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PREL IMINARY

12—-CHARACTER 2-—L INE
DOT MATRIX LCD CONTROLLER DRIVER

M GENERAL DESCRIPTION I8 PACKAGE OQUTLINE

The NJU6428/29 is a Dot Matrix LCD controller driver
for 12-character 2-1ine with icon display in single chip.

It contains voltage tripler, bleeder resistance, CR
oscillator, microprocessor interface circuits, instruc-
tion decoder controller, character generator ROM/RAM,
high voltage operation common and segment drivers.

The voltage tripler and bleeder resistance generates
about triple voltage{(8Y) and bias voltage for LCD dri-
ving waveform internally from singie power supply (3V).
Conseauently, high-contrast display can be performed
though the simple power supply circuits.

The CR oscillator incorporates C and R, therfore no NJU6428X/29XF
external components for oscillation are required.

The microprocessor interface circuits which operate by
1MHz, can be connected directly to 4/8bit microprocessor.

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

The 17-common ( 16 for character, ! for icon } and 60~
segment drivers are operated up to 13.5V, and the icon
common driver display up to 60 icons.

W FEATURES

@ 12-character 2-1ine Dot Matrix LCD Controller Driver

® Maximum 60 icon Display (Using COMMK)

@® 4/8 Bit Microprocessor Direct Interface

@ Display Data RAM - 24 x 8 bits : Maximum 12-character 2-line Display

or 24~character 1-line Display

@ Character Generator ROM - 9,600 bits : 240 Characters for 5 x 7 Dots

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

@ High Voltage LCD Driver : 17-common / 60-segment

@ Maximum Display Characr Number ( 1/18 Duty, Icon Display Only for Version B is 2/18 Duty ):
Device Display Character Posision of COMMK | Duty of COMMK
NJUB428A . 1/18
MJUB428B | 12-Character 2-Line | UPPer Side 2/18
NJUB429A + Max.60 lcon Disp. . 1/18
NJUG4298 Lower Side 2/18

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

@ Pover On Initialize / Hardware Reset Function

@® Voltage Tripler and Bleeder Resistance On-chip

@ Oscillation Circuit On-chip

@ Low Power Consumption -- ( 100uA )

@ Operating Voltage -— 2.4 to 3.6 V ( EXcept LCD Driving Voltage )

@ Package Outline -— QFP 100 / CHIP / TAB

o
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I PIN CONFIGURATION { NJUB428 )
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I PAD LOCATIONIN
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CHIP SIZE  : 5.83mm x 4.23mm
CHIP CENTER : X=0atm, Y=0um
PAD SIZE - B0um x 80um
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M PAD COORDINATES

CHIP SIZE 5.83m x 4.23m ( CHIP CENTER X=Oum, Y=0un )

PAD Ko | msint g X=(um) [ Y=(um) | | PAD Mo Fyypmaih M X=Caum) | ¥=(um)
T | StG.o | StGs | 2789.0 | -1804.0 5T | 08 | DB | 2134.0 | 1896.0
2| SEGs, | SEGso | -1999.0 |-1894.0 52 | DB | DB. | 1944.0 | 1896.0
3 | SEGeo | SEGai | -1799.0 | -1894.0 53 | DB, | DB, | 1784.0 | 1896.0
4 | SEGss | SEG.o | -1599.0 [-18%4.0 54 | CMs | COM: | 1547.0 | 189.0
5| SFGee | SEGeo | -1419.0 [1834.0 55| COMio | COMio | 1367.0 | 1896.0
6| SEGes | SEGes | -1279.0 [-1834.0 56| COMi: | COM:iy | 1187.0 | 1896.0
7 | SFGas | SEGus | -1130.0 | -1894.0 57| GO,z | COM; | 1027.0 | 1896.0
8| SEGas | SGes |- 999.0 [13%4.0 58| COMis | COMio | 887.0 | 1896.0
9| SEGuo | SEG., |- 859.0 | -1894.0 59 | Oy« | COMi. | 747.0 | 18%.0
T0 | SFGas | SEGes |- 719.0 |-1894.0 60 | COMis | COMio | 6070 | 18%.0
11| SEBso | SGeo |- 579.0 | -1894.0 61| COMic | COM.c | 467.0 | 1895.0
12| SGsy | SEGso |- 439.0 | -1894.0 62 | SkG, | COMMK | 228.0 | 1896.0
13| SEGeo | SEGey |- 293.0 | 18%4.0 63 | StGe | SEG, |- 3.0 | 18%.0
14 | SEGso | SEGs; |- 169.0 | -1894.0 64 | SEG, | SEG, |- 163.0 | 1896.0
15 | SGss | SEGso |- 19.0 |-1894.0 65 | SEG. | SEG. |- 303.0 | 189.0
16| SEGss | SEGs. | 121.0 |18%4.0 B5 | SEG | SEG. |- 443.0 | 18%.0
17 | SEGsc | SFGeo | 261.0 |-1894.0 B7_| SFBe | SEG |- 583.0 | 18%6.0
18| SEGs, | SEGsc | 401.0 |-18%4.0 68 | SEG, | SEGe |- 723.0 | 1896.0
19 | SEGes | SEGes | 541.0 [ -1894.0 69 | SEBe | SEG, |- 863.0 | 1896.0
20 | SEGeo | SEGss | 681.0 | -1894.0 70 | SEGs | SEGe |-1003.0 | 1896.0
21| SGeo | StGea | 821.0 | -1894.0 71| SE6io | SEGs | -1143.0 | 1896.0
22 | CMs | SEGoo | 1058.0 | -1894.0 T2 | SEGi, | SEGio [-1283.0 | 1896.0
23| COM, | COMs | 1339.0 | -1694.0 73| SEGi. | SEG,. | -1423.0 | 18%.0
24| COMe | COM, | 1473.0 | -1894.0 74| SEGia | Gy, | -1563.0 | 1896.0
25 | COMs | COMs | 1619.0 |-1894.0 75| SEGie | SEGio | -1703.0 | 1896.0
2 | COMa | COMs | 1759.0 | -18%4.0 76 | SEGie | SEGis | -1863.0 | 1895.0
21| GO | COM. | 1919.0 | -1894.0 77| SGis | SEG.s [-2023.0 | 1896.0
28 | COM: | COMs | 2079.0 | -1834.0 78| SEGi, | SEGie | -2183.0 | 1896.0
29 | M, | CON. | 2239.0 |-1894.0 79 | SEGia | SEG.: [-2343.0 | 18%.0
30 | GOMK_ | CON, | 2399.0 |-1894.0 B0 | SEGio | StGis |-2503.0 | 18%6.0
31| OSC. | 0SC. | 2688.0 | -1806.0 81 | SFGeo | SEGie [ -2688.0 | 1561.0
32| 0SC, | 0SC. | 2688.0 |-1497.0 82 | SEG:. | SEGo |-2688.0 | 1281.0
3 Ve Vs 2688.0 | 1220.0 83 | SEG»o | SGsy | 2688.0 | 1031.0
34 | Ves | Ves | 2688.0 [-1080.0 84| SEG.o | SEG. |-2688.0 | B31.0
35 | Vsour | Veour | 2688.0 |- 801.0 85 | SEGe« | SEG;» |-2688.0 | 631.0
% | 2 | o | 2688.0 |- 6610 85 | SEGes | SG:. | -2688.0 | 491.0
3 | | | 2688.0 |- 382.0 81 | SGc | SEG,s | 2688.0 | 351.0
38 | G | 01| 2688.0 |- 242.0 BS | SEG., | SEG,. |-2688.0 | 211.0
39| c" [ o | 2688.0 | 3.0 89 | SGse | SEG;, | -2688.0 | _ 71.0
0 Ve [ Ve, | 2688.0 | 118.0 90 | SEGss | SEGes | 2688.0 |- 69.0
[ Voo | Voo | 2688.0 | 378.0 91 | SFBio | SEGze | -2688.0 |- 209.0
42| RESET | RESET | 2688.0 | 578.0 92 | SEGsy | SEGa | -2688.0 |- 349.0
3 [ S RS 2688.0 | 718.0 93 | SEBs; | SGsy | -2688.0 |- 489.0
4| AW | R | 7688.0 | 858.0 04| SFGoo | SEG:; | -2688.0 |- 629.0
N E 2688.0 | 998.0 95 | SEGou | SEGas | -2688.0 |- 769.0
46 | DB | DBo | 2688.0 | 1138.0 8 | SEGas | SEGs. |-2688.0 |- 909.0
708, [ DB, | 2688.0 | 1278.0 97 | SFGse | SEGas | -2688.0 | 1043.0
45| 0B. | DB, | 2688.0 | 1418.0 98 | SEGa, | SEGas | -2688.0 | -1249.0
49 | DB | DB. | 2688.0 | 1558.0 99 | SFGas | SEGs, | -2688.0 | -1443.0
50 | DB | DB, | 2688.0 | 1608.0 100 | SFGoe | SGoo | -2688.0 | -1649.0

¥ The left side PAD of Nol PAD is Dumy PAD ( Coordinates X=-2499,Y=-1894 ), No need Bonding.
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W BLOCK DIAGRAM

0sS T CR = ‘5 Instruction| ! |address | Timing
05C2 0SCf |2 = 7 "|pecoder (1D) Counter Gen.
9 - [ l
R N "
RS 5 e : 5
R/W : g - ; 7 = 17 > 17
bl A Display Data Ram(DD RAN) o o b pes coM
E %] 7 i 24x8bits =zl e ~COoMs
PBs 4 | T[T = 8 N ce%]|lo= o /COMMK
2 — - ; :o — (3
DBr e ? - %3 ls P
pBe 4 |2 [€ P . b
) — :: 7 Character Character ° PN &0 :: 50
DB - Generator Generator “ it e | ;o SEG:
oL = 1 o raw (cc ROW) R T ~SEGe
A . ; o
Vss b > Busy 32xbbits 3600bits 2
Flag 45 15 ?60
v
o R1 Parallel to serial 5 60bit
Vi Convertor Shift Reg.
< Rl Ve
a Rl e Voltage [ RESET
= Rl Vs Vsour Lonv. Vei
c1
R v REA RESET
Vs Ve cir'croczcz i
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B TERMINAL DESCRIPTION

PAD NO.
SYMBOL FUNCT I ON
NJUB428 | NJUB429
41 {1 Voo Power Source ( +3V)
34 34 Vss Power Source ( OV)
33 33 Vs LCD Driving Voltage Output
32 32 0SC. Oscillation Frequency Adjust Terminals. Normally Open.
3 3t 0sC. {(Oscillation C and R are incorporated, Osc Freq.=80kHz)
For external clock operation, the clock should be input on 0SC;:.
Register selection signal input(Pull-up resistance On-chip)
43 43 RS "0” : Instruction Register (Writing)
Busy Fiag, Address Counter (Reading)
"{" : Data Register (Writing/Reading)
44 44 R/W Read/Write selection signal input(Pull-up Resistance On-chip)
"0" : Write , "1” ! Read
45 45 E Read/Write activation signal input

3-state Data Bus(Upper) to transfer the data between MPU and
50~53 | 50~53 | DB.~DB- NJUG428/29.
DB~ is also used for the Busy Flag reading.

3-state Data Bus(Lower) to transfer the data between MPU and
46~49 | 46~49 | DBo~DB: NJUG428/29.
These bus are not used in the 4-bit operation.

29~22 | 30~23 | COM ,~COM.c | LCD Common Driving Signal
54~61 | 54~61

30 62 COMMK {con Common Driving Signal

62~100 | 63~100 | SEG 1~SEGso | LCD Seement Driving Signal
T~ 1~22

35,37 35,37 C:*. C2* ]Capacitor for Voltage Doubler Connecting Terminal { + )
38,36 38.36 .7, G2 Capacitor for Voltage Doubler Connecting Terminal ( - )

40 40 Ve Input Terminal for Voltage Tripter (Normally V.: = Vo)
35 35 Vsour Voltage Tripler OQutput Terminal
42 42 RESET Reset Terminal. When the "L™ level input over 1.2ms to this

terminal, the system will be reset(fosc=80kHz)
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Il FUNCT{ONAL DESCRIPTION

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

The NJUB428/29 incorporates two B8-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 Resister(DR) written by the MPY is transferred automatically to.the DD RAN
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 Regzister (DR), the data transmitting process is performed completely.

After reading the data in the Register(DR) by the WPU, 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 below.

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

Table 1. Register Operation

RS | R/W | Selected Register Operation

0 0 IR Write

0 1 ' Read husy flag(DB;) and address counter (DBo~DBs)
1 0 OR 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 DD RAM and CG RAM.

¥hen 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
(AC) 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 RAN (DD RAN)

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

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

<«Higher order bit Lower order bit—> ( Example) DD RAM address ” 08 "
ac|acs |Ac. [ac. [ac. ac. [ac. |[aco o [o {o {1 ]o o [o]
<« Hexadecimal —><«  Hexadecimal - - ) ——oe——— § ————

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

, Jch 2 3 456 7 8 910111213 1151617 1819 NN NN A
Line {00 [ 01]02 | 03 {0405 |06 |07]08 |09 oa]oB|oc|op]oe|or|10]11[12]{13]14]15]16]17

- J \ J

COM; ~ COMs COMs ~ COM;e

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

( Left Shift Display )

Ich 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
01{02|03(0405(06|07(08|039)|0Af0B|0OC|OD|OE[OF|10|%1]12(13}14|15|16]17]00

( Right Shift Display )
Ich 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
{17 00|01 ]02]03 |04 05|06 |07 {08 09 ]oa|oB|oc|on]oE or]10]11]12][13][14]15]16
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(1—4-—2) 2-line Display ( N1 )

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

COM; ~ CONs
[ 4 Al
1 2 3 4 5 6 7 8 9 10 11 12 <« Display
st Pogition
Line |00 {01[02{03|04[05(06|07 08|09 |0A|O0B
2nd < DD RAM Addres
Line |40 |41 |42 |43 |44 |45 |46 |47 |48 |49 (4A | 4B (Hexadecimal

\ J

COMs ~ COM.6

Note : In the 2 lines display mode, the 1st and 2nd |ine address are defined as (00)x
to {(0B)u and (40)u to (4B)n.  Please note that the end of 1st line address and
the begining of 2nd |line address are not consecutive.

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

( Left Shift Display )

1 2 3 4 5 6 7 8 9 10 11 12
(00)« J 010203 {04(05|06)|07|08|03|0A|0B]|00
(40)«— | 41 |42 [ 43 | 44|45 |46 | 47 |48 |49 [ 4A [ 4B | 40

( Right Shift Display )

1 2 3 4 5 6 7 8 9 10 11 12
0B |00 {01 (02|03 |04|05|06|07|08|09]0A]|—>(0B)
4B | 40 41 (42 |43 |44 |45 |46 | 47 |48 |49 | 4A | —>(4B)

(1 —5) Character Generator ROM (CG RAM)

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 NJU6428/29 is
shown in Table 2-1.

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 bit ( Hexadecimal )

0111234 |5/6|7{8|9|A|B|C|D|E|F

cG | ik O P o o B B 3
O |Rram [ == DR R B
Ras : R e
1 o N T I RN I
oo | o e | TR
2 : O EES GOP R O I O 5] ) P
(03)
(041
4 S I D B S B S s 0 B B 1 O AR
o |t L K9 N SO S I SOU (i N IEURED RTINS
T e T ew [ senes - " L]
— H Sl eew | a]| ete | eta | | "2 L.tk
-5 Pl
ade
L] | o)
8 JRTY % P R s B Lo
- I N PO N £ Y I SO O el ] I O
> )y | ]r e}je e« |eo o] | we | e | e# | s|le o] o | » | |  af ases
CA RO 20 IR RS PO UL S AR B S U bt (L IRFCRN IR [ (RS- (- CUThN K
= 103)
~ R I BENTNCN (TR KT SACTL PN FRr N A I RN T NN Y PRy RS
- H B OO L ol R ISl I RN
|7
< | | oo 7
; E ........
581 8| | HEH P I I
(o1
9 T 2aeas |8 3| znees .
o | T
P e e e O I R e O e B K
..... l. seeeR smens - .
Bl |7 |l R R |- I I P iU
o0 TR T I R B IR IS I T
..... . :: - E :- '.'.: :...: L X 1]
. L] - . e« |seasmx | sEves [ . B8
cl | st i SENRE
(o1)
.i .l L]
D Ll Ittt S P e N 2 T B O [Py
s | &8 ® | m | wes | w | sasas
(02)
BH Teer |velen |- -
E H H g IS Hae : o "3 FH
{03}
AR o | s S AL
» 1 a8 |8 & | Pesms [ B | 1] L]
F . . : . . : l- :ll.l : .8 .l '.I L3
131 L 1] L] L] L]
{04)
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(1 —6) Character Generator RAM ( CG RAN )

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 4 kind of character in § x 7 dots mode or 2 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)u -
{03). should be written to the DD RAM as shown in Table 2-1.

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

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

Character Code CG Charactgrtt
a
(DD RAM Data) RAM Adress (GG RAM Data)
76543210 43 210 43210
- —_ -—— — «—— —_
Upper Lowser Upper Lower Upper  Lower
bit bit bit bit bit bit
1000 11T
L 001 . | 8 a*i
* 010 CEDOQ 1+
01 b 15620 Character Pa} ern
0000%x%090 00: 100 | 6 0 Example(1)
101 ) 6’ X
110 ! 001 o
_________________ ,__J___-_L_l_l_t _~____j_____9]q____ <«{Cursor Position
1000 L 170,00 1
ool | 019l
010 O 1% 10 B % &
011 v 0001040, |Character Pa}t rn
0000% %01 01: 1090 S B3 i i -g~ Example(2 ?
101 ; 0
_________________ - _____L_]_[_[ ___<__:~___-__Qf{-_ <«Cursor Position
IEREIY) !
1 001 I
0000% %11 11 5
©100 '
i 101 ' % : Don't Care
v 1106 '
i1 '

Notes : 1. Character code b|t 0, 1 correspond to the CG RAM address 3, 4(2b|t? gatterns),
2. CG RAN address 0 to 2 desjgnate character pattern |ne posatlon line is
the cursor position and the display IS per f or Y ogvca UR wu;h cursor.
Theretore, lu gase of the cursor display, | ine should
If there 1s in the 8th line, the bit l |s always dlsplayed on the cursor
503|t|on rezardless of cursor existence.
ng;actgg pattern row position correspond to the CG RAM data bits 0 to 4 are
s
"RAH character pattern are selected when charact?r code blts 4 to ] are all
is ? § haracter code bits 0 herefore, the address
éOO%u. (04)u. OSSH and (0c): select the same character pattern as shown in Table

1 ? corresFonds to digsplay On and "0" to display Off.
CG RAM addrass g to (1F)u are using for both of character pattern memory and
icon data memory.

G’U‘

210 New Janan Radio Co. L4,



TP

(1—=7) lcon Display Function

The NJUG428/29 can display not only 5 x 7 bits character pattern but also maximum 60 icons.

The icon can display by writing bit "1” to each data bit 0 to 4 in the address (14)x ~
(1F)u of CG RAM.

The fixed character display code is not affected except CG RAM writing and display ON/OFF
instruction.

The relation between (G RAM address and icon display position on the LCD is fixed even if
the display shift is executed. The relation is shown below:

CG RAM Data
Address [ 43210
14 E L R e
15 10011 E
16 11110 el ON :
17 11011 !
18 i I :
18 11010 ;
1A 10111 Useful CG RAM Address for icon data !
1B 10114 is (14)u~(1F)u. .
iC__| 10101 E
1D 10100 '
1E 01010 f-------------=~=---m-m--nny :
IF 00000 J--------+, ! :
| ! |
£ —\ r N g \ [
SEG [\ 2 60
| COMMK | {F4[1F3]1F; 140
Idispleyl | T Lol

*) The 1F. corresponds bit 4 of (1F)x in CG RAM.

Maximum Character Number and Icon Display Number in CG RAM

lcon Display Number | Max. Character Number Note
No Use 4 Characters
40 lcons 3 Characters (03)s, (07)n, (0B)w and (OF)s can not use for
Character ry.
60 | 2 Charact 02)s, (03)u, €06}, (07)u, (0A)u, (0B)
co?s racters iOE wand (0F)x can not use #or Charct. Henory

%) ¥hen the icon display function using, the system should be initialized by the software initial-
ization because of the CG RAM does not initialize except the software initialization.
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(1—8) Tining Generator

The timing generator generates a timing signals for the DD RAM, CG RAM, GG 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.

(1—9) LCD Driver Circuits

LCD driver circuits consist of 17-common driver and 60-segment driver.

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

The 60 bits of character pattern data are shifted in the shift-register and latched when the
60 bits shift performed completely. This latched data controls display driver to output LCD
driving waveform.

(1—10) Cursor Blinking Control Circuit

This circuits controls cursor On/0ff and the cursor position character blinks.

The cursor or blinks appear in the digit residing at the DD RAM address set in the address
counter (AC).

When the address counter is (08)x, a cursor position is shown as follows:

ACs ACs AC« ACa A, AC. ACo
wy{ojolof1]ofo]o

. 1 2 3 4 5 6 7 8 9 10 11 12 < Display position
1-line

Disptay J00({01]02103(04|05([06!07 Q809 |0A(0B] <« DD address
: Hexadecimal)

t Cursor position

1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
2-line 0001|102 (03]04(05]06|07 0809 /0A|OB DD ?AM address
. Hexadecimal)
Display |40 |41[42 |43 (44145 (46 |47 (48|49 |4A |48
4+ Cursor position

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

NJU6428_29
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(2) Power on Initialization by internal circuits
(2—1) Initialization By Internal Reset Circuitse

The NJUB428/29 is automatically initialized by internal power on initialization circuits when
the poweris turned on. [n 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 2.4V.

Initialization flow is shown below:

| Clear Display |

NOTE
If the condition of power supply
I 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, E0=1 : 24-character operated and initialization will
Display not performed.

D=0 DISP|3V Uff In this case the initialization

Display On/0ff C-—O :Cursor Off by MPU software is required.

Control =0 :Cursor Blink Off
| | /D= 1 lncrement by 1
| Entry Mode Set | S=0 iNo Shift
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(2—2) Initialization By Hardware

The NJU6428/29 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 signai
output during 10ms after RESET terminal goes to "H".

* Reset Circuit

RESET Hardware Reset
SYSTEM RESET
POWER ON RESET

*Timing Chart

«{Over 1.2ms—

External Reset
Signal

Counter Cutput 1 J l
RS-F/F Output ———-‘_—l
Internal Reset ——-l__l

Signal
| « 10ms el

Busy I |

(3) Instructions

The NJU6428/29 incorporates two registers, an Instruction Register (IR) and a Data Resister
{DR).

These two registers store control information temporarily to allow interface between NJUG428/
29 and MPU or peripheral ICs operating different cycles. The operation of NJU6428/29 is deter-
mined by this control 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=80kHz.
{f the oscillation frequency is changed, the execution time is also changed.
Note 2) When the reset function is executed, 12-character 1-!ine is selected.
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Table 4.

Table of Instructions

INSTRUCT IONS

cC 0 D E
RS R/W DB, DBs DBs DB+ DBa DB» DB. DBo

DESCRIPTION

EXEC
TIME

Maker Testing

0 00 000 0 0 O0 O

All 0" code is using for maker
testing.

Clear Display

Display clear and sets DD RAM
address 0 in AC.

1.63us

Return Home

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

DD RAM contents remain unchanged

125us

Entry Mode Set

/D 8§

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

125us

Display On/0ff
Control

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

125us

Cursor or
Display Shift

S/CR/L %

L

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

§/C=0 : Cursor shift

R/L=1 : Shift to the right

R/L=0 : Shift to the left

1.88ms

Function Set

Sets interface data length(DL),
number of display lines(N) and
display character number.
Character font is fixed 5 X 7.
DL=1 : 8 bits , DL=0 : 4 bits
N=1: 4-line , N0 : 2-line
Please reffer (g) for Eo and E..

125us

Set CG RAM
Address

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

125us

Set DD RAM
Address

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

125us

Read Busy Flag
& Address

BF

e —

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

Ous

Write Data to
CG & DD RA

10 «— -

Write Data

Writes data into DD or CG RAMs.

125us

Read Data from
CG or DD RAM

11 e -

Read Data

Reads data from DD or CG RAMs.

175us

Explanation of
Abbreviation

DD RAM : Display data RAM , CG RAM : Character generator RAM

Acc © CG RAM add

ress , Aoo : DD RAM address, Corresponds to cursor address

AC : Address counter used for both of DD and CG RAMs

New Japan Radio Co. L.
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(3—1) Description of each instructions

(a) Maker Testing

RS RN DB, DB DBs DB. DBs DB. DB. DBo
Code {0 [0 [0 J0 [0 Jo [o o {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 signa! input at data "0".
(Especial ly please pay attention the output condition of Enable signal when the power turns

on.)

(b) Clear Display

RS RW DB, DBs DBs DB. DBs DB. DB. DBo
Code {0 [0 [0 Jo Jo [o oo [o [1]

Clear display instruction is executed when the code "1™ is written into DBo.
When this instruction is executed, the space code (20}« is written into every DD RAM ad-
dress, the DD RAM address 0 is set into the address counter and entry mode is set incriment.
| the cursor or blink are displayed, they are returned to the left end of the LCD (the
left end of the 1st line in the 2-line display mode).

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

character pattern(Custom font).

(c) Return Home

RS RM DB, DB DBs DB. DB DB, DB: DBo
Code | 0 J 0 [0 [0 Jo Jo [o o |1 [+ ] %=0ontcare

Return home instruction is executed when the code "1” is written into DB:. When this
instruction is executed, the DD RAM address 0 is set into the address counter. Display is
returned its original position if shifted, the cursor or biink are returned to the left end
of the LCD (the left end of the 1st line in the 2-line display mode) if the cursor or biink
are on the display.

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

RS RM DB, DBs DB DB, DB: DB, DB: DB
Code J O [0 [0 [0 o o [o |1 [im]s |

Entry mode set instruction which sets the cursor moving direction and display shift
On/0ff, is executed when the code "1” is written into DB> and the codes of (/D) and (S} are
written into DB:(1/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 Funcection

1 Address increment: The address of the DD RAM or CG RAM |ncrement ( +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

;Rtlre ?lsplay shift.
e shift direction is dertermined by 1/D.: shift to the left at |/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 looks as 1f the cursor stands stil] and the display moves.
Thﬁ /}splaésdoes not shift when reading from the DD RAM and writing/reading
into/from

0 The display does not shifting.
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(e) Display On/0ff Control

RS RW DB, DB DBs DB. DB, DB, DB. DB
Gode |0 |0 [0 fo [o Jo [1 [0 [c [B]

Display On/0ff control instruction which controls the whole display On/0ff, the cursor On/
0ff and the cursor position character blink, is executed when the code "1” is written into
DBs and the codes of (D), (C) and (B) are written into DB-(D), DB:(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 dispiay 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 Function

The cursor position character is blinking. Blinking rate is 540ms at
1 fosc=80kHz for 12-character 2-line. )
The cursor and the blink can be displayed simultaneously.

0 The character does not blink.

EEEEEEC]
an sum |
| aan |
mm_ mnw |
EEENEEO
NEEEERE
EEEEEEN
EEEEEEE
HEEEEEN
HEEENER

DEENEE)
BOOOOON
EOOROON
BOCEOOR
BEEREOEO

IIWFI 0ooooq NHERNE
Cursor
Charactor Font 5 x 7 dots Alternating display
(1) Cursor display example (2) Blink display example
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(f) Cursor/Display Shift

RS R/W DB, DB: DBs DB. DB; DB. DB. DBo
Code | O [0 [0 [o Jo |1 [siofm]x |+ | #=pontcare

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 12th
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 tine display does not shift inte the Ist line position.

The contents of address counter (AC) does not change by operation of the disptay 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 DB-(D}, DB.(C) and DBo(B), as shown below.

S/C R/L Function
Shifts the cursor position to the left (3?0) is decremented by l)

Shifts the cursor position to the right )} is incremented by 1
Shifts the entire display to the left and the cursor follows it.
Shifts the entire display to the right and the cursor follows it.

—_——00
et ) ek €

(&) Function Set

RS R/ 0B, DBs DBs DB. DBs DB. DB, DB
Code | 0 0 0 0 1 DL [ N k * % % = Don't 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 (DL) and (N) are written
into DB4(DL) and DBs(N), as shown below (character font is fixed 5 x 7 dots).

(DL) sets the interface data length and (N) sets the number of display lines either the

1-line or 2-line.

NOTE

This function set instruction must be performed at the head of the program prior to

all other existing instructions(exept Busy flag/Address read). This function set in-
struction can not be executed afterwards unless the interface data length change.

DL Function
1 Set the interface data length to 8 bits (DB to DBo)
0 Set 5he interface data length to 4 bits (DB, to DB.)

The data must be sent or received twice in this mode.
Display lines Display Digit
0 1-line 12 Charcter
1 2-line 21 Charcter
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(h) Set CG RAM Address

RS RN DB, DBs DBs DB« DBs DB> DB: DBo
Code | 0 0 0 1 A A A A A A

<Higher . Lover —
order bit order bit

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

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

(i) Set DD RAM Address

RS R/W DB. DBs DBs DBs DBs; DB. DB: DB
Code f O [ o [t [ a [a [a A [a[a]al]
«Higher order bit Lower 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 mentiond by binary code " AAMAAAA " 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 ot the 1-line display(N=0), the address data is (00)x to (17)u.
And the 2-line display(N=1), the TAAAAAAAL is (00)u to (OB)s for the 1st line AND
(40)« to (4B)u for the 2nd Iline.

() Read Busy Flag & Address

RS RN DB, DBs DB DB« DBs DB. DB: DBo
Code | O 1 BF | A A A A A A A
<Higher order bit Lower order bit—

This instruction reads out the internal status of the NJUG428/23. 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 dertermined by the previous instruction).

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

RS RN DB, DBs DBs DB« DBs DB. DB, DBo
Code [1 (0 [D |D |D [D |{D |D|D|D
«Higher order bit Lower order bit—

Write Data to 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 writen into
the DD RAM. The selection of the DD RAM is determined by the previous instruction ( DD RAM
must be selected before). After this instruction execution, the address increment(+1) or
decrement (-1) is performed automatically according to the entry mode set. And the dispiay
shift is also executed according to the previous entry mode set.

*¥rite Data to CG RAM

RS R/ DB; DB DB DB« DB. DB. DB. DBo
Code {1 {0 [ D |0 [D D [D|D [D]D ]
<«Higher order bit Lower order bit—

Write Data to CG 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 5 bit data " DDDDD " are writen into the
CG RAM. The selection of the CG RAM is determined by the previous instruction ( CG RAM must
be selected before). After this instruction execution, the address increment(+1) or dec-
rement (-1) is performed automatically according to the entry mode set. And the display
shift is also executed according to the previous entry mode set.
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(1) Read Data from CG RAM or DD RAN
* Read Data from DD RAM
RS R/W DB, DBs DBs DB: DB» DB DB:. DBo

Code {1 [t [0 [0 [0 b oo [p [d]

<Higher order bit Lower order bit—>

Read Data from DD RAM instruction is executed when the code "1" is written intoe (RS) and

(R/Y).
By the execution of this instruction, the binary 8 bit data " DDDDODDD " are read out from

the DD RAM.
* Read Data from GG RAM

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

Read Data from CG RAM instruction is executed when the code "1” is written into (RS) and
(R/¥).

By the execution of this instruction, the binary 5 bit data " DDDDD " are read out from
the CG RAM.

The CG RAM or DD RAM is dertermined by previous instruction.

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

¥hen 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 regardiess of the entry mode.

Note: The address counter(AC) is automatically incremented or decremented by 1 after write
instruction to either of the CG RAM or DD RAM.  Even if the read instruction is exe-
cuted after this instruction, the addressed data can not be read out correctly. For a
correct data read out, either the address set instruction or cursor shift instruction
{only with DD RAM) must be imp!imented just before this instruction or from the second
time read out instruction execution if the read out instruction is executed 2 times
consecutively.
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(3—2) Initialization using the internal reset circuits

(a) 24-character 1-line display in 8-bit operation (Using internal reset circuits).

At the 24-character 1-line display, the Function set, Dispiay On/0ff Control and Entry Set
Instruction must be executed before the data input, as shown below.

The DD RAM of the NJUG428/29 can store up to 24 characters, as explained before, therefore
the advertising moving display is available when combined with the display shift operation.

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.

! Power On I tti gllliisdappears.
4 RS R/W DB~ DBs DBs DB. DBs DB. DB: DB
- Set the B~bit operation,
lFunctlon Set | | 0| OI 0| 0] 1| 1| 0| *l *I *| 24-character 1-line dis-
f play, 5 x 7 dots Font.
[Dise-0n/ott Cont | [ 0] o] o] o] o] o[ 1] 1] 1] 0] lgﬁnssﬁﬁégésﬁlaé Sgdé':fﬁ
| e e ot DY the
Entry Wode Set | [ 0] 0] 0] 0] 0] 0] 0] 1] 1] 0] irerement and. . surser
right shift when the data
4 gmte to the DD RAM or CG

Write data to the DD/CG RAM
and set the Instruction
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(b) 24-character 1-line in 4-bit operation (Using internal reset circuits).
In the 4-bit operation, the function set must be performed by the user programming.

When the power is turned on, 8-bit operation
first input is performed under 8-bit operation.

is selected automatically, therefore the
In this operation, full instruction can not

input because of terminals DB, to DBs are no connection. Therefore, same instruction must be
rewritten on the RS, R/W and DB to DB., as shown below. Since one operation is completed

by the two accesses in the 4-bit operation mode,

code in full.

rewrite is required to set the instruction

16-character 2-line in 4-bit operation is shown as follows:

(AAPower On AAJ

| RS R/W DB+ DBs DBs DB
(Eaﬁction Set ] l 0 l 0 | 0 l 0 I 1 I 0
4
|Functionsst | [ 0] o] o] of 1
| 0 0| Of *{ #
'
Wsp.ﬂn{ﬂff Cont | ololofofo
rEntryld'odeSetJ 8 8 8 (1) (1)
i

Write data to the DD/CG RAM
and set the Instruction
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Initialized.
No display appears.

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

Set the 4-bit ogeratlon 24-character
i~tine display, dots Font.

TQe 4-bit operation srtarts 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.
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(c) 12-character 2-1ine in 8-bit operation (Using internal reset circuits).

In the 2-line display, the cursor moves automatically from the 1st to the 2nd line after
the 12th character of the first line has been written. Therefore, if the display character
is only 8 characters in the ist line, the DD RAM address must be set by the user programing
to change the cursor position to the 2nd line.

The 1st and 2nd line displays will shift at the same time.

¥hen the displayed data is shifted repeatedly, each |ine moves only horizontally. The 2nd
line display does not shift into the 1st line position.

I Initialized.

I Power On No display appears.

} RS R/W DB DB DB: DB DBa DB OB, DBa .\
iFunction Set ] | 0 l 0 I 0 1 04[ 1 [ 1 l 1 l ¥ l % ] *AI lgicﬁaﬁacterIE—??ﬁgaté?gl
| play, 5 x T dots Font.
[oiep0n/0%f Cont | [ 0] 0] 0] 0] 0] 0] 1] 1] 1] 0] sor Entire daplay is i

space mode set by the
] inttialization.

'
[Entry Mode Set | | 0] 0] 0] 0] 0] 0] 0] 1] 1] 0] imerenent " and ovraer
. right shift when the data

¥rite data to the DD/CG RAM
and set the Instruction
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(3—3) Initialization by instruction
|f the power supply conditions for the correct operation of the internal reset circuits are
not met, the NJU6428/29 must be initialized by the instruction.

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

Initialized.
J disp

Power On No tay appears.

4

Wait more than 15ms
after Vop rises to 2.4V

4 RS R/W DB+ DBs DBs DB« DBs DB- DB:. DBo Fun Sot

[Function Set J I 0 i 0 l 0 ] 0 l 1 I 1 l * | ¥ l ¥ l ¥ l (g %OTnterface fength )
i

[Wait more than 4.1ms |
{ RS R/W DB: DBs DB DB+ DBs DB. DB, DBo c Set

“mﬁmSﬂ 'FO]O]OIOI1|1|*I*]*L*]($ P%mdmeMmm)
)

LWait more than 100us AJ
! RS R/W DB, DBs DBs DB. DBs DB, DB, DBo  Function Set

\Function Set ] [ 0 [ 0 ‘ qgl BA{AIJ 1J7 *] *J, *]7 *] (8-bit interface length )

Busy FIaEeBF) cap not be
checked before this step,
but 1t can be checed
after this step.

After this step, busy
flag(BF) check or [onger
waiting time than each
instruction . execution

l time is required.
RS R/W 0B- DB: DBs DB. DB, DB- DB, DBo

o] OIS To] BB

! RS R/W DBs DBo DBs DB. DB5 DB DB DBo
[bisptay0ft | [ o] o[ of o[ o] o] 1] 0] o] 0]
} RS R/W DB, DB DBs DB. DB, DB DB: DBo
| Display Clear | | 0] 0] 0 0] 0] 0] 0] 0] 0] 1]
! RS R/W DB: DB DB: DB, DB, DB OB, DBo s
[Entrv Mode Set 44] [ 04[ 0 [ 0 l 04[70 ] 0 1 0 [ 1 [ 1 T 0 I ;?gggmegﬁlf anshe cursgg
‘ datgGWﬁAﬁe to the DD RAM

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

Initialized.
Power On No display appears.

i

¥ait more than 15ms
after Voo rises to 2.4V

V RS R/W DB; DBs DBs DB.
[Function Sst | [ 0] 0] 0] o] 1] 1]
{
IWait more than 4.1ms I
‘ Function Set
[Function Set | [0] 0] 0] o[ 1] 1] (it interface teneth )
i
Iﬂait more than 100us ]
i
TFanction Sot_ | [ 0] 0] 0] 0] 1] 1] @5 Tniertace length)
Busy Flag (BF) can not he
checked before this step,
ltnl:iltslt can be checed after
% }gr thls stepl busy fl%E
ing time thagreagﬂg?gsrtl?tlm

tion execution time s
required.

Function
(8-bit lnterface length )

A v s . s s b ot T

RS R/¥ DB; DBs DBs DB.

- Functlon Set
l?unctnon Set I [ OI OI 0[ 0| 1 l 0| Set 4-bit interface length
by 8-bit interface length.

i
- Set the 4-bit operation,
ﬁmctwn Set I 01{0(0]0[1}0 12—character 2-line display
\ 0{ 0] 0] %] | % 5 x 7 dots Font.
Display Off 0| 0{ 0 0] 0
I ] 01 0 1 8 0 0
{
[Display clear | [ 0] 0| 0] 0f 0] 0
00| 0| 0] 0f1
i
Example for set address
Entry Mode Set | 01 0(0]0 ? 0 increment and cursor right
0{ 0] 0|1 0 shift when the data write

¥ to the DD RAM or CG RAM.

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

NJUG6428 29

(4—1) Power Supply for LCD Driving

NJUB428/29 incorporate voltage tripler to generate LCD driving high voltage and bleeder
resistance. The voltage tripler generate about triple voltage from the V., input voltage
{ 7.8V typ at lout=1mA and V.:=3V ) and bleeder resistance generate each LCD driving voltage.

The bleeder resistance is set 1/5 bias suitable for 1/18 duty ratio and 1.25MQ per resist-
ance.

Farthermore, the bleeder resistsnse output the LCD Driving bias level through the voltage
fol lower OP-AMP to get a enough display characteristics with low power consumption.

LCD Driving Voltage vs Duty Ratio

Power | Duty Ratio 1/18 Vop (+3V) Vop (+3V)
supply -
Bias 1/5
Vsour Voo to Vieo
Vet Vop
NJU6428/29 Vico
crt
’z%{ Vs v
cl” VeouT
ves C2% C27

i i = p

(a) 1/5 Bias{(1/18 Duty)
(Vo!tage Doubler unused example)

(4—2) Relation between oscillation freausncy and LCD frame frequency.

As the NJUG428/29 incorporate oscillation capacitor and resistance for CR osciliation,
80kHz oscillation is available without any external components.

The LCD frame freauency example mentiond below is based on 80kHz oscillation.
{1 clock = 12.5us )

1718 duty

60 clock

7120 3| al———lusl ol 2l 3lal
Voo I

\ A

Va
[#] 0M|V:

18l 11 2] 3]

Vs l

Ve le 1_frame Sle

I 4N

| frame >

1 frame = 12.5(us) x 60 x 18 = 13.5(ms)
Frame frequency = 1/13.5(ms) = 74.1(H2)
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(5) Interface with WU

NJUG6428_ 29

NJUG428/29 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 lines 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 upper 4-bit (the data DB. to DB- at 8-bit
length) and lower 4-bit (tha data DBo to DBs at 8-bit length).

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

RS
oy ————— N
E AR WA / U\
Internal Status ———— operation l ™ |
DB: /KR RNIR X /BusNACIKZ// /2 Busy [ACoX7/X D X 03 X7/ /7,
Instruct lon Busy Flag Busy Flag Instruct fon
writing Check Check writing
RS /
R/W /

e — N N N\

bB; X R X 1Rs X
DBe X iRs XacX
DEs X R XIR O XAcK
DB, X R XaReX

friting instruction into Readout Busy Flag(BF) Readout dats Register (DB)
Inetruction Register(IR) and Adress counter (AC)

(5—2) 8-bit WPV interface
RS
R/W —-—/ \—
Tl S A S A
Internal Status — operation L No
o8, K v Y] Busy /777 Busy /By 777K ouen X/ /Y

Busy Flag
Check

friting Instruction into
Instructlon Register(IR)

Busy Flag
Check

Triting instruction into

Busy Flsg
Check Instruct fon Register (IR}
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NUUsazs_ 29

M ABSCLUTE MAXIWUM RATINGS ( Ta=25C )
PARAMETER SYM_B_OL RATINGS UNIT
Supply Voltage (1) Voo -0.3~+1.0 v
Input Voltage Vr - 0.3 ~ Vuot0.3 v
Operating Temperature Topr - 30 ~+ 80 C
Storage Temperature Istg - 95 ~ + 125 C
Note 1) |f the LSI are used on condition above the absolute maximum ratings, the LS| may be de-

stroyed. Using the LS| within electrical characteristics is strongly recomended for
normal operation. YUse 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 : VuoVci>Vs&Vsour , Vss=0V must be maintained.
Turn on VYoo and V.: at same time or turn on Voo first then turn on V.: must be required.
If the turn on sequence does not meet above conditions, latch up will occur.

B ELECTRICAL CHARACTERISTICS { Vuo=3V£10% , Ta=-20 ~ +75C )
PARAMETER _S_!,M-HOL CONDJITIONS IN IYP MAX 1 UNIT } NOTE
Operating Voltage Voo 2.4 3.0 3.6 v
VIH O-BVI)D VDD
_Input Voltage VL .20 ) 4
; VOH ‘10H=0-205mA 20
Qutput Voltage Vou l'o.=1 6mA 05 v 5
Driver On-resist.(COM) | Recom | +1d=0.05mA{Ai| com.term.) 20 ol s
Driver On-resist.(SEG) | Rswe | 1d=0.05mACA!l seg.term.) 30
Input Leakage Current i Vinz0 ~ Voo -1 1 oA B
Pult-up Resist Current] -le Vo=3V,RS,R/H, DB Terminals] 10 25 50
Operating Current lvo Vou=3V, fosc=Internal freq 100 200 .
Vol tage Output Volt. Ve Vei=3V, lour=1mA, Ta=25C -4.6 |-4.8 v
Tripler I nput Volt. Ve! - ¥ Voo v
Volt. Effiec| Ve: Ru=00 g5.0 | 99.9 %
Bleeder resistance R= Voo-¥5=3V 1.25 NQ
Oscillation Freguency fosc | Vo3V, Taz=25°C 56 80 104 kHz
LCD Driving Voltage Vico Vsour Terminal, Vop=3V Ves Von- '} 9
3.5

* Min value is checking.
Note 4) [nput/Output structure except LCD driver are shown below:

Input Terminal Structure Input/OQutput Terminal Structure

Voo Voo Voo pROS 4 Y@ Voo
PHOS PHOS PHOS Lg |—1 PHOS
o
NHOS NHOS L{ KNOS
Vo
,,"05(,5 »— ENABLE
E Terminal RS,R/W Terminals —L
Ktos —f— DATA

DBo to DB, Terminals
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Ire) NoLGazs 25

Note 5) Apply to the Output and Input/Output Terminal.

Note 6) Except pul |-up resistance current and output driver current.

Note 7) Exceprt Input/output current but incruding the current flow on bleeder resistance.
if the input 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

Voo (+3V)
L Vei Vrmle
NJU6428/29
c1t
+
4.7 uF ZE _ Ve
C1 VsouT ‘
ves ©€2' c27 10 u?
I Ly *
+

4.7 ufF

Note 8) Rcom and Rsec are the resistance values between power supply terminals (Voo, Vsour) and
each common terminal (COM: to COMss), and supely voltage (Vuu, Vsour) and each segment
terminal (SEG: to SEG«o) respectively, and measured when the current Id is flown
on every common and segment terminals at a same time.

Note 8) Apply to the output voltage from each COM and SEG are less than =£0.15V against the
LCD driving constant voltage (Voo, Vsour) at no [oad condition.

Voltage Tripler Measurement Circuit Internal Bleeder Resistance
and Voltage Fol lower
Vop(+3V)
L Vpp (+3V)
Vei Vobp
R1
NJUG428/29
Cl' Vi
’ZE Vs R2
4.Tur - 10k Q
c! . Veour Va2
ves €2° C2 %3
[ ” | +l10muF
+ Vs
4.7 u¥ R4
¥ Voltage Doubler Internal 6 Ve
Clock Frequency = 10kHz R
Y5 O > Vs
NJUG428/29"s internal
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« Bus timing characteristics (Voo = 3.0VE20X, Vss = OV, Ta = -20 ~ +15C)

NJuU&64a28._ 29

Write operation ( Write from MPU to NJUS428/29 )

PARAMETER SYMBOL | MIN MAX | CONDITION fUNIT
Enable Cycle Time tovee 1 us
Enable Pulse Width l "High” level | Pwex 400
Enable Rise Time, Fall Time tee, tee 20
Set up Time [RS, RN, E | tus 40 fie.1 | ns
Address Hold Time tan 10
Data Set up Time tosw 60
Data Hold Time tu 10

Timing Characteristics (Write operation)

RS Xl Vi V."A><
Vs Vi
tas
tam
R/W \x Vs ,/V,._.
PWen iavt
E V_- T
Vi 10 /
Vi /| \ Vi v
nt
I po— thsw th
Vim
Vi
DBe~DB: Yarid Data
Kk
Vua Vit
tever
fig. 1




NJUG6428_"29

Read operation ( Read from NJU6428/29 to MPU )

PARAMETER SYMBOL | MIN MAX  JCONDITION JUNIT
Enable Cycle Time tovee 1 us
Enable Pulse Width l "High” level | Pwex 400
Enable Rise Time, Fall Time tee, tee 20
Set up Tine [RS., AW, E | tus 40 fig.2 | ns
Address Hold Time tan 10
Data Delay Time toow 400
Data Hold Time toon 20

Timing Characteristics (Read operation)

RS ¥ Vo, Vi
K vlL) VH.I
tas L

R/W A Vaa \VIHI

PWen 1 tAM

E “Vim Van /—_
Vi / Vi fo—- tEf v

11
(143 —_— thur
[: tour
- Vo

DB.~ DB ><LV"'"Varld Data ><
|
Voui Voui

tCYCE

fig. 2
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<> NJUGsze 23

*The Input Condition when using the Hardware Reset Circuit

Input Timing
treL
RESET
ViL
PARAMETER SYMBOL | CONGITION MIN MAX ] UNIT
Reset Input "L” Level Width trsL fosc=80kHz 1.2 - ms

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

PARAMETER SYMBOL | CONDITION MIN MAX  FUNIT
Power Supply Rise Time t:op 0.1 5 s
Puwer Supply OFF Time tors 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)

2.4y
0.2V 0.2V 0.2v
PEEENEN
trop torr
0.1msSt:0oS10ms torreims

torr specifies the power off time in a short period off or cyclical on/off.
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NJUG6428."29

W LCD DRIVING WAVE FORNM

1/18 Duty Driving

Voo ...
Vi )

Vo e
coMvy, ...

CoMy
COu,
COMs
COMy ‘“
CONs
COMe
COM»
COM,y
COMs
COMis
COMy; Va
COMyz
COMs
COMui
CO Mg
COM;¢ v,
v
COMis
COMMK—
Va
GGG
B Y @
vuuva Voo
Vi
COMMK
Vo -
SEG Vs
SEG: Vs

Ve [
Vo |71
Vo T
Ve T

Voo -
Vi e

Vo |
Vs 77

Vip -
Vi ooopeotes
Vo -

Ve oo
Vs 77

Vs o

Voo -

Vo

Vo oo
Cﬂlh‘l’3

Ve 7T

Voo -

2
Va [

Vs
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W APPLICATION CIRCUITS (1)

NJU&6428_-"29

(1) 24-character 1-1ine WITH iCON Display Example (NJU6428)

)
comac—- 3= 4

—
COMY =g itp——— s
COMB — ‘

NJUB4Z8 comg

COM16 TR
SEG1 [==4 ~

\

SEGROE == = 2

(2) 24-character 1-line WITH iCON Display Example (NJUG429)

COM1 |14
coM8}-

- =

NJUB429 comg

!
COM16—
COMK

SEG!

SEGBO
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NJUG6428_"29

I APPLICATION CIRCUITS ( 2)

(1) 12-character 2-line with lcon Display Example (NJUG428)

com—11 3 -(n——>—s3.
COMY == gty it
COMB 1t :
NJUs428 PO g
COM1B6F—
SEKG1
; ——
SEGBO
(2) 12-character 2-line with lcon Display Exampie (NJU6429)
CO.M1 &lHe 4 ﬁ
COMB 1,
NJUBAZQCOMQ HE ;%
COM16 T HH
comv—-J3-Q) > = .
SEG1 ==
SEGB0
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NJUG6428_"29

I APPLICATION CIRCUITS ( 3 )

( SZVONPN AQ pejeleues S| oFe}|OA BulA1Ip (] ) @|dwexe soejJelul dN 319 8 (1)

-ou| 30]17 40 YJvw 8pes} 1 @08

4L

LS —&— &t

R

? — T
0953s " 884 [L.E]
s¥ O 784 01¢ 014
a/ & £44 ]
1 O— ved w
| agq O— ovd i
O0—
| _ o Liq Luq
i ! O
H
o — “
144 & Lvd m-lmlel‘|
- 08Z#
6578
Ly |
. SevonrN H Mmﬁlh@ vY0!
oas —_—
— _
| Lnosy ov ov
< v v
21N0) SA aqy $2 L g,
1 1l
Y E € B
3. [v] L2 + :
EN0D
; _13

+
; ” _ VW 013109 y81ig

aap
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NJuUG6428._ 29

( 6ZYONNN Aq pe3eJauss S| ege}[on SulAIIp ()] ) 9|duexe 8JBLIOIUI 4N 319 § (7)

"0l| %0117 jO Yivw 8pe.} SI @081

-

S i

09n3s ! 88\ andy
sy O 194 o144 0%d
Mip——0—tud
00— 1p24
ogq o ovd
P
] 5 Lid L9q
&5
I G
o~
lqq S Lvd x-lﬁW||w_l-
mmS.I o8t
a3
BZyINCN mlnmm
o . b¥o}
LnoSp ov ov
1 _—. —< ~<
L LT N\ — . SA agy S92 Ly
- - - 1 1ANo) ap = AG+
IL1-355 <& = ?W_ L T T

_23
9TR0OD WH
] +22 +

5K0) -1 wN
) TR} 412 *

+
, rea 6 _ > = 1043U0) 3ysiig
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