Nuveaze

8—CHARACTER 4—LINE DOT MATRIX LCD
CONTROLLER DRIVER WI1TH EXTENSION FUNCTION

W GENERAL DESCRIPTION B PACKAGE OUVLINE
The NUG426 iz a Dot Matrix LCD controller driver for
8-character or up to 24-character 4-line with icon dis-
play in single or combine with some of extension driver,

It contains voltage converter. bleeder reaistance, CR
ossi | lator, mioroprocassor interfaca circuits, instruo-
tion decoder controller. character genarator ROW/RAN,
high wvoltage operation common and segment drivers and
extension driver interface circuits.

The voltage convertar and bleedar resistance generates
about twofold voltags {10V} and bias voltage for LCD dri-
ving waveform internally from single power supply (5V}.
Congequentiy, high-contrast dieplay can be performed NJUG4Z6F
though the simpls powsr supply circuits.

The CR oaci!lator incorporates G and R, tharefors no
axternal components for oscillation are required.

The microprocassor interface circuits which opsrate by
2z, can be cornected directly to 4/8bit microprocassor.

The character generator consists of 9,600 bits ROM and
64 bytes RAN.

The 33-common ( 32 for character, 1 for icon ) and 40-
segment drivars are operatsd uwp to 13.5V, and the icon
common driver display up to 40 or BD icon in single or
combine with some of extension driver.

B FEATURES
® B-character 4-line Dot Matrix LCO Contraller Driver
@ Haxisum 80 icon Display Msing CON,»)
® 4/8 Bit Nicroprocessor Direct Interface
@® Display Data RAM - 96 x 8 bhits : Maximum 24-character 4—line Displey
@ Character Generator RON - 9,600 bits : 240 Characters for 5 x 7 Dots
@ Character Generator RAN — 64 x 8 bits : 8 Patterns( 5 x 7 Dots )
® High Voltage LCD Driver : 33-common / 40-segment
@ Maximum Display Character Humber :

Disp. Line | Ext. Drv |Display Char. |DD RAM | Disp. Line | Ext. Drv | Display Char. | 0D RAM

) RON | 16 Characters NON 8§ Characters |80 x 8
2 Lines | NJUGADIC | 24 Characters |80 x 8| 4 Lines | NJUS41IC | 20 Characters bits
NJUGA0IC | 32 Charaocters bits

NJUSA1TC | 40 Characters NJU6416 | 24 Characters | 96 x 8
or 5415 hits

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

® Extension Function

@ Power On Initialize / Hardware Reset Function

@ Voltage Converter and Blesder Resistance On—chip

@ 0Oscillation Circuit On-chip

@ Low Power Consumption

@ Operating Voltage — 5V

® Package Outline -— Chip / OFP 100

@ C-M0S Technology

WNew Japan Radio Co. L.
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M TERMINAL DESCRIPTION

NO. SYMBOL FUNCTI OX
% Voo Power Source (+5V)
50 ¥ss Power Source { OV)

30,31,32]| V2.V, Vs {LCD Driving Volitage Qutput for Extension Driver and LCD Driving
Voltage Adjust Terminals.

52 0SC. Oscillation Frequency Adjust Terminals. Normally Open.
51 05C: (Oscillation C and R are incorporated, Osc Freq. -330kHz)
For external clock operation, the clock should be irput on 08{31.

Regjster selection signal input{Pul I-up resistance On-chip)
8 RS "0" . Instruction Register Mriting
Busy Flag, Address Counter El;’eadm@

"1" : Data Register riting/Reading

n R/W Read/Write selection signal inout(Pul I-up Resistance On-chip)
"0” : Write , : Read

40 E Read/Write activation siemal input

ngégg Data Bus(Upoper) to transfer the data between MPU and
DB- is also used for the Busy Flag readins.
3-state Data Bus{Lower) to transfer the data between MPU and

41~44 | DBy,~DBs NJUG426.
These bus are not used in the 4-bit operation.

45~48 | DB.~DB,

26 CL, Latch Clock Output for Serial Data
27 CL: Shift Clock Output for Serial Data
28 M Altermating signal for LCD Driving Output Terminal

Serial Data Qutput Termiral : The serial character pattern data
29 D output correspord to the each common signals.
"0" - No-active , "1" - Active

68~61 | COM ;~CM s | LCD Comwon Driving Signal
916 | COM s~COMis | I the COM,;~(OMs2 are not to be used, please keep it in open

B60~563 COMy 7—~COM2 4
17~24 | COMas~COMa2
25 COMs3 3 1con Common Driving Signal

69100 | SEG :~SEGsz | LCD Segment Drivirg Signal
1 ~ 8 | SEGas~SEGso

3% Cs - | Capacitor for Voltage Doubler Conmecting Terminal € + )

34 Cz Capacitor for Voltage Doubler Connecting Terminal { - )

37 Ve rput Termiral for Voltage Doubler (Normakly V.. = Voo)

33 Vsour  |Voltage Doubler Output Terminal

49 RESET Reset Terminal. When the "L” level input over 1.2ms to this

terminal, the system will be reset(fosc=330kHz)

New Japan Radio Lo, Léd
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I FUNCTIONAL DESCRIPTION

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

The NJUB4Z6 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(D RAM)} and Character Generator RAM(CG RAM).

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

The Register(0R) 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 RAK 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 cperation.

Wen 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(OR). 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 mext address data in the DD RAM
or {6 R is transferred automatically to the Register(DR) to provide for the next MPU reading.

These two registers are selected by the selection signal BS as shown beiow.

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

Table 1. Register Operation

RS {A/W | Selected Register fperation

{ 0 IR Write

0 1 Read busy flag(DB;) and address counter (DBo~DBs)
1 0 R 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)

¥hen 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/¥="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 0D 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 sefection of either the DD RAM
or CG RAM is also determired 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.

New Japar Radio Co, L.
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(1 —4) Display Data RAM (DD RAW)

The display data RAM (DD RAM) conisists of 96 x 8 bits stores wp to 96-character display data
represented in 8-bit code.  Normally, only 80 X 8 bits of the display data RAM (0D RAW) are
using and specially 96 X 8 hits are using in 24-character 4-line display.

The wwsed 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 °
aclacs [ace fac [ac. [ac. [ac, [aco 1o Jo v [ ] [o
— Hexadecimal —+—  Hexadecimal - brarrm Y ———e———  E e

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

I— NJUGAZ26(COM, ~COM.) —I— NJUSAZ6(COMs~COM.1 )

1 2 3 4 5 6 7 89 10 11 12 13 14 15 16"~ Display

st Position
Line]00:01|02(03(04|05|06|07(08{03|0A|0BI0C{0D|0R|CF

2nd « D) RAM Address

Line §40 |41 142 {43144 |45 (46|47 |48 149 [4A (48 |4C | 4D |4E | 4F (Hexadecimal)

L NJUBAZE(COM, ~COMee) = NJUBA2B(COMa5~C0b2) —J

Note : Inthe 2 lines display mode, the 1st and 2nd line address are defined as (0w
to @Mw and (400w to (6M=u.  Please note that the end of Ist line 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 )
0y |01 |02 |03 |04 | 050607 (08|09 (0A|OB|OC|OD(OE|OF |10
O — |41 (4243 (44| 45|46 |47 (48149 (4A (4B [4C | 4D [4E | 4F | 50

( Right Shift Display )
2700 {01 §02{03}04|05|06 (07|08 |09 [0A}0OBOC0D|OE§—(OF
67 (40 |41 (42 |43 |44 |45 (46 |47 148 (49 [4A (4B | 4C | 4D | 4E | -(P)

WNew Japan Radio Co, L1,
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4 266

(1—4—2) 24-character 2-line Display (N=0,E1=0,EC=1).

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

NJUG426(COM; ~—~COMs) NJUG407TC NJUBA26 (COMs~COM 1 &) NJUBAQ7C
1 2 3 eeere g 10 1 12 |13 14 15 oo 021 22 23 24I'—Disulay
1st L D sessaamsemneoe sition
tire [ooTor Jae -+ Tor 9@_@:9&:?@ cfooToef- o T1a] e 16} 16 {17
Line |40 |41 |42 -»-"-- 47148149 (4 4B |4C (4D [4E [------ 5354555657. dress -
.......... hen awslnemdnuwhnwd (|.b ECNTBI)
| | | ]
NJUGA26 (COM, 7~COM2.+) NJUG407C NJUGA26 (COM25~COMa2)  NJUGAOTC
When the display shift is performed, the DD RAM address changes as follows:
{ Left Shift Display )
.I-.Ilq... -u I.I-.. L E N N3 N |
O0—— |01 |02 (03] «evee- 08 {0904} _cp_rgr_: 00 JOE |OF {+evees 14 ]‘i_lb: _1:!_ 13'
(40y—— |41 |42 |43 --~--- 48 | 48, 4!«443 V4G 14D J4E | 4F | -veree 54 :.3?_._5.(:':‘5)'_!_“5_)%;
{ Right Shift Display ) .
27 (00|01 | +eee-- 06|07 03 09!_9{\ 0B [OC|OD| ve--- 12 ]?__1_4_ j_5_=_!§-——*(17)
o7 40|41 |-ee %[47:48149 4 48 [aC 4D} - 52 §§_E_§4gj§§_:_§§_i——>(5n
(1 —4—3) R-character 2-line Display (N=0,E1=1,E0=0)...Extension Driver = NJUB4OTC)
The ralation between DD RAM address and display position on the LCD is shown below:
NJUG426(COM, ~C0M=) NJUG407C NJUBA26 (COMs~COM, 6) NJUB40TC
P 2 3 - 8! g «uven 16 17. 18 18 ++r--- 24125 +-eees 321« Display
| 5 S v o mows e v el sefads posney mveny mn e v el Rkl r==v  Position
lz.rlﬂe 0001 (02 ¢+ 07308 -rr-r '1_]5 10 |11 [12] 0o 17 ]?i:'_'_'_'_‘-: 1E: »
Line {40141 |42~~~ 47 1480 ---0-- P AF 150 (61|52 ] cveers 57 (580 rerers 1GF L Address
[ whn ek ansusanana Lhand (}bxadec"]nl)
1 L | = | |
NJUG426 (COM, 7~COM24) KJUG407C NJUEA26 (COMz s ~COM32) NJUBAOTC
When the display shift is performed, the DD RAM address charges as fol lows:
( Left Shift Display )
................ ememremera
Q0)—— |01 |02 (03] -reer- 08 ___E_'_*_'_'_'_'_E'IQIH 1213 eoen-- 18 ]?_':_______E_g{!_i
(40— | 41 |42 43| ------ 48|49 -c---- 160 (51 [62]53] - 5869 ---->: 160}
_(Right Shift Display)
27 (0001 -eee 06 [07 }ver LOETOF {1011 ] oo 16173 <«reee HIE } —=(1F)
67 a0 [0 - a7 gl [s0]51 [ 56 |57 | e (5} (6P

New Japan Radio Co, L4,
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{1 —4—4) 40-character 2-line Display (N=0,FE1=1,E0=1)... (Extension Driver = NJUG4IT)

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

NJUGA26 (COM: ~COMs) NJUG407C NJUBAZ6 (OO s ~COM; ) NJUGAD7C

P2 3 e gl g ..o 0'0 223 - 28129 -eeee 40‘*—Dlsolav
Ist vomneanane . amearenue e Position
e [l o2 oo JorJoef o Tiaha s oo oo T Fac o frd
Ling |40 [ 41 |42 -+ 47|48} 15354 (6556 - 5B{5C: +veer 1671 d
-qth----v-h--' wetnusssaashand (Hexﬁeg?%l)
| | | | |

NJUG426(COM. - ~COM24)  NJUB4OTC NJUBA26 (COM2s~COMs2)  NJUB40TC
¥hen the display shift is performed, the DD RAM address charees as follows:

( Left Shift Display )

©)— [o1 10203 -+ 0809} e 14015 (1617 ] 0 eee 10|07 -eeees 100 |

o [iale] - Tulo |- w o] [sl] i
(Right Shift Display) e
27100101 | " 06 93-1'.‘.'.‘.‘.‘5&?@‘3 L3I0 R 1A ]?i‘.‘.’.’.‘.‘-i.??}“’m
67 a0]a ] 45 |47 1 ovene 15215354 [55] e 5A 5B - -o- 1661 ——(67)

.......... o - ——————————— ame

{1 —4—85) B-character 4-line Display (K=1,EG=0)
The relation between DD RAM address and display pasition on the LCD is shown below:

1 2 3 4 5 6 7 8 <« Display Position

1st
COM, ~—COM= Line 100 (0102 |03.04(05106 |07
Z2nd - DD RAM Address
COMs ~CM:s Line J20 [21 9122|123 124(25126|27 ]|+~ ]
3rd (Hexadecimal)
M, 70z« Line 140 |41 |42 [ 43|44 ] 5 |46 [ a7
COM25~COM32 Line 60 ¢ 61 |62 |63 |64 |65 |66 |67

¥hen the display shift is performed, the DO RAM address chaneges as fol fows:

( Left Shift Display ) ( Right Shift Display )
(0)—— |01 }02| 03|04 | 05| 0607 |08 13 (00 (0102|0304 {05106 | ——(OD
@ |2 {22|23 |45 |6]27|28 Blo|nj22|23|24](25]|26|——2D
(40)—— |41 (42|43 |24 {45 | 46 |47 |48 53140 (41142 |43 |44 (45|46 | —— (4D
(60)—— | 61 |62 |63 | 64 | 65 {66 | 67 |68 73160 (6116263 |64 |65|66 | ——(67)

New Japan Radio Co. L.
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(1 —4—6) 16-character 4-iine Display (N=1,E0=0)...(Extension Driver = NJUGAOTC)

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

Ist
COM; ~C0Ms Line
COMs ~COM16 Line
3rd
COMy 7~COMza Line
Ath
COMzs~CM32 Line

|123

NJUG4Z6

4

5

I NJUB4G7C
8" 9 10 1]

00|m 02

03

04

20|21 2

24

6
05
25

41 [ 42

4

7
06
26
46

4?48494A434C4D4E4F'

60 | 61 | 62

23
43
63

64

45
65

66

" _..4.__-.___4-__..--_'---q.___.___ +

G?.:SQ Sﬁ 6B EC 6D ! EE 6Fu

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

¥hen the display shift is performed, the DD RAM address chanees as follows:

-
20~
@0
60—

(1—4-7) -character 4-line Dispiay (N=1,EC=0)...

( Left Shift Display )

01|02 |63

04

05

06

or

P L T R R R R Y]

UBDQOAOBUCCOUEOF!UE

22|23

24

25

26

ZBZQZAZBZCZDZEZFSO:

4 | 42 (43

44

45

46

61162 (63

64

65

66

4

( Right Shif

tDi

spla

y )

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

130001

02

04

............................

OBO?DSOQUACBGCODCG'

33|02

22

24

""r""‘“l"""‘l'"l'“'!"‘f""l"""'l

262?28292AZBZCZDZE.

-»_1--..[._-4_-_ _-.l--- -

5314041

42

4

464?48494.44B48404E'

73|60 |61

62

S5 (8|8

64

A& IR (&

"'|'"""'l"'F"“‘I"“T"‘l‘"‘

BGG?GBEQBAEBECEDBE.

anbennimaedunamendeanbe el e

12 13 14 15 lﬁl'— Display Position

DD RAM Address
(Hexadecimal)

—— @)
——(2F)
——(F)
——(6F)

{Extension Driver = NRBAITC)

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

COM; ~COMs st
ine
COMg ~COM: s 2I‘_’Id

Line

COM, 7~C0M22 3rd
ine

COM2s~C0Mz2 4th
Line

I— NJUG426 NJUBAQTC —I
1 2 3 4 5 6 7 BI_Q ]t_]_ mresrereeeces ]9 20 « Display Position
00101 [02(03[04]05|06]|07:0Bi091 ~-veeuvereees 121131
S ke SE R e bl ot v--1 DD RAM Address
20(21122|123|124|25126 2?:28:29: """"""" 1321331+~ .
------------------ +--=---+  (Hexadecimal)
4014142143 144 |45 |46 |47 ;48 | f‘?_'_:'_'_'_'_'::::: ''''' 15253}
60 [ 61 [ 62 [63 | o4 |65 |66 [ 67 168 189 --oorrroooro {7273}
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When the display shift is performed, the DD RAM address changes as fql lows:

{ Left Shift Display )

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

oo——[o1 |02 03 [oafos |06 |07 [ 08109 0} oo veeeee- 1131001
@—— |21 |22 |23} 24|25 |26 |27 | 29 oM} oo 33 20
0~ (41424344 |45 |46 |47 (48149 (4N} -voooeeeee 153140 ]
60— [61 62 [ e3[4 [65 [os [or a8 im0 igi oo im0
(Right ShiftDisplay) o
13]o0 o1 o2 03 oa [e6 Jo63a7 08 [ oveovevvoeee H11 1121 ——09)
B|20]21|2|28|24[25|2632 281 191 IR -0
5340 [0 [42] e |45 a6 ia7 a8l s T G
73|60 |61 6263|6465 66167168} oo 171728 (D)

{1 —4—8) 24-character 4-line Display (N=1,ED=1)...{Extension Driver = NJUG416)
The refation :between DD RAM address and display position on the LCD is shown below:

— NJUG426 NJUB416
1 2 3 45 3|9 -------- 16 17 -neerees |
T

6 7 24 ! e Display
COM, ~00Mo (e [00 01 10203 |04 [05 06 [ 07308 1 omsove LOF 110 oorvons 117} Looi0ION
P oo S BT i---1 DD RAM Address
COMo ~O0Ms Line |20 |21 |22 (23|24 |25 |26 |27 o8 -oonn e L2F 130} ceereeee 37 1 — -
3rd AN R el EEEEEEED i---1  (Hexadecimal)
OO 7~CONz. Line | 40 | 41|42 |43 | 44 |45 46 | 47348} -o:oo e AP 3805 orreree 19T
COM25~COMs Line {60 | 61 |62 |63 |64 |65 {66 | 6768} - - 16F 70 oo [T7 4

¥hen the display shift is performed, the DD RAM address chanees as fol fows:

{ Left Shift Display )

o [o1 [0z |03 |04 |05 |06 [ 07 [ 08108 0A | ++rvvrvreorveson 17,00
@)——|21[22|23|24] 2526 |27 | 28129 {2k} -oooeeeeenooen 130
w— a1 |2 [ [aa | % s |4 [ 8149 [ ah - L
60y—— |61 |62 (63 {64 65 (66 [67 8160 (61w ooo oo (T 16O
( Right Shift Disptay)
17 |00 |01 {0203 [04 [ 05 [ 06507 (08} --nrvveveererennes 11516 1 —O7D)
oo [ oaTs [ s
5740 (41 (42143144 145 (46547 148} coevvncennens +ve 155156 § ——(57)
77160 [61 |62 6364 |65 66 67 8 oo 75176 E —— D
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{1 —5) Character Generator ROM (CG ROW

The Character Generator ROM (CG ROM) gemerates 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 corresponderce 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 cption.

New Japan Radio Co. L8,



NJUS4AZ26

Upwer 4 bits ( Hexadecima! )

CG ROM Character Pattern { ROM version -02 )

Table 2-1.

*8 LIL11 1) Ll il - & & | Euuwe - - - & - LIl L] - - saam | Sssee
- (L] - - - - . Ll - L] Lllll] i - L] - - . - w -
. . HE 2] - H » H ivs I o N
(1] - - L) - - LN ) swwl = = = - - L1 - -
P - L2 - ees H . e - HH T | Sedss H
- rr - . - an -
- L] L) L] - L] L ] - LLL} - FEEEd
- w H H H -4 = s . . a % H - . e - "
- - - n L) - - L - - - ® | B B SESEEs
- o | Tesess +" | awwins - - - . . .- FaH
. - - - e | e | wmases aae - Ly Ty -
.. 1] -w ) m——— . . - . TTTY ) . - -
- L] L] L] - ™ * | srmmrr - - -
®= »w - - - L1} -EEw Ll L] - L - L - .
- H - asa ] wmwww ssswwy T 11 . -
(1l - Ll L] - " e - - Ll L1} L] -e [ 1]
. e - " - - ) - L) 4 &  |veuEw L - - - - - e
- = * | essssw -ew - LLLL] - - L] - (s wEee - - - - - il LUl - -
U - o= .. - L . = - ' - - - H - H -
- 1 s H 2 % wevr  |armmwe . an
- e - ey - . - « | sanmmw res - . s
0 - - - - LA id1ll] Ll . L - * | warnw - LLLL L - . L]
m R RPN X e S [ T s S K A o : . : . H
L] i - L] * - b t111 L) * - L] L] - AR » - & L *  [|eswssw
L] Ll L] - - - - L] - - . [ L] L -
11} -a L] L3 - a L1 Ll 1]
- L} L3 - L - - Ll Ll - L] Ll Ll
. saww L} - - e -nee L1] L] L.} - - L] L] LR L1}
- . . L - ) - - - L) L. - asess - . *
- . HH H . = - H : H HE- - -
A wer | wew | aen | ssess | asess . asas . .
H #n " .
o r I IR T H I PS-UO- PRI (-
e v | RTET [t +
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Upper 4 bits ( Hexadecimal )

Table 2-2. CG ROM Character Pattern ( ROM version -03 )
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{1 —6) Character Generator RAM ( CG BAM )

The character generator RaM ( (G BAM ) 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 & kind of character in 5 x 7 dots mode or 6 kind of character in 5 x 7 dots mede
and icon data.

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

Table 3. shov the correspondence among the character pattern, CG BAM address and Data.

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

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

Character Code CG Character
Pattern
{DD RAM Data) RAM Address {CG RAM Data)
T6543210 543 2110 765432140

L —_—— —— ey -—— —_
Upper Lower | Upper Lower Upper  Lower
bit bit Bit bit bit  bit

Character Pattern

0000000 000 Example(1)

<Cursor Position

— e e T O
et 0 O s e (O D
— T s D O

Character Pattern
Example(2)

e 0 R D
T e O O O
— D ek € e St

<Cursor Position

oo
[=T—]
—s

0000111 111
* : Don’ t Care

[E————
——
e 3 e 5

¥ % ¥

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 gattern line position. The 8th line is
the cursor position and the display is performed by logical OR with cursor.
Therefore, in case of the cursor display, the 8th line should be 70",
If there is 1”7 in the 8th line, the bit ®1” is always displayed on the cursor
EOSltlon regardless of cursor existence, .

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

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

. ”1” for CG RAM data corresponds te 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.
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(1—"7) Icon Display Function

The NJUG426 can display not only 5 x 7 bits character pattern but also maximum 80 icons.
The icon can display by writing bit
{3F)x of CG RAM.
The icon display data is not affected except CG BAM writing and display ON/OFF instruction.

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

”1”

to each data bit @ to 4

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

in the address {30}y ~

is fixed even if

I:‘ |:| HOLD
ROCOW OCWEN SO00m DCIEEc ma COmec
HOC O CCOm0 mMO0Cm Cimooc ol WO
mECION JOOOm0 WOCCm OG0 0 Noooc
EOECIE OIS0 ECCOCE S N HEERC
NOCEE O0OEC] E00CE RO0OOM od mooc.
EBOCCIE ECCEC RCOOCE SO00 agd moaca
TI:II_T]I:I- ml | mimpm | | I:llllL_l.i TT DEER0
SEG/display [12345 10 [ 1112131415 920 475 | T67
COMMK 3Fs~3F, | 3Ea~3B¢ | 8Di~3Do | 3C.~3Co 31a~31e | 30.~30.

Notel) The 3F. corresponds bit 4 of (3F)}s in CG RaM.

< (G BaM vs, SEG ferminal

for icon display > Maximum Character Number and Icon Display Number in CG RAM
CG RaM data SEG fcon Disp. [Max, Chara Note
ﬂgress 76543210 [terminal Number Nun_]ger

30 $£00110 | 76~50
30 | wexi1100 | 7i7s § | Mo Use | 8 Chara.
32 s:x00000 | 66~T70 {07)n and (OF)n can not use for Character
33| +ek00000 | 6165 ] | 20 feons | 7 Chara. fhr oy
34 #2%00000 | 56~60 (06)4, (0T)k,{0E)w and {(OF}x can not use for
35 +##x00000 | 51~-55 80 dcons | & Chara. Character Memory.
3 31400000 | 46--50 Note2) When the icon display function using, the system should be
37 +:00000 | 41~45 . eas v TR

initialized by the software initiatization  because of the
38 #++00000 | 3640 CG RAM does not initialize except the software initialization
39 | #+x00000 | 31~35 P ‘
34 *%400000 [ 26~30 Maximum [con Display Number
3B #+x(0000 | 21~25 Line{Digit|Extention [Max. [con | Line[Digit|Extention |Max. Icon
3c £xx00100 | 16~20 Driver |Disp.Humber Driver [Disp.Number
3D #xx00000 | 11~15 16 No Use 40 3 No Use 41)
3E *¥x(00100 §~10 24 NJU6407C, 40 16 NJUG407C, 80
3F £xx00000 1~5 NJUE40TCR NJUG407CR

2 NJUB407C 4
32 NJUS40TCR 80 20 |NJB417C 80
NJUB415,
40 [WJU6417C 80 24 NJU6416 80

WNew Japan Radio Co, LI,
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(1—8) Timineg Generator

The timing generator generates a timing signals for the 0D RAM, CG RAM, OG ROM and other
intermal 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 wi!l be no uxdesirable
influence, such as flickering, in areas other than the display area.

This circuit also generates to control signals for the extemsion driver NJUB4OTC, 6417C or
6416.

{1 —9) LCD Driver

LCD driver consist of 33-common driver and 40-segment driver.
Whert the line number is selected by a program, the reauired common drivers output the common
_driving waveform and the other common drivers output noneselection waveform automatically.
The 40 hits of character pattern data are shifted in the shift-register and latched when the
40 bits shift performed completely. This latched data controls display driver to output LCD
driving wavefora.

{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).

¥hen the address counter is {08)w, a cursor position is shown as follows:

ACs ACs ACq ACs AC2 AC: ACo
ooy ol o] o[ 1] o] of o]

1 2 3 4 5 6 7 8 9 .10 11 12« Display position
2-lime 00101 (02|03 |04|05(06|070B|09{CA|0B] +~ DD RAM address
Display |40 (41 (42|43 |44 |45 |46 |47 (48 (49144 |4B (Hexadecimal)
1 Cursor position

1 2 3 4 5 6 7 8 9 10 11 12 « Display position
Q00102103 (04[05(06|07¢08(09|0CA|0B

) DD RAM address

4-line 0121 22|23 (24| 2516|21128| 28|20 | B| ~ (Hexadecinal)
Display |40 (41 |42 |43 [44 |45 | 46|47 {48 |49 (4A |48
60|61 (62|63)64|65|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 displaved cursor and blink are meaningless.
If the AC storing the CG RAM address data, the cursor and blink are displayed in
the meaningless position.

New Japan Radio Co. L4,
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(2) Power on Initialization by intermal circuits

(2—1) Initialization By Software

The NJUB426 is automatically initiatized by internal power on initialization circuits when the
power is turned on. In the internat power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag BF) is ™17 and this status
is kept 10 ms after Voo rises to 4.5V,

Initialization flow is showm below:

Clear Display —  NOTE

1§ the condition of power supply

rise time described in the Elec-

DL=1 :8-bit ione trical Characteristics is not sa~

Function Set interface data tisfied, the internal Power On

N=0 :2-Line Display N initiatization Circuits will not

£1=0, E0=1 . 24-character operated and initialization will

Display not performed. .

: D=0 Display Off In this case the initialization

Display On/Off €=0 :Cursor 0ff by MPU software is required.

Control | B=0 :Cursor Blirk Off

[/D=1:ncrement by 1
Entry Mode Set | $=0 :No Shift
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(2--2) Initialization By Hardware

The NJUB426 incorporates RESET termimal to initialize the all system. When the "L” level
input over 1.2ms to the FESET terminal, reset sequerce is executed. En this time, busy stenal
output durirg 10ms after RESET terminal gces to "H".

*Reset Circuit

RESET [} :{> Hardware Reset
ﬁ > SYSTEN RESET o
POWER ON RESET

* Timing Chart

= .
External Reset Over 1.2ns >

Signal

Counter Output —I_LI_‘

RS-F/F Qutput ——-—|——_I

Internal Reset —\__l
Signal

L
10ms
Bosy | - |

(3) Instructions

The NJUB426 incorporates two registers, an Instruction Register (IR) and a Data Register (DR).

These two registers store control information temporarily to allow interface between NJUGA26
and WPU or peripheral |1Cs operating different cycles. The operation of NJU6426 is determined by
this control signal from MPU. The control information includes register setection signals (RS),
read/srite signals (/W) and data bus signals (0Bo 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 alse changed.
Note 2) When the reset function is executed, 40-character 2-line is selected,

‘ New Japan Radio Co. L4
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Table 4.

Table of |nstructions

INSTRUGT 1 ONS

E

0 0
RS R/W DB- DB DBs PB. DBs; DB: DB. DB,

DESCRIPTION

EXEC
TIME

Maker Testing

¢ 0

0

¢ o

¢ 0 0 0

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 AG and
returns display being shifted to
original position

DD RAW contents remain unchanged

1. 48ms

Entry Mode Set

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

3us

Display On/Off
Control

Sets of display On/0Ff{D),
cursor On/0Off(C) and blink of
cursor position character (B}.

30us

Cursor or
Display Shift

1 S/GRA =

-

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

8/C=0 : Gursor shift

R/AL=1 : Shift to the right

R/A=0 : Shift to the left

45us

Function Set

DL N = E,

Sets interface data length{OL),
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 , K=0 : 2-line
Please refer (g) for Eo and E..

30us

Set CG RAM
Address

Sots CG RAM address, After this
instruction, the data is trans—
farred to/from CG RAM

J0us

Set DD RAM
Address

———p

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

us

Read Busy Flag
& Address

As _——

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.

Jus

Read Data from
GG or DD RAM

Read Data

Reads data Trom DD or GG RAMs,

45us

Explanation of
Abbreviation

0D RAW

: Display data RAR ., CG RAM : Character generator RAM
Acs © CG RAM address , Aco - DD RAM address. Corresponds to cursor address
AC : Address counter used for both of DD and GG RAMs

- New Japan Radio Co. LHd,
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{2—1) Description of each instructions

(a) Maker Testing

RS R/ DB, DBs DBs ©DB. DB» DB: DB, DB
cole [O [0 Jo Jo JoJo [o e [0 o]

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

(b) Clear Display

RS RA DB; DB, DBs DB. DB DB DB: Do
Code [0 Jo [0 Jo o JofolJolfol]i]

Clear display instruction is executed when the code "1™ is written into BBo.
When this instruction is executed, the space code (20w 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.
|f the cursor or blink are displaved, they are returned to the teft end of the LCD (the
left end of the 1st line in the 2-line display mode).
The $ of entry mode does not change.
B Note. The character pattern for character code (20)w must be blank code in the user-defined
character pattern{Custem font).

{c) Return Home

RS AW DB, DBs DBs DB DB> O0B: DB: DBo
code [0 [0 [o To Jo [o o Jo [t Ix | x=pontcare

Return home instruction is executed when the code "1” is written into 1B;. 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 wode) if the cursor or blink
are on the display. _

The DD RAM contents do not change.

New Japan Radio Co, L4
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{d) Entry Mode Set

RS RM DB, DBs ODBs DB. DB» DB DB DBo
Code [0 [0 o Jo [o o Jo [1 jim]s |

Erntry 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 (/D) and (5} are
written into DB.(i/D) and DBo(S), as shown below.

{1/D) sets the address incremert or decrement, and the (5) sets the entire display shift
in the DD RAM writing.

1/0 ' ' 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 }/D.. shift to the left at 1/D=1 and
1 shift to the right at the 1/0=0. The shift is operated only for the charac-
ter, so that it fooks 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 shiftine.

New Fapan Radio Co., Lt
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(e) Display On/Off Control

R RAM DB, 0B, 0B 0B, DBs DB: DB Do
code JO JO JO [0 JoJo {1 [ofcle ]

Display On/Off control instruction which controls the whole display On/0ff, the cursor o/
0ff and the cursor position character blirk, is executed when the code ™" is written into
DBs and the codes of (D), (C) and ®) are written into DB2(D), DB1(C) and DBo(B), 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

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 ' Funcitiion:

The cursor position character is blinking. Blinking rate is Di8.4ms at
1 fosc=330kHz for 24-character 4-line and 433.2ms at f..=300kHz for others.
The cursor and the blink can be disptayed simul taneously.

0 The character does not blink.

Note) The blink time alters proportionately by 1/fosc or 1/f.s. For example, when
the f.,=300kHz : 518.4 x (330/300) = 570.2ms. (For 24-Character 4-Line) -
433.2 x (330/300) = 476.57s. (For others)

7 HOM

Ill1-l OOOOs ANEEN
Cursor
Character Font § x 7 dots Alternating display
(1) Cursor display example ' (2) Blink display examle

New Japan Radio Co. L1,
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(f) Cursor/Display Shift
RS m |B? DBa [Bs m‘i D'B3 DBZ DBI DBO
tode JO [0 [0 Jo o [1 {scfpn s 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 display. In the 2-line disptay, the cursor moves to the 2nd line when it passes the 40th
digit of the 15t lire. 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 horizentally.

The 2rd line display does mot shift into the 1st line positiom.

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

This instruction is executed when the code "1" is written into [B« and the codes of (5/0)
and (R/L) are written into DB2(S/C) and DB(R/L), as shown below.

S/C R/L - Function

0 0 Shifts the cursor position to the left ({AQ) is decremented bg )}
0 1 Shifts the cursor position to the right is incremented y
1 0 Shifts the entire display to the left and the cursor follows it

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

(8) Function Set _
AS RN DB 0B DBs DB, DB: DB DB, DB
code [0 [0 fo [0 |3 [ [N [ % |E [E} %=Dontcare

Function set instruction which sets the interface data length and number of display lires,
is executed when the code "1” is written into DBs and the codes of L), (), € and Eo)
are written into DB.(DL}, DBs(N), DB:(E,) and DBo{Ec), as shom below (character fomt is
fixed 5 x 7 dots).

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

—  MNOTE
This funetion 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 change.

DL Function
Set the interface data length to 8 bits 0B+ to DBa)

0 Set the interface data length fo 4 bit 1 DB.:
The data rrus% be sent or received tw:cg %B{hlg

N E EQ Display lines Disolay Digit Extension Driver
0 0 1? aracter -

0 0 1 2-tine 24 Character . . NJUGAOT
1 0 32 Character H:ljgjg%g. HJUS48?EE
1 i 40 Character 417G
¥ 0 a-1i Characte 17C

1 |1 e 53 taracter NAEHE” nausas

New Fapan Radio Co. L4,



(h) Set CG RAM Address

NJUSa4a2=26

RS R/W DB DBe ODBs DB. DB; DBz DB:. DBo
ode J 0 o Jo [+ [a [a aa]ala]
e it py

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

The address data mentioned by binary code ™ AMASA " is written into the address counter
(AC) tomether 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 RW DB, DBs DBs DB. DBs DB: DB. DBo
Code | O 0 1 A A A A A A A
«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 " AMAAML " is written into the address counter
{AC) together with the DD RAX addressing comdition.  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)n to (2T)u for the st
line and (0)s to (67w for the 2nd line. And in the 20-character 4-line display(N=1,
EQ=0), the TARARAAAL is (0D)w to (13« for the 1st line, (0w to (33« for the 2nd
tine, (40}u to (53« for the Ird line and (60} w to(73)n for the 4th line.  However,
in case of the 24-character 4-line(N=1, EQ=1), the [AAMAAMAL is (00)a to (iD)w for
the 1st line, (20« 1o 3N& for the 2nd line, @Mu to GNw for the 3rd line and
60y to (GNa for the 4th line.

Lower order bit—

Display 15t Line 2nd Line 3rd Line 4th Line
2-line - @Du | @40a - BNy - -
20"19{.!?{]9 O0u- AP | @O ~ BPu | @04 - By | @D - TDu
243_ ?lte (00)!-: - (]7)11 (ZO)H - (37)H (40)51 = (57)&1 (BU)H - CTT)H
(j) Read Busy Fliag & Address
RS RN DB DBs DB DBs DB: DB DB, DBp
code JO [ v [B A A falaa[a]a

—Higher order bit

This instruction reads out the internal status of the NJU6426. When this instruction is
axecuted, the busy flag (BF) which indicate internal operation is read out from DB: and the
address of the CG RAM or OD RAM is read out from DBe 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 (8F)="1". Check the (BF) status before the next write operation.

Lower order bit—

New Japan Radio Co. Lid,
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(k) Write Data to CG RAK or DD RAM

RS RW DB DBs DBs DB. DBs ©DB. OB DBo
Code | 1 0 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 (A/W).

By the execution of this instruction, the binary 8 bit data " DDDDDODD ™ 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 shiff is also
executed according to the previous entry mode set.

() Read Data from CG RAM or 0D RAM

RS R/¥ DB [Bs DBs DB. DB; DB: OB, 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
@AS) and RW.

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

Before executing this instruction, either the OG RAM address set or DD RAM address set
must be executed, otherwise the first read ocut data are irvalidated.

When this instruction is serialiy 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 D 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 automatical ly 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 instructicn, 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.

New Japan Radio Co, Ltd.
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(3~2) Initialization using the internal reset circuits

(a) i6-character 2-1ine 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 irput, as shown below.

The DD RAM of the NJUBA26 can store up to 96 or B0 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 changés 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.
l RS R/W DB, DBs DBs DB. DBs DB2 DB: DBo ] ]
Set the 8-bit operation,
Function Set 0|0l 0l OF 1| 1] O %| 0| O| 16-character 2-line dis-
| play, 5 x 7 dots Font.

Turns_on display and cur-
Disp.On/0ff Cont 0l 010l 0] OO 1] 1| 3]0f sor. Entire display is in
space mode set by the
l initialization.

Example for set address
Entry Mode Set glojo| ool 0]oOf1] 1| 0] increment and curser

right shift when the data
i mtetotheDDRAﬂorCG

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

(b) 16-character 2-1ine in 4bit operation WUsing 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 imput is performed under 8-bit operation. In this operation, full instruction can not
irput because of terminals DBe to DB: are no comection. Therefore, same instruction must be
rewritten on the RS, R/W and DBr 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:

New Japan Radio Co, Lid.
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Initialjzed.
[ Power On —| No display appears.
L RS R/W D8, DBs DBs DB.
: Set the 4-bit operation. ]
|cht|on5et || 0|0| 0| 0| 1| 0| 'SSteEe is executed in 8-bit mode
| set by the initialization.
Set the 4-hit operation 16-character
|chtion Set | 0| 0] O 0 1} O 2-line display, 5 x 7 dots Font.
l G| 0fj 0O; x| OF O ge4blt operation starts from this
ep.

- Turn on display and cursor.
[Disp.ovof Cont | [ 0| o} of of of 0]  Entire display is in space mode set by
1 0] o0y 1] 11170 the initialization.

. Example for set address incremant and
|Entry Mode Set | gl 0507 01010 cursar right shift when the data write
- l o0y 0] 1110 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.
! RS R/ DB; DBs DBs DB. DBs DB> DB; DB,
Set the 8-bit operation,
Function Set: Qo] Ol O 1| 1| V]| x| x| 0] 20-character 4~line dis-
) play, 5 x 7 dots Font.

- Turns_on display and cur-
Disp.0n/Off Cont Dy ol 0 0)0f 0] 1| 71] 1| 0] sor. Entire display is in
space mode set by the
| initialization.

1
Examole for set address
Entry Wode Set 0] 070,010 0[ 031 1] 0| increment and cursor
! right shift when the data

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

New Japan Radio Co.Ltd.
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(3—3) Initialization by instruction
If 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 lemgth.

[nitialized.
Power On o NOIE%SDIGY appears.
; )
Wait more than 15ms .
after Yoo rises to 4.5V
l RS R/W DB- DBs DBs DB+ DB: DB> DB: DBo
Function Set
Function Set I | 0| 0| 0| Ul 1 | 1 | *l *| *| *| (8-bit interface length)
l
Wait more than 4.1ms
l RS R/W DB, DBe DBs DB DB» DB DB. DBo i
Function Set
Function Set ol ot ol ol 1| 1| %| £1 %| %] 8-bit interface length)
l
Wait more than 100us
l RS R/W DB, [8; DBs DB. [Bs DB: DB, DBo Function Set

Foretion Set H Ul Ul Ol Dl ‘| ll *l *l *| *J (8-bit interface length )

Busy Flag{BF) can not he
checked hefore 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 required.

l RS R/W DB; DB: DBs DB. DBs DB» DB, DBo

Set the 8-bit operation,
Function Set Ol 0 O) Qg 1) 1| 1] %] %] 1 24-character 4-line
display, 5 x 7 dots Font.
! RS R/W DB, DBs DBs DB« DBs DB: DB, DBo
Display Off g|ojo|l0|O0(0]1]0;0]0
l RS R/W DB: DBs DBs DB« DB> 0B DB, DB,
| isotay Clear ololoflolo|loflofofaf
1 RS R/W DB- DBe DBs DB« DBs DB: DB, DBo
Example for set address
IEntrymweSet | | 0| Ul 0| 0| 0| 0| Ul 1‘ !| 0| increment  and  cursor
: right shift when the
1 data write to the DD RAM
or 0G RAM.

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

Power On

|

Wait more than 15ms
after Voo rises to 4.5V

!

RS R/W DB; DBs DBs DBa

Function Set

01 0[0] 0|11

}

Wait more than 4.1ms

{

function Set

l

¥ait more than 100us

!

Function Set

l

¥ait more than 100us

l fS R/W DB; 0Bs DBs 1B,
Function Set glojlojol1]o
|
Yait more than 100us
l
Function Set 0] 010|015 0
0] 0] O 2111
!
Display 0ff 010101 Q10|00
gl ol 1t 000
l
Display Clear QL 0l Q| O] 01 0O
' 0 0700|001
!
Entry Mode Set gl 0or 00| 010
glojol1[1}0
i
¥rite data to the DO/CG RAM
and set the Instruction

New Jopan Radio Co. L4

lnitialized.
No display appears.

Function Set
(8-bit interface leneth )

Function Set
@8-bit interface length )

Function Set
(8-bit interface length )

Function Set
Set 4-bit interface [ength
by 8-bit interface {ength.

Set the 4-bit operatlon.
40—character 2-I ire display
5 x 7 dots

Busy Flag (BF) can_ ot 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
required

Exawle for set address
increment and cursor right
shitt when the data write
to the DD RAM or CG RAM.
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(4) LCD DISPLAY

(4-1) Power Supply for LCD Driving

NJUBA26 incorporate voltage doubler to generate LOD driving high voltage and bleeder

resistance.

The voltage doubler gererate about twofold voltage from the Vo: input voltage

( 9.5V typ at fout=2mA and ¥.,=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 2k typ for Ra.

LCD Driving Voltage vs Duty Ratio

l;%\'y Duty Ratio 1/36
Bias 1/6
¥sour Voo to Veco
Vew{+ 5 V)
——
Vei Voo
Vi
NJUG42E Vi
i Va
Vs >
C: - Vi

{a) 1/6 Bias(1/36 Duty)
(Voltage Doubler unused example)

New Japan Radio Co. L&

Vop{+ 5 V)

i

+

Vil + 5 V)
Vei Vop I—-——
Vi
NJUGAZ6 Vieo
Ci V3
Cz Vs -
Vas Vsour
+

T
-

() 1/6 Bias(1/36 Duty)
(Voltage Doubler used example)
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{4—2) Relation between ascillation frequency and LCD frame freguency.

As the NJUG426 incorporate oscillation cavacitor and resistance for CR oscillation, 330kHz
oscillation is available without any extermal components.
The LCD frame frequency example mentioned below is based on 330kHz oscillation.

(1 ¢clock = 3.0us )
1/36 duty

00 clock

F7 20 sl 4 lss 112l 3fal -l folalal

Yoo

Vi |

Vv

COoOM, Va

Va

Ve

le ] Frame sle

1L Frame

20-character 4-line Display :

} frame = 3.0Qus) x 100 x 36 = 10.8(ns)
Frame frequency = 1/10.8(ns) = 92.6(H2)

New Japan Radio Co. L4,
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24-character 4~line Display .

1 frame = 3.00us) x 120 x 36 = 13(ng)
Frame freauency = 1/13.0(ms) = 76.9(H2)
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(5) Interface with WU

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

(B5—1) 4-bit WU imerface

¥hen the interface lergth is 4-bit, the data transfer is performed by 4 lines connected to
DB4 to DB (DBo 1o DB are rot used). The data tramsfer with the MU is completed by the
two~time 4-bit data transfer.

The data transfer is executed in the sequence of upper 4-bit (the data DBs to DB+ at &-bit
length) and lower 4-bit (the data DBo to DBs at 8-bit length).

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

RS
E n 3
Intarnal Status——m |
0B,
Inztruction Busy Flag Busy flag Inairactien
Writiag Check Check Writing
RS /
R/YW /

Y N e N A N NV D N

o8 " 1R X TRa a3 CAta X XDRy(_ X IRy
T X TRe X 1Re X XA

b3s 1Rg X 1R1 X Ay Aty X KR X OR}
T KR (Ao X XBRy_ X IRy
Wriling instruciion inle |Readout Buzy Flag{BF) Readoul dala Regiater(DR)
Ins1ruct ion Registar{IR) and Adress counter{AC)

(5--2) 8-bit WPU imterface

RS

oy ———— ~
N N VA WA
Internal Status—l eperation !

oo 22X nava )L A sy L nusW//////}\BuszW

Writing Instryeiion inte

Busy Flag
Chaek

Writing Instrection into

Instroction Registes(IR) Instructionr Register(I(R)

Check Cheack

Busy Flag I Besy Flag

New Japan Radio Lo, Ltd.
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B ABSOLUTE MAXIMM RATINGS (Ta=25C )}
PARAMNETER SYNBOL RATINGS INIT
Suoly Voltage (1) Voo -0.3~+7.0 ¥
]rDU't Voltage Yr - 0.3 ~ ¥Yoot0.3 ¥
Operating Terperature Topr - 0 ~+ 80 ‘C
Storggg Temperature Tstg - 56 ~—+ 125 C
Note 1) If the LS| are used on condition above the absolute maximum ratings, the LS| may he de-

stroyed. Using the LS| within electrical characteristics is strongly recomended for
normal operation. lse 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=Voi>Vs=Vsour , Yes=O¥ must be maintained.
Turn on Voo and V.. at same time or turn on Yoo first then turn on Vo: must be required.
If the turn on sequence does not meet above conditions, latch w will occur.

Note 4) Decoupl ing capacitor{Co) should be connected between V.: and Ves due to the stabilized
operation for the voltage doubler.

I ELECTRICAL CHARACTERISTICS _ ( Voop=5V10% , Ta=-20 ~ +75C )
PARAMETER SYMROL CONDITIONS WIN_[ TP [N T [ NOTE |
Operating Voltage Voo 4.5 5.0 5.5 ¥
Input Yol tage Vig 2.3 Yoo 1y |5
Yo 0.8
You ~| oui=0. 205mA 2.4
Output Voltage Vou Tou=] 6mA 04 ) &
Driver On-resist, (COM) § Rcom | 31d=0.05miCAIl com.term.) 10 kal o
Driver On-resist. SEG) § Rees | £1d=0.05mAAl | seg.term.) 10
Input Leakage Current lu ¥zl ~ Vop -1 1 ul 7
Pull-up Resist Current -1 Voo=5¥, RS, R/, DB Termimals | 50 125 250
Qperating Current lpo Yop=h¥, fosc=330kHz 2.0 4.0 {8
Uu‘tpu‘t Vu P Ta=25"C | our=5l|ﬂ "3-0 "4 . 0 v
Yoltage Yol tage Ysour Terminal | lour=1mh -4.6 {-4.8
Doubler | Input Volt., Vo - 2.5 5.5 ¥
| Conv. Effici Vot L=00 95.0 | 99.9 %
Bui Ft-in Ry 1.00
Bleeder resistance R, 1.00
A Ra Ta=25C 2.00 kG
(For LCD Driving 2 T.00
_ Voltage) q: “00
Osciliation Freaquency fose | Voo=BV, Ta=25C 280 330 380 kHz
LCD DI'iViI‘IS "Joltage Yieo Vsou-r Terminal ' Voo=5¥ Voué 0 Vni:é 5 ¥ 10
Note B) Input/Qutput structure except LCD driver are shown below: .
Innut Terminal Structure brout/Qutput Terminal Structure

Vnn Voo Voo PHOS LY Vop
Pnos = Pnosrlé PNOS |—||$| |—1 pHos
O -
Hi HHOS I—|$ NHOS I—| LU
Pnos\%l—‘—c(:,:_ EWABLE

E Terminal RS,R/N Terminals nnosﬁl—— -

DBo to DBs Terminals

New Fapan Radio Lo LI,
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Note 6) fpply to the Output and |nput/Output Terminal.

Note 7} Except pul 1-up resistance current and output driver current.

Note 8) Except Irput/output current but including the current flow on bleeder resistance.
[f the imput level is medium, current consumption will increase due to the pepetration
current. Therefore, the imput fevel must be fixed to "H" or "L”.

Operating Current Measurement Circuit

+ v

5

@_
VoD Vei
Co
Ci | 10uF
+
4. T uF Vs
Ce

Vs

T 10uaF
NJUGSB 426 |+

T wirs

Note 9) Rcom and Rsze are the resistance values hetween power supply terminals (Yoo, ¥sour) and
each common terminal (COM: 1o COMs»), and supply voltage (Yoo, Vsour) and each segment
terminal (SEG, to SEG4o) respectively, and measured when the current 1d is flown
oh every common and segment termimals at a same time.

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

Yol tage Doubier Measurement Circuit Internal Bleeder Resistance

Vo
vVaop L gV
Vi (& Y R
Co
(o] 10 uF Vi
+ .
Rz
4. 78 F
Cs Ve —0 V=
Vss Vsout R
Va re— V3
N J U B 4 2 6 b v R‘
Vi
Rs
Vs —O vs
NJUG4ALS Inlernal

* Voltage Dowbler Internal Clock Frequency = 10 — SkHz

New Japan Radio Co, L.



- Bus timing characteristics (Voo = 5.0VE10%, Ves = OV, Ta = -20 ~ +75C)

NJUGEGAaAZ6G

¥rite operation ( Write from MPU to NJUG426 )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable CYCIB Time teves 500
Enable Pulse Width | "High” level { Pusn | 220
Enahie Rise Time, Fall Time te-, ter 20
Set up Time [RS, AW, E | tas 40 fig1 | ns
Address Hold Time tan 10 ’
Data Set wp Time toew 60
Data Hold Time te 10
Timing Characteristics (Write operation)
K V1 VIR
RS ><< YiLl V|w?<
145 tal
R/W Vit ;/Vn.l
PWey - tal
E ' vin v Ler
1K
v“,]_/ | N vin [ ViLy
T tog tH .
SV T
DBo ~DB, >< ' atid ata §<
ViLl Viut
Leyce
fig. 1
Read operation ( Read from NJUB4Z6 to MPU )
PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable Cycle Time tovee 500
Enable Pulse Width | "High” level | Pwes | 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, R, E | tas 40 fig2 | ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toon 20

New Japan Radio Co. Lt




NoUsaze

Timing Characteristics (Read operation)

4
Yint
RS ><
Vil

1as
E
._..—.‘w‘ 7| YiLt
LtEr
K l] }
Voni
DB ~DBy >< Valid Data R
Vol VoLl
tCYCE
fig. 2

Segment Extension Signal Timing Characteristics (¥oo=5.0V10%,Ta=-20~75C)
PARAMETER : SYMBOL | MIN MAX JCONDITION UNIT

Clock Pulse Width | "High” level | tcws 800

Clock Putse Width | "Low” level | tow 800

Clock Set up Time tesu 500

Data Set wp Time tsu 300 fig.3 ns
Data Hold Time tom 300

W Delay Time tom -1000 | 1060

Clock Rise Time, Fall Time tee 100

Segment Extension Signal Timing

]

0.9 Voo Y '\ 0.9 Yon
CLi 4 01V

. tcwn

(1=
89V | X ¥ 0.9 Vou /_\_—/_.\_
CL \
d &1 Yor 0.1 Yor ¥ 0.1 Von

L1 ke kewl

F0.9Voo, 0.9 Voo
D |
0.1¥0o 0.1 Voo 2

fig. 3




NJUsaze

08¢ to DBr load circuit Segment signal {oad circuwit

SV
Re= 240 Test Point j
Test Point 50pF

130pF kQ 1

*The Irput Condition when using the Hardware Reset Circuit

Imput Timing
LECI
Voo
RESET
0. 2¥op
PARAMETER SYMBOL MIN MAX CONDITION JUNIT
Reset Irput "L" Level Width tasL 1.2 - fosc=30kHz | ms

* Power Suwoply Condition when using the intermal initialization circuit(Ta = -20 ~ +75°C)

PARAMETER SYMBOL | MEN MAX FCONDITION |UNIT
Power Supply Rise Time froo 0.1 10 'ms
Power Suppiy OFF Time toer 1

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

torr

0. Ims=t 55 10ms torrZIms

torr specifies the power off time in a short period off or eyelical on/off.
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&8 LCD DRIVING WAVEFORM

1/36 Duty Driving

BB 9 1017 18 10+ 26 97 28-++-35 36 L 8 9 10~ 1718 19 26 27 28 - 35 36
[ T T T T T T o e Tt T Y T Y Y I T

Voo
coM, 'y v s J, 45 ]
COM, V2
coM; V.
COM, ::_ 1 V‘ i i {4 (¢
COM, * a T L] A 2
coM, —9-9 Vs
COM, Voo
COM; v, -c 1 ol 4
COM, Vi il d i Z
com COMa ¥y [ " M it
. v ;
COM,o V; : - - -
COM,,
COM,» Voo . " it it
COM,; M, i ! 7 ’
COM.. Ve
COM,s COM, ¥, T P i i
oML v, 7 7 L K
L
COM,; Von
COM.y v { 4 & ¥
COMuy vy — d k d =
COM:s COMis V3 ft st i
gg::,. x, ol L L] i
2 s
COM2z -
COMz, ad M f 4, 4
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B APPLICATION CIRCUITS

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

COM9

CoMIs

COM]

COMD

LCD Panel
(16-Character

comi?

2-Line)

1
1}

T

COoM24

NIVB4ZE

COM25

Cami2

COM33

- IJF’[! ................

SEGL

SEGA0

CLy

CLz

fcon Display

New Zapan Radio Lo, L,
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(2) 40-character 2-fine Display Example (1/6 Bias, 1/36 Duty)

CoMe

COM16

Comi
i

CcoMma
COMI7

i
COM2
06426
COMZ
1

+
13

CoM22
COM33

SEG1

SEG40

CL.

CL:

L
SGL
LM

104,

SEGI ~SEG6C
~SEG40

Nlg417C

New Japan Radio Lo, Lbd.

LCD Panel
(40-Character
2-Line)

lcon Display
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(3) 8-character 4-line Display Example (1/6 Bias, 1/35 Duty)

K28

COM1
i
COoMs
COM$

1
.
H

!
COM16

coM?
L)

CoMA

COM33

|

116 8- O—¢ A=t

]

New Japan Radio Co. L2,

LCD Panel
(8-Character
4-Ling)

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

NG5

COMI

COME

CoM9
r

COM14§

coMit

COM24
COMZS

COMm32

COMI3

SEG1
i
i

SEG40

CLa
CL:

M

SEGL
LpP
SCL
- s
LM
04,

~SEGSD

New Japan Radio Co. L&

LCD Panel
(24-Character
4-Line)

lcon 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.




