*|*|

The Cursor/Display shift instruction shifts the cursor position or display to the right or left without writing or
reading display data. This function is used to correct or search the display.

The contents of address counter(AC) does not change by operation of the display shift only.

This instruction is executed when the code "1" is written into D4 and the codes of (S/C)and (R/L) are written
into D3(S/C) and D2(R/L), as shown below.

S/C RIL Function
0 0 Shift the cursor position to the left ((AC) is decreased by 1)
0 1 Shift the cursor position to the right ((AC) is increased by 1)
1 0 Shift the entire display to the left and the cursor follows it.
1 1 Shift the entire display to the right and the cursor follows it.
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(9)Key Input Sampling Rate set
T1 RW RS D15 D14 D13 D12 D1t D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Input Key

Code JOJ OO | *px]x]x|*x]|*]*x]|*x]0]1
port | scan

* |

Key Input Sampling Rate set instruction sets the input data sampling rate (tKS) of Input port and Key scan.
NJU6470 prevents the chattering by 2-time data sampling. There are 4 Sampling Rates as follows.

The sampling rate of input port and key scan are selected by writing the code as follows into D5,D4(Input port)
and D3,D2(Key scan).

D5 D4 . _
D3 D2 Sampling Rate(tKS) (fOSC=69KH2z)
0 [} 9.28(mS)
0 1 18.56(mS)
1 0 37.12(mS) .
1 1 74.24(mS)
(h)Set DD RAM Address

T1 Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Code|0|0|0|*]*|*|*|*|*|*|*|1|0|*|*|DDRAM(0)H~(F)H|

Set DD RAM address instruction is executed when the code "1" is written into D, the code "0" is written into
Ds and the address is written into Ds to Do as shown above.

The address data (Ds to Do) is written into the address counter (AC) by this instruction. After this instruction
execution, the data writing/reading is performed into/from the addressed RAM.

The DD RAM address is set to (0)H automatically at initialization.

()Set CG/MK RAM Address

T1 rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

CG RAM(O0)H~(1F)H
MK RAM(20)H~(2F)H

Code | O] O] O k| x| x|%|x]%]|*x]x]1]1

Set CG/MK RAM address instruction is executed when the code "1" is written into Dz, the code "1" is written
into Ds and the address is written into Ds to Do as shown above.

The address data (Ds to Do) is written into the address counter (AC) by this instruction. After this instruction
execution, the data writing/reading is performed into/from the addressed RAM.

()Write Data to RAM
T1 RwW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 Dt DO
Write data(DD RAM)

Code | O | O 1§ *|* | ]|xfx]x*x]0]=* W I Write data(CG RAM)
Write data(MK RAM)

Write Data to RAM instruction is executed when the code "1" is written into (RS) and code "0" is written into
(R/W) and (T1).

By the execution of this instruction, the binary 8-bit data (D~ to Do) are witten into the DD RAM, and the
binary 5-bit data (D4 to Do) are written into the CG or MK RAM. The selection of RAM is determined by the
previous instruction. After this instruction execution, the address increment(+1) or decrement(-1) is performed
automaticaily according to the entry mode set. And the display shift is also executed according to the previ-
ous entry mode set.
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(k)Write Data to Output Port

T1 RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Output
Pattern

Code JOJ O} 1 * | ok | ok | k| ok | k|1 * ]rPos|Po4|Po3|Po2|Po1]|Poo

Wirite data to output port instruction sets the output pattern of output port (LED drive port : POS5 to POOQ). The
output pattern is selected by writing the code as follows into D8,D7. When the code “1” is written into D5 to
DO, the output ports are on. When the code “0" is written into D5 to DO, the output ports are off.

D8 D7 Output Pattern (FOSC=69kHz)
0 0 Turn on

0 1 Blink(Blinking rate :0.5s)

1 0 Blink(Blinking rate :1.0s)

1 1 Blink(Blinking rate :2.0s)

()Read Data from Input Port

T1 RwW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Code Jo |1 [o|*]x[x]|x]x*[x]x*]=]rri{rs|[rs|ria]|ra]|ra]rnfro]

Read data from input port instruction is executed when the code “1” is written into R/W, and the data of input
port (P17 to P10) is read out serially through the SIO terminal.

Because the input port data is set into the register by the fall edge of CS signal, the output data is not
changed if the input port state is changed.

(m)Read Data from Key Scan

T1 Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Code J O J 1 [ 1% ][ =[x [rxsfexa]rxtjuxofrr|ve]ivs|icrafvaiva]ievs [kvo]

Read data from key scan instruction is executed when the code “1” is written into R/W, RS, and the data of
key scan (KX3 to KX0, KY7 to KYO) is read out serially through the SIO terminal.

Ar. NV N _ I M LIy
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<Key Scan Data Format>
Key scan data is 12-bit data. Upper 4-bit corresponds to X3 to X0 terminals data, lower 8-bit corresponds to
Y7 to YO terminais data.
When some key is pressed the bits corresponded to the pressed keys (X3 to X0, Y7 toY0) are “1”, and the
other bits are all “0". For example, when the key connected to X2 and Y2 is pressed, the key scan data bits
of X2 (D10) and Y2 (D2) are “1", and the other bits are all “0".

Example 1. One key is pressed

NJUB6470

X X X X < < < < < < < <
W N = 0 N O g bh N = O

AN M N N A AN N A

L\ A\ AN AN AN T

N M l Fdn)

f) C) N AVARRAN M\ C ' O N

P—P—P—O—D—@—P—( OOFF

AN D DN AN A a1 N

\ RPN N \J \ g

Read out data
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Lrls|xf+JofrJofoJoJofoJofo t]olo]
- X3~XQ - — Y7~Y0 -

In case of Example 2, the key roll over input is available. But in case of Example 3, the key roll over input is
not available.

Example 2. The key roll over input®

NJUB6470

X X X X < < < < < < < <
W N = O N O g~ OON = O
e N2 N N N NP N N
o0
P N N s N N2 N
g o—o— 00— p——C ® ON
N (] M
P—P—P—P—{( T Oo FF
AN AN N Vo iia
—o——C— G

Read out data
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Lrlxdefxf1fr]ofoJoJojojofoftjolo
=  X3I~XQ e Y7~Y0 had




NJU6470

Example 3. The key roll over input@®

NJUB6470 NJUG6470
X X X X < < < < < < < < X X X X < < < < < < < <
[\] = O N g W N - O o T ) ~ o e
“’I"’ H—O— @@
Fa D—d e Wila ®ON g D& Pa A
Pa N ’eécr OO0OFF D- N (] ’rﬂr
p—4 )C‘ 4 DD —d
NJU6470 : NJUB6470
X X X X < < < <X < < < < X X X X < <X < < < < < <
N N o TS < I S B\ B S o N = O N o1 D N - O
L
a *—H—@——4g D-Dd D—D—D—¢
Va, N DD B DD
g DD ¢ S>> e—D—@ o
Fa D DD (77\1(‘4 C

NJUGB470 NJU6470
X X X X < < < < < < < < X X X X < < < < < < < <
W N b SN b N 2O W N = O N W N -
£l f’f‘L/’/‘f D D D ’f,f
4 ('\ff'c(“ a J'\ flffJ
fffﬂ\L‘f‘f‘ Va) J‘/(f('
Fa) '\\\ﬁ‘ ’J Va £l

NJU6470

< < < < < <
~N o W N

e X
2 X
L X
0 X
LA
0 A

O @@ Va:
.

In the above seven cases, each read out key scan data is the same as follows.
Therefore the key scan data should be discriminated carefully, in case of the key roll over input.

Read out data
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Lxlxf«f+Joj1fof1]JoJoJojtfol1]o]0
- X3~X0 - Y7~Y0 -
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(n)Read Busy Flag & AC contents

T1 RW RS D15 D14 D13 D1z D1 D10 D3 D8 D7 D6 D5 D4 D3 D2 D1 DO
Code f1 |1 ]ox]*[x]x]*]x]*][x]x]pr|as[as]as]az]ar]ao]

Read busy flag & AC contents instruction is executed when the code “1” is written into T1, R/W, and the data

of busy flag (BF) and address counter (A5 to AQ) are read out serially through the SIO terminal.

This instruction reads out the internal status of the NJU6470. When this instruction is executed, the busy flag
(BF) stored in De and the address counter(AC) contents stored in Ds to Do are read out.

The (BF)="1" indicates that internal operation is in progress. The next instruction is inhibited when (BF)="1".

Check the (BF) status before the next write operation.

(0)Read Data from RAM

T1 Rw RS D15 D14 D13 D12 D¥1 D10 D9 D8 D7 D6 D5 (D4 D3 D2 D1 DO
Write data (DD RAM)

Code F 1 [ 1|1 ] % %% ]|*]x|*]*]|=* « Write data (CG RAM)
1 Wite data (MK RAM)

Read Data from RAM instruction is executed when the code "1" is written into T1, RS and R/W, and DD or

CG or MK RAM data is read out serially through the SIO terminal.

By the execution of this instruction, the binary 8-bit data (D7 to Do) is read out from the DD RAM, the binary 5-
bit data (D4 to Do) is read out from the CG or MK RAM. The selection of RAM is determined by previous
instruction. Before executing this instruction, RAM address set must be executed, otherwise the read out
data is invalidated.

When this instruction is serially executed, the next address data is normally read from the second read.

The RAM address set instruction is not required when the cursor shift instruction is executed just beforehand
(only DD RAM reading). The cursor shift instruction has same function as the DD RAM address set, so that
after reading the DD RAM, the address increment or decrement is executed automatically according to the
entry mode.

But display shift does not occur regardless of the entry mode.

Note : The address counter(AC) is automatically increased or decreased by 1 after write instruction to
either of the DD RAM, CG RAM or DD RAM. Even if the read instruction is executed after this write
instruction, the addressed data is not read out correctly.

For a correct data read out, either the address set instruction or cursor shift instruction (only with DD
RAM) must be implemented just before this instruction or from the second time read out instruction
execution if the read out instruction is executed 2 times consecutively.
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(2-2)The example of initialization using the internal reset circuits
The initialization is shown below from “Power on” to “display on”.

| Poweron | VDD=4.5Vto5.5V

[ Reset="L" When the "L" level is input over 1.8us to the RESET terminal, reset sequence is
executed (refer to (1-10)).In this time, busy signal output during 1.45 ms
(fosc=69kHz) after RESET terminal goes to "H".

T1 Rw RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
| Disp.onoficont. | fofofof*]sxf*f*]xfsx]x[xfofofo]ofs]1]1]0]
Tums on display and cursor. Entire display is in space mode set by the initialization.

| Entymodeset | JofJofolx[*[*f«]x[«]«[*]ofo]o]o]o]1]1]0]
When the data is written to the DD, CG or MK RAM, the address is increased by 1
and the cursor is shifted to right.

Wirite data to the DD,
CG,MK RAM and set
the Instruction
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(3)Power Supply for LCD Driving

NJU6470 incorporates bleeder resistance to generate the LCD display driving waveform.,

The bleeder resistance is set 1/5 bias suitable for 1/18 duty ratio.

LCD Driving Voltage vs Duty Ratio

Power Duty Ratio 118
Supply Bias 115
V2 VDD - 2/5VLCD
V3 VDD - 3/5VLCD
V5 VDD - VLCD
A9
\Al
V2 Ve
$ VLCD
V3 V3
V4
V5 Vs
NJU6470
1/5 Bias (1/18 Duty Ratio)

(3-1)Relation between oscillation frequency and LCD frame frequency

The NJU6470 requires either one of the oscillation resistor(RF) for the intemal oscillation, or external clock.
The LCD frame frequency example mentioned below is based on 69kHz oscillation.(1clock =14.5us, RF=430k Q)

1/18 duty ratio 40 clocks
1] 23] 4] e 8|1 | 2|3 |4 fis|1]2]3]
VDD I
Al
CcOoM1 3%
V4
V5 I | |
I 1 frame t 1 frame l
< < 2l
1 frame = 14.5(uS) x40 x 18 = io.44(mS)
Frame frequency = 1/10.44(mS) = 95.79(Hz)
As N N e N nr 7
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(4)Interface with MPU

Serial interface circuit is activated when the chip select terminal (CS) goes to "L" level. The data input/output is
MSB first like as the order of D1s, D14 *+ + + Do.

The input data is entered into the shift register synchronized at the rise edge of the serial clock SCL. The shift
register converted to parallel data at the CS rise edge input.

In case of entering over than 16-bit data, valid data is last 16-bit data.

The output data is exited from the shift register synchronized at the fall edge of the serial clock SCL.

The time chart for the serial interface is shown below.

Note : The level ("L" or "H") of RS and R/W terminals should be set before CS terminal goesto "L" level.

RS X X
RW X X
cs T——

|

st UHHHHHHHHEHEHH R T
BRARARAARARARARARARARARARARARENE
" si0(input) 618019 19+(@210107510 B0 B (36 5900 BB o)
SIo(Outpt) GBI THEN N UDCIED GRED E EY CHTITED
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EABSOLUTE MAXIMUM RATINGS - (Ta=25°C)
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage vDD -0.3~+7.0 v
Input Voltage VIN -0.3~VDD+0.3 \Y
Operating Temperature Topr -30~ 80 °c
Storage Temperature Tstg -5~ +125 °c

Note 1 : If the LSI are used on condition above the absolute maximum ratings, the LS! may be destroyed. Using
the LSI within electrical characteristics is strongly recommended for normal operation. Use beyond the
electric characteristics conditions will cause maifunction and poor reliability.

Note 2 : Decoupling capacitor should be connected between Voo and Vss, Voo and Vs due to the stabilized
operation for the Voltage converter.

Note 3 : All voltage values are specified as Vss = 0V

Note 4 : The relation : Voo>Vs=2Vss, Vss=0V must be mamtamed

BEELECTRICAL CHARACTERISTICS (VDD=4.5V~5.5V,Ta=-20°C~+75°C)
PARAMETER [SYMBOL CONDITIONS MIN. TYP. MAX. UNIT |[NOTE
VIHT  {nput Terminals 2.3 - VDD V|5
VviL1 | (Except for RESET,0SC1 Term.) - - 08 Y} 5
VIH2 - - 0.7vDD \
Input Voltage RESET Terminal
viL2 0.3vDD - - \
VIH3 - - VDD-1.0 \
OSC1 Terminal
VIL3 VSS+1.0 - - \
VOH1 |sIoREQ |-IOH=0.205mA 24 - - \
voLt |Terminals | jOL=1.6mA - - 0.4 v
Qutput Voltage vorz [XO3Y0T ) ~300ua - - 0.4 v
Terminals
VOL3 POO-§ IOL=20mA - - 20 \'
Terminals
Driver On-resist.(COM) | RCOM |+|/d=50uA(All COM Term.) - - 20 KQ 6
Driver On-resist.(SEG) | RSEG |+ld=50uA(All SEG Term.) - - 30 KR
input Leakage Current ILI VIN=0~VDD, RESET Terminal -1.0 - 1.0 UuA
Pull-up Resistance dp | X0-3,Y0-7 Terminals, VDD=5v 50 125 250 uA
Current
Operating Current IDD | VDD Terminal, fosc=69KHz - 3.0 - mA| 8
i V2 27 3.0 3.3 \
T VDD=5V,V5=0V,Ta=26°C
Voltage V3 1.7 2.0 23 v
Bleeder
Resist. {Bleeder RB |VDD-V5=5V,Ta=25°C 3.7 75 13 [kQ| 9
resistance
Oscillation Frequency fOSC |Rf=430kQ, VDD=5V, Ta=25°C 48 69 90 kHz
LCD Driving Voltage VLCD |V5 Terminal,VDD=5V VDD-3.0 - VDD-5.0 \ 10
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Note 5 : Input/Output structure except LCD driver are shown below:

Input Terminal Structure
REQ Terminal

NJU6470

T1,RS,R/W,CS,SCL Terminals

Input/Output Terminal Structure
SIO Terminal

e

= |
EEW—OC ENABLE

iﬂoﬁ—o@t

X0to X3, YO to Y7 terminals : Refer to (1-11)Key scan
POO0 to POS5 terminals : Refer to (1-13)Output port circuit

DATA

Note 6 : It is the resistance value between power supply terminals (VDD, VSS) and each COM terminals (COM1
to COM16, COMM1, COMM?2), when the sink current (Id) is added to COM terminals.
Note 7 : Itis the resistance value between power supply terminals (VDD, VSS, V3, V2) and each SEG terminals
(SEG1 to SEG40), when the sink current (Id) is added to SEG terminals.
Note 8 : Except Input/output current but including the current flowing on bleeder resistance.
Besides, the following condition must be maintained.
- fosc=69KHz
«Initialization (After the RESET releasing and No instruction)
*Input terminals are VDD
- COM, SEG, X0~ X3 and YO~ Y7 are open

-Operating Current Measurement Circuit

5
. M NJUG470
VDD 0sC1
1 VSS % 430K Q

0S8C2| (fosc=69KHz)
V5

777
Note 9 : RB=(VDD-V5)/IB IB:Bleeder Resistance Current

Note10: Apply to the output voltage from each COM and SEG are less than £0.15V against the LCD driving
constant voltage (Voo, Vs) at no load condition.

Al‘._- 4‘_“- D‘JI“. n‘ 'u



NJU64/0

B Bus timing characteristics

- Serial Interface Sequence

(VDD=4.5V ~ 5.5V,VSS=0V,Ta=-20°C~ +75°C)

PARAMETER SYMBOL MIN. MAX. UNIT |NOTE

Serial Clock Cycle Time tCYCE 1 - usS
Serial Clock Width |- toe! tScH 280 - ns

"L" level tSCL 680 - nS
Serial Clock rise and fall Time tSCR,tSCF - 20 nS
Chip Select "H" level Pulse Width PWCS 500+ o nS 11
Chip Select Setup Time tCsu 200 - nS
Chip Select Hold Time tCH 200 - nS
Chip Select rise and fall Time tCSR,ICSF - 20 nS
Setup Time RS,R/W,T1 tAS 300 - nS
Hold Time RS,R/W,T1 tAH 200 - .| ns
Serial Input Data Setup Time tSIsuU 200 - nS
Serial Input Data Hold Time tSIH 200 - nS
Serial Output Data Delay Time tSOD - 700 nS
Serial Output Data Hold Time tSOH 200 - nS

» 81O Load Condition : CL=100pF

Note 11: 500nS + Instruction execute time. Chip select “H" level pulse width (PWCS) is the period from rise
edge of CS signal to fall edge of next CS signal. Therefore, the period depends on the instruction

execute time.

A ‘AT
RS, TI i K
tas tad
VI TH
R/W ><_VI|. |1 ><
tas o
(2303 tod Py, |
Vi i L N VK
CS VL ViL
tesy
: e v L tsa SR
Vin 487 TH ViH
SCL VL v VL L
SISy tsm
SI10 (INPUT) o -

$10 (OUTPUT)

tsop

Vo

Yol

LS0H

X

Voi

Vol

The timing characteristics of the serial bus write/read operating sequence
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*The Input Condition when using the Hardware Reset Circuit

L tRSL N
RESET i J/
PARAMETER SYMBOL MIN. TYP. MAX. UNIT |NOTE
Reset [nput "L" Level Width tRSL 1.8 - - usS
»Key Scan Output Waveform
tKS |
tKP tFKS KS
X0 ~ X3 ——;j j ,
tKP
o @ U
PARAMETER SYMBOL MIN. TYP. MAX. UNIT | NOTE
Keyscan signal fall Time tFKS - - 80 us
Keyscan signal rise Time tRKS - - 80 us

Key scan sampling rate (tKS) is set by Key Input Sampling Rate set instruction.

The detail is shown in the instruction table.

tKP(key scan pulse width) =

tKS/8

Load Condition of X0 to X3,Y0 to Y7 ; CL=100pF
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WLCD DRIVING WAVEFORM

1/18 Duty Driving
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BAPPLICATIONCIRCUIT

Icon Display Panel Icon Display Panel
ARE = 3
5— B
— e :
5 R
—E e
{3 —FEH R
R —EHIEHEHER g
i T
LCD Display Panel LCD Display Panel
(8-ch. 1-line) (8-ch. 1-line)
q1= - - +SEGZ0 5 SEGZT + =+ + ~SEGA0
ong . ‘ COM 1 6]
) NJUB470 :
oM1 COMY
OMM1 COMM2
PIO: + +PI7  POO: » - POS X0: + + <X3Y0+« s+ + e+ Y]
V) e\ W\
ML B A A Fa N M A a
DO S—P—D—d—d
fy\ N Y a
Y A"’
Q o t

16-character 1-line Display Example
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MEMO
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[CAUTION]

The specifications on this databook are only
given for information , without any guarantee
as regards either mistakes or omissions. The
application circuits in this databook are
described only to show representative usages
of the product and not intended for the
guarantee or permission of any right including
the industrial rights.




