NJUs4aO0O6B

24—-CHARACTER 2—LINE DOT MATRIX LCD
CONTROLLER DRIVER

Il GENERAL DESCRIPTION B PACKAGE OUTLINE
The NJU6406B is a 1 Chip Dot Matrix LCD controller dri-
ver for wp to 24-character 2-1ine displiay.
It contains voltage converter, microprocessor inter-
face circuits, instruction decoder controller, character
generator ROM/RMM and high voltage operation common and @
segment drivers.
The voltage converter generates about twofold voltage
(10V or 6V) from single power supply 5V or 3V). Conse-
auently, high-contrast display can be performed though
the simple power suwpply circuits.
The microprocessor interface circuits which operate NJU6406BC
2MHz frequency, can be connected directly to 4bit/8bit
MiCroprocessor.
The character generator consists of 9,600bits ROM and
64 bytes RAM. The standard version ROM is coded with 240
characters including capital and small letter fonts and
some of Japanese fonts.
The high voltage operation 32-common and 60-seement
drivers operate by 13.5V or 12V, and drives up to 24-
character 2-line LCD panels which divided four common
electrode blocks.

B FEATURES
@ 24-character 2-line Dot Matrix LCD Controller Driver
@ 4/8 Bit Microprocessor Direct Interface
@ Display Data RAM - 80 x 8 bits ; Maximum 24-character 2-line Display
@ Character Generator ROM - 9,600 bits ;, 240 Characters for 5 x 7 Dots
@ Character Generator RAM - 64 x 8 bits ; 8 Patterns( 5x7 Dots )
@ Microprocessor can access to Display Data RAM and Character Generator RAM
@ High Voltage LCD Driver ; 32-common / 60-segment
@ Programable Duty Ratio ;

1/16 Duty for 5x 7 Dots + Cursor, 1 Line
1/32 Duty for 5x 7 Dots + Cursor, 2 Lines

@ Nuber of Maximum Display Characters
| Display Line | Duty Font Max. Disp. Characters
1 Line 1/16 duty |5 x 7 dots + cursor | 24-character 1-line
2 Lines 1/32 duty |5 x 7 dots + cursor | 24-character 2-1ine
@ Useful Instruction Set
Clear Display, Return Home, Display ON/OFF Cont, Cursor ON/OFF Cont, Display Blink,
Cursor Shift, Character Shift
@ Power On Initialize On—chip
@ Voltage Converter On-chip
@ Oscillation Circuit On-chip(External R or Ceramic Resonator required)
@ Low Power Consumption
@ Operating Voltage -—- +5V/+3V
@ Package Outline -—-  Chip / Bumped Chip / TCP
@ C-MOS Technology
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B PAD LOCATION
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Chip Size X =573m , Y = 5.00mm
Chip Thickness . 400um + 30um
Pad Size > 100um X 100um
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I COORDINATES

Chip Size X =5.73m , Y = 5.00mn
Chip Thickness : 400um + 30um

Chip Center © X = Oum, Y = Oum

No |Pad Name | X (um) |Y (um) | No |Pad Name [X um) |Y (um | No |Pad Name [X () | Y (um)
1 SEG4s -2320 | -2275 4 Vsour 2640 |- 720 81 SEG - 880 | 2275
2 SEGss -2160 | -2275 42 C: 2640 |- 560 | 82 SEGs -1040 2275
3 SEG4 7 -2000 | -2275 43 Cz 2640 |- 400 83 SEGs -1200 2275
4 SEGas -1840 | -2275 44 Vei 2640 |- 240 84 SEG1 6 -1360 2275
5 SEGso -1680 | -2275 45 Voo 2640 (- 80 85 SEG:, -1520 2275
6 SEGso -1520 | -2275 46 RS 2640 80 86 SEG, 2 -1680 2275
7 SEGs -1360 | -2275 47 R/W 2640 240 87 SEG: 3 -1840 2275
8 | SEGs: -1200 |-2275 | 48 E 2640 400 | 88 | SEG:. -2000 | 2275
9 SEGs5 -1040 |-2275 49 DBo 2640 50 | 89 SEG; 5 -2160 2215

10 | SEGs. |- 880 |-2275 | 50 DB 2640 720 | 90 | SEGie |-2320 | 2275
11 | SEGss |- 720 {-2275 | 51 DB 2640 880 1 91 | SEGi+ |-2640 | 2160
12 | SEGss |- 560 |-2275 | 52 DB 2640 | 1040 | 92 | SEG:s |-2640 | 2000
13 | SEGs» |- 400 |-2275 | 53 DB. 2640 | 1200 | 93 | SEG:o |[-2640 | 1840
14 | SEGss |- 240 |-2275 | 54 DBs 2640 | 1360 | 94 | SEG.o |-2640 | 1680
15 | SEGso |- 80 |-2275 | 55 DBs 2640 | 1520 | 95 | SEG.. |-2640 | 1520
16 | SEGso 80 |-2215 | 56 DB 2640 | 1680 | 96 | SEG.. |-2640 | 1360

17 | COMs 240 | -2215 | 57 T2 2640 | 1840 | 97 | SEGz» |-2640 | 1200
18 | COMio 400 |-2275 | 58 Tl 2640 | 2000 | 98 | SEG2. |-2640 | 1040
19 | COM:, 560 |-2275 | 59 COMz. | 2640 | 2275 | 99 | SEGzs | -2640 880

20 | COM;. 720 |-2275 | 60 COMzs | 2480 | 2275 |100 | SEGas | -2640 720
21 | COM.s 880 |(-2275 | 61 COMz> | 2320 | 2275 101 | SEG.; |-2640 560
22 | COMy. 1040 | -2275 | 62 COMz. | 2160 | 2275 102 | SEG.s |-2640 400
23 | COM:s 1200 | -2275 | 63 COMz0 | 2000 | 2275 | 103 | SEGeo |-2640 240
24 | COM:s 1360 |-2275 | 64 COMio | 1840 | 2275 1104 | SEGso | -2640 80
25 | COMzs 1520 |-2275 | 65 COMis | 1680 | 2275 |105 | SEGs, |-2640 |- 80
26 | COMze 1680 |-2275 | 66 COM:» | 1520 | 2275 |106 | SEGs2 |-2640 |- 240
27 | COM2- 1840 | -2275 | 67 COMs 1360 | 2275 |107 | SEGss |-2640 |- 400
28 | COMzs 2000 [-2275 | 68 COM- 1200 | 22715 |108 | SEGss |-2640 |- 560
23 | COMzo 2160 [-2275 | 69 COMs 1040 | 2275 {109 | SEGss |-2640 |- 720
30 | COMso 2320 |-22t15 | 70 COMs 880 | 2275 |10 | SEGss |-2640 |- 880
31 | COMs: 2480 |-2275 | N COM.4 720 | 2275 |11 | SEGs, |-2640 |-1040
32 | COMs2 2640 |-2215 | 72 OOM 960 | 2275 |12 | SEGss | -2640 |-1200
B | Vs 2640 |-2000 | 73 COM: 400 | 2275 |13 | SEGss |-2640 |-1360
34 | 0sC, 2640 |-1840 | 74 COM, 240 | 2275 |14 | SEG.o |-2640 |-1520

3H | 0sC. 2640 {-1680 | 75 SEG: 80 | 2275 | 115 | SEG.: [-2640 |-1680
% |V 2640 |-1520 | 76 SEG2 |- 80 | 2275 | 116 | SEGs» |-2640 |-1840
IV 2640 |-1360 | 77 SEGs |- 240 | 2275 | 117 | SEG.s |-2640 |-2000
38| Vs 2640 |-1200 | 78 SEG. |- 400 | 2275 | 118 | SEG.s |-2640 {-2160
/| V. 2640 |-1040 | 79 SEGs |- 560 | 2275 | - - - -
40 1 Vs 2640 |- 880 | 80 SEGs |- 720 | 2215 | - - - -
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Il TERMINAL DESCRIPTION

NO. SYMBOL FUNCTI ON
36~40 Vi~Vs LCD Driving Power Source
45 Voo Power Source (+5V/ +3V)
33 Ves Power Source ( OV)
Oscillation Terminals; External R or Ceramic Resonator connect
34,35 J0SC;, 0SC> |[to these terminals. ] ]
Sg(r; external clock operation, the clock should be input on
1.
Registgr selection signal input "
46 RS 0 !'unstrwl:taon Register Rn(tj!ns;
Sy eading
"1" . Data Reg?ster (Writing/Reading)
47 R/W Read/Yrjte selecti ignal input
/WOJ' > Write ,Onlﬁ - Read
48 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
53~56 DB+~DB- NJUG406B ]
DB, is also used for the Busy Flag reading
3-state Data Bus(Lower) to transfer the data between MPU and
49~52 DBo~DB3 NJU6406B ) i )
These bus are not used in the 4bit operation
74~67 | COM; ~COMs | LCD Common driving signal ) )
17~24 | COMo %gﬂls No use terminals output no-active signal, or COM:7~COMs2 out-
66~59 | COM.-~COM=4 | put no-active signal in the 1/16 duty operation.
25~32 25 32
75~118 | SEG. ~SEG«44 | LCD Sesment driving signal
1~16 | SEGes~SECes
Capacjtor for Voltage Dougler Connecting Termjnal E + 3
42,43 C., C Capacitor for Voltage Doubler Connecting Terminal ( -
44 Ve Input Terminal for Voltage Doubler ( Normally Ve: = Voo )
4] Vsout Voltage Doubler Output Terminal
58 T Maker Testing Terminal (Normally Open)
57 T2 Maker Testing Terminal (Normally Open)
5-200 New Japan Radio Co. Lid.
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I FUNCTIONAL DESCRIPTION

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

The NJUB4OEB incorporates two 8-bit registers, an Instruction Register(IR) and a Data
Register OR) .

The Register(IR) stores instruction codes such as "Clear Display” and “Return Home”, and
address data for Display Data RAM (OD RAM) and Character Generator RAM(CG RAM). The MPU can
write the instruction code and address data to the Register(IR), but it cannot read out from
the Register (IR).

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

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

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

After reading the data in the Register(DR) by the MPU, the next address data in the DD RAM
or CG RMM 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 Write

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

] 1 Read (0D or CG RAM to DR)

(1—2) Busy Flag (BF)

When the internal circuits are in the operation mode, the busy flag is "1”, and any instruc-
tion 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 busy flag (BF) eoes 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 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
(ACQ) 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, L1, 5-201
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(1—4) Display Data RAM (DD RAW)

The display data RAM(DD RAM) consists of 80 x 8 bits, stores up to 80-character display data
represented in 8-bit code.

The unused display data memory area in the DD RAM can be used as a general data memory area.

The DD RAM address data set in the address Counter(AC) is represented in Hexadecimal.

~Higher order bit Lower order bit— ( Example) DD RAM address ” 4E "
AC{ACs [ACs |Ac. [aC, [ac. [ac, |AC | L o Jo v Tl Jo]
< Hexadecimal —«—  Hexadecimal —— ——— 4 ———e— E ———

(1—4-1) 1-line Display ( Function set code N=0 )

(a) 24-character 1-line Display Examle
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 456 7 8 91011 12 1920 21 2 23 24 «Display
) Position
1 Line {00 [01 J02 [ 03 04 Jos [06 Jo7 o8 [ o9 [oa [0B [—— [12[13]14]15 16 ]17] —o0 Ram

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

( Left Shift Display )
@ o1 02 |03 04 [05 [06 o7 Jos Too [oa o8 Joc [-—— [13]14]15[16]17 18]

( Right Shift Display )
[4F [00 o1 [0z [03 J04] 05 [o6 o7 Tos o5 o | — |11 [12]13]14 s Ti6] -am

(b ) 20-character 1-line Display Examle
The relation between DD RAM address and display position on the LCD is shown below:

1 2.3 4.5 6 7 8 9101 12 17 18 19 20 «Display,
Position
1 Line |00 |01 02 [03 |04 Jos T o6 Jor [o8 Tog [oa [oB [-——— [10]11]12] 13| 00 M Address
(Hexadecimal)

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

( Left Shift Display )
-« [o1 {02 |03 |04 ] 05 [o6 [ o7 [08 Toa [ oa 08 Joc [-—— |11 {12 ]13]14]

( Right Shift Display )
L4 Joo]or [02 030405 o [or o8 oo [on [ ———- [oF[10]11 [12]-03)
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( C ) 12-character 1-1ine Display Example
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 4 5 6 7 8 9 10M 12*—Di$g;a¥,
ition

1 Line 00 [01 [ 0203 [04 |05 [ 06 |07 |08 {09 | 0a | 08 | D RAM Address

(Hexadecimal)

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

( Left Shift Display )
0« [01 02|03 [ 040506 |07 |08 [09|oal0B|oc]

( Right Shift Display )
[ 4 00 |0t [02]03 {04 |05 06 07 08|09 |oa| B

(1—4—2) 2-1ine Display ( Function set code N=1)

(a) 28-character 2-line Display Examle
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 45 6 7 8 910 11 12 192021222324<—Digpla¥.
osition
Ist Line |00 (01|02 (03|04 (05{06|07 08 |09]|0A|0B|-—-——- 12(13 (1411516 |17 ]« 5
DD RAM Add.

2nd Line |40 |41 |42 (43144 145(46 |47 |48 {49 |4A |4B | -———- 525354555657« )
(He)éadec imal)

Note : In the 2 lines display mode, the 1st line and 2nd address are defined as (00)=
to @7 x and (40)u to (67)u. Please note that the end of 1st line address and the
beginning of 2nd line address are not consecutive.

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

( Left shift Display )
©0)<—]01(02|03|04(05106|07 08|09 |0A|0B[OC|-——--- 13{14(15(16 (17|18
(40— 411424344 (45|46 (47 |48 (49 (4A 4B [4C|-———- 53|54 |55 |56 |57 |58

( Right Shift Display )
27100(01{02(03104(05|06|07|08|09|0A|-—-- 11112113114 115116 | —=Q7)
6714014114243 |44 145146 |47 | 48149 |4A|-————- 51152153154 55|56 | —=06N
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(b ) 20-character 2-line Display Example
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 45 6 7 8 910 1 12 17 18 19 20 <Display.
Ist Position
Line |00 )01 (0203 (04(05/06}07 {08(09|0A|0OB|-——--- 1011 (1213}«
2d DD RAM Address
Line |40 |41 142143 {44 | 45|46 )47 {48 |49 |4A | 4B | --—-- 50 |51 (52|53« ]
: (Hexadecimal)
When the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display )
©o <01 (02]03|04|05(06|07{08 |09 0A|0B]|OC|-——--—- 11211314
(40)— |41 42|43 |44 (45 |26 (47|48 |49 |4A| 4B | 4C |- 51152153 |54
( Right Shift Display )
27|00]01/02;03({04|05|06|07|08(09|0A|------ OF [10 |11 | 12]1—-(13)
67140 (41142 |43 |44 |45 {46 |47 |48 |49 [4A | --—--- 4F (50 | 51 {52 | —»(53)

(€ ) 12-character 2-1ine Display Examle
The relation between DD RAM address and display position on the LCD is shown below:

1

2 3

8 9 10MN

12 Display

Line 1 00

0102

07 |08

09

0A

08

Line | 40

4 5 6
03 |04 |05
43144 (45

41 | 42

7
06
46

47 | 48

49

4A

8

Position
DD RAM Address

(Hexadecimal)

When the display shift is performed, the DD RAM address changes as fol lows:
( Left Shift Display )

00|01

02|03

04 |05 |06

07

08 | 09

0A

0B

0C

40— | 41

42143

44 |1 45 | 46

47

48 | 49

47

8

4c

( Right Shif

t Display )

27

00|01

0A

—(0B)

67

40|/

4214344

46 | 47

48

43

4A

—(4B)

(1 —5) Character Generator 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 NJUG40BB is shown in Table 2-1 to 2-5.

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

5-204
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Table 2-1. CG ROM Character Pattern ( ROM version -00 )

Upper 4 bits ( Hexadecimal )

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

cG e BT 1) I P O I
0 (Ro/}?a o :
1 1
(021
21 | |
o
anebe ":5. N L ICTEN T . gt _:;:. e
3 04
4 ----------
05
5 ...........
06
; HE
Q7

108)

ot

Lower 4 bits ( Hexadecimal )
~3

102y

03)

(04

(05)

(06)

(07)

> B I oo B B o R I BN v o B e

(08)
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Table 2-2.

CG ROM Character Pattern ( ROM version -01 )

Upper 4 bits ( Hexadecimal )

31456

7

8

9

A

CG
RAM
on

02

Q3!

04

05"

06

07

1081

ol

Lower 4 bits ( Hexadecima! )
-3

02

031

(04

(05)

(06)

(07)

S BN B o R B e B v < B e

(08)

5-206
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CG ROM Character Pattern ( ROM version -02 )

Upper 4 bits ( Hexadecimal )

3/14/5/6|7/8|9|A|B

Table 2-3.
0
cG
0 &
1 {020
2

(03
3

i04)
4

105)
5

—_ (06

Elg

é (07)

3

po g

~ 7 (08)

£

2|8

t o1

Elg

] e
A
(03)
B
(04)
C
(05)
D
(06)
E
(o7
F
(08)

New Japan Radio Co. Ltd.
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Table 2-4. CG ROM Character Pattern ( ROM version -03 )

Upper 4 bits ( Hexadecimal )

4|5

6

7

A

B

Lower 4 bits ( Hexadecimal )

cG -.E.- selis seges
O [Faw il [RGERTHET et
1 o ENE
(02)
pesed go- :
2 s b
{03)
gi ll.:l .l :lll:
XK i
3 (04) o ) 7
o G
4 'E' serte E esven | 8
(05)
. SR S R S N T
5 . toilan i i
. RN e i el b H
] [
Podmie R food [ faaf 5.
6 . . ) sRoes | s s S0 8 |4 u |88
(07)
lllll . * 1
7 L]
(08)
i i AT, i NG
Elll. " 5. .......... l:" :-:
8 o i PR S e H
. ] FRRETTE R EITCUN (SN R S A I S I S B PRI Bt
o O O TS B S I
A an i Dl I U
(03)
(04) '
C P i i
P el N L L I B R e R A al  EEILE i S N b I
......... o eezie 23 | yress
D ------ --i Taed 3| esten : E- -----
(06)
= T
(1] T3] LN ) [] (1]
E : i R e g
(07)
R T e B e e T A LTI o
F ! i; ..... ' foaat |Bered |3 "‘z

(08)

5-208
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Table 2-5.

CG ROM Character Pattern ( ROM version -A3 )

Upoer 4 bits ( Hexadecimal )

415167819

A|B

CG

(01) {*°

(02)

(03)

(04)

(05) RN EOH

(06)

on

(08)

(on)

-----

Lower 4 bits ( Hexadecimal )

©

(02)

(03)

(04}

(05)

(06)

(o7)

Mmool Q)@

(08)

5-209
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(1—6) Character Generator RAM ( CG RAM )

The character generator RAM(CG RAM) can store any kinds of character pattern in 5 x 7 dots
written by the user program to display user’s original character pattern. The CG RAM can store
B kind of character in 5 X 7 dots mode. '

To display user’s original character pattern stored in the G RAM, the address data (00)x -
(ON= or (08)x - (OF)x should be written to the DD RAM as shown in Table 2-1 to 2-5.

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

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

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

Character Code CG Character
Pattern
(D RAM Data) RAM Address (CG RAM Data)
76543210 543 210 76543210
U L r Low U L
AT 4P tooit] | et 'y
000 % % x :
001
010
011 Character Pattern
0000x000 000%8(]) Example(1)
110
___________ __________1__1__1_ «Cursor Position
000
001
010
011 Character Pattern
0000x001 001 }8(]) Example
110
_________________ __________]_1__1_ —Cursor Position
000
001
0000%111 111 5
100 ' ,
101 : ¥ . Don't Care
110 '
111 X % %
Notes : 1. Character code bits 0 to 2 correspond to the CG RAM address 3 to 5 (3 bits :
8 patterns).

2. (G RAM address 0, 1 and 2 designate character pattern |ine position. i
The 8th line _is the cursor position and the display is performed bKOLIJoglcaI,,OB
with cursor. Therefore, in case of the curgor display, the 8th line shouid be "0
T there is "1” in the 8th line, the bit "1” is always displayed on the cursor
position regardless of cursor existence. )

3. Character pattern row position correspond to the CG RAM data bits 0 to 4 are

shown_above. . .

The blt§ 5 to 7 of the CG RAM are not appear on the display (no meaning for the
dlsrlﬂay , butRAmﬁmory elements are existing, therefore it can be used as the gen-
era Se

4. (G RAM character patterns are selected when character code bits 4 to 7 are all
0" and it is addresied by character code bits 0 to 2. Therefore, the address

(00) and (08)s, (01« and ;09 Hy ~TTmms . ODx and (0P select the same cha-

];?gtcfr pattern as shown in Table 2-1 to 2-5 and Table 3

(o

5. r CG RAM data corresponds 10 display On and 10" to display Off.

5-210 New Japan Radio Co. Lt
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(1—=7) Timing Generator

The timing gererator 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
gererated, 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 in-
fluence, such as flickering, in areas other than the display area.

(1—8) LCD Driver

LCD driver consist of 32-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—9) Cursor Blinking Control Circuit

This circuits controls cursor On/Off and 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. ACs AC; AC: ACo
LofoJoft]ofo]of

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

-line

Display 00'01 02(03|04(05(0607|08|09|0A|0B|[--— <« DD RAM address
(Hexadecimal)

T Cursor position

1 2 3 4 5 7 8 9 10 11 12 < Display position
2-line 00101102|03|04105|06|07|0B|09|0A[OB (-~
' DD(ﬁAM address
Display |40 |41 42|43 {44145 |46 (47 (48|49 |4A |48 | ---- xadecimal)
1 Cursor position

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

The NJUG40EB is automatically initialized by internal power on initialization circuits when
the power is turned on. In the internal power on initialization, following instructions are
executed.

During the Internal power on initialization, the busy flag (BF) is "1” and this status is
kept 10 ms after Voo rises to 4.5V.

Initialization flow is shown below:

Clear Display — NOTE
1 If the condition of power supply
DL=1 :8-bit long rise time described in the Elec-
Function Set interface data trical Characteristics is not
1 N=0 :1-Line Display satisfied, the internal Power On
Initialization Circuits will not
Display On/Off D=0 :Display Off operate and initialization will
Control | C=0 :Cursor Off not be performed.
T B=0 :Cursor Blink Off In this case the initialization
by MPU software is required.
Entry Mode Set 1/D=1: Increment by 1
S$=0 :No Shift

(3) Instructions

The NJUB406B incorporates two registers, an Instruction Register (IR) and a Data Register (OR).

These two registers store control information temporarily to allow interface between NJUG406B
and MPU or peripheral ICs operating different cycles. The operation of NJUG40BB is determined 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).

Tahle 4. shows each instruction and its operating time.

Note) The execution time mertioned in Table 4. based on fcp or fosc=250kHz.
¥ the oscillation freauency is changed, the execution time is also changed.
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Table 4. Table of Instructions
C 0 D E EXEC
INSTRUCT IONS RS R/W DB- DBs DBs DB+ DBs DB. DB: DBo DESCRIPTION TIME

Non-operation 0 0 0 0 0 0 0O O O O |Nonoperation. Only takes judge- | 40us
ment machine cycle.

Clear Display 0 0 00O 0O O O0CTUO0OI1 Display clear and sets DD RAM 1.64ms
address 0 in AC.

Return Home 0 0 0 0 0 0 0 O 1 x |Sets DD RAM address 0 in AC and |1.64ms
returns display being shifted to
original position.

DD RAM contents remain unchanged

Entry Mode Set 0 0 0 0 0O 0 O 1t I/D S |Sets cursor move direction and 40us
specifies shift of display are
performed in data read/write.
1/D=1:1ncrement, |/D=0:Decrement
S=1:Accompanies display shift

Display On/0ff 0 0 0 0 0O 0Ot D C B |Sets of display On/0Off(D), cur- 40us

Control sor On/0ff(C) and blink of cur-
sor position character(B).
Cursor or 0 0 0 0 O 1 S/CR/L * x |Moves cursor and shifts display 60us
Display Shift without changing DD RAM contents
$/C=1 : Display shift
S/C=0 : Cursor shift
R/L=1 : Shift to the right
R/L=0 : Shift to the left
Function Set 0 0 0 0 1 DL N x x x |Sets interface data length(QL), 40us
number of display lines(N).
DL=1 : 8 bits, DL=0 : 4 bits
N=t © 2 lines, N=0 : 1 line
Set CG RAM 0 0 0 1 e—— Acc ——— {Sets (G RAM address. After this 40us
Address instruction, the data is trans-
ferred on CG RAM.
Set DD RAM 0 0 1 e—— Aco ——— | Sets DD RAM address. After this 40us
Address instruction, the data is trans-
ferred on DD RAM.
Read Busy Fiag 0 1 BF e—-— AC ——— | Reads busy flag and AC contents. Ous
& Address BF=1 : internally operating
BF=0 . Can accept instruction
Write Data to 1 0 e—— Write Data ——— ]Writes data into DD or CG RAMS. 40us
CG & DD RAM
Read Data from 11 == Read Data ——— | Reads data from DD or CG RAMs. 60us
CG or DD RAM
Explanation of DD RAM : Display data RAM , CG RAM : Character generator RAM
Abbreviation |Acc : CG RAM address, Aoo . DD RAM address, Corresponds to cursor address
AC : Address counter used for both of DD and CG RAMs
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(3—1) Description of each instructions

(a) NOP (Non operation)

RS R/W DB DBs DBs DB. DB, DB. DB DBo
Code [0 JO Jo Jo Jo oo oo o]

Non operation instruction. It consumes certain judgement machine cycles only.
(b) Ctear Display

RS_R/W DB, DBs DBs DBs DBs DB, DB: DBy
Code |0 [0 o Jo o o o oo |1 ]

Clear display instruction is executed when the code "1” is written into DBo. When this
instruction is executed, the space code (200 is written into every DD RAM address, the DD
RAM address O is set into the address counter and entry mode is set increment. |f 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).

(¢) Return Home
RS RW DB DBs DBs DB. DBs DB. DB, DBy

code |0 [0 [o {o Jo [o o o |1 [* ]| x=0mtcare

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

The DD RAM contents do not change.

(d) Entry Mode Set

RS RM DB, DBs DBs DB, DB, DB, DB: DBo
code |0 [0 Jo {o o oo 1 [im|[s |

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

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

1/D Function

1 Address increment: The address of the DD 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 or CG RAM decrement ( -1) when the
read/write, and the cursor or blink move to the left.
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S Function

Entire display shift,

The shift direction is determlned by 1/D: shift to the left at 1/D=1 and
1 shift to the right at the 1/D=0. The shift is operated only for the charac-
ter, so that it looks as if the cursor stands still and the display moves.
Th% 9f D|a¥ does not shift when reading from the DD RAM and writing/reading
into/from

0 The display does not shifting.

(e) Display On/0ff Control

RS R/W DB, DB, DB, DB, DB. DB. DBo
code |0 Jo [o [o oo |1 o ]c[s]

Display On/0ff control instruction which controls the display On/Off, the cursor On/0ff
and the cursor position character blink, is executed when the code "1” is written into DBs
and the codes of (@), (C) and (B are written into DB-(D), DB, (C) and DB,(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 inmediately on the display when the D change to 1.

C Function

i Cursor On.  The cursor is displayed by 5 dots on the 8th line.

0 Cursor Off. Even if the display data write, the {/D etc does not change.
B Function

The cursor E05|t|on character is blinking. Blinking rate is 455.2ms at fc»s
1 fosc=270kHz and 491.6ms at fcr>=250kHz. The blink 1s displaved alterna-
tlvelg with all on (|t means all black) and characters display. The cursor
and the blink can be displayed simultaneously.

0 The character does not blink.

“nua"

-4l

oaCd NREEEN
Cursor
Character Font 5 x 7 dots Alternating display
(1) Cursor display exampie (2) Blink display examle
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() Cursor/Display Shift

RS RM DB, DB DBs DB. DB: DB, DB: DBo
code f O [0 Jo [o Jo |1 [scfpm[* [%x ]| %x=0ontcare

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

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

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

This instruction is executed when the code "1” is written into DB. and the codes of (S/C)
and (R/L) are written into DBs(S/C) and DB-(R/L), as shown below.

S/C R/L Function

0 0 Shifts the cursor position to the left is decremented by 13
0 ] Shifts the cursor posmon to the right is mcremented by 1
1 0 Shifts the entire display to the left a the cursor fol lows 1t.

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

(8) Function Set

RS RM DB, DBs DBs DB. DB, DB. DB: DB
Code fO [0 [0 Jo |1 [ou [N [x [x [*x] *=0ontecare

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-lines. .

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

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

0 Set the interface data length to 4 bjts (0B, to DB.)
THe data must be sent or received twice.

Display lines |Character Font Duty Ratio Note
1 5 X 7 dots 1/16
1 2 5 X 7 dots 1/32
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(h) Set CG RAM Address

RS R DB, DBs DBs DB, DB> DB. DB, DBo
code [O [0 [0 |1 [a{a{alafaal]

+~Higher Lower —
order bit order bit

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

The address data mentioned by binary code "AAMMAA” is written into the address counter (AQ)
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 DB« DBs DB, DB: DB
Code J O [0 [ 1 [a [a A A a]n]n]
«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 "AAMAAA" is written into the address counter(AC)
together with the DD RAM addressing condition.  After this instruction, the data writing/

reading is performed into/from the DD RAM.

Note : In case of the 1-line display, the address data is (00)u to (4F)u, and during the 2-
line display, the address is (00)x to (27)u for the 1st line and (40)us to (67)u for
the 2nd line.

(j) Read Busy Flag & Address

RS RM DB; DBs DBs DB. DBs DB, DBi DBo
Code [O [ 1 [BF [ A [ A Ja [a[a]a [a]
«—Higher order bit Lower order bit—

This instruction reads out the interna! status of the NJUB406B. When this instruction is
executed, the busy flag(BF) which indicate internal operation is read out from DB; and the
address of CG RAM or DD RAM is read out from DBs to DBo (the address for CG RAM or DD RAM
is determined by the previous instruction).

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

RS R/W DB, DBs DBs DB« DBs DB DB, DB
code [ 1 [0 [D [0 [o o Jo o o Jo |
~Higher order bit Lower order bit—

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

By the execution of this instruction, the binary 8-bit data "DDDDDDDD” are written into
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction.

After this instruction execution, the address increment(+1) or decrement(-1) performed auto-

matically according to the entry mode set. And the display shift is also executed according
to the previous entry mode set.

(1) Read Data from CG or DD RAM

RS RM DB, DBs DBs DB, DB DB, DB, DB
code [ 1 [ 1 |0 Jo [oJoTJoTo [o Jo |
Higher order bit Lower order bit—

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

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

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 inval idated.

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
instructions 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 instruc-
tion (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 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 imput, as shown below.

The DD RAM of the NJUB406B can store up to 80 characters, as explained before, therefore
the advertising moving display is available when combined with 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.

initialized.
I Power On ] No display appears.
i RS R/W DB; DBs DBs DB+ DBs DB DB; DBo Set the B-bit tion/
[Fnctionset | [ o o] of o 1] 1] o] o] ] «] ’]:Srll%needispiayo?eg)aﬂégts
! .

[bisp.owort cont | [ 0] o] of of o of 1] 1] 1] 0] %ﬁiﬁﬁ?ﬁ!?ﬁ%%ﬁ_

} ization.
(Entry Hode set | [0] 0] o] o] o[ 0] 0] 1] 1] 0] herement - cursor risht
shift when the data write
! to the DD or CG RAM.

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

(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 is selected automatically, therefore the
first inout is performed under 8-bit operation. In this operation, full instruction can not
input because of terminals DBo to DBs are no connection.  Therefore, same instruction must
be rewritten on the RS, R/¥ and DB, to DB., as shown below. Since one operation is completed
by the two accesses in the 4-bit operation mode, rewrite is reauired to set the instruction
code in full. 24-character 1-line in 4-bit operation is shown as fol lows:

Initialjzed.
l Power On | No display appears.
! RS R/W DB DBs DBs DB
- Set the 4-bit operation.
[Functionset | | o] o] o] o] 1] o]  This step is executed in 8-bit mode
! set by the initialization.
- Set the 4- lt operahon / 1-line
|uctionset || 0|l ol o] ol 1]0| dislay /5 XT7dots Font,
0] 0| O Of x| % The 4-bit operation starts from
! this step,
- Turn on display and cursor.
rDISD.On/Off Contl 01 0({0l010]0 Entire display is in space mode by
1 ooy 1 1]1]0 the initialization.
Example for set address increment
|Entry Mode Set I 0101010100 and cursor right shift when t
01001110 data write toteDDor CG RAM.

l

Write data to the DD/CG RAM
and set the Instruction
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(c) 24-character 2-line in 8-bit operation (Using internal reset circuits).

In the 2-line display,

the 40th character of the 1st line has been written.

Therefore, if the display characters is only 24 character in the 1st line, the DD RAM ad-
dress must be set by the user programming to change the cursor position to the 2nd line.

The I1st and 2nd line displays will shift at the same time.
shifted repeatedly, each line moves only horizontally.

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

5-220

[PowerOn j

! RS R/ DB, DBs DBs DB« DB DB DB DB

[Fnction set | [ o[ o] o[ o[ 1] 1] 1] o] #] #]
l .

[0isp.0n/0ff cont | [ 0] o] o] of o] o[ 1] 1] 1] 0]
|

[Entry Mode set | [ o] o[ o] o] o[ 0] o] 1] 1] o]
!

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

the cursor moves automatically from the 1st to the 2nd line after

When the displayed data is

Initialized.
display appears.

Set the 8-bit operation/
2-lire display / 5X7dots
Font.

Turns on display and cur-
sor. Entire display is
in_space mode by the
initialization.

Example for set address
increment and cursor right
shift when the data write
to the DD or CG RAM.
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(3—3) Initialization by instruction
If the power supply conditions for the correct operation of the internal reset circuits
are not met, the NJUG40EB must be initialized by the instruction.

(a) Initialization by Inst

Power On

!

ruction in 8-bit interface

Wait more than 15ms

after Voo rises to 4.

5y

1 RS R/N DBs DBs DBs DB. B> DB: DB: DBo
[Fewtons ] [o[ o] o] o[ [ [+ +] ¢ ]
IWaitlr:rethan4.1ms |
facionsr ] [T aT e[ o[ T[T+ +[*]3
|Waitm:rethan100us |
Errmlononnnooon

!

Wait more than 100us
or Busy Flag Check

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

[Functionset | [ o] of o o] 1] 1] 1] o] x| %]
!

[oisstav ot~ | [ o] o] o] o] o] o] 1] o] o] 0]
!

[visplay clear | | 0] 0| o} of o] o] o] o] 0] 1]
!

[Entry Mode set | [ 0] o} o] o of o] o] 1] 1] 0]

l

and set the Instructi

Write data to the DD/CG RAM

on

New Japan Radio Co., L.

Initi Ilzed
No display appears.
Function Set

(8 bit interface length)

Function Set
(8-bit interface length )

Function Set
(8— blt nzterface length)
can not be
checked before this step,
but it can be checked
e e, b
er is step, sy
flag®BF) check or longer
waiting time than each
instruction execution
time is required.
Set the 8-bit operation,
Z-I{ne display, 5X7dots
ont. .

Example for set address
increment  and cursor
right shift when the
data write to the DD or
CG RAM.
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(b) Initialization by Instruction in 4-bit interface

Initial jzed.
Power On ] No display appears.
!
Wait more than 15ms
af {GFHVDD nsgs to 4.5V
! RS R/W DB, DBs DBs DB.
. ction
[Fonctionset | [0[ 0] 0] 0] 1] 1] @5H ntertace lensthd
l
IWait more than 4.1ms I
i
- Function Set
[Fnction set | [ o] o o] o] 1] 1] @bt interface length
!
IWait more than 100us J
S
- Function Set
[Functlon Set | l 0| Ol 0[ OI 1 | 1 | (8 blt mterface length)
age can. not be
! C ecked fore this step,
- but it can be checked
Wait more than 100us after this step.
or Busy Flag Check QBtgr thus step, busy flag
c ec or longer wait-
! RS R/W DB, DBs DBs DB. than each in-
- structlon execution time
’FunctlonSet ]l 0|0|0] 0| IIOI is reauired.
! Function Set in 8-bit inter-
- face length.
IFunctlon Set | ojlojololi1]o (Set 4—b|t interface length)
0 O Of Of x| =
! Set the 4-bit operation/
- 1-line display 5X7dots Font.
[pisolay 0t | [ o[ o o o[ o] o
! ool 10|00
Display Clear ofolojlofolo
|'°aylea—|000001
Examie for set address
|Entry Mode Set -I grolojofo|o increment and cursor right
0yo0lO0|1{1]0 shift when the data write

! to the DD or CG RAM.

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

(4—1) Power Swply for LCD Driving

NJUG406B incorporates voltage doubler to generate the LCD driving high voltage. The volt-
age doubler generate about twofold voltage from the V.. irput voltage ( 9.5V typ at lout=2mA
and Voi=5V ).  In order to generate LCD display driving waveform, the NJUG406B required
external bleeder resistance. The bleeder resistarice must be changed according to the duty
ratio as shown below.

LCD Driving Voltage vs Duty Ratio

Duty Ratio 1/32 1/16
Bias 1/6.7 1/5
V; VDD_]/6.7VLCD VDD-]/SVLCD
Power
Suopl V2 Voo-2/6.7Vieo | Voo-2/5Vicop
Lpp 1Y
V3 VDD_3/6.TVLCD VDD_3/SVLCD
V4 VDD—4/6-7VLCD VDD_4/5VLCD
V5 VDD_VLCD VDD'VLCD
Vb Voo Voo
NJU®G6 4 06 B NJUG6 4068B
Voo .. A Voo By -
R R
Vei Vi | Vei Vi
R R
Vi 11 Ve
R Vico o 2.7TR Vi
Vi Vi
R v R
Ci Vi N Ci 1
R
Cse Vs R M ZECz Vs 4 e

Vsout Vsout
IR I

(@) 1/5 bias (1/16 Duty) (&) 1/6.7 bias (1/32 Duty)
(Internal Voltage Doubler No-use example) (Internal Voltage Doubler using examwle)
Internal Driving Voltage Supply Examples
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(4—2) Relation between oscillation f‘recuemy and LCD frame freauency.

The NJUG406B recuires either one of the oscillation resistance(RF) or ceramic resonator
for the internal oscillation, or external clock.
fn case of the oscillation resistance using, the oscillating freauency is affected by the
stray capacitance of the terminals 0SC: and 0SCz, thus shorter connection length of these
terminals are required.

LCD frame freauency example mentioned below is based on 270kHz oscillation (1 clock
=3.7us) .

LCD frame frequency is calculate by fol lowing formula.

1 frame cycle = x 120(clock) x the reciprocal number of duty

fosc

1 frame frequency = !

1 frame cycle
(@ 1/32 duty
/—120 clock
P 2l sl al o dszlal2lalalools2l ]2l sl
Voo - l
Vi
Va
COM, Vs
Ve
Vs —I
fx< 1 Frame )ll, 1 Frame >{
1 frame = 3.7(us) x 120 x 32 = 14,208(us) = 14.208(ms)
Frame frequency = 1/14.208(ns) = 70.38(Hz)
(b 1/16 duty
;120 clock
P 2l sl al sl ol el alal ofisl 1]zl sl
Voo l
Vi
Ve
COM, Vi
Va
ve 1 L
||< ] Frame \I< 1 Frame >§

1 frame = 3.7(us) x 120 x 16 = 7,104(us) = 7.104(ns)
Frame frequency = 1/7.104(ms) = 140.77(Hz)
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(5) Interface with WPU

NJUG406B 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 MM interface

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

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

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

RS
Y P —
VAR WA UYAR U A WY A U A VY A Y A W
E by b
Internal Sntum
NO
LD, L VY SN, AT X5 00, O O
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing
RS /
R/W /
VARNVA AN AN A

08
08
DBs
A

Writing instruction inlo |Readout Busy Flag(BF) Readout data Register (DR)
instruction Register(IR) and Adress counter(AC)

(5—2) 8-bit MU interface

RS

R/ ————————————J/ \\_________________
Internal Status E— operatian | I B

O PR /1 LITEA /A 111 11, OO /A

Writing Instructien Into |Busy Flag

Check

Busy Flag
Check

Busy Flag
Check

Writing Ilnstructlen Into
tnstruction Register{IR)

Instruction Reglster{IR}
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B ABSOLUTE MAXIMUM RATINGS ( Ta=25C )
PARAMETER SYMBOL RATINGS _UNIT
Supply VYoltage (1) Voo -0.3~+7.0 v
Suply Voltage (2) Vi~V¥s (3 Yoo~ 13.5~ Vopt0.3 v
Input Voltage Vin - 0.3 ~ Vor#0.3 y
Operating Temperature Toor - P ~+ 8 C
Storage Temperature Istg 55 ~+125 c
Note 1; If the LSI are used on condition above the absolute maximum ratings, the LS| may be
destroyed. Using the LSI within electrical characteristics is strongly recommended

for normal operation.
mal function and poor

Use beyond the electric characteristics conditions will cause

reliability.

Note 2} All voltage values are specified as Vss = 0 V

Note 3) The retation : VnngvciEVng'sour ’ VDDgVSSgVSOUT, Vse=0V must be maintained.

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

B ELECTRICAL CHARACTERISTICS ( Voo=5VE108, Vss=OV, Ta=-20 ~ +75C )
PARAMETER SYMBOL CONDITIONS MIN TYP MAX__ JUNIT
Operating Voltage Voo 4.5 5.0 5.5 v
Viay | All Input and Input/Output ] 2.3 Voo
1 Termﬁnals- except 0SC 5
Input Vol tage xm Terminals - 3.8 v
2 v:ii Only 0SC Terminal = ]"5
1 Voui Input/Output | -1ou=0.205mA | 2.4
Voui Terminals lo1.=1.6mA 0.4
OUtDUt Voltage 2 VOHz Output ‘IOHZO.MITIA O.QVDD v
Vorp Terminals | 101=0.04mA 0.1Vop
Driver On-resist. (COM) { Rcom | +15=0.05mACAIl com.term.) 20 KO
Driver On-resist.(SEG) | Rssc | +15=0.05mACAIl seg.term.) 30
I nput Leakage Current o Vind) ~ Voo -1 1 ud
Pull-up Resist Current] -ls Vor=5V, RS, R/W, DB 50 125 250
. Ceramic resonator
Operating Current (1) Iop1 Van=5V, fosc=250kHz 0.5 | 0.8 mA
. CR Oscillation
Operating Current (2) o2 | External-clock Operation 0.6 1.0 m | 8
VDD:SV, fosc:fCP:270kHZ
Output v IOUT:SmA, Ta=25C 2.8 1-3.9 v 9
Voltage >t |lour=Im, Ta=25C -4.5 |-4.7
Voltage -
Conversion |y g 95 | 99.9 %
Doubler | Efficiency i
rout Ve, 2.5 55 | v
Voltage
Ooerating Freq. fep 125 250 350 | kHz
Ext. | Duty DUTY 45 50 55 %
Clk [Rise Time trep 0.2 us
Fall Time tfcp 0.2
Int. | Oscillation fosc RF Osc. RF=91kQ+2% 190 270 350 | kHz 10
0S¢ Frequency Ceramic resonator 250 kHz
Lo _ 1/5 Bias Voo Voo
LCD DI'IVH'IG Voltage Vico Voo Vs ]/67 BIa_S -3.0 _]35 v 11
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B ELECTRICAL CHARACTERISTICS -( Vop=2.4V~3.6V, Vss=0V, Ta=-20 ~ +75C )

PARAMETER SYMBOL CONDITIONS MIN TYP MAX JUNIT
Operating Voltage Yoo 2.4 3.0 3.6 v
Ving All Input and 1nput/Output | 0.8Voo Voo
Input Vol tage Vi, | Terninals v I
1 Voni |TDUt/0UtDUt -lox=0.205mA ] 2.0
VOL1 Terminals 01,=1.6mA 0.5
Output Vol tage > Voue | Output Tl 0n=0. 04| 0.9Vop v
Vouz Terminals | 01,=0.04mA 0.1Vop
Driver On-resist.(COM) | Rcom | £10=0.05mACAll com.term.) 20 KQ
Driver On-resist. (SEG) | Rsee | *15=0.05mACAI| seg.term.) 30
Input Leakage Current li Vine) ~ Voo -1 1 A
Pull-wp Resist Current | -1»  fVop=aV 10 %5 50 | “
CR Oscillation
Operating Current lop External-clock Operation 0.2 0.3 mA | 8
VDD:3V, fosc=fcr=240kHz
Output Vsoue | Vei=3V, lour=imA, Ta=26C | -2.5 |-2.75 v
Voltage
Voltage | Conversion —oo
Dowler | Efficiency | =" P~ % | 93 L
[nput )
| Vol tage Voi 1.8 Voo v
Int. | Oscillation fosc |RF Osc. RF91KQ+2% 160 | 240 | 320 [kz | 10
0sC Freauency
.. _ . Voo Voo
LCD Driving Vol tage Vico Voo=3V, Vs Terminal -3.0 212.0 v n

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

Input Terminal Structure Input/Output Terminal Structure

Voo VoD ——— voe
rros FE rno 4@ |—1 rnos
O—{ — O-
mnos Ll nnos
vao
rnos }—%— ENABLE
anos —3j— ~l~un
E Terminal RS,R/W Terminals DBo to DB; Terminals

Wew Japan Radio Co. L 5.227
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Note 6) Rcom and Rsec are the resistance values between power suwply terminals(Voo, Vi, Ve, Vs)
and each common terminal (COM: to COMs2), and supply voltage (Voo, V», Vs, Vs) and each

segment terminal (SEG: to SEGso) respectively, and measured when the current Id is flown
on every common and segment terminals at a same time.

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

Note 8) Except Imput/output current.

Operating Current Measuring Circuit

Note 9) Voltage Doubler Characteristics Measuring Circuit.

5-228

current.

Vvop

If the input level is medium, current consumption will increase due to the penetration
Therefore, the irput level must be fixed to "H” or "

4. TuF

10uF
+

Voo
Ci1

O 8 Ci

OS5 C:2

C2
Vsour

NJUGB 4068

Vss

Vei
Ci1

Cz2

Vsour

NJUG®B 4068
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Note 10) Apply to internal CR oscillation using a oscillation resistance Rf.
As the oscillating freauency is affected by the stray capacitance of the terminals 05SC,
and 0SC2, shorter connection length of these terminals are reauired.

RF

290
OSCI 280
270
< 20 -
T ]
T o =
RF:91kQ+2% S
220 //
210 |-/
0 2 4 6
0SC> Voo V]

Note) As this circuit examle mentioned only for standard application, it can not guaranty
the characteristics of oscillation.
Please check the external parts value before production.

Note 11) Apply to the output voltage from each COM and SEG are less than +0.15V against the
LCD driving constant voltage(Voo, Vi, V2, Vi, Va4, Vs) at no load condition.
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- Bus timing characteristics

Write operation sequence ( Write from MPU to NJUG40GB )
(Voo = 5.0v10%, Vss = OV, Ta = -20 ~ +75C)

PARAMETER SYMBOL | MIN MAX JCONDITION JUNIT
Enable Cycle Time tevee 500
Enable Pulse Width I "High” level | Pwen 220
Enable Rise Time, Fall Time ter, ter 20
Set w Time [Rs, AW, E | tus 40 fie.d | ns
Address Hold Time tan 10
Data Set up Time tosw 60
Data Hold Time tu 10

Write operation sequence ( Write from MPU to NJUG406B )
(Voo = 3.0VE20%, Ves = OV, Ta = -20 ~ +75C)

PARAMETER SYMBOL [ MIN MAX | CONDITION JUNIT
Enable Cycle Time toves 1.4 us
Enable Pulse Width | "High" level | Pwen 500
Enable Rise Time, Fall Time ter, tee 20
Set up Time RS, R E | tas 70 fig.d | ns
Address Hold Time tan 10
Data Set wp Time tosw 140
Data Hold Time ty 10

Timing Characteristics (Write operation)

-
Vin VIH1><
RS_X< ViLi VILY

14AS tAH
R/W k VILL /"/VIII
PWeEY A tAl
2 [Teer
¥ N
E AL ViK]
-V Vi Viet
— 10§ thy
tEr Vins
VIn]
DBe ~DB- valid Data
ViLl ViLt
LCYCE

fig. 1 The timing characteristics of the bus write operating seaquence.
(Write from MPU to NJUG406B)
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Read operation sequence ( Read from NJUG406B to MPU )
(Voo = 5.0V+10%, Ves = OV, Ta = -20 ~ +75C)

PARAMETER SYMBOL | MIN MAX | CONDITION {UNIT
Enable Cycle Time tovee 500
Enable Pulse Width | "High” level | Puew | 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time RS, W, E | tas 40 fie.2 | ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toon 2

Read operation sequence ( Read from NJUB406B to MPU )
(Voo = 3.0V+20%, Vss = OV, Ta = -20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX | CONDITION |UNIT
Enable Cycle Time tevee 1.4 us
Enable Pulse Width | "High” level [ Pues | 500
Enable Rise Time, Fall Time ter, tee 20
Set up Time RS, A, E | tue 70 fig2 | ns
Address Hold Time tau 10
Data Delay Time toow 600
Data Hold Time toou 2

Load condition of DBo to DB : C.=100pF

Timing Characteristics (Read operation)

RS

><" Vigl
ViLl

vier R
ViLlg

1AS

taf

vigl

Al

Vigl

ViLl

DBs ~DB-

ter— 1 DER
: ()8
Voul ]
Valid Data ]
Vori Vol]
1CYCE

fig. 2 The timing characteristics of the bus read operating sequence.
(Read from NJUG406B to MPU)

New Japan Radio Co., L,
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* Power Supply Condition when using the internal initialization circuit
(Voo = 5.0vE10%, Ves = OV, Ta = =20 ~ +75C)

PARAMETER SYMBOL | MIN TYP MAX | CONDITION |UNIT
Power Supply Rise Time tree 0.1 — 10
ms
Power Supply OFF Time torr 1 -

* Power Supply Condition when using the intermal initialization circuit
(Voo = 3.0V20%, Ves = OV, Ta = -20 ~ +75C)

PARAMETER SYMBOL MIN TYP MAX | CONDITION JUNIT
Power Swply Rise Time tree 0.1 - 5
ms
Power Supply OFF Time torr ] -

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

5V/3v

4.5V/2.40

VDD=5v i o-h‘nSétrccg]ons tOFFg]mS
Voo=3V ---- 0.1ms=t: .. S5ms

torr specifies power off time in a short period off or cyclical on/off.
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I LCD DRIVING WAVEFORM
1/16 Duty Driving

L12131415161 718 19011L213114N5)I8|1 42 131415161 T18(9110§11112113114(15(16

Vion oo -

COM
COM, x'
CoM. COMy, .|
COM: :

COMs v
COM: Vs
COMy
COMs

COMs
COM:
COM:
COM,
COM:
COM,

Vo -
COMa: v, -

Vl
Vs 7T

Voo oo
Ve o
SEG: y,

Vo 1
Vs

Voo~

VI o

V2 N
SEG. Vs

v‘ o
Vl o
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I LCD DRIVING WAVEFORM

1/32 Duty Driving

1121314151617 1.-
COM, Vio -y
COM,- v .
cou,

COM, - com . """"""""""""""""""""""""""""""
COM: ‘
COM,
COM,"
COM,

-+ 26127128)2980)3192 |1 12 (314 151617 (..

1262728 1293031 (32

COMs.—| COM:
COMis
COM:r
COMi~

COMs¢ v

© COMa:

SEG,

= & e oA
Lo Yo
O @ o)
“iwvi v v n

v
SEG.
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I APPLICATION CIRCUITS

COM,

COM ;5

COM,

SEG,
LCD PANEL
(24-character
2 -line)

NJUS4068

SEGen

COM,:

COMy,

COMa:

COMz,

@ 5 x 7 dots, 24-character 2-line example (1/6.7 Bias, 1/32 Duty)

COMg

COM,s

COM,

nJug4nge

COM;g

SEG,
i LCD PANEL
(24-character

l
SEGeo 1 -line)

&) 5 x 7 dots, 24-character 1-line example (1/5 Bias, 1/16 Duty)
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