: NJUG6428_-29

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

I GENERAL DESCRIPTION I PACKAGE OUTLINE
The NJUB428/29 is a Dot Matrix LCD controller driver
for 12-character 2-line 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 single power supply (3V).
Consequently, high-contrast display can be performed
though the simple power supply circuits.

The CR oscillator incorporates G and R, therefore no
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 RON and
32 x 5 bits RAW.

The 17-common ( 18 for character, 1 for icon ) and 60-
segment drivers are operated up to 13.5V, and the icon NJUB428X/29XFG1
common driver display up to 60 icons. :

W FEATURES

@ 12-character 2-line Dot Matrix LCD Controller Driver
@ Maximum 60 icon Display (Using COMMK)
. @ 4/8 8it 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 7 Dots )
® High Voltage LCD Driver & 17~common / 80-segment
@ Maxinum Display Character Number :
( 1/18 Duty, lcon Display Only for Version D and M is 2/18 Duty ) :

Device Display Character Position of COMMK | Duty of COMMK OP-AMP. Drive ability
NJUG428CX 1718 6507
NJUG428DX ! . 2/18 4

: pper Side
NJUB428LX 1/18 +101A
NJUB428MX | 12-Character 2-Line 2/18 -
NJUG4290X + Max.80 {con Disp. 1/18 450

NJUB428DX L Sid 2/18 -
NJUB429LX over S1de 1718 10A
| NJUBA29MX 2/18 -

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

@ Power On Initialize / Hardware Reset Function

@ Voltage Tripler and Bleeder Resistance On-chip

@ Oscillation Circuit On-chip

@ Lov Power Consumption —-- ( 100uA )

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

@ Package Outline ——  Chip / Bumped Chip / QFP100-C1 / QFP100-G1(TOFP)

@ C-M0S Technology

New Japan Radio Co.Ltd —



1Vasa
1Vg
108C,

303 lj—=0s¢C:

—— JYARQD
) ma)

1 ZR0D

1 *R0)

NJJU6428_"29

1 *Rod
— )
™3 spgpa
—— ip0n
[—— =p03

— °9n3s

€954s
[ 8933§

—— ‘°n3s

[———1 °833%
|—— 95SD3S
(——1 *sSpis
—— £93s

NJUG6 {28

— 2993S
[——1 1953s
1 0993s

- 6¥n3sg

®

[ 8¥pys
—— 4{¥n3s
1 9*n3s
[ 9¥p3s
[ rrnqs
1 £¥53g
[ z2vn3s
[ 1 1¥n3s

1 ovn3s

SEG39 ] .y

M PIN CONFIGURATION ( NJUB428FC1 )

B PIN CONFIGURATION ( NJUB429FC )
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M PIN CONFIGURATION ( NJUB428FG1 )
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I PIN CONFIGURATION ( NJUB429FG1 )
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M PAD LOCATION
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0.3/ | 30
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CHIP SIZE : 5.83mm x 4.23mm
CHIP CENTER : X=Oum, Y=0um
PAD SIZE  : 80um x 80um
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M PAD COORDINATES

CHIP SIZE 5.83mm x 4.23mm_( CHIP CENTER X=Oum, Y=Oum )

PAD NAME PAD NAME
PAD No NJUB478 | NJUGAZa X=(um) |[Y=(um) PAD No NJUG478 | NJUBATS X=Cum) | Y=(um)
1 SEG4o SEGso [ -2199.0 | -1894.0 51 DBs DBs 2134.0 | 1896.0
2 SEGa; SEGao [ -1999.0 |-1894.0 52 DBs DBs 1944.0 [ 1896.0
3 SEGa2 SEG4s ~-1799.0 [ -1894.0 53 DB~ DB~ 1784.0 1896.0
4 SEG4s SEG42 ~1599.0 | -1894.0 h4 COMg COMs 1547.0 1896.0
5 SEG4a SEG4s [ -1419.0 |-1894.0 55 COM; o COM;o 1367.0 | 1896.0
6 SEG4s SEGsa | -1279.0 |-1894.0 56 COM; » COM, 1187.0 | 1896.0
1 SEGas SEGa4s -1139.0 {-1894.0 57 COM, 2 COM, 2 1027.0 1896.0
8 SEGa~ SEGas |~ 999.0 |-1894.0 58 COM. s COM, s 887.0 | 1896.0
g SEG4s SEGay [ - 859.0 |-1894.0 59 COM, 4 COM, 4 7471.0 | 1896.0
10 SEG4g SEGss |~ 719.0 [-1894.0 60 COM: s COM;s 607.0 | 1896.0
1A SEGso SEG4s - 579.0 | -1894.0 61 COM: 6 COM; s 467.0 1896.0
12 SEGs, SEGso |- 439.0 |-1894.0 62 SEG; COMMK 228.0 | 1896.0
13 SEGs2 SEGs, | -299.0 |-1894.0 63 SEG; SEG, - 3.0 | 1896.0
14 SEGss SEGs2 | - 159.0 [ -1894.0 64 SEGs SEG» - 163.0 | 1896.0
15 SEGs4 SEGss - 19.0 {-1894.0 65 SEGs SEGs - 303.0 1896.0
16 SEGss SEGs 4 121.0 | -1894.0 66 SEGs SEG4 - 443.0 | 1896.0
17 SEGss SEGss 261.0 | -1894.0 67 SEGe SEGs - 583.0 | 1896.0
18 SEGs~ SEGss 401.0 | -1894.0 68 SEG~ SEGs -~ 723.0 | 1896.0
19 SEGss SEGs7 h41.0 | -1894.0 69 SEGs SEG, - 863.0 | 1896.0
20 SEGso SEGss 681.0 |-1894.0 10 SEGs SEGs -1003.0 | 1896.0
21 SEGso SEGsq 821.0 |-1894.0 1 SEGso SEGs -1143.0 | 1896.0
22 COMs SEGeo 1058.0 | -1894.0 12 SEG; . SEGio | -1283.0 | 1896.0
23 COM+ COMs 1339.0 {-1894.0 13 SEG; 2 SEG;: | -1423.0 | 1896.0
24 COMs COM- 1479.0 | -1894.0 14 SEG:s SEG,. | -1563.0 | 1896.0
25 COMs GOMs 1619.0 [ -1894.0 75 SEG14 SEGys | -1703.0 1896.0
26 COM4 GOMs 1759.0 [ -1894.0 16 SEG:s SEGis_ | -1863.0 1896.0
21 COMs COM. 1919.0 [ -1894.0 17 SEG:s SEG;s | -2023.0 1896.0
28 COM2 COMs 2079.0 | -1894.0 18 SEG: 7 SEG:s | -2183.0 1896.0
29 COM, COM2 2239.0 |-1894.0 19 SEG:s SEG,7 | -2343.0 | 1896.0
30 COMMK COM, 2399.0 [-1894.0 80 SEGi o SEG;e [ -2503.0 1896.0
31 0SC2 0SC- 2688.0 | -1806.0 81 SEG20 SEG;e | -2688.0 | 1561.0
32 0SC, 0SC, 2688.0 |-1497.0 82 SEG2; SEG20 | -2688.0 1281.0
33 Vs Vs 2688.0 [-1220.0 83 SEG22 SEG2; | -2688.0 | 1031.0
34 Vss Vss 2688.0 | -1080.0 84 SEG23s SEG.> | -2688.0 831.0
35 Vsour Vsour 2688.0 |~ 801.0 85 SEG24 SEG.s | -2688.0 631.0
36 C2” 02 2688.0 |- 661.0 86 SEG2s SEG24 | -2688.0 491.0
37 02" c2* 2688.0 |- 382.0 87 SEG2s SEG2s | -2688.0 351.0
38 01” C1- 2688.0 |- 242.0 88 SEG2+ SEGzs [ -2688.0 211.0
39 c1* c1* 2688.0 38.0 89 SEG2s SEG27 [ ~2688.0 11.0
40 Ves Vei 2688.0 178.0 90 SEG20 SEGos | -2688.0 |- 69.0
41 Voo Voo 2688.0 378.0 9 SEGso SEGoo | -2688.0 |- 208.0
42 RESET RESET 2688.0 578.0 92 SEGs: SEGso | -2688.0 |- 349.0
43 RS RS 2688.0 718.0 93 SEGs» SEGs; -2688.0 [ - 489.0
44 R/M R/W 2688.0 858.0 94 SEGss SEGs: -2688.0 |- 629.0
45 E E 2688.0 998.0 95 SEGs4 SEGss | -2688.0 |- 769.0
46 DBo DBo 2688.0 1138.0 96 SEGss SEGs+ | -2688.0 |- 909.0
47 DB, DB, 2688.0 | 1278.0 97 SEGss SEGss | -2688.0 | -1049.0
48 DB DB 2688.0 | 1418.0 98 SEGs~ SEGss | -2688.0 1 -1249.0
49 DBs DBs 2688.0 | 1558.0 99 SEGse SEGs» | -2688.0 | -1449.0
50 DB, DB. 2688.0 | 1698.0 100 SEGao SEGss -2688.0 | -1649.0

* The left side PAD of Nol PAD is Dummy PAD ( Coordinates X=-2499,Y=-1894 ), No need Bonding.

New Japan Radio Co. Lid.
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M BLOCK DIAGRAM
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hite) M w Oleoja P60
DB, o Generator| | Generator - =5 lel ool SEG
o (CG RAW) (CG ROW) 3 2= e ~SEG,
Vs 7; Busy 32x5bits 9600bits r) g
Flag 45 45 I———J
v s :FSO
" Re Parallel to serial| . |60bit
R, V. Convertor Shift Reg.
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M TERMINAL DESCRIPTION

NJUG428
PAD NOD. SYMBOL FUNCTI ON
FCt FG1.
41 39 Voo Power Source ( +3V)
34 32 Vss Power Source ( OV)
3 31 Vs LCD Driving Voltage Output
32 30 0SC, Oscil lation Frequency Adjust Terminals. Normally Open.
3 29 0SC» (Oscillation C and R are incorporated, Osc Frequency=80kHz)
For external clock operation, the clock should be input on 0SC; .
Register selection signal input(Pull-up resistance On-chip)
43 4 RS "0” : Instruction Register (Writing)
Busy Flag, Address Counter (Reading)
"{" : Data Register (Writing/Reading)
44 42 R/W Read/Write selection signal input(Pull-up Resistance On-chip)
"0” : Write , "1” : Read
45 43 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
50~53 48~51 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 | 44~47 | DBo~DBs NJUG428/29.
These bus are not used in the 4-bit operation.
29~922 | 27~20 | COM;~COMis | LCD Common Driving Signal
54~61 | 52~H9
30 28 COMMK Icon Common Driving Signal
62~100 | 60~100 | SEG 1”“SEGso‘ LCD Segment Driving Signal
1~21 1 ~19
39,37 37,35 C.*, Co* | Capacitor for Voltage Tripler Connecting Terminal ( +)
38,36 36,34 C,”, Co~ |Capacitor for Voltage Tripler Connecting Terminal (-)
40 38 Vei Input Terminal for Voltage Tripler (Normally Ve: = Voo)
35 33 Vsour Voltage Tripler Output Terminal
42 40 RESET Reset Terminal. When the "L” level input over 1.2ms to this
terminal, the system will be reset(fosc=80kHz)

New Japan Radio Co. L4,
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MW TERMINAL DESCRIPTION

NJUB429
PAD NO. SYMBOL FUNCT 1 ON
FC1 FG1
41 39 Voo Power Source ( + 3V )
34 32 Vss Power Source ( OV )
33 31 Vs LCD Driving Voltage Output
32 30 0SC. Oscillation Frequency Adjust Terminals. Normally Open.
3 29 0SC2 (Oscillation C and R are incorporated, Osc Frequency=80kHz)
For external clock operation, the clock should be input on 0SC:.
Register selection signal input(Pull-up resistance On-chip)
43 #1 RS "0” : Instruction Register (Writing)
Busy Flag, Address Counter (Reading)
"{” : Data Register (Writing/Reading)
44 42 R/W Read/Write selection signal input(Pull-up Resistance On-chip)
"0" : Write , "1” : Read
45 43 E Read/Write activation signal input

3-state Data Bus(Upper) to transfer the data between MPU and
50~53 | 48~h1 DB4~DB- NJUB428/29.
DB+ is also used for the Busy Flag reading.

3-state Data Bus(Lower) to transfer the data between MPU and
46~49 | 44~47 | DBo~DBs NJUB428/29.
These bus are not used in the 4-bit operation.

30~23 | 28~21 | COM,~COMys { LCD Common Driving Signal

54~61 | 52~59
62 60 COMMK Icon Common Driving Signal
63~100 | 61~100 | SEG 1~SEGso | LCD Segment Driving Signal
1~2211~2
39,37 37,35 C.*, Co* | Capacitor for Voltage Tripler Connecting Terminal ( +)
38,36 | 36,34 C.™, G2~ |Capacitor for Voltage Tripler Connecting Terminal ( - )
40 38 Vei Input Terminal for Voltage Tripler (Normally Vei = Voo)
35 33 Vsour Voltage Tripler Output Terminal
42 40 RESET Reset Terminal. When the "L” level input over 1.2ms to this

terminal, the system will be reset(fosc=80kHz)

New Japarn Radio Co. Lid.
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I FUNCTIONAL DESCRIPTION

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

The NJUB428/29 incorporates two 8-bit registers, an Instruction Register (IR) and a Data
Register(DR). The Register(IR) stores instruction codes such as "Clear Display” and "Return
Home”, and address data for Display Data RAM(DD RAM) and Character Generator RAM(CG RAM).

The MPU can write the instruction code and address data to the Register(IR), but it cannot
read out from the Register(IR).

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

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

Wihen 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 WPU read out
the data in the Register(DR), the data transmitting process is performed completely.

After reading the data in the Register(DR) by the MPU, the next address data in the DD RAM
or 0G RAM is transferred automatically to the Register(DR) to provide for the next MPU readinsg.

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

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

Table 1. Register Operation

RS |R/W | Selected Register Operation

0 0 IR Write

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

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

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

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

(1—3) Address Counter (AC)

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

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

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

New Japan Radio Co. LH.
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(1—4) Display Data RAM (DD RAM)

The display data RAM (DD RAM) consists of 24 x 8 bits stores up to 24-character display data

represented in 8-bit code.
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 ” 08 "
i [ace [acs [ace [acs [ac. [ac [aco | [0 To JTo 1 Jofo o]
<« Hexadecimal =<  Hexadecimal - - 0 =——me——— g ———

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

fch 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
3 _
Line [00 7 [0z [ 03 [ 04 [ 05 [ 06 [ 07 | 08 [ 09 oA 08 oc [oo ] o€ JoF [10 Tt 12 [1a]ta]t5]t6]17]

—

J \

COM, ~ COMs COMs ~ COM.e

\

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

( Left Shift Display )}
1ch 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24

[01loz|03|o4|o5|oa|o7|08|09|0A|08|0c|00|05|0F|10|n|12|13[14|15|15|17|00|

( Right Shift Display )
t1ch 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

|T7|oo|01|02|03|04|o5|05]07|08|09|0A|03|00|00|0£|0F|10|11|12|13|14|15|15|

New Japan Radio Co, L4,
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(1—4-=2) 2-line Display ( N=1 )
The relation between DD RAM address and display position on the LCD is shown below.

CUM1 ~ (0Ms
[ Al
1 2 3 4 5 6 7 8 8 10 11 12 < Display
1st Position
Line ] 00|01 02|03{04 (050607 |08|09)0A]|OB
2nd < DD RAM Address
Line {40 |41 142 {43 |44 {45 |46 |47 {48 |49 {4A | 4B (Hexadecimal)

\ J

COMe ~ COM;s

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

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

( Left Shift Display )
t 2 3 4 5 6 7 8 ¢ 10 11 12
(00)«< 0102|0304 (05|06{07([08|09{0A|0B][00
(40)<141 |42 143144 {45 146 (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 1414243 1441454647148 |49 | 4A | —(4B)

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

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

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

The correspondence between character code and standard character pattern of NJUB428/29 s
shown in Table 2-1 and 2-2.

User-defined character patterns (Custom Font) are also available by mask option.

New Japan Radio Co. L.



NJUs4z8 25

Table 2-1. CG ROM Character Pattern ( ROM version -02 )

Upper 4 bit ( Hexadecimal )

0[{1,23/4|5/67,8|/9/A/B|C|D|E|F

cc | A0 DO L B o8 N 56l B RO A
i : :

(02) . ate |3 3| "aete| "aeed LY ISR IS YO . o | teend | °° :

(03)

(04)

(01)

|

(03)

(04)

Lower 4 bit ( Hexadecimal )

HlE|lolalw|>] o ol

(o1

(02)

-
sneusnef
-
.
-
-

(03) .III. ". ..... ..I sasne .lll -Il.. l.: ....... .

(04) . s bee [ 8 % . ot N . esnn | Sesesd

(01)

wnns

(02)

0 »
------------
e s

(03)

(04) . . “ere’ ! senne “eset R T TN BT e “esa | 23330

New Japan Radio Co. L.
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Table 2-2. CG ROM Character Pattern ( ROM version -05 )

Upper 4 bit ( Hexadecimal )

0/1(2|3]|4,5/6|7|8/9/A/B|C|D|E|F

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

-J

Lower 4 bit ( Hexadecimal )
(@)

b M|l o|la|lw|>] o o

»
K]

. . asse . sl TR b

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

------

--------

..........
-----

New Japan Radio Co. L.
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(1—6) Character Generator RAM ( CG RAM )

The character generator RAM ( CG RAM ) can store any kind of character pattern in § 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 5 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)x -
(03)u should be written to the DD RAM as shown in Table 2-1 and 2-2.

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

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

Character Code CG Character
Pattern
(DD RAM Data) RAM Address (CG RAM Data)
76543210 43 210 43210
«—— —_—— <« —— <« ——
Upper Lower Upper - Lower Upper Lower
bit bit Eit bit bit bit
1000
1001
010
1011 Character Pattern
0000%x%00 00: i 8 ? Example(1)
¢ 110
1111 <Cursor Position
1000
001
10190
011 Character Pattern
0000%x=%x01 01 % 8 ? Example(2)
P110
5 111 <Cursor Position
1000
» 001
0000%x11 11 i
1100 '
r 101 ‘ * : Don’ t Care
¢t 110 ‘
v 111 :

Notes : 1. Character code bit 0, 1 correspond to the CG RAM address 3, 4(2bits:4 patterns).
2. CG RAM address 0 to 2 designate character pattern line position. The 8th line is
the cursor position and the display is performed by logical OR with cursor.
Therefore, in case of the cursor display, the 8th line should be ”0”.
If there is ”1” in the 8th line, the bit ”1” is always displayed on the cursor

position regardless of cursor existence.

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

4. CG RAM character patterns are selected when character code bits 4 fo 7 are all
?0” and it is addressed by character code bits 0 and 1. Therefore, the address

(00)x, (04)x, (08)x and (0C)s select the same character pattern as shown in Table
2-1, 2-2 and Table 3. . .

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

. CG RAM address (14)x to (1F)x are using for both of character pattern memory and

[=27d11
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(1—17) Icon Display Function

The NJU6428/29 can display not only 5 x 7 bits character pattern but also maximum 60 icons.

The icon can be displayed by writing bit

(14)x ~ (1F)u of CG RAM.
The fixed character display code is not affected except CG RAM writing and display ON/OFF

instructi

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

(=)
=

(=)
=1
=3

on.

SlaEE ]
| soomoon—

OOmOO0n
 EEEEEEE—

HOLD

|
|
|
]
|
B
]

BOO0O0O00
BOOOCO0E
m [ | ]}
adooooom
m| [ {1 (]]

|
—RD00000

|||
m {1111}
ONEEEC]

”1” to each data bit 0 to 4 in the address

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

|_|m|
(||
gQ
|_|m|
|
Cm
IIEF

SEG/displa

yj12345

1112131416

1617141920

COMMK

1F4~1F,

Ba~1B, | a~iDs

1C+~1Co "t 15:~150 144~14,

NOTE) The 1F. corresponds bit 4 of (1F)s in CG RAM.

< CG RAM vs. SEG terminal
for icon display >

Maximum Character Number and Icon Display Number in CG RAM

CG RAM data SEG Icon Disp.Max. Chara Note
address | 43210 |terminal Number Number
14 00110 | 56~60
15 11100 | 51<58 No Use 4 Chara.
16 | ..... 46~50 (03)u, (07)x,(0B)s and (OF)s can not use for
17 1 ..... 41~45 40 Icons 3 Chara. Character Memory.
18 ..., 36~40 (OZ)H,(03)H,(06)H,(07)H,(0A)H,(0B)H,(0E)H and
19 | ..... 31~35 60 Icons 2 Chara. (OF)u can not use for Character Memory.
1A 1 ..... 26~30
B ]..... 21~25 . . . .
NOTE) When the icon display function using, the system should be
1C 00100 | 16~20 e i s e i de L. ]
initialized by the software initialization because of the
1D 00000 | 11~15 CG RAM does not initialize except the software initialization
1E 00100 | 6~10 P :
1F 00000 1~5

WNew Japan Radio Co., Lt
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(1—8) Timing Generator

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

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

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

(1~9) LCD Driver

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

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

The 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 (AG).

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

ACs ACs AC+ ACs AC2 AC: ACo
wey| o] o] of 1] o] o] o}

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

Display [00 [ o102 03 o4 o5 06 |07 08 |09]0a oB| <« oD B address

4 Cursor position

1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
2-line 00}01{02103/04}05|06]07(Q8{090A)0B DD ?AM address
‘ <« (Hexadecimal)
Display |40 |41 (42 (43|44 |45 /46 (47 (48|49 4A|48B

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.

New Japan Radio Co. L.
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(2) Power on Initialization by internal circuits
(2—1) Initialization By Internal Reset Circuit
The NJU6428/29 is automatically initialized by internal power on initialization circuits when
the power is turned on. In the internal power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag (BF) is "1” and this status
is kept 10 ms after Voo rises to 2.4V.

Initialization flow is shown below:

| Clear Display | —_ NOTE

If the condition of power supply

rise time described in the Elec-

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

I Function Set interface data tisfied, the internal Power On

N=0 :1-Line Display Initialization Circuits will not

operated and initialization will
not performed.

- D=0 :Display Off In this case the initialization
Display On/Off C=0 :Cursor Off by MPU software is required.
Control | B=0 :Cursor Blink Off

l |/D=1: Increment by 1
I Entry Mode Set | S$=0 :No Shift

New Japan Radio Co. Lt
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(2—2) Initialization By Hardware

The NJUB428/29 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 signal

output during 10ms after RESET terminal goes to "H".

*Reset Circuit

RESET OJ Cl>—‘ Bardware Reset
:b‘ _\>L SYSTEW RESET _
e |

_._/
POWER ON RESET |

- Timing Chart

| «<Qver 1.2ms—>

Counter Output —-—I—l——J_—]
RS-F/F Output ———J—-_—I
Internal Reset __—I.____l

Signal
| < 10ms ll

Busy : I |

External Reset
Signal

(3) Instructions

The NJUB428/29 incorporates two registers, an Instruction Register (IR) and a Data Register
(DR). .

These two registers store control information temporarily to allow interface between NJUG428/
99 and MPU or peripheral ICs operating different cycles. The operation of NJUB428/29 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 DB7).

Table 4. shows each instruction and its operating time.

Note 1) The execution time mentioned in Table 4. based on fcp or fosc=80kHz.
I the oscillation frequency is changed, the execution time is also changed.
Note 2) When the reset function is executed, 24-character 1-line is selected.
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Table 4.

Table of Instructions

INSTRUCT I ONS

¢c 0 b E
RS R/W DB+ DBs DBs DB+ DBs DBa DB: DBo

DESCRIPTION

EXEC
TIME

Maker Testing

00 0 0 0 0 0 0 0 O

All "0" code is using for maker
testing.

Clear Display

Display clear and sets DD RAM
address 0 in AC.

1.63ms

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

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

125us

Display On/0ff
Control

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

125us

Cursor or
Display Shift

S/CR/L *

¥*

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

$/6=0 : Cursor shift

R/L=1 : Shift to the right

R/L=0 : Shift to the left

188us

Function Set

Sets interface data length(DL),
number of display lines(N) and
display character number.
Character font is flxed 5X7.
DL=1 : 8 bits , DL=0 : 4 bits
N=t : 2-line , N=0 : 1—Iine

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

dress

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

125us

Read Busy Flag
& Address

0 1 BF

—— AC —_———

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

Ous

Write Data to
CG & DD RAM

<— Hrite Data(DD RAM)

¥ % % <«—(CG RAW)

Writes data into DD or GG RAMs.

125us

Reéd Data from
CG or DD RAM

——

Read Data(DD RAM)

* % % <«—(CGRAW)

Reads data from DD or GG RAMs.

188us

Explanation of
Abbreviation

Display data RAM ,

DD RAM :
Ace : CG RAM address , Aoo :

CG RAM : Character generator RAM
DD RAM address, Corresponds to cursor address

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

- New Japan Radio Co. L1
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(3—1) Description of each instructions

(a) Maker Testing

RS R/W DB, DBs DBs DB« DBs DB: DB, DBo
Code [0 Jo [0 Jo [o JojofolJol]o ]

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

(b) Clear Display

RS R/W DB, DBs DBs DB. DBs DBo DB DBo
code [0 Jo [o [o [o Jo o JoJol1]

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 increment.
1§ 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)x must be blank code in the user-defined
character pattern(Custom font).

(c) Return Home

RS R/M DB, DBs DBs DBs DBs DB: DB: DBo
Code [ 0 | 0 | 0 | 0 l 0 | 0 | 0 l 0 | 1 | £ | % = Don't care

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

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

RS RM DB, DB DBs DBs DBs DB DB, DBo
Code {0 [0 Jo [o Jo Jo o [1 [in]s

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

/D Funct i on

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 determlned by I/D. : shift to the left at 1/D=1 and
1 shift to the right at the 1/D=0. The shlft is operated only for the charac-

ter, so that it looks as If the cursor stands still and the display moves.
The display does not shift when reading from the DD RAM and writing/reading
into/from CG RAM.
0 The display does not shifting.
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(e) Display On/0ff Control

RS RM DB, DBs DBs DB« DBs DB DB DBo
Code [0 Jo Jo Jo Jo Jo 1 [d [c |8

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 DB2(D), DB.(C) and DBo(B), as shown
bel ow.

D Function

1 Display On.

0 Display Off. In_ this mode, the display data remajins 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 Function

The cursor position character is blinking. Blinking rate is 540ms at
1 fosc=B0kHz for 12-character 2-line. .
The cursor and the blink can be displayed simultaneously.

0 The character does not blink.

m | | [m] CEEEC ANREN
| [m{mm] | | [m|mm]_| HEEREN
| {o{ (] RO EREER
HOREE ROOOH AEENE
mOoCm HEERE AEENEN
| | | mOO0Om HEEEE
OnERE ROOOE EEEEE
II!FI (0 HEENN
Cursor
Character 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. DBs DB, DB, DB
Code [0 [0 [0 [0 Jo [1 [sefre|* | % | #=bontecare

The Cursor/Display shift instruction shifts the cursor position or display to the risht 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 ist and 2nd line displays will shift at the same
time. When the displayed data is shifted repeatedly, each line moves only horizontally.

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

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

This instruction is executed when the code "1" . is written into DB4 and the codes of (8/C)
and (R/L) are written |nto DB5(S/C) and DB2(R/L), as shown below.

$/C R/L Funection

.0 .0 Shifts the cursor position to the left ((AC) is decremented by 1)
0 1 Shifts the cursor position to the right ((AC) is incremented by
1 0 Shifts the entire display to the left and the cursor foljows it.
1 1 Shifts the entire display to the right and the cursor follows it.

(2) Function Set

RS R/W DB DBs DBs DB. DBs DB DB: DBo
Code | 0 I 0 I 0 l 0 [ 1 l DL | N [ ¥ | ¥ l ¥ J * = 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

{-line or 2-line.

NOTE
This function set instruction must be performed at the head of the program prior to
all other existing instructions(excert 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 the interface data length to 4 bits (DB, to DB.)
The data must be sent or received twice in this mode.

N Display lines Display Digit
0 1-line 24 Character
1 2-line 12 Character
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(h) Set CG RAM Address

RS R/W DB, DB DBs DB« DB DB, DB: DBo
Code [0 [0 [ o [t [x [ a [ a Ja [ A A ] *=0ontcare

<Higher Lower _ —
order bit order bit

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

The address data mentioned by binary code ” AMAA " 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: DBo
code JO JTo [0 [a [afaalalanr]
- «<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 mentioned 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 of the 1-line display(N=0), the address data is (00)u to (17)=.
And the 2-line display(N=1), the FAAMAAAALY is (00)= to (OB)x for the Ist line AND
(40)u to (4B)u for the 2nd line. :

(J) Read Busy Flag & Address °

RS R/ DB, DBs DBs DBs DBs DB2 DB
code [0 [ [or[a [ A [a [ a [ala]n]
<Higher order bit Lower order bit—>

This instruction reads out the internal status of the NJUB428/23. HWhen this instruction
is executed, the busy flag (BF) which indicate internal operation is read out from DB- and
the address of the CG RAM or DD RAM is read out from DBs to DBo (the address for the CG RAM
or DD RAM is determined by the previous instruction).

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

*Hirite Data to DD RAM

RS R/W DB, DBs DBs DBs DBs DB2 DB: DBo
code [1 Jo Jo Jo [o [o fofo o o]
<«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 written into
the DD RAM. The selection of the DD RAM is determined by the previous instruction ( DD RAM
nust 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 display
shift is also executed according to the previous entry mode set.

«Write Data to_CG RAM

RS RM DB, DBs DBs DB« DBs DB> DBy DBo
Code I 1 l 0 I ¥ I % | % l D I D | D | D l D = Don’t care
<«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 written 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 RAM
s Read Data from DD RAM

RS R/MW DB, DBs DBs DB« DBs DB> DB: DBo
code [1 0 o o [o oo o [0 0]

<Higher order bit Lower order bit—>
( Re§d Data from DD RAM instruction is executed when the code "1” is written into (RS) and
R/W).
By the execution of this instruction, the binary 8 bit data ” DDDDDDDD " are read out from
the DD RAM.

*Read Data from CG RAM

RS RM DB, DBs DBs DBs DBs DB. DBy DBo
Code I 1 I 1 | ¥ 1 * | % I D l D | D I D I D * = Don’t care

<Higher order bit Lower order bit—>
Read Data from CG RAM instruction is executed when the code "1” is written into (RS) and
(R/W).
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 determined 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.

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

The address set instruction is not required if the cursor shift instruction is executed
just beforehand (only DD RAM reading).

The cursor shift instruction has same function as the DD RAM address set, so that after
reading the DD RAM, the address increment or decrement is executed automatically according
to the entry mode.

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

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

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

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

The DD RAM of the NJUB428/29 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 unchanzed, display data which are entered first can be output when the return home
operation is performed. :

Initialized.
| Power On J No display appears.
{ RS R/W DB, DBs DBs DBs DBs DB. DB: DBo ) i
- Set the 8-bit operation,
'Functlon Set ] l OI 0| 0' Ol 1| 1| 0| *l *l *l 24-character 1-line dis-
. play, 5 x 7 dots Font.

1 display and cur-
[oisp.on/0tf cant | [0 o] o[ o o[ o[ 1T 1] 1] 0] §§522Eg§é3§5é§§lggylg:;;‘g
| initialization.

¥

Example { t add
|Entry Mode Set J I 0 l OI 0 ‘ 0 I OI 0 ! 0 | 1 I 1 |i| ﬁgnﬁgmgﬂ}t: ﬁén t:gu5§§2
i gﬁite 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 DBo to DBs are no connection. Therefore, same instruction must be
rewritten on the RS, R/W and DB+ to DB., as shown below. Since one operation is completed

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

code in full.

rewrite is required to set the instruction

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

[ Power On ]

} RS R/W DB, DB DBs DB.
[Function st | [0 o] o] o] 1] 0]

4
[Functionset | [ 0] 0} of 0f 1

| 0| 0f 0] x| *

'
[ Disp.On/0ff Cont | [ 0] 0] 0f 0] 0

! ol of 1|11
[Entry Mode Set | [ 0| 0} 0] 0] 0

| o 0f 0] 1] 1

!

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

New Japan Radio Co. L1

Initjaljzed.
No display appears.

Set the 4-bit operation.
This steﬁ is executed in 8-bit mode
e

set by the initialization.
Set the 4] blt 0 eratlon 24-character
1-1ine display, dots Font.

The 4-bit operatlon starts from this
step.

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

Example for set address increment and
cursor right shift when the data write
to the DD RAM or CG RAM.
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(c) 12-character 2-line in 8-hit 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 1st line, the DD RAM address must be set by the user proeraming
to change the cursor position to the 2nd line.

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

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

Initialjzed.
l Power On J No display appears.
i RS R/W DB, DBs DB DB. DBz DB> DB, DBo Set the 8-bit ti
’Function Set I | 0 | 0 I 0 | 0 l 1 I 1 l 1 | ¥ | ¥ l ¥ l 1§-cha?acterl2-?fﬁ£a é?gl

| play, 5 x 7 dots Font.

. Turns on display and cur-
lDisp.Onl/Off cont ] [ 0] o] o o[ of o] 1] 1] 1] 0] %;;Eﬁé:é‘:%%t3&.3‘:72

© Example for set add
[Entry Mfde set | [ o] o] o[ o] o] o] ol 1] 1]0] :?EE%“‘ERETW?,EE t:§"5§§§

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

New Japan Radio Co.Lid.



Iil!l!:!liiil NJU6S4z28"29

{3—3) Initialization by instruction
If 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.
Power On No display appears.
!
Wait more than 15ms
after Voo rises to 2.4V
! RS R/W DB, DBs DBs DB. DB. DB. DB: DB.
- Function Set
Function Set O Of O O 1| 1] *| *| %! =* (8-bit interface length )
i
Wait more than 4. 1ms
! RS R/W DB, DBs DBs DB+ DBs DB- DB, DB.
- Function Set
Function Set 0 O O] Of 1} 1| *| %] *| = (8-bit interface length )
i)
Wait more than 250us
l RS R/W DB, DBs DBs DB4 DB. DB. DB, DB. Function Set .
(8-bit interface length ) -
Function Set Q] O O Of 1| 1| *| *| %] *

Busy FlagBF) can not be
checked before this step,
but it can be checked
after this step.

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

Set the 8-bit operation,

RS R/W DB, DBs DBs DB. DBs DB- DB. DB.

Function Set 0} O O O 1| 1} 1 *| *| % Lg—o?aracter 2-line
ispiay.
iy RS R/W DB, DBs DBs DB. DBs DB. DB: DB.
Display Off 0] 0f 0l O]l O] O} 1] O] OfO
i RS R/W DB, DBs DBs DB+ DBs DB» DB, DBo
Display Clear 0| 0| O O} O] O] Of 0] O} 1
l RS R/W DB- DB« DBs DB. DB: DB. DB. DB.
Example for set address
Entry Mode Set 0, 0f 0l O[O} O] O] 1] 1] O increment and cursor
right shift when the
l data write to the DD RAM
or CG RAM.

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

New Japan Radio Co., L.
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Power On

!

Wait more than 15ms
after Voo rises to 2.4V

1 RS R/W DB- DBs DBs DB
Function Set 0| 0 0 Of 1] 1
l
Wait more than 4. 1ms
i
Function Set ¢, o] 0of O} 1] 1
!
Wait more than 250us
i
Function Set Q) 0] 01 0] 11
!
Wait more than 250us
! RS R/W DB, DBs DBs DB.
Function Set 0] 0f{ 0y O] 1] O
!
Wait more than 250us
!
Function Set 0] 01 0] 0} 1} 0
O O 1] *{ *| *
!
Display Off 0| 0| 0f 0{. 0} O
0| 0| 1[0} 0] O
i
Display Clear 91 01 0] 0] O] O
0] 0l 0] O] O 1
l
Entry Mode Set 0l ol 0[0{ 0] O
7 0l 0} O 1] 1] 0

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

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

Initialized
No display appears.

Function Set
(8-bit interface length )

Function Set
(8-bit interface length )

Function Set
(8-bit interface length )

Function Set
Set 4-bit interface length
by 8-bit interface length.

Set the 4-bit operation,
12-character 2-line display.

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

After this step, busy flag
(BF) check or longer wait-
ing time than each instruc-

tion execution time is
required.
Example for set address

increment and cursor right
shift when the data write
to the DD RAM or CG RAM.

New Japan Radio Co.LEd.
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(4) LCD DISPLAY

(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 Ve: input voltage
( 7.8V typ at lout=1mA and V.:=3V ) and bleeder resistance generate each LCD driving voltaze.

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

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

LCD Driving Voltage vs Duty Ratio

Power | Duty Ratio 1/18
supply -
Bias 1/5
Vsour Voo to Viep
Vop (#3V) Vpp (+3V)

Vei Voo

NJU6428/29 Vicop

ctt

+z€ N
c1- VsouT

(a) 1/5 Bias(1/18 Duty)
(Voltage Tripler used example)

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

As the NJU6428/29 incorporate oscillation capacitor and resistance for CR oscillation,
80kHz oscillation is available without any external components.

The LCD frame frequency example mentioned below is based on 80kHz oscillation.
(1 clock = 12.5us )

1/18 duty
60 clock
y (97 21 31 4] ETIRE I N — 18] 1] 2] 3|
v.n I
V.,
COMyy:
Vi
Vs
L 1 frame | 1 frame
< N !
1 frame = 12.5(us) x 60 x 18 = 13.5(ms)
Frame frequency = 1/13.5(ms) = 74.1(Hz)

New Japan Radio Co. L.
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(5) Interface with MPU

NJUB428/29 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 MPU interface

When the interface length is 4-bit, the data transfer is performed by 4 lines connected to
DBs 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 (the data DB to DBs at 8-bit length).

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

RS

174 § ———————/

Y VA NV VA W U WA U

Internal Stm,us_—_—-'——u—pe;:ti:_1 [ :
NO

ve, 7/ XURXIRN/ Jhan e [/) > e, X[ /)Xo X0 X0/ /]
Instruction Busy Flag Busy flag Instruction
Writing €Check Check Writing

RS /
-/
R/W
VANV NV NV NIV WA N

o8, R TR XEEX XRE X @R X8
0Bs TR X TR XRE OXEED R OXIR
DB TR XA XD R XIR
b8 TR XRE KR X KR Xk

Writing instruction into |Resdout Busy Flag®F) Readout data Register (R)
instruction Register(IR) and Adress counter(AC)

(5—2) 8-bit MPU interface

RS
e — v/ v
Internal Status J operation |
Ne
DBy MMB“VV/ jBusW//////)\Busy/”ZZXDMA /77171,
Writing Instruction into |Busy Flag Busy Flag Busy Flag Writing lastruction into
Instruction Register(IR) Check Check Check Instruction Register (iIR)

New Japan Radio Co.Ltd.
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W ABSOLUTE MAXIMUM RATINGS ' - ( Ta=257C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -03~+1.0 v
Input Voltage Vr - 0.3 ~ Vopt0.3 v
Operating Temperature Topr - 30 ~+ 80 C
Storage Temperature Tste - 55 ~ + 125 C

Note 1) If the LSI are used on condition above the absolute maximum ratings, the LSI may be de-
stroyed. Using the LS| within electrical characteristics is strongly recommended for
normal operation. Use beyond the electric characteristics conditions will cause mal-
function and poor reliability.

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

Note 3) The relation : Voo=Ve:>Vs=Vsour , Vse=0V must be maintained.

Turn on Voo and Ve: at same time or turn on Voo first then turn on Ve: must be required.
I¥ the turn on sequence does not meet above conditions, latch up will occur.

Note 4) Decoupling Capacitor(Co) should be connected between V.: and Vss due to stabilized ope-

ration for the tripler.

M ELECTRICAL CHARACTERISTICS . ( Vpo=3V420% , Ta=-20 ~ +15°C )
PARAMETER SYMBOL _ CONDITIONS MIN TYP MAX__J UNIT | NOTE
Operating Vol tage Voo 2.4 3.0 3.6 )
. VIH O-BVDD : ) VDD
Input Vo!tage Viu 9.2Vom ) 5
Vou -108=0.205mA 2.0

Output Voltage Vou Ton=1. 6mA 05 ) 6
Driver On-resist.(COM) | Rcom | F1d=5uA(All com.term.) 20 ol o
Driver On-resist.(SEG) | Rsze | F1d=BuA(All seg.term.) 30

Input_Leakage Current ot Vix=0 ~ Voo -1 1

Pull-up Resist Current| -l» Voo=3V, RS, R/W, RESET, 10 | 25 50 uh

DB Terminals
Operating Current Iop Vop=3V, fosc=internal frea 100 200 uA | 8
Vol tage Qutput Volt. | Vue V=3V, lour=1mA, Ta=25°C - 4.6 |-4.8 ]
Tripler Input Vol?.' Veu - ¥ Voo v
Conv. Effici Ver Ru=00 95.0 | 99.9 #

Bleeder resistance Rs Voo-V5=3V, (Per Resistance) 1 MQ
Osci | lation Frequency fosc | Voo=3V, Ta=25"C 56 80 104 kHz

LCD Driving Voltage Veicp Vsour Terminal, Voo=3V Vss Voo~ v 10

: 13.5

% Min value is checkine.
Note 5) Input/Output structure except LCD driver are shown below:

Input Terminal Structure Input/Output Terminal Structure
VDD VoD VbD pros 3 VP vop

PMOS B puo PUOS o "":g gy pres
L| NNOS

NuOS NMOS Vo
" enos [—T—CC}:—ENMLE

E Terminal RS,R/W Terminals :E l
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Note 6) Apply to the Output and Input/Output Terminal.
Note 7) Except pul l-up resistance current and output driver current.
Note 8) Except Input/output current but including the current flow on bleeder resistance.
If the input level is medium, current consumption will increase due to the penetration
“current. Therefore, the input level must be fixed to "H” or "L".

Operating Current Measurement Circuit

Voo (+3V)

Co +——I_-
=L

Vet Voo —?
NJUG428/29
ct
+
4.7 nF é{ Vs
cl VsouT
ves C2% c2”

i:lo;tl-‘
+

Note 9) Rcom and Rsec are the resistance values between power supply terminals (Voo, Vsour) and
gach common terminal (COMy to COMys / COMMK), and supply voltage (Voo, Vsour) and each
segment terminal (SEG; to SEGso) respectively, and measured when the current |d is flown
on every common and segment terminals at a same time.

Note 10)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 load condition.

4.TufF

Internal Bleeder Resistance
and Voltage Fol lower

Voltage Tripler Measurement Circuit

Vop (+3V)
—— Voo (+3V)
Co [+ Ro
10« F v
—1 Ve Voo Re
Va
NJU6428/29 Re
CI+ Re v
4.7 nF +ZE Ve
: c1- VsouT 10k @ ® Ve
ves 2% c27 . :
s 10 & F s O + Ve
! NJUG6428/29 Internal
Y 4. 7ur

* Voltage Tripler Internal
Clock Frequency = 10kHz
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. Bus timing characteristics (Voo = 3.0VE20%, Vss = OV, Ta = =20 ~ +75C)

Write operation ( Write from MPU to NJUB428/29 )

PARAMETER SYMBOL | MIN MAX | CONDITION | UNIT
Enable Cycte Time tevee 1 us
Enable Pulse Width | "High” level | Pwen | 400 |
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, R, E | tas 40 fig.! | ns
Address Hold Time tau 10
Data Set up Time tosw 60 -

Data Hold Time tu 10

Timing Characteristics (Write operation)

£ Vim i Vi
R S ){,(vm Viu

tas N o tom
R/ W \\vm : j{“
— Pren——3| '~
Viny (V—__—V_> tee /_
E Vu.lﬂ/ " " \(Vlu %
DB tEr — tpasw tu
0
Y™ varid datay"
~D Bz~
Ml tcvYce -
fig. 1
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Read operation ( Read from NJU6428/29 to MPU )

PARAMETER symeoL | MIN | max  [conpiTion umiT
Enable Cycle Time tever 1 us
Enable Pulse Width | "High” level | Pvex | 600
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, R/H, E | tus 40 fig.2 | ns
Address Hold Time tan 10
Data Delay Time toow 600
Data Hold Time toos 20

Timing Characteristics (Read operation)

ZV"" VlNl
RS ><<Vlu Viu
tos N L tw
R / w 'm t Vim
__/ S J— P'EH—__;
Vi Ly [7 ter
E Vi /: ) ) IHI)L Vs ]/—
tE;—’ ,(-—tDDR R ‘ tu
D Bo Van 1id Dat Vo
v, Vs d sta y
~D B (1] o
tevyce
fig. 2
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«The Input Condition when using the Hardware Reset Circuit

Input Timing
trsL
-V
RESET
Viu -
PARAMETER SYMBOL | CONDITION MIN MAX | UNIT
Reset Input "L” Level Width trsL fosc=80kHz | 1.2 - ms

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

PARAMETER SYMBOL | CONDITION MIN MAX JUNIT
Power Supply Rise Time t:op 0.1 5 ns
Power Supply OFF Time torr 1

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

troD toFF

0.ims=t.op=bms torr=1ms

torr specifies the power off time in a short period off or cyclical on/off.
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M LCD DRIVING WAVE FORM

1/18 Duty Driving

1121314151 vovveeeens (14516171811 121314181 < evvveennrns 114/15;16)17,18
COM Yoo 7 T R
COM2 Vi (5
o cour - : S
COMs @ V’ e 7
COMs A ))
COMs L e e |
COMy
COMs Vo -eeeteee
T
COMy f— T
COMw € COMe Va
COMur Vi
COMiz Vs )
COM
COMis
dely Voo
COMig Vi
COM:sVZ
COMMK Vi
Vi
SSS TS v
) ) ) L2 gy
L7 B B B 7o B 7 | Vpn
Vi
Va [
COMMKvs
Vo 7Y
Vs
Yoo ...
Vi
Vi -
SEG Vs
v‘ veed
Vs
Voo
Vi
Va i
SEG: Vs
V4
Vs
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IR APPLICATION CIRCUITS ( 1)

(1) 24-character 1-line WITH iCON Display Example {NJUG428)

N\
COMMK —-—n -[(]1))———-9———&—-&?-"—‘— E]-l
COM, ’ jE: i s
CO‘M&
COM,
NJUG428 E
COh:hs
SEG,
i ____________
i
5 :
5 !
]
|
SEGso : %
(2) 24-character 1-line WITH.iCON Display Example (NJUB429)
&l | | &l b
CO}M. —H iéiﬁ: %r“k
t s &t e
COMs f Trt %\T i it
-ﬂﬂﬂ)» ’9_@51@- ]
NJUG429 COIMs
co;n.
COMMK
SEG,
! ___________
i
| ;
! :
SECeo 3
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I APPLICATION CGIRCUITS ('2)

(1) 12-character 2-line with Icon Display Example (NJU6428)

COMMK n —[Q ) —/>> If-ﬁr[]_l

COM;
'

o

COMg

COMg
[}

1106428 E

COM 6
SEG,

SEGeo

(2) 12-character 2-line with lcon Display Example (NJU6429)

CoM,
i
i
1
COMs
COM,
|
npss oMl
COMMK —[ﬂ) AN G _
lﬂ ) ’ nas E.]-—'
SEG b——— T
; g ]
e 111
]
]
|
|
|
i
i
3
t
SEGeo

New Japan Radio Co. LEd.



NJU6428."29

I APPLICATION CIRCUITS ( 3 )

10

( 8ZVONMN AQ PeleJauas S| 031 |OA BUIALIP (07 ) B|dueXe adejiaul Adh 319 8 (1)

*ouj 50]17 40 YJeu 8pes3 1 @087

i +

wogg  SSA N A ano
| sul—d————fama oo tea
_ ma & £8d i |
| q b vad | |
I
\ ! 0aa o— wd | _
“ _ “ VK\‘ _ 19a aa
H [ | |
" i \KK\‘ i
1 ! b: 1Y
! i \m, I M ||©J|| am
1aa wd T
! 8 ,_«1 5528 082 *
" _ au|—o BT
IIIIIIIIIIIIII - [ AR | -1 -
_ , ! byoI
—] ‘o@s | ov w
1nosp | v 144
NpWOD A “ 0y el ol AS+
1
1 i
m ) | e
I
SW0D 20 w t
*WOD “
“ -10 1
_ wu ! ®©
o JFT +
WOD !
L 043109 JUS14
~[]-""" >3 —__ - XWWOD oA B} A
B = ( . "
T A
o
!

|||||||||||||||||||||||||||||||||||||||||||||| J B>F
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MEMO
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[CAUTION]

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




