- NoUsaze

8-CHARACTER 4—LINE WITH EXTENSION FUNCT I'ON’ '
DOT MATRIX LCD CONTROLLER DRI VER

I GENERAL DESCRIPTION B PACKAGE OUTLINE

The NJU6426 is a Dot Matrix LCD controller driver for :
8-character or wp 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 segment 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 NJUGA26F
though the simple power supply circuits.

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

The microprocessor interface circuits which operate by
2Wz, can be conmnected 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 up to 13.5¥, and the icon

5 common driver display up to 40 or 80 icon in single or
combine with some of extension driver.

I FEATURES

@ 8-character 4-line Dot Matrix LCD Controller Driver
@ Maximum 80 icon Display (Using COMss)
@ 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
@ Maximm Display Character Number :
Disp. Line | Ext. Drv | Display Char. |DD RAM | Disp. Line { Ext. Drv | Display Char. | DD RAM
. NON_ | 16 Characters ) NON 8 Characters |80 x 8
2 Lines Hjﬁﬁm;g %4 Charac}cers- BOb)_(tS 4 Lines |NJUB417C | 20 Characters bits
NURATTE | 3 Qaracters | bits NJUGAIE | 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 Outline ---  Chip / GFP 100 / TCP
@ C-W0S Technoloey
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I PIN CONFIGURATION
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Il BLOCK DIAGRAM
0SC,—3| CR - 8 |Instruction| 7 |Address Timing 3 CL,
] ’) s —*—9
0SC.—>1_ 0SC| |S =™ | becoder (ID) Counter Gen. CL.
- — 3 M
Q@ ~ @ 37 47 \I!_
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¥ 82|17 [character | [character ° o5 e @
DB <~ Generator| | Generator g — w90 5'2 4,0! SEG
1
P e - (CG RAM) (€6 ROM) 3 |1&zax ~SE G
RESET elResetl Bus 512bits 9600bits - @
y w2
45 p 3
Vss ;; Flag 4 5 l_-' ?40
Vo T3 Voltage Parallel to serial 40bit > D
A Rl‘—>Vl Conv. Convertor Shift Reg.
=3
DR e
: g 3 El——é Vei € Co Vsour
rif
Vi —4—»
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I TERMINAL DESCRIPTION

NO. SYMBOL FUNCTI ON
3% Voo Power Source ( + 5V )
50 Vss Power Source ( OV)
30,31,32] V2,Vs,Vs | LCD Driving Voltage Output for Extension Driver and LCD Driving
Voltage Adjust Terminals.
52 0SC. Oscillation Frequency Adjust Terminais. Normally Open.
51 05C: (Oscillation C and R are incorporated, Osc Freq.=330kHz)
For external clock operation, the clock should be input on 0SC,.
Reglster selection signal input(Pul |- LD reS|stance On-chip)
38 RS "0" : Instruction Register Mriting)
Busy Flag, Address Counter g}eadmg)
"1 : Data Register riting/Reading
33 R/W Read/Wnte selection signal input (Pul I-up Resistance On-chip)
_ c ¥Write , . Read
40 E Read/Write activation signal irput
3-state Data Bus(Upper) to transfer the data between MPU and
45~48 | DB.~DB- NJUG426.
- DB- is also used for the Busy Flag reading.
5 3-state Data Bus(Lower) to transfer the data between MPU and
41~44 | DBo~DBs NJUG426.
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 Output Terminal . The serial character pattern data
29 D output corresoond to the each common signals.
- No-active , "1" - Active
68~61 | COM 1~COM s J LCD Common Driving Signal o
9~16 | COM o~COMis § | the COM:,~COMs2> are not to be used, please keep it in open
60~53 | COMy7~COM2«
17~24 26~L0Ms 2
25 COMs 2 Icon Common Driving Signal
69~100 SEG 1 ~SEGs2 | LCD Sesgment Driving Signal
8 SEGsa"'SEGm
35 C Capacitor for Voltage Doubler Connecting Terminal ( +)
34 C: Capacitor for Voltage Doubler Connecting Terminal ( -
37 Vei Input Terminal for Vol tage Doubler (Normally Vci = Voo)
33 Vsour Voltage Doubler Output Terminal
49 RESET Reset Terminal. When the "L” level irput over 1.2ms to this
terminal, the system will be reset(fosc=330kH2)
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B FUNCTIONAL DESCRIPTION
(1) Description for each blocks
(1—1) Register

The NJU6426 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 cannot
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 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.

¥hen 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(DR), 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 reading.

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

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

Table 1. Register Operation

RS |R/W ISelected Register Operation

0 0 R Write

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

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

(1—2) Busy Flag (BF)

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 (DD RAW

The display data RAM (DD RAM) consists of 96 x 8 bits stores up to 96-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 4-1ine 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 "
ac|acs |Acs [Ac. [ac, [ac. [ac, [aco | {1 [o (o [1 [
< Hexadecimal —<—  Hexadecimal i «—— 4

[o |

| 1
—_—_—————— E "————

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

I-f' NJWZS(CW{“CG‘&) '—l_ NJWZG(COMS“‘CW[G)
1 2 3 4 5 6 7 8"9 10 11 12 13 14 15 1
LineJ00{01(02(03|04{05(06(07|08|09[0A|0B|0OC|OD]OE

2nd < DD RAM Address
Line 140 |41 142 |43 |44 |45 |46 | 47 | 48 |49 | 4A | 4B | 4C | 4D | 4E | 4F (Hexadecimal)

ol |
)
28

L— NJUB426(COM, ,~COM2e) ——L—  NJU6426 (COMz5~COMaz) —F
9 |

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

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

( Left shift Display ) .
((X))‘—m02030405050708090AIOBOCOD(E(F]0
(AD—141 (42|43 |44 |145]46 47 {48 (49 |4A | 4B |4C | 4D | 4E | 4F | 50

( Right Shift Display )
2710001 ]02|03(04(05|06|07|08|09|0A|0B
67|40 |41 |42 |43 (44 (45|46 |47 |48 |49 [4A | 4B

a8

4D | 4E | —(4P)
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(1 —4—2) 24-character 2-line Display (N=0,E1=0,E0=1)...(Extension Driver = NJUG40TC)

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

NJU6426 (COM; ~COMs) NJUG407C NJUB426 (COMo~COM, ) NJUG407C

I 1 2 3 .- 8| 9 10 1112 |13 14 15 ---ver 20'21 2 23 24I4—D|splay
Ist ot aivins Sl st powen Ewe movin B me Bl el AP ELL Position
%rr]ge 00(01(02]------ 07]08:09;0A:08)0C |OD|OE |- ---- 13 ]ft_'_l_S_'_lfS_'l'f' 0D RAM
Line 40 (41 {42 ------ 47148149 14A (4B |AC|4D|4E | ------ 93154,55,56 571 ~ Address
smeemndenet e e e —— Ll GEDELAALED * (Hexadecimal)
| | | 1 ]

NJUGA26 (COM, ;~COM2.) NJUB407C NJU6426 (COM25~COM3 2) NJU6407C
When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )

©0)«— |01 {0203 ------ 0809 :0A :08;0C | 0D |0E [OF [ ------ 14 ]§_-_1_§-_1_7_ 18
@ (41 [42]43] - 48 (49 14A 148 14C (4D [ 4 [4F |-+ 54 |55 1 56 | 57 58 }
( Right Shift Display )
270001 |- 060708 _09 Toa o8 Joc oo - 12 3;__1_4___1;5__1@_5——»(17)
6740 [41 [ -+ 46147148 149 1 4A |8 |4C|4D [ - 52|53 1 54 155 : 56 ; ——(57)

(1 —4—3) R-character 2-line Display (N=0,E1=1,E0=0)...(Extension Driver = NJUG407C)
The relation between DD RAM address and display position on the LCD is shown below:

NJUB426 (COM, ~COMs) NJUB407C NJU6426 (COMs~C0M 1 5) NJU6407C

I 1 2 3 eeeen 8| [ B ]6"'7 18 19 eev-ve. 24|25 ...... 32|<_D|sp|ay
Ist P bl Pe= Tommmmm-. ek} Position
Line |00 {01 (02| ------ 07|08 ----- VOF IO |11 (12 -eeee 17 18: ------ VIF S
2nd P S g pumy ey e i g S o DD RAM
Line |40 |41 [42{------ A7 (481 ------ t4F 150 |51 |52 | ------ 57 58- ------ 1S5F ¢ Address

asaracennn b o o ek ————————— = e o' . - haad (HexadeCImD

l | ] l ]

NJUB4Z26 (OOM 1 7~COM2 4) NJU5407C NJU6426 (sz 5~COM3 2) NJU6407C
When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )

semmeseses [ semmesssaspas b
©0)——J01 02|03 ce-- 08 ___i_:'.'_'_'_'_:klglll 1213 ----- 18 ]S_J_E_'_'_'_'_‘_'_[g(}j
(40— 41 |42 |43 ------ 48 (49} ------ 150 151 {5253 - 58 591 ... 60 3

(Rignt shift display) .~

27 (00|01 [------ 06|07 -+ TOEOF [10[11[----- 16 |17} --x=e HIE § ——(P)

67140141 | +ve--- 46 47:'r ...... E:u:::,u: 50|51 -cee- 56 57? ...... E.SE.E ——(5F)
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(1 —4—4) 40-character 2-1ine Display (N=0,E1=1,E0=1)...(Extension Driver = NJUB417)

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

NJUB426 (COM; ~COMs) NJUG407C . NJUB426 (COMs~COM, 6) NJUB40TC
l 1 2 3 reeee- 8|9 ...... ZUI21 22 23 eeen- 23'29 ...... 40|<—Di5p!a¥
Ist g——p——p——f————rr s ez s e me e , : mesmasscse r==%  Position
Line Joo o1 |02 ------ 07081 -+ 113114 [15[16]----- B[1C: - P27
e [0 a |2 A48 e 1535455 |56 BB [5C | <eeee T67t hdre
...... Deeenns '530 Ceeeees 1GTY ress
e AR S a8 L3l LT SERRES Lt S8 eeenne +222 (Hexadecimal)
| | |
NJUGA26 (COM, 7~COM2.4) NJU6407C NJUGA426 (COM25~COMs2) NJUG407C
When the display shift is performed, the DD RAM address changes as follows:
( left Shift Display)
©o«— [o1 [02]03]---- - 0809 ! -+~ 114}15 1617 - 1C{1D -+ 1008
Q0)—— |41 (42 {43} ------ 48 |49 +----- 154 15556 |57 [------ 5C {50 °-_-_-_-_-_§_qu
( Right Shift Display) ) i
27100101 | <ove-- 06 9_7_:_._._ _______ :_!gi]g 144015 coveee 1A ]Bi....)._._:.ge,__,(z-,)
67 40 41 |- AR 152153 |54 55 ] oo 588! eee 1663 ~—(6D)

(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

Ist
COM: ~COMs Line | 00
2nd

01 {0203 |04

05 (06107

COMy ~COM16 Line | 20

21|22 24

25126127

P

40

4 |42 44

45 | 46 | 47

3rd
COM; 7~COM24 Line
4th
COM2s~COM32 Line

60

B &8I

61 | 62 64

65 | 66 | 67

DD RAM Address
(Hexadecimal)

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

00—
@)~
@0 ——
60—

5-346

( Left Shift Display )

( Right Shift Display )

01]02{03|0405{06|07 {08 13 (0001|0203 |04 |05106 ] ——C07N

211222324 125126 (27 |28 3B|20|21|22|23{24 25126} ——(2D)

4142 |43 |44 |45 |46 |47 |48 53(40 |41 42|43 |44 |45]46| —UD

61|62|63|64|65|66|67 68 73160 |61 {62 |63 |64 |65 |66 | —— (67
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(1 —4—6) 16-character 4-line Display (N=1,E0=0)...(Extension Driver = NJU6407C)

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

I—— NJUB426 I NJUG407C _I
1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 <—Disp|ay Position

Ist
COM; ~COMs L?ne 00|01|02|03(04|05
2nd b T o T o e ke e e o - + DD RAM Address

7
06
COMs ’*C(Mm:l;ige 2002112223 |24|25|26 |21, 28 29 ZA ZB 2C ZD 2E Z:-
46
66

d F—T—t—1T—T1T—T1—-71 -t -t a---t------ (Hexadecimal)
COM 1 7—COM24 hme 40 | 41 |42 |43 (44 | 45
COM2s~COMs2 Line |60 |61 |62 |63 | 64 | 65

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

( Left Shift Display)
(OB ] 02030405060708090AOBOC000E0F1011

(20)*———2122232425262728292AZBZC2D2E2F30:

(40 —— | 41|42 |43 144 |1 45|46 | 47 | 48 49 4A 4B 4. 4D 4 . 4F 50.

(60)‘——6162636465666768696A686C606E6F70'

(Right Shift Display)
13/00{01 02|03 |04 |05 06'07'08'09'0A'OB'0C'OD'OE:——>(0F)

.._.,.‘.._.r....,___ ___‘___ —--|---

33120 (2122|123 (24 |25 |26 27 28 29 27 ZB 2. ZD ZE-——*(ZF)

53|40 |41 |42 |43 |44 (45 | 46147 48 49 AR 4B 14C 4D 4E'*—'(4F)

73|60 |61 |62 |63 |64 |65 6667 58 69 6A GB 6C . GD 6E.——’(6F)

(1 —4—7) 20-character 4-line Display (N=1,E0=0)...(Extension Driver = NJUG417C)

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

I_ NJUG426 NJUG4OTC
12345678'9]0 .............. l

9 10 e ]9 20 ' < Display Position
COM, ~COMe 1st |00 |01 |02 0304050607:083095 -------------- 112113
Line 4-——}-oo----o-o-oo--b-- - DD RAM Address
COMs ~COM,s 2nd |20121122 (2324125 (2627 :28 29' """""""" 132133« .
Linet—1—T—t—1 1T -1 -1 - -4---F---=--------- poootme (Hexadecimal)
COMy /~COMz. 3rd_ 140 |41 42 143 | 44 | 45 | 46 AT 08149} s 152 ! 53 1
Line D R B S
C0M25~COM324th 6061162 |63|64|65|66 |67 :68 .69, cceerrecenee- 172173
L i e e e e e e e e
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When the display shift is performed, the DD RAM address changes as follows:

00—
(20—
40 ——
®0)——

( Left Shift Display )

01 Jo2{0s Joaos Tos Jor Jos}om fon - 13 00

2 2|5 |a|5|5 7 Ainial 0 B0
414243 (44 (4546 (47 (48149 [4A} - vvveeneeees 153140 ]

61 [e2 63 64 s [ [67 [8igm e ooooo im0}

( Right Shift Display )

13]00 [0 Joz [a3Toa Jos Toe i o7 08 [ oo i1 F12 i ——(13)
33|20|21|2(B (28|25 (26527 28] mveereernes 131131 ——@33)
53|40 (41 |42 |43 |44 |45 miif}ié_{-'-'-'-'-'-'-_-ff ----- E%i'i'éz'}——»(ss)
36061 [62 63465 |66 167 6B 1o 7172 -0

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

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

Ist
COM; ~COMs Line
2nd

COMo ~COM; s %ige
T

COM1,~COM2+ Line
4th

COM25~COMs2 Line

I'—— NJU6426 NJUG4A16 ——I
1 2 3 4 5 6 7 8I9 -------- 16 17 ---2s - 24" < Display
Rk LRt peomsmmoqoc-e- R it Position
00101 (02(03|104|05|06 (07,08 -cccc--- TOF 1103 sovveee 174
d--—doommooo- bomoboodooooooo- 4---1 DD RAM Address
20121 |22 |23 (24|25 (26 (27 128 1 c+vvvv -t T2F 130 3 ceeeeee 1371 — .
R Aty S it il i-——-i  (Hexadecimal)
40 |41 (42 (43|44 14546 (47 :48 ) -------- VAF 150 ) cereeees 57
60 |61 |62 |63 64 |65 |66 671681 - - LGF 170} eeeees b7t

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

(00)——
20—
40)——
(60)——

( Left Shift Display )

5-348

01 [02[ 03 o4 Jos o6 [o7 [og 09 tonf-oroooov oo Hi7 H0
2112231242526 |27 28:29:ZA_:_'_'_'_'_'_'_'_':'_'_'_'_'_'_':_:_3_7_:_29_:

a2 |a|afes6|a|sieimi e a0
61626364 65]66 6768169 16A ! - --xoeoo {77 160!

( Right Shift Display )

1700 01 {0203 |04 |05 [ 06107 {08 «-vveerrvvrvsreeee 115116 : ——(IT)
a ||z |2|s|a|s]sizisl s ——Gn
57 40 |41 |42 |43 [aa |25 (a6t a7 a8 <ol s et ——(51)
77 o061 [62[ea[6a [os [ester igB iz oo 75 176 1
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(1 —95) 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 )

Upper 4 bits ( Hexadecimal )

10]1(2|3|4|5{6|7|8/9|A|B/{C,D|E|F

co | i R IV 1 R R 08 N ol IS KR B e P
0 |FRam i R ER R el e | R IR ERCH | o
(o1 .s

g2)

(03)

(04)

I' = S leBe | eee | ene | 1Rt} 3 | eBues
4 ST e L B o O
(05) 7
B IR SIS I N RN U T TP R
- 5 N I N Sl I O SEULN B IO S BT IO B R
e wer |
o e veens | s3ane | wee |weses| i
> . : weeel| & 3
e | M
2 (07
~ N P : seder | weong [ D00 1 vene | sness
al 7 - . P e E e R 0 e Bt Pt
& . . .
= 108)
<« R S TN DA BPCPR DU BN ey o R B Bkl
} . 8 :t-.' -. =...:
§ on |77
T
9 3 ® .' _____ :.--E
on |77
— T LRETTIET)
A o O T O IS st Y bl BT IR I B =
U e R B el £ R
----- |3 A I veres | o o
B eegee . . H g-. . svsss | o . : i H
PO I I O SO S T A0 (L S (P (L O I JOOE
(04)
..... (X3 []
C IEE:I 5 =E . -:.. .=-.: .. : - - - Xy E:E:E
(05) )
......... s : . B N :
D ----- H --a s H R TR SO R B L e S el
(06)
] - a
E LA PR R EN
(07) :
.I .- =-..= .l IIIII .
F - .I E a H E .:. ----------

(08)
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Table 2-2. CG ROM Character Pattern ( ROM version -03 )

Upper 4 bits .( Hexadec imal )
0/1/2|3/4/5/6/7|8|/9/A|BIC|D|E F
oo [~ || TR e e | T
0 RAM | vese DR L i I :
1 RS H RS N I e
(02) _
9 i R
| (03) 7 0:!.. . H .o
T RENI T I B e e R e BT ; )
3 (04) P ) ) )
4 SRS g i :
(05)
S E o I
~|5 R E RO R IR i I B I B W B T
B (06}
g . e R B TS a5,
R} . . . H i 134
51 ’
~ : : . . . . i :E- ) =:
-_*g 7 (08) 7
< LA T o [ ] o FR b paE
§ 8 o AR I _:< O P i
9 g ; H : R R E '§
U I B B I I N I R B R
A N PR P P Bt LR H :
(03)
(04) 7
ol I 1HE D
U . S T A 3 PR ICL (OO
---------- : o[t il R
D o S DU - R -
E i 3 il E.g ------- .. i 8 fi Ef f.e :.::
on
:é . ....= E. 's .. : o e . ==;E: . : §|l'§
F ” S LS P LR B WY WL LS HEH
(08)
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(1 —6) Character Generator RAM ( CG RAM )

NJuUG64a26

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)s -
(07 = or (08)s - (0F)= 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
Patteri
(DD RAM Data) RAM Address (CG RAM Dat
76543210 543 210 76543210
L L Up L
Uoepr,  Lower, i ! ot bit
000
001
013 Character Patt
0000%000 000|100 A
110
___________________ __________1__1__1_ «Cursor Position
000
001
317 Charagter Patt
ac a
0000%001 001190 A emolos
110 .
___________________ . 1__1__1_ «—Cursor Position
000
001
0000%111 111 E
100 ; ,
101 : % : Don’t Care
110 :
111 X % xi

Notes : 1.
2.

.A

o

Character code bit 0 to 2 correspond to the CG RAM add.
CG RAM address 0 to 2 designate character pattern I|ne posi
the cursor position and the
Therefore. ip. gase Ec,he tge cursor display, 1
in
position regardless of cursor existence.

If there 1s "1

shown above.

meaning for the dlsplay).
general purpose RAM.

as the

line,

display
the

is perfor
bit

31

to 5(3bits:8 patterns).
The 8th line is
OR with, cursor.

™Y i ahauld e 1S

is always displayed on the cursor

. Character pattern row position correspond to the CG RAM data blts 0 to4
he bits 5 to 7 of the CG RAM are not appear on the display ?

but memory elements are existing,

therefore it can be

. GG RAM character patterns are selected when character code bits 4 to 7 are all

G Td it 4y Eﬁsﬁda

;agttfer pattern as
or CG

. CG RAM address
icon data memry

5-352

by ga
oor nz?gnd

acter code bi s

!e "2-1

s to dlspla 0n and "
are usrm

WNew Japan Radio Co. L.

Therefore, the address

Hand(OF)a select the same cha-
" to display Off.

or both of character pattern memory and

B L569883 0006021 172 M
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(1—7) lcon Display Function

The NJUB426 can display not only 5 x 7 bits character pattern but also maximum icons.

The icon can display by writing bit

(3F) = of CG RAM.
The icon display data is not affected except CG RAM writing and display ON/OFF instruction.

The relation between CG RAM address and

!!1!!

the display shift is executed. The relation is shown below:

"

to each data bit 0 to 4

icon display position on the LCD

in the address (30)x ~

is fixed even if

SEG/display [12345 |[6789 101112131415
COMMK 3Fa~3Fo | 3F.~3Fo | 3D.~3Do | 3C.~3Co

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

< CG RAM vs. SEG terminal

) for icon display > Maximum Character Number and lcon Display Number in CG RAM
CG RAM data SEG Icon Disp. [Max. Chara Note
address| 76543210 !terminal Nunber Number
30 *xx00110 | 76~80
3) WK1100 | 71<75 No Use 8 Chara.
R *xx00000 | 66~T70 ODx= and 0= can not use for Character
3 00000 | 6165 40 lcons | 7 Chara. Memor)é.n ® -
A $kx00000 | 56~60 (06) =, (0N &, 0F) & and (0P can not use for
35 %x00000 | 51~55 80 lcons | 6 Chara. Character Memory.
% m::% 3?:5450 Note2) When the icon display function using, the system should be
33 F00000 | 3640 initialized by the software initialization  because of the
3 00000 | 3135 CG RAM does not initialize except the software initialization.
3A_ | %0000 | 26~30 Maximum tcon Display Number - »
3B 00000 | 21~25 Line|Digit|Extention [Max. lcon | Line|Digit|Extention [Max. Icon
3 ¥x00100 | 16~20 Driver [Disp.Nunber Driver |Disp.Number
3D ¥00000 | 11~15 16| No Use 40 8 [ No Use 40
3E *0k00100 6~10 24 NJUG407C, 60 16 NJUG407C, 80
3F k00000 | 1~5 NJU6407CR NJUB407CR
2 T Wusorc, 80 * 1 s 80
NJUG407CR
NJUB415,
40 |NJUe417C 80 24 NJUGA16 80
Now Japan Radio Co.,Ltd. 5-353
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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 NJU6407C, 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 reauired 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 comletely. This latched data controls display driver to output LCD
driving waveform.

(1 —10) Cursor Blirking 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)u, a cursor position is shown as follows:

ACo ACs AC« ACs AC2 AC: ACo
@ | ol ofof 1] ofof o}

1 2 3 4 5 6 7 8 9 10 11 12 < Digplay position
2-line 00(01{02{03(04{05/06{07081{09|0A|0B < DD RAM address
Display |40 |41 |42143{44 45|46 |47 |48 |49(4A 148 (Hexadecimal)
1 Cursor position
1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
00/01/02]03|0405|06(07(08[{0C9(0A{0B
DD RAM address
4-{ine 20{21{2|123|24{25126|27(28({29{2A (2B — .
. (Hexadecimal)
Display |40 4142143144145 46|47148 [49|4A|4B
60|61 |62 |63]|64165 66|67 |68(69]6A]|68

T Cursor position

(Note) The cursor or blinks aiso appear when the address counter (AC) selects the CG RAM.
But the displayed cursor and blink are meaningless.
I1f the AC storing the CG RAM address data, the cursor and blink are displayed in
the meaningless position.

5-354 New Japan Radio Co. L.
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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 long 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, EO=1 : 24-character operated and initialization will
Display not performed.
D=0 :Display Off In this case the initialization
Display On/0ff C=0 :Cursor Off by MPU software is reauired.

Control | B=0 :Cursor Blink Off

1/D=1: Increment by 1
Entry Mode Set S=0 :No Shift

New Japan Radio Co. Lt 5-355
B b5:698443 0006024 901 WA
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(2—2) Initial ization By Hardware

The NJUG426 incorporates RESET terminal to initialize the all system. When the "L" level
input over 1.2ms to the RESET terminal, reset sequence is executed. In this time, busy signal
output during 10ms after RESET terminal goes to "H.

- Reset Circuit

“RESET Hardware Reset |
ﬁ > SYSTEM RESET
) POWER ON RESET

*Timing Chart

= . >
External Reset ‘ Over 1.2ns

Signal

Counter Output LI
RS-F/F Qutput ____I___l

Internal Reset ——|__|

Signal

k
k 10ms

Busy |

(3) Instructions

The NJU6426 incorporates two registers, an Instruction Register (IR) and a Data Register (DR).

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 contro! signal from MPU. The control information includes register selection signals (RS),
read/write signals (R/W) and data bus signals (DBo to DB).

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.

5-356 New Japan Radio Ca LA
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Table 4.

Table of Instructions

INSTRUCT IONS

E

C 0 D
RS R/W D6- DBs DBs DB+ DBs DB- DB: DBo

DESCRIPTION

EXEC
TIME

Maker Testing

0

0

0 0

0

0 o0

0

0 0

All 0" code is using for maker
testing.

Clear Display

0

Display clear and sets DD RAM
address 0 in AC.

1. 24ms

Return Home

Sets DD RAM address 0 in AC and
returns display being shifted to
originmal position.

DD RAM contents remain unchanged

1.24ms

Entry Mode Set

/D S

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

Display On/0ff
Control

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

Cursor or
Display Shift

1 S/CR/L %

*

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

S/C=0 : Cursor shift

R/L=1 : Shift to the right
R/L=0 : Shift to the left

45us

Function Set

DL N

E: Eo

Sets interface data length(L),
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;.

us

Set CG RAM
Address

ACG

—_—

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

3us

Set DD RAM
Address

ADD

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

0us

Read Busy Flag
& Address

BF ——— Ac

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

Write Data to
CG & DD RAM

———

Write Data

—_————

Writes data into DD or CG RAMs.

us

Read Data from
CG or DD RAM

Read Data

Reads data from DD or CG RAMs.

45us

Explanation of
Abbreviation

DD RAM . Display data RAM , CG RAM : Character generator RAM
Acc © CG RAM address , Aoo : DD RAM address, Corresponds to cursor address
AC © Address counter used for both of DD and CG RAMs

M 569443 000LO2L 7484 HA
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(3—1) Description of each instructions

(a) Maker Testing

RS R/w DB7 [BS m!’: m4 mG IBZ ml [BO
code [0 o JoJo Jo [o oo o [o]

All "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 imput at data "0".
(Especially please pay attention the output condition of Enable signal when the power turns
on.) '

(b) Clear Display

RS R/" DB7 MG m5 U34 [Ba DBz ml [BO
code [0 [0 [o Jo [o o [o]o o |1 ]

Clear display instruction is executed when the code "1” is written into DBo.
When this instruction is executed, the space code (20)u 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
jeft end of the 1st line in the 2-1ine display mode).

) The S of entry mode does not chanee.
' Note: The character pattern for character code (20)u must be blank code in the user-defined
character pattern(Custom font).

(c) Return Hoste

RS RW DB, DB DBs DBs DB> DB. DB, DBo
Code [O [0 Jo [0 [o [o oo |1 [*] *=pntcre

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

The DD RAM contents do not change.

5-358 New Japan Radio Co. L.
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(d) Entry Mode Set

RS RM DB, DBs DB, DB. DB- DB, DB, DBo
Cde [0 [0 Jo [o JoJoTJoT1 Tim[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 DB, and the codes of (I/D) and (S) are
written into DB:(I1/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 I/D.: shift to the left at I/D=] 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.

New Fapan Radio Co. Lt 5-359
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(e) Display On/0ff Control

RS R/W DB DBs DBs DB. DBs DB DB: DBo

code [O [0 Jo Jo Jo Jo i1 o fc s |

Display On/Off control instruction which controls the whole display On/0ff, the cursor o/
Off and the cursor position character blirk, is executed when the code "1” is written into
DBs and the codes of (D), (C) and (B are written into DB2(D), DB:(C) and DBo(®), as shown
below.

D Function
1 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.

C ’ Function
Cursor On. The cursor is displayed by 5 dots on the 8th lire.
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
1 fosc=330kHz for 24-character 4-1ine and 433.2ms at f..=300kHz for others.
The cursor and the blink can be displayed simultaneously.

0 The character does not blink.

Note) The blink time alters proportionately by 1/fosc or 1/fc».  For example, 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)

~ll

II || N EnEEn
Cursor
Character Font 5 x 7 dots Alternating display
(1) Cursor display examle (2) Blink display examle
5-360 New Japan Radio Co. L
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(f) Cursor/Display Shift
RS RM DB, DBs DB DB, DBs DB, DB, DBo
Code [0 [0 [0 Jo Jo [ 1 [S/CJRL]* | x ]| *=0on't care

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. 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 2nd 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 DBs(S/C) and DB>(R/L), as shown below.

S/C R/L Function

0 0 shifts the cursor Dosi‘tion to the left ((AC) is decremented bg 1
0 1 dhifts the cursor position to the right ((AC) is incremented by 1)
1 0 Shifts the entire display to the Ieft and the cursor follows it

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

(8) Function Set
RS RN DB, DBs DB DB« DBs DB DB: DBo
Code |0 10 [0 [0 [1 JoL[N [ JE |E | *=Dont care

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 (OL), (N), (1) and (Eo)
are written into DB.(DL), DBs(N), DB:(E:) and DBo(Eo), as shown below (character font is
fixed 5 x 7 dots).

(D) sets the interface data length and (N) sets the number of display lines either the
2-line or 4-1ine and (E.), (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 flag/Address read). This function set in-
struction can not be executed afterwards unless the interface data length change.

DL Function
Set the interface data length to 8 bits (DB to DBo)

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

N El EO Display lines Display Digit Extension Driver
0 0 6 Charact -
0 0 |1 2-line 4 Character NJUBAO7C, NJUGAOTCR
1 0 32 Character NJ 7. NJUB4O7CR
1 1 40 Character NJUe417C
% 0 4-line 20 Character NJUG4]ZC
i % 1 24 Character NJU6416, NJUG415
WNew Japan Radio Co. Ltd. 5-361
BN L5L59883 000LO30 105 =
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(h) Set CG RAM Address

NJUG4aZ26

RS RW DB DBs DBs DB« DBs DB. DB: DBo
code [0 JO Jo [t [A A A [A |a [n]

~Higher
order bit

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

The address data mentioned by binary code ” AMAAA " 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.

Lower —
order bit

is written into DBe and

(i) Set DD RAM Address

RS RM DB, DB DBs DBs DBs DBz DB: DBo
code [O JO |1 [ A Ja A Jaafa {n]
«Higher order bit

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 " AAAMAMA " 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 (0)u to @7« for the Ist
line and (40)= to (67)u for the 2nd line. And in the 20-character 4-line display(N=1,
E0=0), the AAAAAAA] is (00)x to (1w for the 1st line, (20) = to (33)u for the 2nd
line, (40)u to (53)« for the 3rd line and (60)x to(73)= for the 4th line. However,
in case of the 24-character 4-1ine(N=1, E0=1), the TAAMAAAAL is (00)& to (17w for

Lower order bit—

the 1st line, (20)u to B3N« for the 2nd line, (40)u to (67 x for the 3rd line and
60)u to (TN a for the 4th line.
Display | 1st Line 2d Line . 3rd Line 4th Line
2-Line (m)a - (27)H (40)H - (57)H = -
202(—:{‘?:9 O0x- 0)u | @Ds - BDu | U0y - 6 | 60 - (D=
24—char.' ©x - UNu | @0s - GNu | @)s - GDx | ®)u - (N
4-Line ,

(j) Read Busy Flag & Address

RS RW DB; DBs DBs DB: DBs DB- DB:. DBo
Code [0 [ 1 [ B [ A [ A Ja[a [n[a]n]
«Higher order bit

This instruction reads out the internal status of the NJUG426. 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).

(BP="1" indicates that internal operation is in progress. The next instruction is irhibi-
ted when (BF)="1". Check the (BF) status before the next write operation.

Lower order bit—

5-362 New Japan Radio Co. Lt
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(k) Write Data to CG RAM or DD RAM

RS R/W DB, DBs DBs DB. DBs DB: DB, DBo
Code [ 1 ] 0 [0 [p [0 oo oo o]
«<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 R/N DB, DBs DBs DB. DBs DB DB, DBo
code [ 1 [ 1 o Jo [o oo o [p [b]
«Higher order bit Lower order bit—

Read Data from CG RAM or DD RAM instruction is executed when the code "1” is written into
RS 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
nust 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 required 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 mot 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.

WNew Japan Radio Co. L. 5-363
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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 wp 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.
! RS R/W DB DBs DBs DB. DBs DB DB, DBo ot the Bbit _
[Forction st | [0] 0] 0] 0] 1] 1] 0] ] 0] o] TBcharacter. 2-Tine drs:
! ' play, 5 x 7 dots Font.

- Turns on display and cur-
Disp.On/0ff Cont 0] 00l 00| O 1] 1] 1| 0] sor. Entire display is in
- space mode set by the

} initialization.

- Example for set address

Entry Mode Set 0l010/0}J0]O0] 0] 1| 1| 0] increment and cursor

right shift when the data

! mtetotheDDRAMorCG
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 programmineg.

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
inout because of terminals DBy to DBs are no comnection. Therefore, same instruction must be
rewritten on the RS, R/W and DB+ to DB4, 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 follows:

5.364 New Japan Radio Co. Lid. :
B L569883 0006033 914 mm
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| Power On I
! RS R/ DB; DBs DBs DB
[Function Set | [ 0] o] 0] o] 1] 0]
|
[Fnctinset | [ ol of o] o] 1
0| 0| 0] *| 0
l
[isp.onvoit cont | | 0] of of o] o
l 0] 0| 1] 1|1
|EntryModeSet I 0|0 0,0
IR

l

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

Initial jzed.
display appears.

Set the 4-bit operation. )
This step is executed in 8-bit mode
set by the initialization.

Set the 4-bit ogeratmn 16-character
2-line display, 3 ts Font. ]
Tl't)e 4-bit operation starts from this
step.

Turn on display and cursor.
Entire display is in space mode set by
the initialization.

Example for set address increment and
cursor right shift when the data write
to the DD RAM or CG RAM

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

LPower On ]

Initialized.
No display appears.

1 RS R/W DB- DBs DBs DB+ DBs DB- DB: DBo

Function Set o 0| Ol Oy 1] 1L 1| x| {0 ggtcltlgiacgetr”}-merzaté?g:
| JLofofofof ] t[1]#]*]o0]

i

play, 5 x 7 dots Font.

Turns_on display and cur-

[visp.ovoti cont | | o] of o] o] o] o] 1] 1] 1] o] sor. Entire display is_in

space mode set by the
initialization.

!
[Entry Wode Sot | [ 0] 0] 0] 0 0] 0] 0] 1] 1] o] inererent " and-ourser
| right shift when the data

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

New Fanan Radio Co. Lt

5-365
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(3—3) Initialization by instruction
If the power supply conditions for the correct ocperation of the internmal reset circuits are
not met, the NJU6426 must be initialized by the instruction.

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

Initial ized.
Power On No display appears.
!
ey s .5V
l RS R/W DB: DBs DBs DB DBs DB DB DBo ‘
[Function st | [0] 0] 0] 0] 1] 1] #] *] #] *] &bt ntortace leneth)
l
lVlait rnore'than 4.1ms |
l RS R/W DB+ DBs DBs DB DBs DB. DB: DBo ,
[Function st | [0 o] o] o] 1] 1] %] %] #] #| @it tniertace tensth)
!
[ ¥ait more than 100is |
! RS /W DB, 0B DB UB. DB DB, 0B, DBo  Function Set
it interface length )

[Function set | [ o] of of o 1] 1] «] #] #] #]

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 i1s reauired.

RS R/W DB, DBs DBs DB. DB DB. DB: DBo
[Fnction set | [ o] of o o] 1] 1] 1] +] ]

Set the 8-bit operation,
24-character 4-line
display, 5 x 7 dots Font.

! RS R/N DB, DBs DBs DB. DB, DB DB, DB
[visotay oft | [ o[ o] o o] o o] 1] 0] 0] 0

! RS_R/N DB; DB DBs DB. B> DB DB: DBo
[Disotay clear | [ 0 o] o o] o o] o] o] o] 1]

! RS R/N DB: DBs DBs DB4 DBs DB DB, DB

[Entry bode et | [0] 0] o[ 0] 0] 0] 0] 1] 1] 0] ‘rerenent *'and: “surser
right shift when the
1 data wme to the DD RAM

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

5-366 New Fapan Radio Co. Ltd,
BN 569883 000LO35 797 B
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Power On

!

Wait more than 15ms
after Voo rises to 4.5V

NJuUGaz26e

(b) Initialization by Instruction in 4-bit interface length

Initial ized.
No display appears.

l RS R/W DB, DBs DBs DB.
- Function Set
[Fnctionset | [ 0] o] o] o] 1] 1] @it interface length)
i)
[Wait more than 4.1ms |
!
- Function Set
[Fnctionset || o o o] o 1[ 1]  @bit interface length)
1
|Wait more than 100us I
l
; Function Set
[Functionset | [ o] o] o o] 1] 1]  @bit interface lensth)
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 is
reauired.
RS R/W DB, DBs DBs DB.
. Function Set
[Function set | [ o] of o o] 1] 0]  Set 4-bit interface leneth
1 by 8-bit interface length.
Set the 4-bit operation,
IFunction Set | 0y 0] 0 0 40-character 2-line display
! 0] 0] 0 i 5 x 7 dots Font.
Display Off 0| 0 O 0
l | 0 0] 1 0
i
Display Clea 0ol 0| 0O 0
||spayler l 01818 ]
Exaple for set address
|Entry Mode Set I 0} 010 0 increment and cursor right
0[ 0| O 0 shift when the data write
l to the DD RAM or CG RAM.
Write data to the DD/CG RAM
and set the Instruction
New Fanan Radio Co. L.

B b5569883 000LO3L 623 W
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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 V.: input 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 R:, Rz, R« and Rs, and ZQ typ for Rs.

LCD Driving Voltage vs Duty Ratio

Power |[Duty Ratio 1/36
supply

Bias 1/6
Vsour VYoo to Vico
Vo{+ 5 V) Voo (+ 5 V) Vi (+ 5 V)
—— j
Vei Voo T Vei Voo ——
Vv v
NIU6AZE Vico NIVEAZE Vieo
Ci 3 "'ZE Ci 3
Cz Vs > Cz2 Vs -
VR
Vss Vsour Vas Vsout
gl I3 +
(a) 1/6 Bias(1/36 Duty) (b) 1/6 Bias(1/36 Duty)
(Voltage Doubler unused example) (Voltage Doubler used example)
5-368 New Zanan Radin Ca. Lé4
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(4—2) Relation between oscillation frequency and LCD frame frequency.

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

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

(1 clock = 3.0us )

1/36 duty

~———— 100 clack

¥
597 20 3 a)eetas [0l 2] 3] |
Voo I

Vi
V2
Va
Va
Vs

|35 | 1] 2] 3]

COoOM,

}\L ] Frame le 1 Frame

2

A

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

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

New Japan Radio Co.Lid 5-369
B 569833 DODDLO38 4TL WA
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(5) Interface with MU

NJUG426 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 WU interface

When the interface length is 4-bit, the data transfer is performed by 4 |ines connected to
DB. to DB- (DBo 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 sequence of wpper 4-bit (the data DB. to DB; at 8-bit
tength) and lower 4-bit (the data DB, to DBs at 8-bit lensth).

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
Y — N
E_/_\ﬂ VAR WAL N AR W A /H\¢
Internal Statusm —,
NO
08, 7/ XIRIIRN/ S s NAC YT/ = Y aes X/ /X0 X0 X/ /L /
Instruction Besy Flag Busy flag {astruction
Writing Check Check Writing
RS —/
R/W /

e — N S N

0B, X iRy Ches X XOR X OR)
DB X TRe X R2 X XaesX Atz X XR_XDR
DBs Re X 1R: D (AT Acy X XoR X ORy
T X 1Ra X R X XaeX Cato X X0RX__ X8y

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

iy —— o

N S WV WA
internal Status —_ operation ‘___No___._______]—

08 ZZ2X nata XL/ A8vsy LI Busy hBusy[f7f7Xvava X777 /7T
Writing Imnstrection into |Busy Flag Besy Flag Busy Flag Writing Instructiom inte
instruction Register(IR) Check Check Check lastruction Register(IR)

5-370 New Fapan Radio Co. L4
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B ABSOLUTE MAXIMUM RATINGS ( Ta=25C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -0.3~+7.0 ]
Input Voltage Vr - 0.3 ~ Vout0.3 v
Operating Temperature Topr - 30~+ 8 C
Storage Temperature Tstg - 55 ~+126 c
Note IE If the LSI are used on condition above the absolute maximum ratings, the LS| may be de-

stroyed. Using the LSI 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 Ves = OV

Note 3) The relation : Voo=Vei>Vs2Vsour , Ves=0V must be maintained.
Turn on Voo and V.: at same time or turn on Voo first then turn on V.: must be reauired.
If the turn on seaquence does not meet above conditions, latch wp will occur.

Note 4) Decoupling capacitor(Co) should be connected between V.: and Vss due to the stabilized
operation for the voltage doubler.

B ELECTRICAL CHARACTERISTICS ( Voo=5V+10% , Ta=-20 ~ +75C )
PARAMEIER SYMBOL CONDITJONS MIN_ [ TYP | MAX_JONIT [NOTE]
Operating Voltage Voo 4.5 5.0 5.5 ]
Vin 2.3 Voo
Input Voltage Vi 0.8 v 5
Von = ox=0.205mA 2.4
Output Voltage Vou R 04 v 6
Driver On-resist. COW } Rcom | +1d=0.05mACAl | com.term.) 10 wl s
Driver On-resist.(SEG) | Rszc | +1d=0.05mACAl | seg.term.) 10
Input Le&ge Current vt V:in=0 ~ Voo -1 1 WA 7
Pull-up Resist Current -l» Voo=5V,RS,R/W,DB Terminals | 50 125 250
rating Current Iop Voo=5V, fosc=330kHz 2.0 4.0 mA 8
Qutput Vi Ta=25C | our=5mA -3.0 [-4.0 v
Voltage Voltage Vsour Terminal | lour=1mA -4.6 |-4.8
Doubler | Input Voit. Vi — 2.5 5.5 v
Conv. Effici Ves Ry=00 95.0 | 99.9 b
Bui lt-in Ry 1.00
Bleeder resist R 1.00
eeger resistance g Ta=25C 2.00 kQ
(For LCD Driving R 1.00
Vol tage) . :
Rs 1.00
Oscillation Frequency fosc | Voo=bV, Ta=25C 280 330 390 kHz
LCD Driving Voltage Viep Vsour Terminal , Yop=bV Vuné 0 Vu?é 5 ) 10
Note 5) Imput/Qutput structure except LCD driver are shown below: . -
Input Terminal Structure Input/Output Terminal Structure

Vop Voo Voo PHOS Vo Vop
PrOS PHOS pHOS rlEg |—|$ PHOS
o
NHOS NHOS L@ LLUAY
Vop
Pnos(%_"—I:G:—‘ ENABLE

E Terminal RS,R/W Terminals unosf}——roﬂ—(@l pama

DBy to DB; Terminals

New Japan Radio Co. Lid. 5-371
B k569883 0OOLOYO OS54 WA
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Note 6) Apply to the Output and Input/Output Terminal.

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

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

Operating Current Measurement Circuit

+ 5V
©
Voo Vei +
Cp
—1 C1 10uF
n v I
4.7 uF Vs
Cs
Vsour
Vss
WE104F
NJU®B42ZB |+
7
5 Note 9) Rcom and Rszc are the resistance values between power supply terminals (Yoo, Vsour) and
each common terminal (COM; to COMss), and supply voltage (Voo, Vsour) and each seement

terminal (SEG, to SEG.o) 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 =+0.15V against the
LCD driving constant voltage (Voo, Vi, V2, Vs, V4, Vs) at no load condition.

Voitage Doubler Measurement Circuit Internal Bleeder Resistance
Voo
Vo 5 V
Vi : R
+C D '
c1 ;_1 OnxF » Vi<
+ .
X Rz
cs 4. TuF . V2 —O Ve
Vss V50uT : Rs ‘
102F Vs ——0 vs3
NJUGB 4 2 6 Ra
Va
Rs
Vs —O vs
_IJIIGGIG Internal

% Voltage Doubler Internal Clock Frequency = 10 ~ 5SkHz

5.372- New Fapan Radio Co. Lt
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+ Bus timing characteristics (Voo = 5.0V10%, Vss = OV, Ta = -20 ~ +75°C)

Write operation ( Write from MPU to NJUGAZE )

PARAMETER sweoL | mIN | Max JconoiTion Jumit
Enable Cycle Time tovee 500

Enable Pulse Width | "High” level | Pwes | 220 [

Enable Rise Time, Fall Time ter, tee 20

Set up Time [RS, R2K, E | tas 40 fig.] | ns
Address Hold Time tan 10

Data Set up Time tosw 60

Data Hold Time tu 10

Timing Characteristics (Write operation)

Vinl VIH1><
RS ><< ViLl ViU

tas tAH
R/W k ViLl /Vm
PWey AN
2 [ AN
| 1Ef —
E / Vigl Vin
ViLW N ViLg — 7T Vil
Y k— t tH
Er
Vin1 Vi
DBe ~ DB+ Valid Data
Vil Viul

tCYCE

fig. 1

Read operation ( Read from NJU6426 to MPU )

PARAMETER SYMBOL | MIN | MAX | CONDITION JUNIT
Enable Cycle Time tevee 500
Enable Pulse Width | "Hieh” level | Puea | 220
Enable Rise Time, Fall Time ter, te 20
Set up Time IRS, RW, E | tas 40 fig.2 | ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toon 20

New Japan Radio Co.Ltd. 5-373
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Timing Characteristics (Read operation)

b <3
Vint

RS ><
T~_ViLl

tas

R/W SRATT

E
ViLi ' ViLl
tEr
(}
VoHi
DBe ~DB, Vatid Data
Vori Vo1
LCYCE
fig. 2

Segment Extension Signal Timing Characteristics (Voo=5.0V+10%,Ta=-20~75C)

PARAMETER SYMBOL | MIN MAX JCONDITION |UNIT
Clock Pulse Width | "High” level | tows 800
Clock Pulse Width | "Low” level | towe 800
Clock Set up Time tesu 500
Data Set up Time tsu 300 fig.3 ns
Data Hold Time ton 300
M Delay Time tom -1000 | 1000
Clock Rise Time, Fall Time tee 100

Segment Extension Signal Timing

CL:

tesy et tcwL
e

fig. 3

5-374
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DBo to DB, load circuit Segment signal load circuit
5.0V
RL=2.4kQ Test Point 0——1
Test Point cooF

130pF 10k0 ‘

- The Input Condition when using the Hardware Reset Circuit

Input Timing
trso
Voo
RESET
0. 2Voo
PARAMETER SYMBOL MIN MAX CONDITION JUNIT
Reset 1rput "L" Level Width trse 1.2 - fosc=330kHz ms

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

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Power Supply Rise Time t:op 0.1 10 ns
Power Su:ply 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)

VDD

tOFF

0.Ims=t:pop=10ms torr21ms

torr specifies the power off time in a short period off or cyclical on/off.

M L5b9883 000LO4Y 7TT [ ]

New Japan Radio Co. L 5-375
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Il LCD DRIVING WAVEFORM

1/36 Duty Driving

L8 9 1017 18 19+ 26 27 28.---35 36 1.~ 8 9 10-+-- 17 18 19.-- 26 27 28---- 35 36
L e e e T e e e T B S R D e e R A I

Voo
cow A s —" —
2z H
COM; —4 COM, V;
COM, Vi »l'f ;I, ;’l ;3
COM; Vs !
COM, Voo
COM; v, ;; . v
2 N p)
COM, Vs ) )]
COMy V, ' I
COM, V. £ (L {t 1L
COM,, — — Vs R 7 )] D)}
COM,,
A
COM,, (2 - — ~ —~
COM s Vi i 2 s 5
COM;, V2
COM ¢ COM; Vi - " - -
P
COM 4 \2 i 4 ) 45
Vs
COM,; Voo
COM,, v, ;; { (L s
COMiy —1-9-9-9—— v ” L ]
COMz COMys V3
Cove v ——tp—t——
COM.; Vs )
COM3,
COM;, A\
COMg o V2
COMa COMz V, — —
COM, v . 3) ) 4
COM;, Vs
COM;, Voo
COM3, Vi ﬁ # 7! ;;
COM;, — V2
COMz V;

A o «
M % % )] )4

SEG.
SEGs
SEG,
SEGs

a Q
S 2
= &
2 H
SEGI_‘$
2=
o
>
o
T

COMzs V,
(@ & i &
My i b 2 4 4

COMy V,

COMa: V,

V. L s L F(

P2 ) 2} »
M rT—T1—¢
v, — L(( Ll L;L,J ))—I
SEG, ‘\;: _ E:.S(T.rﬁ,._lﬁh__

Vs

5-376 WNew Japan Radio Co. L
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I APPLICATION CIRCUITS

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

CQMB
CO:MIS
COM1
o i : LCD Panel
comi? (16-Character
i 2-Line)
C0'M24
NIUG426
COM25
COIM32
comaz | |:<]~&_ N IJF—]-I ................
SE'm Icon Display
SE=G40
cL,
CL:
M
Aloss 2annn Padin Cn 144 5-377

B L5b69883 000bLO4L 572 WM
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(2) 40-character 2-lire Display Example (1/6 Bias, 1/36 Duty)

COM9

COM16

COM1

i LCD Panel
coms
5 =TT (40-Character
com7 : 2-Line)

L£0M24
NJUBA26
COM2s

CoM32

CoM33 & - ﬂ_L,—_'—L ........ R

SEG1 J‘

SEG40

Icon Display

CL. LP SEG1 ~SEG60
~SEG40

CL; SGL
M LM RNE417C

D 10A,

| 5-378 MW‘%&-’UESL.%M 000LOY? 409 EE
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(3) 8-character 4-line Display Examle (1/6 Bias, 1/36 Duty)

COM1

COoMs

COM9

coivus LCD Panel
(8-Character
com17 4-Line)

'
COM24
NJUG426
COM2s

COM32

coM33 ?ﬂ/_éfi—— ?_ Q\Z’) ﬂ ___.[j|<
SEGI g

Icon Display

SEG40

CLy
CL,

Mo Radio Co.Ltd 5-3
BN 5569883 000LOY3 345 WA Fapan 79
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(4) 24-character 4-1ine Display Examwle (1/6 Bias, 1/36 Duty)

COM1

COM8

COM9

cox:ms - LCD Panel
' (24-Character
4-Line)

CcoM17

COoM2¢ [~

NIUG426

COM25

'
com32

coMa3 l:(]_éﬂf_ - Q — LJP___Q_I_

SEG1

: 1
E E
SEG40 -

Icon Display

SEGI © ~SEG80

Cia LP
CL: SCL

J064
M M NJued18

D 104,

5-380 New Jaoan Radio Co. Lid,
B L569443 ooobLOu49 281 ||
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