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8—-CHARACTER 4—LINE WITH EXTENSION FUNCTION
DOT MATRIX LCD CONTROLLER DRIVER

I GENERAL DESCR!IPTION I PACKAGE OUTLINE
The NJU6426 is a Dot Matrix LCD controller driver for
8~character or uwp to 24-character 4-line with icon dis-
play in single or combine with some of extension driver.
It contains voltage converter, bleeder resistance, CR
oscil lator, microprocessor interface circuits, instruc-
tion decoder controller, character generator ROM/RAM,
high voltage operation common and seement drivers and
extension driver interface circuits.

The voltage converter and bleeder resistance generates
about twofold voltage(10V) and bias voltage for LCD dri-
ving waveform internally from single power supply (5V).
Consequently, high-contrast display can be performed NJUG426F
though the simple power supply circuits.

The CR oscillator incorporates C and R, therefore no
external components for oscillation are reauired.

The microprocessor interface circuits which operate by
2MHz, can be connected directly to 4/8bit microprocessor.

The character generator consists of 9,600 bits ROM and

64 bytes RAM.
The 33-common ( 32 for character, 1 for icon) and 40-
segment drivers are operated wp to 13.5V, and the icon
common driver display up to 40 or 80 icon in single or
combine with some of extension driver.
M FEATURES
@ 8-character 4-line Dot Matrix LCD Controller Driver
@ Maximum 80 icon Display (Using COMs3)
@ 4/8 Bit Microprocessor Direct Interface
@ Display Data RAM - 96 x 8 bits : Maximum 24-character 4-line Display
@ Character Generator ROM - 9,600 bits - 240 Characters for 5 x 7 Dots
@ Character Generator RAM - 64 x 8 bits : 8 Patterns( 5 x 7 Dots )
@ High Voltage LCD Driver : 33-common / 40-segment
@ Maximun Display Character Number :

Disp. Line | Ext. Drv | Display Char. |DD RAM |Disp. Line [Ext. Drv | Display Char. |DD RAM

i NON_ | 16 Characters i NON 8 Characters [80 x 8
2 Lines | NJUBAQTC | 24 Characters |80 x 8] 4 Lines |NJUG417C | 20 Characters bits
NJUB407C | 32 Characters bits
NJUBA17C | 40 Characters NJU6416 |24 Characters |96 x 8
or 6415 bits

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

Extension Function

Power On Initialize / Hardware Reset Function
Voltage Converter and Bleeder Resistance On-chip
Oscillation Circuit On-chip

Low Power Consumption

Operating Voltage --—- 5V

Package Out!ine ---  Chip / GFP 100 / TCP
C-MOS Technology

20000000 O
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NJU66426

M TERMINAL DESCRIPTION

NO. SYMBOL FUNCTI 0N
36 Voo Power Source ( +5V)
50 Vss Power Source ( OV)
30,31,32) V2,V5,Vs LCD Driving Voltage Output for Extension Driver and LCD Driving
Voltage Adjust Terminals.
52 0SC, Oscillation Frequency Adjust Terminals. Normally Open.
51 0sC- (Oscillation C and R are incorporated, Osc Frea.=330kHz)
For external clock operation, the clock should be irput on 0SC;.
Reglster selection signal input(Pul l-u resistance On-chip)
38 RS . Instruction Register Writing)
_ Busy Flag, Address Counter (Reading)
"1" . Data Register (Writing/Reading)
39 R/W Read/erte selectjon signal input (Pul I-up Resistance On-chip)
P Write , "1” © Read
40 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
45~48 | DB.~DB- NJUB4Z6.
DB- is also used for the Busy Flag reading.
3-state Data Bus(Lower) to transfer the data between MPU and
41~44 | DBo~DBs NJUG426. i , )
These bus are not used in the 4-bit operation.
26 CL, Latch Clock Output for Serial Data
27 CL2 Shift Clock Output for Serial Data
28 M Alternating signal for LCD Driving Output Terminal
Serial Data Qutput Terminal : The serial character pattern data
29 D output correspond to the each common signals.
"0" - No-active , "1” - Active
68~61 | COM ,~COM & | LCD Common Driving Signal
9~16 | COM o~COMys | ¥ the COM,,~COMs2 are not to be used, please keep it in open
60~53 | COM17~COM2.4
17~24 | COM2s~COMs2
25 COMs s Icon Common Driving Signal
69—~100 § SEG ;~SEGs2 | LCD Segment Driving Signal
1 ~ 8 | SEG33~SEG4o
3B C: Capacitor for Voltage Doubler Connecting Terminal ( +)
34 C. Capacitor for Voltage Doubler Connecting Terminal ( - )
37 Vei tnput Terminal for Voltage Doubler (Normally Ve: = Vop)
33 Vsour Voltage Doubler Qutput Terminal
49 RESET Reset Terminal. When the "L” leve! input over 1.2ms to this
terminal, the system will be reset(fosc=330kHz)
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I FUNCTIONAL DESCRIPTION

(1) Description for each blocks
(1-1) Register

The NJUG6426 incorporates two 8-bit registers, an Instruction Register (IR) and a Data
Register(DR). The Register(IR) stores instruction codes such as "Clear Display” and "Return
Home”, and address data for Display Data RAM(DD RAM) and Character Generator RAM(CG RAM).

The MPU can write the instruction code and address data to the Register(IR), but it canmnot
read out from the Register(iR).

The Register(DR) is a temporary stored register, the data stored in the Register@OR) is
written into the DD RAM or CG RAM and read out from the DD RAM or CG RAM.

The data in the Register(DR) written by the MPU is transferred automatically to the DD RAM
or CG RAM by internal operation.

When the address data for the DD RAM or CG RAM is written into the Register(IR), the ad-
dressed data in the DD RAM or CG RAM is transferred to the Register(DR). By the MPU read out
the data in the Register OR), the data transmitting process is performed completely.

After reading the data in the Register(DR) by the MPU, the next address data in the DD RAM
or CG RAM is transferred automatically to the Register (DR) to provide for the next MPU readine.

These two registers are selected by the selection signal RS as shown below.

Table 1. shows register operation controlled by RS and R/W signals.

Table 1. Register Operation

RS |R/W |Selected Register Operation

0 0 IR Write

0 1 Read busy flag(DB;) and address counter (DBo~DBs)
1 0 DR Write (RegisterOR) to DD RAM or CG RAM)

1 1 Read (DD RAM or CG RAM to Register (DR))

(1—2) Busy Flag (B8P

When the internal circuits are in the operation mode, the busy flag (BF) is "1", and any
instruction reading is inhibited.

The busy flag (BF) is output at DB, when RS="0" and R/W="1" as shown in Table 1.

The next instruction should be written after the busy flag(BF) goes to "0".

(1 —3) Address Counter (AC)

The address counter(AC) addressing the DD RAM and CG RAM.

When the address setting instruction is written into the Register(IR), the address informa-
tion is transferred from Register(IR) to the Counter(AC). The selection of either the DD RAM
or CG RAM is also determined by this instruction.

After writing (or reading) the display data to (or from the DD RAM or CG RAM, the Counter
(AQ) increments (or decrements) automatically.

The address data in the Counter(AC) is output from DBs~DBo when RS="0" and R/W="1" as shown
in Table 1.
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(1—4) Display Data RAM (OD RAW

The display data RAM (DD RAM) consists of 96 x 8 bits stores up to %6-character display data
represented in 8-bit code.  Normally, only 80 X 8 bits of the display data RAM (DD RAM) are
using and specially 96 X 8 bits are using in 24-character 4-line display.

The unused display data memory area in the DD RAM can be used as a general data memory area.
The DD RAM address data set in the address counter (AC) is represented in Hexadecimal.

«Higher order bit Lower order bit— ( Example) DD RAM address " 4E ”
aclace [acs [aci [acs [ac. [ac, [aco | [+ [o Jo |1 [1 1 o
«— Hexadecimal ——  Hexadecimal - - 4 ———e——— E[E ——

(1—4—1) 16-character 2-line Display ( N=0, E1=0, E0=0)
The relation between DD RAM address and display position on the LCD is shown below.

I_ NJUE426 (COM, ~COMs) —r— NJU6426 (COMs~COM: 6)
1 2 3 4 5 6 7 8'9 10 11 12 13 14 15 16"« Display

Ist Position
Line J00 {0102 |03{0405|06{07 08|09 |0A|0B|OC{QD|OE|OF

2nd < DD RAM Address
Line}40 |41 |42 {43 |44 145 |46 |47 148 149 |4A (4B |4C |4D [4E | 4F (Hexadecimal)

L NJUBA26(COM: +~COMzs) —L— NJUGA26(COMz5~COM52) ——d

Note : In the 2 lines display mode, the 1st and 2nd line address are defined as (00)=
to @Du and (40)u to (67)u.  Please note that the end of 1st |ine address and
the beginning of 2nd 1ine address are not consecutive.

When the display shift is performed, the DD RAM address changes as fol lows:

( Left Shift Display )
(00)«01102|03(04|05|06|07|08|09|0A[0OB|0OC|OD|OE]|QOF|10
(40)—]41 {42143 |44 |45 |46 (47 |48 {49 |4A 4B [4C |4D |4E |4F |20

( Right Shift Display )
27(00{01{02{03{04 (050607 |08|09|OA|0B|0C|OD|OE}—(0F
67 (40|41 (42 43|44 |45 |46 |47 |48 |49 |4A 4B |4C|4D | 4E | —WUP)
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(1—4—2) 24-character 2-1ine Display (N=0,E1=0,EC=1)...

(Extension Driver = NJUB4OTC)

The relation between DD RAM address and display position on the LCD is shown below:

NJUG426 (COM; ~COMs) NJUG407C NJUB426 (COMs~COM 1 ) NJUG407C
I 1 2 3 +eeee- |9 10 1112 "13 14 15 «eesee 20‘21 2 23 24|<-Disp!ay
Ist cavmsasmmamun = v e e SLTADELTEEF LR Position
Lfi]ge 0001102 «ve-- 07 pg_;qq:p_A_:gg OC|OD{QE|=*-=-- 13 ]1_1__1_5_ _1_6_ 1_7' ol
Line | 40 (41 {42 |+~~~ A7 148, 49 4A 4B AC | 4D {4E | -+-+-" 53154 55 56 571 Address _ -
-------------------- +-3 (Hexadecimal)
| | | | |
NJUG426 (COM; 7~COM24) NJUG407C NJUG426 (COM25~COMs2)  NJUB4OTC
When the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display)
OO« 01 (02|03 cev--- 08 99_:(_)A:_(Br(_)(_2 OD|OE|OQF {+eove-- 14 j?__l_q _1:( 1§
40y «—— |41 {42 |43} ------ 48 | 49 4A 4B 4C 4D {4E | 4F | <oveee 54 55 56 571 58-
( Right Shift Display )
2110001 | +nee-- 06 SJZ 1 08 1 09 OI_\ B (OC{OD|-e--- 12 ]?__1_4___1_5__1_65- —(D
67 [40 {41 | »»ev-- 46 | 47! 48.49.4A 4B |4C| 4D} +--ree 5253154, 55.56:——’(57)

(1 —4-3) 32-character 2-line Display (N=0,E1=1,E00)...

(Extension Driver = NJUG40TC)

The relation between DD RAM address and display position on the LCD is shown below:

NJU426 (COM; ~COMs) NJUBAOTC  NJUGA26(COMs~COMis)  NJUBAOTC
I i 2 3 eeesen 8| 9 ceeees 16Y17 18 19 «evvee 24'25 ...... 32 Q—Disp!ay
Ist T 1T Jorreneeeres (e v vt pesumans eme (b a b r==a2  Position
Line 00[01(02]:-- 07 {08 enee COF 110 [ 11 (12 +eeeee 1718} -+ VIR
ni B e o R ——————————————————- - = o == - - R I
Line {40 |41 |42 .- A7 (481 - VAF 150 |51 52| <eeee 57 ({581 ceee L 6F 3 Address
meslesssmanbes : srlemmmenaben (Hexadecimal)
1 1 ] | |
NJUB426(COM; 7~COM2s) ~ NJUBAOTC  NJUBA26(COM2s~COMs2)  NJUBAOTC
When the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display )
. R e ——— = memmen= e
(00)—— | 01 {02 |03 | ----- 081091 »++-- 110411 {12]13 ) ----+ 18191 -+ere+ 120}
(40)—— | 41 |42 |43 | ------ 48 |49 1 ------ 150 151 {52|53] - 58|59 1 «ee 160 3
(Right shift Display)
270001 feeeee 06 |07 - '(_)§§0F 10 [11]-eeeee 16171 -+ 1 IE ~=(IF)
67 40|41 ]+ o 4647 e e o [so (5] 56 57 | v {5 § ——(P)
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(1—4—4) 40-character 2-1ine Display (N=0,E1=1,E0=1)...(Extension Driver = NJUBA417)

The relation between DD RAM address and display position on the LCD is shown below:

NJUG426 (COM, ~COMs) NJUG407C NJU6426 (COMs~COM 1 6) NJUB407C

| 'I 2 3 ...... 8I g ...... 20 2‘] 22 23 ...... 28 29 ...... 40|(— DISDlay
lst somannaann - cesmeemnae e POSItIOﬂ
Line [oo o1 Jo2 [~ 0708} --vv-- 1131141516 ] -+ 1B 1CEre- 274
7nd bk BN Lo B Ho- 3 DD R
Line |40 | 41 142 «----- a7 HERRRER 153154 {5556 .- 5B |5C | s 1674 Address
meanliasnana s = = h——————————— " lawwonae emud (Hexadec|m|)
| | | | j

NJUG426 (COM; 7~COMz=4) NJU6407C NJUB426 (COM25s~COMa2) NJU6407C
When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )

00— [o1 [o2]03] - 0809 <o+ 114115 1617 ] 1[I0 -eee 100
@0)— |41 |42 |a3]------ 48491 -+ - 154155 56 |57 ] 50 [5D ]« L0}
( Right Shift Display)
A 06|07}~ 112113 1415 ] ----- 1A[1B!weee 1261 —(@2D)
67 |40 |41 | ------ 46 | 47 +veens 152153 54|55 BA | 5B !+ eee 66 3 ~—(67)

-----------------------------

(1 —4—5) 8-character 4-line Display (N=1,E0=0)
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 4 5 6 7 8 « Display Position
COM: ~CoMe Lme [[00 [01 J02 103 04 |05 |06 | 07
Mo ~COMss Lo |20 21 |22 |23 24| 5 | 28 | 27
COM, 7~COMo Eiﬁe 40|41 |42 |43 | 44 |25 |46 | 47
COMas~COMa2 Line |60 | 61 |62 |63 | 64 |65 |66 | 67

DD RAM Address
(Hexadecimal)

When the display shift is performed, the DD RAM address changes as fol lows:

( Left Shift Display ) ( Right Shift Display )
©0)«——101102{03|04|05|06|07 |08 13|00(|01]02|03|04)05]06]——(0DN
Q)——121122|123 242512627 28 33|20121(22123|24|25|26 ) —(@2D
(40)—— |41 |42 |43 |44 |45 |46 |47 | 48 53140 141142143144 |45|46] —UD)
(60)«—— |61 {62 |63 |64 |65 |66 |67 |68 731606116263 |64|65|66]——(67)
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(1 —4—6) 16-character 4-line Display (N=1,E0=0)...(Extension Driver = NJUB4OTC)

The relation between DD RAM address and display position on the LCD is shown below:

I——— NJU6426 NJU6407C ———'l -
1 2 3 4 5 6 7 8| 9 10 H 12 13 14 15 16 <—Disp|ayPosition

Ist
COM; ~COMs Line
2nd
COMs ~COM; 6 %lge
r
COM:7~COM24 Line
4th
COM25~COMs2 Line

00,01({02(03{04)05

06

2021 (222324 |25

26

---------------- * DD RAM Address

40141 (42143 (44|45

46

---------------------------- (Hexadecimal)

60 |61 {62 |63 {64 |65

66

When the display shift is performed, the DD RAM address changes as follows:

00) ——
(20)
(40—
(60)——

( Left Shift Display )

0102 |03 [04|05]{06

o7

---------------------- Y

2112223124125 |26

g

41 |42 |43 144 |45 |46

47

61 |62 |63 |64 |65]66

67

( Right Shift Display )

1310001 02|03 |04

05

33|20(21)22123|24

25

26, 27 28 29 2A ZB 2_C ZD 2E.-—’(2F)

5314041 (42 (43|44

46 47 48 49 4A 4B L 4C | 4D 4E-—'—'(4F)

73|60 |61 (626364

(1 —4-—7) 20-character 4-line Display (N=1,E0=0)...(Extension Driver = NJUB4ITC)

The relation between DD RAM address and display position on the LCD is shown below:

r—- NJU6426 NJUB407C ———I
1 2 3 4 5 6 7 819 10 »crevrevernenee 19 20"« Display Position

COM; ~COMs 1Ist
Line
COMs ~COM:1 s ZUd
Line
COM17~COM24 Erd

COM25~COMs 2 4'th
Line

0001 020304 |05 |06 07308109 - - - o 1121131
mossodosoocoooooooboSbo-t DD RAM Address

2012112223 |24|25!26|27; 28 29' """"""" 1321331« .
------------------- $o—erm- =4 (Hexadecimal)

40 |41 | 42 43444546474849- -------------- 152153

60 |61 162 63|64 |65|66]67; 68,69: """""""" '72 73'

-------------------------------
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When the display shift is performed, the DD RAM address changes as fql lows:

( Left Shift Display )

-----------------------------

(00)—— {01 [02 |03 {04 [ 05 |06 [07 [ 08309 [0A - vorerseneees 113100
@ 21 22|23 |4 25 |6 [ [ an oo (98 0
@0~ |41 42 |43 |44 | 45| 46 |47 |48 149 L4h 1 oo oooemeeers 153140 ;
@ (51 [ oo ot [ o8 [or o9 o0 om0

( Right shift Display )

----------------------------

1310001020304 05)06; QZ. 081 «eeeeeeree 1113121 —(13)
Bl20|2|22|B|24|5 26527528i -------------- 1311321 ——@33)
53 [40 |41 [42 |43 a4 |5 (a6 a7 m8 - B B | ——(69)
7360 | 61|62 | 63 |64 | 65 | 66 67 |68 | -vrveererevv- 71172 ——(73)

(1 —4—8) 24-character 4-1ine Display (N=1,E0=1)...(Extension Driver = NJUG416)

The relation between DD RAM address and display position on the LCD is shown below:

P NJUG425 NJUB416 —
1 2 3 45 6 7 8lg «eeen 16 17 weeeeees 24

« Display

Ist e bbbl L ek Ay 1-==  Position
COM; ~COMs Line J00 |01 102103104 {05 (06|07 708 -*---- POF 110§ eeemeees 173

Znd el Sl e i it +---1 DD RAM Address
COMo ~COM1s Line |20 121 |22 |23 |24 |25 (26 {27128 1 »-x---- t2F 130y s 137~ L

drd ool il el ik Sl 1o (Hexadecimal)
COM1 7~COM24 k}tﬂe 40 |41 |42 14344 |45 146 |47 148 | -------- PAF 150 ceeenees 197
COM25~COMs2 Line |60 | 61 |62 |63 |64 |65 |66 |67 1681 +wnvee ' 6F 1 70- -------- 77

When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )

00— [o1 Toe Jos Toa o5 o6 o7 [08 109 fom+--ovooeveooroe 17100
@O~ |21 |22 |23 |24 |25 |26 | 27 zsiz_g_i_zf\_i_-_ R E A}
o |4 |42 434445 | a6 |4 | 48149 [ ap i oo T a0
(60)—— |61 |62 ] 63 |64 |65 |66 |67 | 68169 16 - xmorrrr 77 60
( Right Shift Display )
17]00 01020304 05 [06 07 1081 --oo--eoeoeee 115 116§ —— (1)
372021 [22| 23] 24 |25 (26 27 128 v veeeeeee e 135136 —(3D)
5740 |41 42|43 |44 | 45 |46 47 148 |-~ e -:-"--'-'-7“-—5'5' 1561 —(57)
77 60 o1 [62] 9 68 [65 66767 |88 ovv: oo {75 76—
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(1 —5) Character Generator ROM (CG ROM)

The Character Generator ROM (CG ROM) generates 5 x 7 dots character pattern represented in
8-bit character codes.

The storage capacity is up to 240 kinds of 5 x 7 dots character pattern.

The correspondence between character code and standard character pattern of NJUG426 is shown
in Table 2-1 and 2-2.

User-defined character patterns (Custom Font) are also available by mask option.
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Table 2-1. CG ROM Character Pattern ( ROM version -02 )

Upoer 4 bits ( Hexadecimal )
0/1(2{3|4/5|6|7(8|9|A|B|C|D|E |F
c | i IS T 050 BN Pl X PP B oo A
0 RAM el IR R
1 L Ao i S B U I
(021
2 Rt I P TR A RS 0 B B S R P | e
(03} i
SR IO R < PO et o 22 1 S R B o B
(04) ) ) ]
4| S AR DA DA
(05
215 IR L R A A I IS Nt I S
I I B ECICH P e N R IR D ST O DR Proevy b Tory R YR I BN
216 JEUPES O1 FH
£ (o)
2|7 T A e i
£ o i .
< N N R
o I 53 1 HE M B £ S RO ) IR e
é 8 (o)
9| | . Pt N FIU
. {02)
A ot [ R DL BB
(03)
B resae | *° . : S * ‘e T2t | ennie NI
(04)
C it S I T O R S R I L A B
(05)
D e L |8 E I I T o 0 e T DO B RIS M (P
(06}
E g oo piil il
(07)
F E" . sdese [270%0 | reten
(08)
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Table 2-2. CG ROM Character Pattern ( ROM version -03 )

Upper 4 bits ( Hexadecimal )

i P |
SRR g S R S e el Iec S ]
Qi . | EREE e R |
O [ E o [% [ [ A [E b [T [T T [
m RO K- DU R S NS B S ISOT - - f
< [FE Peser [erdo T el flpd e | P L o T o - “teai,
SR R i ol L S
N R S PR - T S o T - LN ) N B [P
o~ | ih LED e | EE b | e
R T T R i e A A .
o [ L EEE e [TTF LT f o T E e
~ R TR R 5 R e : o i
S o ol S w7
r—{ [eetes 3 PO L [ SN PSRN T IFFCTSt SRR oL R e BRI R = seses
o | —~ | & o™ <t | 0 0 | t~ 0 | & < | M O Al K [

( Iewioapexsy ) S}iq ¢ JaMOT
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(1 -—6) Character Generator RAM ( CG RAM )

The character generator RAM ( CG RAM ) can store any kind of character pattern in 5 x 7 dots
written by the user program to display user’s original character pattern and icon data. The CG
RAM can store 8 kind of character in 5 x 7 dots mode or 6 kind of character in 5 x 7 dots mode
and icon data.

To display user’s original character pattern stored in the CG RAM, the address data (00)x -
(07)x or (08)x - (0F)x should be written to the DD RAM as shown in Table 2-1 and 2-2.

Table 3. show the correspondence among the character pattern, CG RAM address and Data.

Unused memory area of the CG RAM can also be used as the general data memory area.

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

Character Code CG Character
Pattern
(DD RAM Data) RAM Address (CG RAM Data)

76543210 543 210 76543210
< —— < - <«— ——
Upper Lower .| Upper Lower Upper Lower

bit bit bit bit bit bit

Character Pattern

0000%000 000 Example(1)

bk o ot et O D O D
OO = OO
HOROROROD

<Cursor Position

Character Pattern

0000%x001 001 Example(2)

<Cursor Position

oo
(=]
—

0000x%x111 111
% : Don’t Care
*

X % %

b o sk
—_— OO
— = O

Notes : 1. Character code bit 0 to 2 correspond to the CG RAM add. 3 to 5(3bits:8 patterns).
2. CG RAM address 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, 1n 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. .

. Character pattern row position correspond to the CG RAM data bits 0 to 4 are
shown above. The bits 5 to 7 of the CG RAM are not appear on the display (no
meaning for the display), but memory elements are existing, therefore it can be
used as the general purpose RAM. )

. CG RAM character patterns are selected when character code bits 4 to 7 are all
”0” and it is addressed by character code bits 0 to 2. Therefore, the address
(00)x and (08)x, (01)x and (09)u, ------- , (07)x and (OF)s select the same cha-
racter pattern as shown in Table 2-1 and 2-2. .

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

. CG RAM address (30)x to (3F)x are using for both of character pattern memory and
icon data memory.

[}

1=

oo

AI"-I 4’-‘1- D‘JI’A ﬁ‘. fu



NJUG6 4 2 6

(1—17) Icon Display Function

The NJU6426 can display not only 5 x 7 bits character pattern but also maximum 80 icons.
The icon can display by writing bit

(3F)« of CG RAM.

» 1”

to each data bit 0 to 4

in the address (30)x ~

The icon display data is not affected except CG RAM writing and display ON/OFF instruction.

The relation between CG RAM address and
the display shift is executed.

icon display position on the LCD
The relation is shown below:

is fixed even if

HOLD
EOCOON COmNEN EO00E ODEEC O

EOOON OOUND EOOCE CORO0C0 ]

EECON OOOND EOOOR ROOO0 N

EOEON OOCOE0 EOCOE EEEEC 0

NOOEE OOON0 EOO0E EOUO0DN o

[:] oFF EOCCE EOOED EOO0E EO00N o
TDTDT m | [mm DITID DIIIT T

SEG/display 1123 45 : 1112131415 1617§g1920 75
COMMK 3F4~3Fo 3E4~3Eo 3D4~3Do 3C4~3Co 0

Notel) The 3F.« corresponds bit 4 of (3F)x in CG RAM.

< CG RAM vs. SEG terminal

for icon display >

Maximum Character Number and Icon Display Number in CG RAM

CG RAM data SEG Icon Disp.|Max. Chara Notoe
address| 76543210 |terminal Number Number

30 *¥%00110 | 76~80
3 FF11100 | T1~T8 No Use 8 Chara.
32 *%x00000 | 66~70 (07)u and (OF)x can not use for Character
33 | +ex00000 | 6165 | | 40 fcons |7 Chara. Ph iy,
34 *xx00000 | 56~60 (06)u,(07)x,(0E)x and (OF)x can not use for
35 *¥x00000 | 51~55 80 Ieans 6 Chara. Character Memory.
36 *6£00000 | 4650 Note2) When the icon display function using, the system should be
37 *¥x00000 | 41~45 e s PSS

initialized by the software initialization because of the
38 *6£00000 | 3640 CG RAM does not initialize except the software initialization
39 | %xx00000 | 31~35 P :
3A *%xx00000 | 26~30 Maximum Icon Display Number
3B *xx00000 | 21~25 Line{Digit|Extention [Max. Icon Line|Digit|Extention |Max. Icon
3C *¥xx00100 | 16~20 Driver [Disp.Number Driver |Disp.Number
3D *xx00000 | 11~15 16 No Use 40 8 No Use 40
3E *xx00100 6~10 o4 NJU6407C, 60 16 NJU6407C, 80
3F *%x00000 1~5 NJU6407CR NJU6407CR

2 NJUB40TC 4
32 NJUGAOTCR 80 20 |NJU6417C 80
NJU6415,
40 |NJU6417C 80 24 NJUGA16 80
A/anl Qf:nﬂn pﬂlll.ﬂ ,,II f l//
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(1—8) Timing Generator

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

RAM read timing for the display and internal 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 example, there will be no undesirable
influence, such as flickering, in areas other than the display area.

This circuit also generates to control signals for the extension driver NJUG4Q7C, 6417C or
6416.

(1—9) LCD Driver

LCD driver consist of 33-common driver and 40-segment driver.

When the line number is selected by a program, the required common drivers output the common
driving waveform and the other common drivers output non-selection waveform automatically.

The 40 bits of character pattern data are shifted in the shift-register and latched when the
40 bits shift performed comwletely. This latched data controls display driver to output LCD
driving waveform.

(1—10) Cursor Blinking Control Circuit

This circuits controls cursor On/0ff 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 (08)s, a cursor position is shown as follows:

ACs ACs AC+ ACs ACz AC: ACo
o |ojofoj1]o]o]o]

1 2 3 4 5 6 7 8 9 10 11 12 « Display position
2-lire 00101102{03|/04|05/{06(07108109{0A|0B} <« DD RAM address
Display 140141 42 (43 |44 |45 {46 |47 |48 149 4A |48 (Hexadecimal)
1 Cursor position
1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
00(01}02;03]04)05|06(07(08|09|0A{0B
- DD RAM address
4-1ine 2012112212324 |25{26 |27 128129 |2A | 2B] <« )
. (Hexadecimal)
Display 140 |41 (42 (43|44 [45 {46 47148149 [4A |48
60|61 (6263164165 |66|67|68 |69 |6A|6B

T Cursor position

(Note) The cursor or blinks also appear when the address counter (AC) selects the CG RAM.
But the displayed cursor and blink are meaningless.
If the AC storing the CG RAM address data, the cursor and blink are displaved in
the meaningless position.
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(2) Power on Initialization by internal circuits

(2—1) Initialization By Software

The NJUB426 is automatically initialized by internal power on initialization circuits when the
power is turned on. In the internal power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag BF) is "1” and this status
is kept 10 ms after Voo rises to 4.5V.

Initialization flow is shown below:

Clear Display — NOTE
If the condition of power supply
rise time described in the Elec-
DL=1 :8-bit iong trical Characteristics is not sa-
Function Set interface data tisfied, the internal Power On
N=0 :2-Line Display Initialization Circuits will not
E1=0, E0=1 : 24-character operated and initialization will
Display not performed.
D=0 :Display Off In this case the initialization
Display On/Off C=0 :Cursor Off by MPU software is reaquired.

Control | B=0 :Cursor Blink Off

I/D=1:ncrement by 1
Entry Mode Set | S=0 :No Shift




(2—-2) Initialization By Hardware

NJUEGE426

The NJUB426 incorporates RESET terminal to initialize the all system. When the "L" level
inout over 1.2ms to the RESET terminal, reset seauence is executed. In this time, busy signal
output during 10ms after RESET terminal goes to "H”.

*Reset Circuit

RESET [ 4 Hardware Reset

SYSTEM RESET
POWER ON RESET

*Timing Chart
< .
External Reset Over 1.2ns >
Signal
Counter Output r—l [
RS-F/F Qutput —-—-——l———l
Internal Reset —-——————L—_l
Signal
l
Busy | = Hns |

(3) Instructions

The NJUB426 incorporates two registers, an Instruction Register (JR) and a Data Register (OR).

These two registers store control information temporarily to allow interface between NJU6426
and MPU or peripheral ICs operating different cycles. The operation of NJUG426 is determined by
this control signa! from MPU. The control information includes register selection signals (RS),
read/write signals (R/W) and data bus signals (DBo to DB7).

Table 4. shows each instruction and its operating time.

Note 1) The execution time mentioned in Table 4. based on fcp or fosc=330kHz.
If the oscillation frequency is changed, the execution time is also changed.
Note 2) When the reset function is executed, 40-character 2-line is selected.
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Table 4.

Table of Instructions

INSTRUCT1ONS

¢c 0 D E
RS R/W DB- DBs DBs DB. DBs DB. DB: DBo

DESCRIPTION

EXEC
TIME

Maker Testing

6 0 0 0 0 0 0 0 o

0

All “0” code is using for maker
testing

30us

Clear Display

Display clear and sets DD RAM
address 0 in AC.

1. 48ms

Return Home

Sets DD RAM address 0 in AC and

returns display being shifted to
original position.

DD RAM contents remain unchanged

1.48ms

Entry Mode Set

1/0

Sets cursor move direction and
specifies shift of display are
performed in data read/write.
1/D=1: Increment, 1/D=0:Decrement
S=1:Accompanies display shift

30us

Display On/0ff
Control

Sets of display On/0ff (D),
cursor On/0ff (C) and blink of
cursor position character (B).

30us

Cursor or
Display Shift

S/C R/L *

% -

Moves cursor and shifts display
without changing DD RAM contents
$/C=1 : Display shift

8/C=0 : Cursor shift

R/L=1 : Shift to the right

R/L=0 : Shift to the left

45us

Function Set

Sets interface data length(DL),
number of display lines(N) and
display character number.
Character font is fixed 5 X 7
DL=1 : 8 bits , DL=0 : 4 bits
N=1 : 4-line, N=0 : 2-line
Please refer (g) for Eo and E..

30us

Set CG RAM
Address

Sets CG RAM address. After this
instruction, the data is trans-
ferred to/from CG RAM

30us

Set DD RAM
Address

Sets DD RAM address. After this
instruction, the data is trans-
ferred to/from DD RAM.

30us

Read Busy Flag
& Address

——— Ac

—_———

Reads busy flag and AC contents.
BF=1 : Internally operating
BF=0 : Can accept instruction

Qus

Write Data to
CG & DD RAM

Write Data

—_—

Writes data into DD or CG RAMs.

30us

Read Data from
CG or DD RAM

Read Data

—_———

Reads data from DD or GG RAMs.

45us

Explanation of
Abbreviation

DD RAM : Display data RAM , CG RAM : Character generator RAM
Acec . CG RAM address , Aco : DD RAM address, Corresponds to cursor address
AC : Address counter used for both of DD and CG RAMs
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(3—1) Description of each instructions
(a) Maker Testing

RS R/W DB, DBs DBs DB, DBs DB. DB. DBo
cole [0 0 Jo Jo [0 [o Jo [o [0 [o]

Al "0" code in 4-bit length is using for device testing mode ( only for maker ).
Therefore, please avoid all "0” input or no meaning Enable signal input at data "0”.
(Especial ly please pay attention the output condition of Enable signal when the power turns
on.) .

(b) Clear Display

RS R/W DB, DBo DBs DB« DBs DB. DB: DBo
coce [0 [0 Jo Jo JoJoloJo o1}

Clear display instruction is executed when the code "1” is written into DBo.
Wheri this instruction is executed, the space code (200w is written into every DD RAM ad-
dress, the DD RAM address 0 is set into the address counter and entry mode is set increment.
If the cursor or blink are displayed, they are returned to the left end of the LCD (the
left end of the 1st line in the 2-1ine display mode).
The S of entry mode does not change.
Note: The character pattern for character code (200w must be blank code in the user-defined
character pattern(Custom font).

(c) Return Home

RS RM DB, DBs DBs DB« DB DB. DB DBo
code [0 J0 Jo [0 Jo Jo Jo o |1 [* | *=Don'tcare

Return home instruction is executed when the code "1” is written into DB:. When this
instruction is executed, the DD RAM address 0 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 LCD (the left end of the 1st line in the 2-line display mode) if the cursor or blink
are on the display. .

The DD RAM contents do not change.
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(d) Entry Mode Set

RS RW DB DBs DBs DBs DBs DB DB: DBo

Code JO [0 [0 [o Jo o [o]1 [im|s ]

Entry mode set instruction which sets the cursor moving direction and display shift
On/0ff, is executed when the code "1” is written into DBz and the codes of (1/D) and (S) are
written into DB:(I/D) and DBo(S), as shown below.

(1/D) sets the address increment or decrement, and the (S) sets the entire display shift
in the DD RAM writing.

1/D ’ 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 to the left.

S Function

Entire display shift.

The shift direction is determined by 1/D.: shift to the left at I/D=1 and
1 shift to the right at the 1/D=0. The shift is operated only for the charac-
ter, so that it looks as if 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 shifting.
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(e) Display On/0ff Control

RS RMW DB, DBs DBs DBs DBs DB DB: DBo

Code [0 JO [0 JO Jo Jo 1 [p[c |8 ]

Display On/Off control instruction which controls the whole display On/Off the cursor Or/
0ff and the cursor position character blink, is executed when the code "1" is written into
DBs and the codes of (0), (C) and (B) are written into DBz(D), DB:(O) and DBo(B), as shown
below.

D Function

i Display On.

0 Display Off. In this mode, the display data remains in the DD RAM so that
it is retrieved immediately on the display when the D change to 1.

[ ' 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 1/D etc does not change.
B ‘ Function

The cursor position character is blinking. Blinking rate is 518.4ms at
i fosc=330kHz for 24-character 4-|ine and 433.2ms at f.,=300kHz for others.
The cursor and the blink can be displaved simultaneously.

0 The character does not blink.

Note) The blink time alters proportionately by 1/fosc or 1/fc..  For examole, when
the f.,=300kHz : 518.4 x (330/300) = 570.2ms. (For 24-Character 4-Line)
433.2 x (330/300) = 476.5ms. (For others)

i'%% Ea— i
B b Bl

lllll ' OOoo ENEEE
Cursor
Character Font 5 x 7 dots Alternating display

(1) Cursor display examle ‘ (2) Blink display example
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() Cursor/Display Shift
RS R DB, DBs DBs DB+ DBs DB. DB: DBo
Code {0 [0 [0 {0 o [ 1 {sclpu{x |x | *=Don"tcare

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 dispiay. In the 2-line display, the cursor moves to the 2nd line when it passes the 40th
digit of the 1st line. Notice that the 1st and 2nd line displays will shift at the same
time. When the displayed data is shifted repeatedly, each line moves only horizontally.

The 2rd line display does not shift into the 1st line position.

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 DB« and the codes of (S/C)
and (R/L) are written into DB3(S/C) and DB2(R/L), as shown below.

S/C R/L R : Function

0 0 Shifts the cursor position to the left ((AC) is decremented bg 1)
0 1 Shifts the cursor position to the risht ((AC) is incremented by 1

] 0 Shifts the entire display to the left and the cursor follows it.

i 1 Shifts the entire display to the right and the cursor follows it.

-(g) Function Set _
RS RM DB, DB DBs DB« DBs DB. DB DBo
Code |0 [0 fo [o |1 [o [N [* [E [E] *x=pntcare

Function set instruction which sets the interface data length and number of display lines,
is executed when the code "1” is written into DBs and the codes of (L), V), (1) and (Eo)
are written into DB4(DL), DBs(N), DB.(E:) and DBo(Fo), as shown below (character font is
fixed 5 x 7 dots).

(DL) sets the interface data length and (N) sets the number of display lines either the
2-line or 4-line and (E1), (Eo) select the display character number.

NOTE
This function set instruction must be performed at the head of the program prior to
all other existing instructions(except Busy flas/Address read). This function set in-
struction can not be executed afterwards unless the interface data length chanee.

DL Functi on
1 Set the interface data length to 8 bits (DB; to DBo)

0 Set the interface data length to 4 bits (DB, to DBa)
The data must be sent or received twice in this

N El 0] Display lines Display Digit Extension Driver
0 0 . 16 Character

0 0 1 2-line 24 Character NJU6407C NJUG407CR
] 0 32 Character NJU6407C NJUB407CR
i 1 40 Character NJUB4T 7!
3 0 4-line 20 Character NJU6417C

] 3 1 24 Character NJUG416, NJUB415




(h) Set CG RAM Address

NJVuUe4azZ6e

RS RMW DB, DBs DBs DB. DBs DBz DB: DBo
ode [0 [0 Jo |1 [aafalalnalal
«Higher Lower —

order bit order bit

Set CG RAM address set instruction is executed when the code "1” is written into DBs and
the address is written into DBs to DBo as shown above.

The address data mentioned by binary code " AMAMA " is written into the address counter
(AC) together with the CG RAM addressing condition. After this instruction execution, the
data writing/reading is performed into/from the CG RAM.

(i) Set DD RAM Address

RS R/MW DB,
0 0 1

DBs DBs DB
A A A
~—Higher order bit

DB
A

DB. DB: DBo
A A A

Lower order bit—

Code

Set DD RAM address instruction is executed when the code "1" is written into DB- and the
address is written into DBs to DBo as shown above.

The address data mentioned by binary code " AAMAAMA " is written into the address counter
(AC) together with the DD RAM addressing condition. After this instruction execution, the
data writing/reading is performed into/from the DD RAM.

Note : In case of the 2-line display(N=0), the address data is (00)s to 27« for the 1st
line and (40w to (67)u for the 2nd line. And in the 20-character 4-line display(N=1,
E0=0), the TAAAMMAAL is (00)u to (13w for the 1st iine, (20x to (33)u for the 2nd
line, (40)u to (53 for the 3rd line and (60)u to(73)u for the 4th line. However,
in case of the 24-character 4-1ine(N=1, E0=1), the TAAMAAMAI is (00)s to (17w for

the 1st line, (0)us to 37« for the 2nd line, (40)u to (67w for the 3rd line and
60)n to (7N u for the 4th 1ine.
Display Ist Line 2nd Line 3rd Line 4th Line
2-Line O - @D | @0)u - BDu - -
ZOACEar. 0u- D | @Ds - @Ds | @0 - GBI | @D - 7=

-Line
243(—:t?rr1é s - (IMs | @D - GNu | @Du - BDa [ 6Da - (D=

(i) Read Busy Flag & Address
RS RMW DB DBs DBs DBs DBs DB DBy DBo
code O [0 [Br A [ A [ A [a A A ]

—Higher order bit Lower order bit—

This instruction reads out the internal status of the NJU6426. When this instruction is
executed, the busy flag (BF) which indicate internal operation is read out from DB, and the
address of the CG RAM or DD RAM is read out from DBs to DBo (the address for the CG RAM or
DD RAM is determined by the previous instruction).

(BF)="1" indicates that internal operation is in progress. The next instruction is inhibi-
ted when (BF)="1". Check the (BF) status before the next write operation.
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(k) Write Data to CG RAM or DD RAM

RS R/W DB, DBs DBs DBs DBs DB DB: DBo
Code | 1 0 D D D D D D D D
«Higher order bit Lower order bit—

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

By the execution of this instruction, the binary 8 bit data ” DDDDDDDD " are written into
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction. After this instruction execution, the address increment(+1) or decrement (-1)
is performed automatically according to the entry mode set. And the display shift is also
executed according to the previous entry mode set.

(1) Read Data from CG RAM or DD RAM

RS RW DB DBs DBs DBs DBs DB. DB: DBo
Code | 1 1 D D D D D D D D
«Higher order bit Lower order bit—

Read Data from CG RAM or DD RAM instruction is executed when the code "1” is written into
®S) and (R/W).

By the execution of this instruction, the binary 8 bit data " DDDDDDDD " are read out from
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction.

Before executing this instruction, either the CG RAM address set or DD RAM address set
must be executed, otherwise the first read out data are invalidated.

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

The address set instruction is not reauired if 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 incremented or decremented by 1 after write
instruction to either of the CG RAM or DD RAM. Even if the read instruction is exe-
cuted after this instruction, the addressed data can not be 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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(3—2) Initialization using the internal reset circuits

(a) 16-character 2-line display in 8-bit operation (Using internal reset circuits).

At the 16-character 2-line display, the Function set, Display On/0ff Control and Entry Set
Instruction must be executed before the data input, as shown below.

The DD RAM of the NJUB426 can store up to 96 or 80 characters, as explained before, there~
fore the advertising moving display is available when combined with the display shift opera-
tion. Since the display shift operation changes only display position and the DD RAM
contents remain unchanged, display data which are entered first can be output when the
return home operation is performed.

Initialized.
Power On No display appears.
1) RS R/W DB~ DBs DBs DB4 DBs DBz DB: DBo )
Set the 8-bit operation,
Function Set 0| 0l 0{ 0} 1] 1] 0| %{ 0| 0| 16-character 2-line dis-
! play, 5 x 7 dots Font.

Turns on display and cur-
Disp.0n/0ff Cont 0} 0] 0[O0 0} O 1] 1|1 0| sor. Entire display is in

space mode set by the

l initial ization.
Example for set address
Entry Mode Set 0/ 01 0]010[0]0] 1| 1] 0] increment and cursor
right shift when the data
i mte to the DD RAM or CG

Write data to the DD/CG RAM
and set the Instruction

(b) 16-character 2-line in 4-bit operation (Using internal reset circuits).

In the 4-bit operation, the function set must be performed by the user programming.

When the power is turned on, 8-bit operation is selected automatically, therefore the
first input is performed under 8-bit operation. 'In this operation, full instruction can not
input because of terminals DBo to DBs are no connection. Therefore, same instruction must be
rewritten on the RS, R/W and DB, to DB, as shown below. Since one operation is completed
by the two accesses in the 4-bit operation mode, rewrite is required to set the instruction
code in full. ‘
16-character 2-line in 4-bit operation is shown as foliows:
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Initialized.
[ Power On 1 N3|d=gpigye' appears.
i RS R/W DB- DBs DBs DB. Set the 4-bit N
et the 4-bit operation. )
|Function Set l l OI OI 0[ 0| l[ Ol This step |s executed in 8-bit mode
| set by the initialization.
- Set the 4-bit operation 16-character
lFunctlon Set —I 00|l 0Qf0| 110 2line displ ay.og x 7 dots Font
0] 0} 0] x| 0} 0 The 4-bit operation starts from this

l step.

- Turn on display and cursor.
lDlsp.On/Off Cont | 0l 0f0j0j0]0 Entire display is in space mode set by

! 00} 1y 11110 the initialization.
Example for set address increment and
IEntry Mode Set I gl oj0{0}10]10 cursor right shift when the data write
l 0(0j0]1]1]0 to the DD RAM or CG RAM.

Write data to the DD/CG RAM
and set the Instruction

(c) 20-character 4-1ine in 8-bit operation (Using internal reset circuits).
From 1st to 4th line displays will shift at the same time.

Initialized.
Power On No display appears.
i RS R/W DB+ DBs DBs DB+ DBs DB> DB: DBo )
Set the 8-bit operation,
Function Set ol ot ol ol 1y 1] 1] %| x| 0| 20-character 4~line dis-
! play, 5 x 7 dots Font.

- Turns_on display and cur-
Disp.0n/0ff Cont 0{o0[0] 0|0 0Ot1] 1| 1] 0] sor. Entire display is in
space mode set by the
| initial ization.

!
Example for set address
Entry Mode Set 0[ 0] 0] 0L0] 0L O0f 1] 1] 0| increment and cursor
| right shift when the data

Write data to the DD/CG RAM
and set the Instruction
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(3—3) Initialization by instruction
I the power supply conditions for the correct operation of the internal reset circuits are
not met, the NJUG426 must be initialized by the instruction.

(a) Initialization by Instruction in 8-bit interface length.

Initialized.
Power On - No display appears.
7 .
Wait more than 15ms .
after Voo rises to 4.5V
i) RS R/W DB+ DBs DBs DB+ DBs DB> DB: DBo )
- Function Set
Function Set l l 0| Ol 0| Ol 1 l 1 | *| *l *| *I (8-bit interface length)
!
Wait more than 4.1ms
i RS R/W DB- DBs DBs DB+ DBs DB. DB: DBo )
- Function Set
Function Set ol ol ol ol 1] 1! %t x| x| x{ (8bit interface length)
!
Wait more than 100us
l RS R/W DB- DBs DBs DB+ DBs DB2 DB: DBo FUHC‘_tiOU Set
, (8-bit interface length)
Function Set | [ 0 of of of 1] 1] x| x| x| #| ‘

Busy Flag(BF) can not be
checked before this step,
but it can be checked
after this step.

After this step, busy
flag®BF) check or longer
waiting time. than each
instruction . execution
time is reauired.

Set the 8-bit operation,

L RS R/W DB7 DBs DBs DB4 DBs DB2 DB: DBo

Function Set 00} 0|0 1) 1] 1] %| x| 1| 24character 4-line
display, 5 x 7 dots Font.
1 RS R/W DB; DBs DBs DB. DBs DB, DB: DBo
Display Off o|o0f0j{0j0|0Q[1]0}0]0
l RS R/W DB; DBs DBs DB« DBs DB2 DB: DBo
Display Clear 0/ 0(0)j0|0|0]0O[0)O]1
i RS R/W DB, DBs DBs DB+ DBs DB2 DB: DBo
Examle for set address
EntryModeSet I I OI 0| 0‘ OI 0| Ol Ol 1l 1| 0] increment  and  cursor
_ right shift when the
i data write to the DD RAM
or CG RAM.

Write data to the DD/CG RAM
and set the Instruction
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(b) Initialization by Instruction in 4-bit interface length

Initialized.
L, Power On No display appears.
!
Wait more than 15ms
after Voo rises to 4.5V
i) RS R/W DB; DB¢ DBs DB
) Function Set
Function Set 00|00 1)1 8-bit |nterface length )
i
‘Wait more than 4.1ms 4J
i)
- Function Set
lFunctlon Set I I 0 | 0 I 0 l 0 l 1 I 1 | (8-bit interface length )
!
lWait more than 100us |
}
) Function Set
lFunctlon Set ] | 0 | 0 | 0 l 0 | 1 | 1 | (8-bit interface length )

Busy Flag (BF) can not be
checked before this step,
but it can be checked after
this step.

After this step, busy flag
(BF) check or longer wait-
ing time than each instruc-
tion execution time s
requi red.

RS R/W DB, DBs DBs DB+

Function Set
Function Set o{o0|0f0|1]0 Set 4-bit interface length
! by 8-bit interface length.
Set the 4-bit operation,
Function Set 000101110 40-character 2-line display
! 0| 0| Of %] 1] 1 5 x 7 dots Font.
lbisplav ot | { ol ol ol ojolo
oo} 1{0|0]0
!
[bisplay Clear | | 0] 0] 0] 0] 0] 0
! 00y 0j0|0]|1
Example for set address
[Entry Mode Set | 0l0oro0(0]0f@Q0 increment and cursor right
0| 0jO0t1] 1[0 shift when the data write

! to the DD RAM or CG RAM.

Write data to the DD/CG RAM
and set the Instruction
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(4) LCD DISPLAY

(4—1) Power Supply for LCD Driving

NJUB426 incorporate voltage doubler to generate LCD driving high voltage and bleeder
resistance. The voltage doubler generate about twofold voltage from the Ve: imput voltage
( 9.5V typ at lout=2mA and V.:=5V ) and bleeder resistance generate each LCD driving voltage.

The bleeder resistance is set 1/6 bias suitable for 1/36 duty ratio and each resistance
value are 1kQ typ for Ry, Rz, Rs and Rs, and ZkQ typ for Rs.

LCD Driving Voltage vs Duty Ratio

Powe{y Duty Ratio 1/36

S Bias 1/6
Vsour Voo to Viop
Vm{(+ 5 V) Vo (+ 5 V) Vow{(+ 5 V)
—
Vei Vo _:éii;%;— Vei \fnp—g:i{j--——
A\ Vi v
NJUG426 Vie 777777 NJUGA26 Lco
Ci 3 1i{§:: Ci V3
CZ Vs > Vi Ca . VS v
Vss VsouT Vgs 50UT
i 3 +
777
(a) 1/6 Bias(1/36 Duty) (b) 1/6 Bias(1/36 Duty)

(Voltage Doubler unused example) (Voltage Doubler used example)
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(4—2) Relation between oscillation frequency and LCD frame frequency.

As the NJUB426 incorporate oscillation capacitor and resistance for CR osci!lation, 330kHz
oscillation is available without any external components.

The LCD frame frequency example mentioned below is based on 330kHz oscillation.

(1 clock = 3.0us )

1/36 duty

—— 100 clock

2
97 2] 3]l | 1] 2] 30 4l
Voo

Vi ‘
Va2
Va
Va
Vs

|35 I 1 I 2| 3 l

C OM,

le | Frame 1 1 Frame

v

20-character 4-line Display - 24-character 4-line Display :

1 frame = 3.0Cus) x 100 x 36 = 10.8(ms) 1 frame = 3.0(us) x 120 x 36 = 13(ns)
Frame frequency = 1/10.8(ms) = 92.6(H2) Frame frequency = 1/13.0(ms) = 76.9(H2)



(5) Interface with MPU

NJuUUe4a4z=26

NJUB426 can be interfaced with both of 4/8-bit MPU and the two-time 4-bit or one-time 8-bit
data transfer is available.

(5—1) 4-bit MPU interface

When the interface length is 4-bit, the data transfer is performed by 4 lines connected to
DBs to DB; (DB, to DBs are not used). The data transfer with the MPU is completed by the
two-time 4-bit data transfer.

The data transfer is executed in the seauence of upper 4-bit (the data DBs to DB, at 8-bit
length) and fower 4-bit (the data DBo to DBs at 8-bit length).

The busy flag check must be executed after two-time 4bit data transfer (1 instruction exe-
cution). In this case the data of busy flag and address counter are also output twice.

RS
R ——— .
AR WAL VAR W A N A W A WA W A W
E 7 v
Internal S!a\us—-——————-r-m
NO
o8 /)RR [ NAG X/ ° [hes XK X0 X/ 71/
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing
RS
R/W /

VANV VANV AN WA

08, YRy CAts X XDR} X IR
DBs X_1Rs X IRz X (At X XoRK _ XDR
b (R XIRX RO XD
DB X TRs Cato X XORX__XOR3
Writing instruction into |Readout Busy Flag(BF) Readout data Register(DR)
instruction Register(IR) and Adress counter (AC)
(5—2) 8-bit MPU interface
RS
R/¥
. w \
Internal Status -1 operation ‘ No J
08: 22K pata X/ A8 usy I wusy /11T /INBusy /7 pata /
¥riting Instruction into |Busy Flag Busy Flag Besy Flag Writing Instruction into
Instruction Register(IR) Check Check Check Instruction Register(IR)
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I ABSOLUTE MAXIMUM RATINGS ( Ta=25°C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -03~+17.0 ]
Input Voltage Vr - 0.3 ~ Voot0.3 v
Operating Temperature Topr - N ~+ 8 C
Storage Temperature Tstg - 55 ~+125 c
Note 1§ If the LS| are used on condition above the absolute maximum ratings, the LS| may be de-

stroyed. Using the LS| within electrical characteristics is strongly recomended for
normal operation. Use beyond the electric characteristics conditions will cause mal-
function and poor riliability.

Note 2) All voltage values are specified as Vss = OV

Note 3) The relation : Voo=Vci>Vs2Vsour , Vss=0V must he maintained.
Turn on Voo and V<: at same time or turn on Voo first then turn on Ve: must be reauired.
If the turn on sequence does not meet above conditions, latch wp will occur.
Note 4) Decoupling capacitor(Co) should be connected between V.: and Vss due 1o the stabilized
operation for the voltage doubler.

W ELECTRICAL CHARACTERISTICS

( Vop=5V£10% , Ta=-20 ~ +75C )

PARAMETER S-YTA:BOL CONDITIONS MIN TYP MAX_ | UNIT | NOTE
Operating Voltage Vob 4.5 5.0 5.5 )
Vis 2.3 Voo
Input Voltage Viu 0.8 v 5
Vou -1 on=0.205nA 2.4
Qutput Voltage Vou [ou=] 6mA 0.4 v 6
Driver On-resist. COM) § Rcom | +1d=0.05mACAI| com.term.) 10 kal o
Driver On-resist. (SEG) | Rsee | *1d=0.05mACAIl seg.term.) 10
Input Leakage Current los 1v=0 ~ Voo -1 1 A 7
Pull-up Resist Current ~lp Vop=5V,RS,R/W,DB Terminals ] 50 125 250
Operating Current lop Vop=5hV, fosc=330kHz 2.0 4.0 m | 8
Qutput Vur Ta=25C | our=5mA -3.0 |-4.0 v
Voltasge Voltage Vsour Terminal | lour=1mA -4.6 |-4.8
Doubler | Input Volt. Vei — 2.5 5.5 v
Conv. Effici Ver L=00 95.0 | 99.9 %
Built-in i 1.00
Bleeder resistance R . 1.00
(For LCD Driving Ra  Ta=25C 2.00 kQ
Vol tage) R4 1.00
Rs 1.00
Oscillation Freaquency fosc | Vop=HV, Ta=25C 280 330 390 kHz
LCD Driving Vol tage Vieo Vsour Terminal f Voo=5Y VDDé 0 VD1Dé 5 v 10

Note 5) Input/Output structure except LCD driver are shown below:

Input Terminal Structure
: Vo

Voo

Voo

Input/Qutput Terminal Structure

Voo

MOSEQVDD
PHOS —E7pnos PHOS r rlég PHOS
o—1 IS
N NMOS L| NMos
0s un
i Pnos%]l—rCCi:“””'-E
E Terminal RS,R/W Terminals unosf}——o<}—c(:|:‘__ DATA

DBo to DBs Terminals
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Note 6) Apply to the Output and Input/Output Terminal.

Note 7) Except pul {-up resistance current and output driver current.

Note 8) Except Input/output current but including the current flow on bleeder resistance.
If the input level is medium, current consumption will increase due to the penetration
current. Therefore, the irput level must be fixed to "H" or "L".

Operating Current Measurement Circuit

| +

5V

—

A
Voo Vei 94
Co
- C1 I 10uF
+
4. 7T uF Vs
Cz2
Vsour [
| Vss
' ZZ 1 0uF
NJU®S6 4 26 +
7T

Note 9) Rcom and Rsze are the resistance values between power supply terminals (Voo, Vsour) and
each common terminal (COM; to COMs3), and supply voltage (Yoo, Vsour) and each seement
terminal (SEG: to SEGso) respectively, and measured when the current Id is flown
on every common and segment terminals at a same time.

Notel0) Apply to the output voltage from each COM and SEG are less than Z£0.15V against the
LCD driving constant voltage (Voo, Vi, V2, Vs, V4, Vs) at no load condition.

Voltage Doubler Measurement Circuit Internal Bleeder Resistance
Voo
VoD 5 V
Vei R
+C D k
C1 10xF Vi
+ )
Rz
cy 4. T F Ve O Ve
Vss V5007 Rs
102F Va ——O Va3
NJ UGB 4 26 Re
Vi
Rs
Vs —Q vs

NJU6426 internal

% Voltage Doubler Internal Clock Frequency = 10 ~ 5kHz
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- Bus timing characteristics (Vo» = 5.0V:10%, V=s = OV, Ta = -20 ~ +75C)

Write operation ( Write from MPU to NJUG426 )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Ehable Cycle Time tevee 500
Enable Pulse Width | "High” level | Puex | 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time |RS, RW, E | tas 40 fig.1 ns
Address Hold Time tau 10 '
Data Set wp Time tosw 60
Data Hold Time tu 10

Timing Characteristics (Write operation)

- \><‘ Vinl ViarR

< VIL1 Vit
tas tal
R/w x VILl ’/VILI
P¥ey tAR
- e———
_ : y—————— |[ter —
E S Vin Vinl
VIU— N Vi) I Vil
—_— t tH
tEr V]u-
Vini '
DBe ~DB+ Valid Data |/
ViLl Vit
tcyce

fig. 1

Read operation ( Read from NJU6426 to MPU )

PARAMETER SYMBOL | MIN MAX | CONDITION |UNIT
Enable Cycle Time tevee 500
Enable Pulse Width | "High” level | Pwes 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, R7H, E | tas 40 fie.2 | ns
Address Hold Time tan 10 '
Data Delay Time toow 120
Data Hold Time toon 20
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Timing Characteristics (Read operation)

RS ><"‘V|u| Vil
< Vil ViLy
1aAS
g
R/w VlHl \I\Vlﬂl
' PWen tAH,I
E Vinl Vinl
—
ViL g Vivt < tEf T Vil
tEr — tDDR
ot
Voul
DBs ~DB, Valid Data
VoLl VoLl
tCYCE
fig. 2

Segment Extension Signal Timing Characteristics (Vo»=5.0V+10%,Ta=-20~757C)

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Clock Pulse Width | "High” level | tcwn 800
Clock Pulse Width | "Low” level | tews 800
Clock Set up Time tesu 500
Data Set up Time tsu 300 fig.3 ns
Data Hold Time tox 300
M Delay Time tom -1000 | 1000
Clock Rise Time, Fall Time tee 100

Segment Extension Signal Timing

ter

0.8Vpo y B\ 0.9 Vi
CLs X 0.1V

" tCWH

tcwl

tesy
0.9Von| A X 0.9 Von /’_\__—/___\'
CL: \
0.1 Voo K. 0.1 Von 0.1 Voo

tese e towy

—_—

£0.9 Voo 0.9 Voo
D |
| 0.1Vop 0.1 Von )

v

tsc tom |

0.1 Von

fig. 3
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DBo to DB+ load circuit Segment signal load circuit
5.0V
RL=2.4kQ Test Point 0——1
Test Point 60F

130pF 10k0 l

- The Input Condition when using the Hardware Reset Circuit

Input Timing
trst
Voo
RESET
0. 2Vop
PARAMETER SYMBOL | MIN MAX CONDITION JUNIT
Reset lmput "L" Level Width trsu 1.2 - fosc=330kHz ms

- Power Supply Condition when using the internal initialization circuit(Ta = -20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX [ CONDITION {UNIT
Power Supply Rise Time t:o0 0.1 10 Ams
Power Supply OFF Time torr 1

Since the internal initialization circuits will not operate normally unless the above
conditions are met, in such a case initialize by instruction.
(Refer to initialization by the instruction)

rDD torr
0.1ms=t:po=10ms torr1Ims

torr specifies the power off time in a short period off or cyclical on/off.
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I LCD DRIVING WAVEFORM

1/36 Duty Driving

w26 27 28 35 36
< 26 27 28oene 3536 1 8 9 1017 18 19+ 26
By 9 10 1, 18,18 e 26,27 28 R A R I R R

|
VDB w4 I i {L
CoM, z' N ] ) )
COM, 2
co, o —————%
COM, Va A
COM; s
COMG ;. anl LL L
com e ) 8 A A— )
st M aoF -+
COM“ VJ {L {L ;I
COM, V. 4 4 4 ¢
COM o v
ggm:; Voo ¢ /4 1L ;;
Vi — 4 7 0}
o, v
M (i {C L0
COMs COM, va 5 ; 5 ;
COM,6 vj
COM,; Vo
{{ L {0
COMie Vi ——4 ) )] LB
COM,s ——?_f V
COMq, COMis Vs - - g') ;;
COMz, —| v, G 4
COM;, —4 Vs
COMjz; —
Voo ((
o Vi ;5 f) - U ),
V2
COMZS v L /L L (L
COMz6 COMiz vi 5 " )) "
COM2» 31 v
com :
COM" I— Voo
29 A £ L £L
COMa3q ;— Vi T ) o R ),
\/]
COM3, q—q
L
COM3;; COMae z: )’) ')’) ; ;
.
COMas 4 ?—0— Vs
v .
Sag g VBD &% A I I
nahan v' 7 W )3
2
contes va (i s {L {0
Vs p) 3 )] )
Vs
Voo
[t
v F——————
Vz
COMsz Vs — -
Vi )a 2 1)) v
Vs
VDD
{, (L
Vi J'I I)') 5) T
Va
COMBJ v: (4 LL L £L
v )] 7 ) )]
Vs
/7 l
(4
Voo ] T
W | PR
v L{\( - ? 7 2\ 7 -
s ) ”*‘)”)T
v () (
A\ // \
Vs
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I APPLICATION CIRCUITS

(1) 16-character 2-line Display Examle (1/6 Bias, 1/36 Duty)

com9

CoM16

COoMm1

cons ] LCD Panel
com17 (16-Character
; 2-Line)

comz4
NJU6426
COM2s

'
coma2

‘com33 ﬂ-_&_ - f];ﬂ ...............
|

SEG1
'

lcon Display

SEG40

CL.,

CL:
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(2) 40-character 2-1ine Display Examle (1/6 Bias, 1/36 Duty)

CoM9

!
coMis

COM1

CcoMms

COM17

£OoM24
NJUG428
COM25

i
'

COM32

COM33

SEG1

SEG40

CL:

CL.

LCD Panel

k

(40-Character
2-Line)

LP
SGL
LM

104,

SEG1
~SEG40

NJus417¢C

~SEG60

lcon Display



NJUGG4a=26

(3) 8-character 4-line Display Examle (1/6 Bias, 1/36 Duty)

NJUg428

CcoM1

coMms

come

i
CoM16

coMm17
'

COoM24

COM25
i
1
COM32

COM33

SEGI1

SEG40

CL,
CL.

LCD Panel
(8-Character
4-Line)

lcon Display
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(4) 24-character 4-1ine Display Example (1/6 Bias, 1/36 Duty)

NJUG426

COMI

COoMs8

COM9

COMI16
coMy7

COM24

COM2§

i
1
'

COM32

COoM33

SEG1

SEG40

CL:
CL:

M

SEGI ~SEG80
LP
SCL
: NJUG41S
LM

[0A,

LCD Panel
(24-Character
4-Line)

Icon Display
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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.




