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8—-CHARACTER 2-LINE DOT MATRIX LCD
CONTROLLER DRIVER WITH EXTENSION FUNCTION

I GENERAL DESGRIPTION B PACKAGE OUTLINE

The NJUG408B is a Dot Matrix LCD controller driver for
8-character 2-line display with extension function up to
40-character 2-line display.

It contains microprocessor interface circuits, in-
struction decoder controller, character generator ROM/
RAM, high voltage operation common and segment drivers,
and extension driver interface circuits.

The microprocessor interface circuits which operate by
2MHz frequency, can be connected directly to 4/8bit
microprocessor . .

The character generator consists of 12k bits 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 16-common and 40-segment
drivers operate up to 13.5V, and drive up to 8-character
2-line display in single NJUG408B use.

The extension driver interface circuits enable combi-
nations with NJUG407C or NJUB41TC to increase the dis-
play capacity up to 40-character 2-line or 80-character

NJUG408BF

1-line.
B FEATURES
@ 5 x7 and5 x 10 Fonts with Cursor Display
@ 4/8 Bits Microprocessor Direct Interface
@ Display Data RAM ( 80 x 8 bits ) ; Maximum 80 Characters
@ Character Generator ROM ( 12,000 bits ) ; 240 Characters for 5 x 10 Dots
@ Character Generator RAM ( 64 x 8 bits ) ; 8 Patterns(5x7 Dots) and 4 Patterns(5x10 Dots)
@ Microprocessor can access to Display Data RAM and Character Generator RAM
@® Hizh Voltage LCD Driver ; 16-Common / 40-Segment
@ Programmable Duty Ratio ; 1/8 Duty for 5x 7 Dots + Cursor, 1 Line

1/11 Duty for 5x10 Dots + Cursor, 1 Line
1/16 Duty for 5x 7 Dots + Cursor, 2 Lines

® Number of Maximum Display Characters .
Display Line | Duty factor Extension | NJUB408B | NJUB407C/07CR | Display Capacity
. Not provided - 8-character 1-line
1 Line 178,411 Duty Provided 1 9 pcs 80-character 1-line
. Not provided . 8-character 2-line
e daine Provided 4 pcs 40-character 2-line

‘9000000 O

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

Power On Initialize Circuits On-chip

Oscillation Circuit On-chip ( External Resistor or Ceramic Resonator Required )

Low Power Consumption

Operating Voltage ( Except LCD Driving Voltage )

Package Outline Chip/QFP 80

C-MOS Technology

5V
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B PIN CONFIGURATION

[— SEGso
— SEG4o
— COMis
—— C0Mys
——— COMi1.
— COMis
— COMa 2
—— CON.:
———] COMio
[—— C0Mg

[— COfts

1 cony

[~ CONMe
——— COfis
[—— CoHa

——— C0Ns
[—— CoN=2
—— CoM,
—1 DB+

[ DBse

3 DBs
1 DB
—— DBs

— DB2

= i =15
SEG 36 ——] —1g
SEG 35— ——1 R/V
SEG 34— —
SEG 33— ——
SEG 32— —
SEG3 1 —— F—— Vo»
SEG 30— NJUB40USBF i
SEG 2 9 —] — (L1
SEGz2a—] — T
SEG 27— vy,
SEG 26 —] ——Va
SEG2s—] — T
SEG 2 4 ——] C]D ——v,
SEG > s —— 801 2425 1 05C2
N~OO@M~OWTMN~O
N NN A oot oo oo - 0 MO U MmN~ -
WOWW WU YWD DWW WWWW DLW LEE]
ad fa) Cad fa) fad Cad fa) CaJ Cad Lud Ca3 fa Cad Cad Ca) Ead Cad Cad Ca? fad fad () W 2
nurunnnnnunrnnrnnninnnnnnt>o
I BLOCK DIAGRAM
Vip —> g - 7 = 3
= 8 finstruction Address | Tining ] CL1
Vs —>» S =7 | becoder(ID) Counter! Gen. ﬁl‘z
0SC1 —> - -
0sCz —> s @ }’ 17 -
- oo od £
RS —>T g |0 & : & 2| 6
e R 7 [Display Data Ram(oo ran) 181 S o5 coM
AR FI i 80 x 8bits LY |2 S 2 S ~come
P — s [ " =2|le=| |o
DB1 2 = 9 ¥ =5 - S
) — g | $n La =
DB1 N o= | 41 5 = o
e = Character | |Character ° - Slal2 5] a0
DBo 4 |- S| Ly .Generator| | Generator b 22l 7 las SEQ
l (CG RAN) (Co ROM) 2 |1gs3ea ~SEG40
DBa | ] 5lzbits | [ 12000bits = P
Busy 2
Vi——> Flag is 5
LCD Vg ———> . -
Parallel to Serial 40bit
DRIVERY Va—> r Convertor H Shift Reg.[ P




NJU&6408B

M TERMINAL DESCRIPTION

NO. SYMBOL FUNCT I ON
26~30 Vi~Vs LCD Driving Power Source
33 Voo Power Source ( + 5Y)
23 Vas Power Source ( OV)
Oscillation Terminals: External R or Ceramic Resonator connect
24,25 0SC., 0SC- to these terminals.
For external clock operation, the clock should be input on 0SC;.
Register selection signal input
36 RS "0” : Instruction Register (Writing)
Busy Flag, Address Counter (Reading)
"1" ¢ Data Register (Writing/Reading)
37 R/W Read/Write selection signal input
"0" : Write , "1” : Read
38 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
43~46 DB4~DB- NJUB408B.
DB; is also used for the Busy Flag reading.
3~state Data Bus{(Lower) to transfer the data between MPU and
39~42 DBo~DBs NJUB408B.
These bus are not used in the 4bit operation.
31 CL, Data Latch Clock Output Terminal : To latch the serial data D
sent to the Extension Driver.
32 CL2 Data Shift Clock Output Terminal : Shifts the serial data D.
34 M Alternating signal for LCD Driving Output Terminal
35 D Serial Data Output Terminal : The serial character pattern data
output correspond to the each common signals.
"0" : No-active , "1” : Active
L.CD Common driving signal
47~62 | COM ~COM.s | No use terminals output no- active signal, or COMo~COM:6 output
no-active signal in the 1/8 duty operation and COM;2~COM1e
output no-active signal in the 1/11 duty operation.
1~22 | SEG22~SEG:; ] LCD Segment driving signal
63~80 SEGaoNSEﬁzs
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I FUNCTIONAL DESCRIPTION

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

The NJUB408B incorporates two 8-bit registers, an Instruction Register(IR) and a Data Regis-
ter(DR). The Register(IR) stores instruction codes such as "Glear 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(I1R), but it cannot
read out from the Register(IR).

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

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

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

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

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

Table 1. shows register operation controlied 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 0R Write (Register(DR) to DD RAM or CG RAM)

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

(1~—2) Busy Flag (BF)

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

The busy flag(BF) is output at DB; when RS="0" and R/H="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 gither the DD RAM
or CG RAM is also determined by this instruction.

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

The address data in the Counter(AC) is output from DBs~DBo when RS="0" and R/W="1" as shown
in Table 1.
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(1—4) Display Data 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 " 4F "
AC[ACs [ACs [AC. [AC. [Ac. [hc, [aco | [+ To Jo [0 T |1 1]
< Hexadecimal =<«  Hexadecimal - «——= 4 —-——e—— F ———

(1—4-—1) 1-Line Display ( Function set cods N=0 )

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

1 2 3 45 80 <Digplay
tst Line [00 |01 [ 02 ] 03 | 04 | —————— | 4€ [4F | <DD RN édgress
' (Hexadecimal)

( a ) 8-character 1-line display using one NJU6408B.

In case of the 8-character display using one NJU6408B, the relation between DD RAM ad-
dress and display positions on the LCD is as follows:

12345678*—D|splay

fst Line {00 |01 ]02]03 04 | 05 06|07 <D0 (ﬁéﬁaﬁggfﬁi‘?)

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

( Left Shift Display )
00)<[o1To2 {03 {04 [05 | 06 |07 |08 ]

( Right Shift Display )
[4F oo o1 {02 03 {0405 |08 | =(0n)

(b ) 16-character 1-line display using one NJUB408B and one NJUB407C.

12345578910111213141516<—D|splay

15t Pos
Line [0 To1 |02|03|04|05|06|07|08|09|0AIOBIOGIODIOE|0F|<—DD ﬁé’ﬂaﬁggfﬁis)

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

( Left Shift Display )
00)< [01 T2 [ 03 [o4 To5 J o6 To7 Tos Jos [on [ 8 | o | o | o€ [oF [10]

( Right Shift Display )
[4 Too o1 [02 03 Jo4 [o5Jos Jo7 08 |09 |0 |08 | oc | ob | oF | ~(oF)
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( ¢ ) More than 16-charactér 1-line display using one NJUB408B and more than 2 of NJUG407C.

As each additional NJUB407C can add another 8-character, up to 80-character can be dis-
played by connecting nine(9) of NJUB4OTC externally.

1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 to 32

ﬂ?ﬁeloolm|02|03|o4|o5|06|o7[08|09|0A|03|oc|00|oe|0F|10—17[18—@
o= BB ————e——— MIBOTOD  ————HURTONA0TC
Display Display Disp isp
=== Bt T2 —————=T3 T4 75 76 71 78 79 8 <Digplay
(20 27 | 27 ~2F | 30 -a7 [ a8 -aF |40 -47 |48 [49 [4A[4B[ac [ a0 [4E [4F | <00 ﬁﬁMéggress)
NIEAOTCAEI0TCAEIOTOMEADTONISATTC————  WIBAOTD  ———— exadecimal
isp. ®Disp. isp isp. @Disp. Display

(1—4—2) 2-Line Display { Function set code N1 )

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

st 1 2 3 4 5 6 7 8 9 10 11 12 37 38 39 40 <—D|$8L?ylon
Line§00{01/02103{04|05{06}07|08]09]|0A]|0B|-———- 24125126 | 21

2nd DD ﬁAM Address
Cine {40 | 41142143 |44 145146 {47 |48 149 | 4A|4B | ———- 64 (65(66 |67 |« (Hexadecimal)

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

( a ) 8-character 2-line display using one NJUG40BB.

1 2 3 4 5 6 7 8 '<—Di?pla¥ion

e [00 [01 Toe To3 To4 [05 06 Jo7 os!
DD ﬁAM Address

Line 140141 (421434445146 |47 |« (Hexadecimal)

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

( Left Shift Display )
(00)<|01]02]03]04 05060708
(40)< 14142143 4414546 |47 |48

( Right Shift Display )
271001f01]02]|03]041]05]06[|—(07)
6714014142143 |44 {4546 ]—-047)
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( b ) 16-character 2-1ine display using one NJUB408B and one NJUB407C.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 <—D|ﬁgé?ylon

Ist
L?ne 00{01]02}03]|04|05)06{07|08]03|0A|OB|OC]|OD|OE|OF

d
0 oo T2z (43 (30 15 (26 147 |48 (40 | an |48 40 | 4 | |4 | < (famadddress,)
——  NJUGA0SB Display ——>——  NJUGAOTC Display —->

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

( Left Shift Display ) . _
(00)«<]o1102}03]04]05]{06]07]|08]09|CA]OB|OC|OD|OE]|OF|10
(40)«< 41142143144 4546 |47 |48 |49 |4A | 4B |4C|4D | 4E | 4F | 50

( Right Shift Display )
27100/01102103)04[05:06|07|08 {03 |0A{0B|0OC{0D|OE|—(0F)
674041142 (4344145464748 149 |4A 4B 4C 4D | 4E | =>(4F)

( ¢ ) More than 16-character 2-line display using one NJUG408B and more than 2 of NJUB4OTC.

As each additional NJUB407C can add another 8-character 2-line, up to 40-character 2-
line can be displayed by connecting four(4) of NJUBAOTC externally.

st 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
L;ge 001{0102]{03[0405|06]07|08]09|0A|OB|OC|OD}|OE|OF[10[11]12]13
ine | 40 | 4114243 |44 {4546 |47 |48 |49 |4A | 4B |4C|4D|4E |4F |50 |51 |52 |53
«—— NJUB408B Display ————>«—— NJUB40TCD Display ———><« NJUB407C@ Disp.

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 <—Dﬁgg!%¥on
14 (15|16 |17 {18 |19 [1A| 1B |1C| 1D |1E|1F |20 |21 {22 |23 {24 |25 (26 |27 DD RAl

54 | 55|56 |57 58|59 |5A|58|5C|5D|5E{5F|60|61|62]63|64|65|66|67]|« Address

(Hexadecinal)
T 5~ NJUBATC® Disnlay ———e—— NJUBAOTC® Display ———

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

The Character Generator ROM(CG ROM) generates 5 x 7 dots or 5 x 10 dots character patterns
represented in 8-bit character codes.

The storage capacity is up to 240 kinds of 5 x 10 dots character patterns (In case of 5 x 7
dots display mode, upper 5 x 7 dots of 5 x 10 dots are displayed).

The correspondence between character code and standard character pattern of NJUG408B is
shown in Table 2-1 to 2-3.

User-defined character patterns ( Custom Font ) are also available by mask option.
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Table 2-1. CG ROM Character Pattern ( ROM version -00 )
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Table 2-2. CG ROM Character Pattern ( ROM version -01)

Upper 4 bit ( Hexadecimal )
0(112{3{4/5/6]7|8|9/A|B|C|/D|E|F
CGRAM| $I11% T T (e T e :
0 [ oot |
(01) -: lllll E'
(02) SIQIE -E .l..: : ..... ——
1]/ i A i RS e M 36304 e I B R
(o1 H
(03) : IR i
2 deee | Beedt | N R R B AR T AR P
(02)
EOVZIRR S N R PRt I IO R B R PR N T
3| /| S D A e P :
(02)
(05) /1 ot | Ledee | o [T 17TV N .
4 ALY R R D RS R P
(03)
L2 I KGN Sk b - . .
5 e O LS L S P P
(03)
O /] oo [eee Lo [0 [F 3] 5 R AR N
Z16 i L S Hlai SIS RN Do £ 0 PR
-] (04) i
S LB L e R EE S IR JUE T T8 ICETITN NS RN
s |7 i N E R R R PO I R BN EEINE
§ (04) . H sees . 7 . . . . . s e am
= (01) HEHEWEE [ P i s
w | 8/ ST, R R RO et AL i .
a (05) )
= 02 /el e [ R R [, R R :
5 (05) ' - i
(03) AT B R I . -
A Y Il B R PO O I PC IO O L I s
(06) -
o) /137 g | I R I A A U U -G 3 S FLETY I
B SO IS R D 2 A ol I Rl e
(06)
(05) /] s el N INPCOR PP R [P I I .
(on
(06) : U E O B N I P I RS T O BT I
VAR RES B EEE I B e B R B o P
(07)
(07) o R N RS etean [ seles [0 *e
E NHS A T Y PR EacR bt B R "3
(08) ' ’
(08) /b wueu | e oo, Len LR T Y R
o8 isii
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Table 2-3. CG ROM Character Pattern ( ROM version -02 )
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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 5 x 10 or
5 x 7 dots written by the user program to display user’s original character pattern.

The CG RAM can store 8 kind of character in 5 x 7 dots mode and 4 kind of character in 5 x
10 dots mode.

To display user’s original character pattern stored in the CG RAM, the address data (00)x -
(07)x or (08)x - (OF)u should be written to the DD RAM as shown in Table 2-1 to 2-3.

Table 3-1 and 3-2. show the correspondence among the character pattern, CG RAM address and
Data.

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

Table 3-1. 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)
765432 1 0 543 210 76543210

<« — «—— —_ <«—— ——
Upper Lower Upper Lower Upper Lower
it bit bit  bit bit bit

Character Pattern
Example (1)
0000000 000

= O OO O
R OO — OO
HOR OO MO

<Cursor Position

Character Pattern
Example (2)
0000%x001 001

I e = OO0 O
—_ OO OO
Ot O s O O

<Cursor Position

OO
OO
—_

— s
—_——_—00
—_—O s O

- % : Don’t Care
0000%111 111 l:
* %

Notes : 1. Character code bit 0 to 2 correspond to the CG RAM add. 3 to 5(3bits:8 patterns).

2. CG RAM address 0 to 2 designate character pattern line position. The 8th line is
the cursor position and the display is performed by logical OR w1th cursor.
Therefore, in case of the cursor display, the 8th line should be ”

If 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 bits 5 to 7 of the CG RAM are not appear on the display (no
meaning for the display), but memory elements are existing, therefore it can be
used as the general purpose RAM.

4. CG RAM character patterns are selected when character code bits 4 to 7 are all
?0” and it is addressed by character code bits 0 to 2. Therefore, the address
(OO)H and (08)x, (01)x and (09)x, —--===- , (07)x and (OF)x select the same char-
acter pattern as shown in Table 2 1, 2-2, 2 3 and Table 3-1.

5. ”1” for CG RAM data corresponds to dlsplay On and ”0” to display Off.

Yy Y ”’ N Y . ar 2
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Table 3-2. Correspondence of CG RAM address, DD RAM character code
and CG RAM character pattern ( 5 x 10 dots ).

Character Code CG RAM Character Pattern
(DD RAM Data) Address (CG RAM Data)

v_:[_S 5432 1”9*5 543210 : 6_1_6 543210

Upperbit Lowerbit Upper Lower Upperbit Lowerbit
0000 *x%x 100000
10001 ' 0
0010
0011
0100

000000 =% 10101 Character Pattern

10110 Example
10111
11000
11001

______________________________ 11010 | <Cursor Position

E i E § % : Don’t Care
0000%11¢% 11:1001 v

_____________________________ 1010 4 fxxxL
101t 'XEIEEEEE
11100 .
11101 T : T

Notes : 1. gharagter code bit 1 and 2 correspond to the CG RAM address 4 and 5(2bits:4 pat-
erns

2. CG RAM address 0 to 3 designate character pattern line position. The 11th line is
the cursor position and the display is performed by logical OR w1th cursor.
Therefore, 1n case of the cursor display, the 11th line should be ”

If there is ”1” in the 11th line, the bit ”1” is always displayed on the cursor
position regardless of cursor existence.

3. Character pattern row position are the same as 5 x 7 dots mode.

4. CG RAM character patterns are selected when character code bits 4 to 7 are all
”0” and it is addressed by character code bits 1 and 2. Therefore, the address
(00)H,(01 1,(08)x and (09)n, (02)n,(03)n,(10)x and (12)u for example, select the
same character pattern as shown in Table 2-1, 2-2, 2-3 and Table 3-2.

5. ?1” for CG RAM data corresponds to display On and ”0” for display 0ff.

AIA'-I 4‘!.‘151- D‘J"‘ ﬁ‘ ru
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(1=7) 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 in-
fluence, such as flickering, in areas other than the display area.

This circuits also generate timing signals to contro! the extension driver like as NJUB4OTC.

(1—8) LCD Driver

LCD driver consist of 16-common driver and 40-segment driver.

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

The extension driver for example NJUB40TC's segment driver structure is as same as NJUG408B
segment driver. The 40 bits of character pattern data are shifted in the shift-register and
latched when the 40 bits shift performed completely. This latched data controls display driver
to output LCD driving waveform.

The serial data output transfers the serial data to the cascade connection extension driver
like as NJUB407C, to extend display capacity.

Since the serial data always transfer from the last character pattern (last address display
data in the DD RAM) and latched when the top of character pattern (top address display data in
the DD RAM) read out from the DD RAM, the NJUG408B always display from the top character and
every extended extension driver display following character than front.

(1—9) Cursor Blinking Control Circuit

This circuits controls cursor On/0ff 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)u, a cursor position is shown as follows:

ACs ACs AC+ ACs ACz AC: ACo
ae) [ o] ol o] 1] 0] o] 0]

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

1-Line
Display [00]01 02 {03 0405|0607 0a|0s]oafoB|-— = DO, RAH acdres
b Hexadecimal
4 Cursor position
1 2 3 4 5 6 7 8 9 1011 12 <« Display position
2-Line 00 [01]02[03{04|05/|06|07{08{09|0A}0B|-— <«
. DD RAM address
Display |40 |41 |42 43|44 |45 (46|47 |48 |49 |4A|4B}-—— <«  (Hexadecimal)

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.
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(2) Power on Initialization by internal circuits

The NJUB408B is automatically initialized by internal power on initialization circuits when
the power is turned on. In the internal power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag (BF) is "1” and this status
is kept 10 ms after Voo rises to 4.5V.

Initialization flow is shown below:

Clear Display —  NOTE
[f the condition of power supply
rise time described in the Elec-
DL=1 :8-bit long trical Characteristics is not sa-
Function Set interface data tisfied, the Internal Power on
N=0 :1-Line Display Initialization Circuits will not
F=0 :5 x 7 Fonts operate and initialization will
not be performed.
D=0 :Display Off In this case the initialization
Display On/0ff C=0 :Cursor Off by MPU software is reauired.
Control | B=0 :Cursor Blink Off
1/D=1:Increment by 1

Entry Mode Set | S=0 :No Shift

(3) Instructions

The NJUB408B incorporates two registers, an Instruction Register(IR) and a Data Register(DR).

These two registers store control information temporarily to allow interface between NJUG408B
and MPU or peripheral ICs operating different cycles. The operation of NJUB408B 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 DB-).

Table 4. shows each instruction and its operating time.

Note) The execution time mentioned in Table 4. based on fcp or fosc=250kHz.
If the oscillation frequency is changed, the execution time is also changed.
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Table 4.

Table of Instructions

INSTRUCT IONS

c 0 D E
RS R/W DB~ DBs DBs DB« DBs DBz DB: DBo

DESCRIPTION

EXEC

TIME

Clear Display

000 0 0 0 0 0 01

Display clear and sets DD RAM
address 0 in AC.

1.64ms

Return Home

Sets DD RAM address 0 in AC and

returns display being shifted to
original position.

DD RAM contents remain unchanged

1.64ms

Entry Mode Set

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

40us

Display On/0ff
Control

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

40us

Cursor or
Display Shift

S/CR/L * *

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

$/0=0 : Cursor shift

R/L=1 : Shift to the right

R/L=0 : Shift to the left

60us

Function Set

DL N F % %

Sets interface data length(DL),
number of display lines(N) and
character font(F).

DL=1 : 8 bits , DL=0 : 4 bits
N=1 : 2 lines , N=0 = 1 line
F=t : Bx10 dots, F=0 : 5x7 dots

40us

Set CG RAM
Address

Sets CG RAM address. After this
instruction, the data is trans-
ferred on CG RAM.

40us

Set DD RAM
Address

Sets DD RAM address. After this
instruction, the data is trans-
ferred on DD RAM.

40us

Read Busy Flag
& Address

-—— A

———

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

Ous

Write Data to
CG & DD RAM

PEm—— ——

firite Data

Wirites data into DD or CG RAMs.

40us

Read Data from
CG or DD RAM

11 e ——

Read Data

Reads data from DD or CG RAMs.

b0us

Explanation of
Abbreviation

DD RAM :
Acc

Display data RAM , CG RAM : Character generator RAM
: CG RAM address , Aop : 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) Clear Display
RS R/W DB, DBs DBs DB« DBs DB. DB. DBo
Code 0 0 0 0 0 0 0 0 0 1

Clear display instruction is executed when the code "1” is written into DBo.
When this instruction is executed, the space code (20)w 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.
I 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)u must be blank code in the user-defined
character pattern(Custom font).

(b) Return Home

RS RMW DB, DBs DBs DB« DBs DB DBi DBo
Code | 0 0 0 0 0 0 0 0 i ¥ ¥ = 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 teft 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.

(c) Entry Mode Set
RS R/W DB, DBs DBs DB« DBs DB> DB: DBo
Code 0 0 0 0 0 0 0 1 i/D 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 (8) 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 Function

1 Address increment: The address of the DD RAM or CG RAM increment ( +1) when
the read/write, and the cursor or blink move to the right.

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

Entire display shift, ) .

The shift direction is determined by 1/D: shift to the left at |/D=1 and
1 shift to the right at the {/D=0. The shift is operated oply 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 shiftins.

(d) Display On/0ff Control

RS R/ DB- DBs DBs DB- DBs DB, DBi DBo
code [0 [0 Jo Jo Jo Jo 1 o [c |8 |

Display On/Off 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
below.

D Funection

1 Display On.

0 Display Off. In this mode, the display data remains in the DD RAM so that
it is retrieved immediately on the display when the D change to 1.

C » Funection

i Cursor On.  The cursor is displayed by 5 dots on the 8th line in 5 x 7 Font
mode and on the 11th line in 5 x 10 Font mode.

0 Cursor Off. Even if the display data write, the 1/D etc does not change.

B v Function

The cursor position character is blinking. Blinking rate is 379.2ms at fce
1 or fosc=20kHz and 409.6ms at fcr=250kHz. The blink is displayed al terna-
tively with all on (it means all black) and character display. The cursor
and the blink can be displayed simultaneously.

0 The character does not blink.

OEEED o0ood OEEEC EEENN
[ (]| Oootci BOOCE HERENE
|| [ m ]| |_[m|mim| ] HENEEN
] 11 ] ll@il RO ENEEN
foE o fe=mE\— gEaeE
w1 1] Hag5= HOOOm NHEREN
HEmEE gl OOoaaa 1 1] 1]

A mf 1] ()

Cursor — CIHEEN

Character Font 5 x 7 dots Alternating display

(1) Cursor display example (2) Blink display example
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(e) Cursor/Display Shift

RS R/M DB, DBs DBs DB« DBs DB: DB, DBo
Code [0 J0 J0 [0 Jo [t [so[re|x | x| x=don'tocare

The Cursor/Display shift instruction shifts the cursor position or display to the right or
left without writing or reading display data. This function is used to correct or search
the display. In the 2-line display, the cursor moves to the 2nd line when it passes the 40th
digit of the 1st line. Notice that the 1st and 2nd line displays will shift at the same
time. When the displayed data is shifted repeatedly, each line moves only horizontally.

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

The contents of address counter(AC) does not change by operation of the display shift only.
~ This instruction is executed when the code "1” is written into DBs+ and the codes of (5/C)
and (R/L) are written into DB3(S/C) and DB2(R/L), as shown below.

$/C 4 R/L Function
Shifts the cursor position to the left (gAC) is decremented by 1)

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

—_—omO

(f) Function Set

RS R DB, DBs DBs DBs DBs DB2 DB DBo
Code [0 ] O JO JO [t JOLINTF [* |* | #=Dontocare

Function set instruction which sets the interface data length and number of display lines
and character font, is executed when the code "1” is written into DBs and the codes of (DL),
(N) AND (F) are written into DB4(DL), DBs(N) and DB>(F), as shown below.

(DL) sets the interface data length, (N) sets the number of display lines either the 1-
line or 2-line and (F) sets the display Font either 5 x 7 dots or § x 10 dots.

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

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

DL Function
1 Set the interface data fength to 8-bit (DB- to DBo)

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

N F Display lines |Character Font | Duty ratio | Note

0 0 1 5 x 7 dots 1/8

0 1 i 5 x 10 dots 1/11

i 0 2 5 x 7 dots 1/16 Character Font 5 x 10 dots
can not display 2-1ine.
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(g) Set CG RAM Address

RS R/W DB, DB DBs DB« DBs DB, DB: DBo
code JO Jo Jo [t Jalalalalalal]

<Higher Lower = —
order bit order bit

Set CG RAM address set 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 " AAAMMA " 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.

(h) Set DD RAM Address

RS R/W DB, DBs DBs DB« DBs DB DB: DBo
Code | 0 0 1 A A A A A | A A

<Higher order bit Lower order bit—

Set DD RAM address instruction is executed when the code "1” is written into DB7 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, the address data is (00)s to (4F)u, and during the 2-
line display, the address is (00)u to (27)« for the ist line and (40)u to (67)u for
the 2nd line.

(i) Read Busy Flag & Address

RS R/W DB, DBs DBs DB. DBs DB DB: DBo
Code | 0 1 BF | A A A A A A A
<Higher order bit Lower order bit—>

This instruction reads out the internal status of the NJUG408B. When this instruction is
executed, the busy flag (BF) which indicate internal operation is read out from DB; and the
address of the CG RAM or DD RAM is read out from DBs to DBo (the address for the CG RAM or
DD RAM is determined by the previous instruction).

(BF)="1" indicates that internal operation is in progress. The next instruction is inhib-
ited when (BF)="1". GCheck the (BF) status before the next write operation.
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(j) Write Data to CG RAM or DD RAM

RS R/W DB, DBs DBs DBs DBs DB> DB: DBo
Code | 1 0 D D D D D D D D
«Higher order bit Lower order bit—>

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

By the execution of this instruction, the binary 8 bit data " DDDDDDDD " are written into
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction. After this instruction execution, the address -increment(+1) or decrement (-1)
is performed automatically according to the entry mode set. And the display shift is also
executed according to the previous entry mode set.

~ (k) Read Data from CG RAM or DD RAM

RS RM DB, DB: DBs DBs DB: DB. DB: DB
Gode [+ [ 1 [D [D [D [D D DD |D
<Higher order bit Lower order bit—>

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

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

Before executing this instruction, either the CG RAM.address set or DD RAM address set
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 reauired 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 execu-
ted 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) 8-character 1-line display in 8-bit operation (Using internal reset circuits).

At the 8-character 1-line display, the Function set, Display On/0ff Control and Entry Set
Instruction must be executed before the data input, as shown belov.

The DD RAM of the NJUB408B can store up to 80 characters, as explained before, therefore
the advert|31ng\mov1nz display is available when combined with the display shift operation.
Since the display shift operation changes only display position and the DD RAM contents
remain unchanged, display data which are entered first can be output when the return home
operation is performed.

initialized.
Power On No dispiay appears.
i RS R/W DB DBs DBs DB4 DBs DB> DB DBo
Set the 8-bit operation,
Function Set 0l 010} 0} 1y 1]0]| 0 % *| 1-Line display, bx7dots
. Font.

- Turns on display and
Disp.On/0ff Cont olojojofo|o0f 1] 11| 0] cursor. Entiredisplay
is in space mode set by
| the initialization.

¥
Example for set address
Entry Mode Set 0| 0of o]0} 0 0f{ 0| 1] 1] 0] increment and cursor
right shift when the
) data write to the DD

RAM or CG RAM.

firite data to the DD/CG RAM
and set the !nstruction

(b) 8-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 input 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/W and DB to DBa, as shown below. Since one operation is completed
by the two accesses in the 4 bit operation mode, rewrite is required to set the instruction
code in full.

8-character 1-line in 4-bit operation is shown as follows:
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Initialized.
| splay appears.

I Power On
J RS R/W DB, DBs DBs DB.

IFunction Set ] l 0 l 0 | 0 l 0 | 1 I 0 | %ﬁfstggeé ?;t gizgﬁﬁéﬁnln 8-bit mode
e
¥

initialization.

set by t

- Set the 4-bit operation, 1-line
[Functlon Set I o0 01 0] 1] 0 dlsplay, 5 x 7 dots Font.
0 0 O] Of %[ % The 4-bit operation starts from
| this step.
J
- Turn on display and_cursor.
|D|sp.0n/0ff Cont l 00101000 Entire display is in space mode set
. o]0 1)1 1]0 by the initialization.
Example for set address lncrement
| Entry Mode Set ‘J 0r 0 010! 0} 0 and cursor right shift when the data
0{0{031]1]0 write to the DD RAM or GG RAM.

|
4

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

(c¢) 8-character 2-line in 8-bit operation (Using internal reset circuits).

In the 2-line display, the cursor moves automatically from the ist to the 2nd line after
the 40th character of the 1st 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 programing
to change the cursor position to the 2nd line.

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

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

Initialized.
Power On No display appears.
\) RS R/W DB; DBs DB~ DB. DBs DB» DB: DBo
Set the 8-bit operation,
Function Set ol 0f ot of 1 1] 1] 0} x| *i{ 2-line display, b x Tdots
. Font.

Turns on display and cur-
Disp.0n/0ff Cont 0j o0l o0lolojoft] 1] 1] 0] sor. Entire display is
in space mode set by the

1 initialization.
Example for set address
Entry Mode Set o ol olofo}]ojot 1| 1] 0| increment and cursor
right shift when the data
) gz&te to the DD or CG

Write data to the DD/CG RAM
and set the Instruction
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(3—3) Initialization by instruction
I the power supply conditions for the correct operation of the internal reset circuits
_are not met, the NJUB408B must be initialized by the instruction.

(a) Initialization by Instruction in 8 bit interface lensth.

Initialized.

Power On AJ No display appears.
\)
Wait more than 15ms
after Voo rises to 4.5V
{ RS R/W DB» DBs DBs DBs DBs DBz DB: DBo
- Function Set
[Eunctlon Set Agl [ 0 l 0 | 0 | 0 I 1 | 1 I % I ¥ I ¥ | #J (8-bit interface lenzth)
\’
Wait more than 4.1ms
) RS R/W DB, DBs DBs DB+ DBs DB2 DB: DBo .
- Function Set
Function Set ol of ol ol 1] 1| %| %| x| %] (8-bit interface length)
)
Wait more than 100us
\’ RS R/W DB» DBs DBs DBs DBs DB2 DB: DBo

[Function St | [0 o] of o 1] 1] #[ #] #] #| oSt Tntertace lensth)

Busy Flag (BF) can not

|
1 be checked before this
| step, but it can be
| checked after this step.
| After this step, busy
1 flag(BF) check or longer
I waiting time than each
| instruction = execution
: time is required.
¥ RS R/W DB- DBs DBs DBs DBs DB2 DB: DBo ) )
Set the 8-bit operation,
Function Set ol of o Oof 1] v 1] 0 %[ * %—line display, 5x7 dots
: ont.

_ 4 RS R/W DB, DBs DBs DBs DBs DB2 DB: DBo

Display Off ol ofofofof[o0j1]0y0(f0
J RS R/W DB- DBs DBs DB. DBs DB2 DB: DBo

Display Clear o] of o o] o of o] o] o] 1}
¥ RS R/W DB, DBs DBs DB. DBs DBa DB: DBo

Example for set address
Entry Mode Set AI {70 l 0 l 0 | 0 l 0 l 0 | 0 | 1 I 1 I 0 I increment ~and  cursor

right shift when the
d data write to the DD RAM

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

Initialized.
Power On 44] No display appears.
J

Wait more than 15ms
after Voo rises to 4.5V

{ RS R/W DB, DBs DBs DBa
- Function Set
Function Set 0 l 0 | 0 | 0 1] 1 (8-bit interface length)
. .

‘Wait more than 4.1ms J

i .
[Function st | [0 o] o] o] 1] 1] et Tnter face length)

}
IWait more than 100us AJ
' Function Set
- unction Se
lFunctlon Set l I 0 l 0 | 0 I 0 l 1 l 1 | (8-bit interface length)
I Busy Flag (BF) can pot be checked
| before this step, but it can be
1 checked after this step.
I After this step, busy flag (BF)
[ check or longer waiting time
| than each Instruction execution
: time is required.
i RS R/W DB7 DBs DBs DBa , '
- Function Set
[Functlon Set ] 0 ‘ 0 l 0 ‘ 0 l 1 l 0 l Set 4-bit interface length by 8-
| bit interface length.
- Set the 4-bit operation,
Function Set 0 0] 0[]0} 10 1-line display, 5 x 7 dots Font.
0[ 0] 0] Of %] ¥
{
[ Display 0ff ol ol ol ol o]0
0[ 0] 1[0j0]0
{
[isplay clear | [ 0 0} 0 0 0] 0
. 0 0y 0] 0|01
Example for set address increment
(E;try Mode Set AJ 0/ 0[0}0]040 and cursor right shift when the
0] 0j 0] 1] 1] 0 data write to the DD RAM or CG

} RAM.

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

(4—1) Power Supply for LCD Driving

The terminals Vi to Vs require various constant voltage to generate LCD driving waveform.

This constant voltage must be changed according to the duty ratio as shown below.

The Vicp

is a peak level of LCD driving voltage and each voltage is generated by the bleeder resist-
ance as shown below.

“ Table 5. Relation between LCD driving voltage and Duty ratio.

ggweT Duty Ratio| 1/8 , 1/11 1/16
PP Bias 1/4 1/5
V. Voo to 1/4Vico Voo to 1/5Vrep
V2 Voo to 1/2Vicop Voo to 2/5Vueo
Vs Voo to 1/2Vuco Voo 1o 3/BVico
Vs Voo to 3/4Viep Voo to 4/5Vico
Vs Voo to Vieo Voo to Vico
Vop (+5V)
Voo
. R
Vi
R
V2
¢ Vicp
Vi3
R
Vi
R
V5 ®

o

GND

(a) 1/4 Bias (1/8, 1/11 duty)

Vi
Vi
V3
Vi

Vs

Voo (+5V)

LCD

X ™ m AX
<

GND

(b) 1/5 Bias (1/16 duty)
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(4—2) Relation between oscillation freauency and LCD frame frequency.

The NJUB408B requires either one of the oscillation resistance(RF) or ceramic resonator
for the internal oscillation, or external clock.

LCD frame frequency example mentioned below is based on 250kHz oscillation.

(1 clock = 4us )
(a) 1/8 duty

4D0cleck
F71 20 3] a el g1 0] 21 31 & Jon islala2lsl
oD I
Vi
COM; V2 (V)

Va

e |
le jframe | jFrame |
1€ f !

1 frame = 4(us) x 400 x 8 = 12,800(us) = 12.8(ms)

Frame frequency = 1/12.8(ms) = 78.1(Hz)

(b) 1/11 duty

400c¢1ock
y 0 21 3] a1l 0] 2] 3] 4 [t 1) 0 | 2 3]
o0 I
COM, Vi (vv-l)
v -
{ 1Frama i 1Frame ]
S ) |
1 frame = 4(us) x 400 x 11 = 17,600(us) = 17.6(ms)
Frame frequency = 1/17.6(ms) = 56.8(Hz)
(c) 1/16 duty
200clock
iR IE I ] s Y IR P N R pe— l16] 1] 2] 3l
i [
Vi
C OM: Vs
M |
! 1Frame L 1Frame |
N N !

1 frame = 4(us) x 200 x 16 = 12,800(us) = 12.8(ms)

Frame frequency = 1/12.8(ms) = 78.1(Hz)
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(5) Interface with MPU

NJUB408B 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 WPU interface

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

~ The data transfer is executed in the sequence of upper 4-bit (the data DBs+ 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
i — N~
£ __/—\_/—\r__/_\_/—\ ARV ﬂﬂ
Internal Status——————l'_—"lie_”‘‘7"——| J
NO
08, /7 ) TRXTRNZf e NS L7\ > (R XK X0 X/ /
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing
RS
R/¥W [

VANVA NIV NVAE VVA WA N

0B CR7 IR OXBEXT T XACs X R XOR)
DBe CiRe X TRX_XATXACa X XPRy_XDR?
DBs CTRs X IR O OXRE T OXAC X R XDR;

08,4 TR TR X XEEX X X XX X

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

(5—2) 8-bit MPU interface

RS
o ——
Y/ VA NV WA WA

Internai statu:-———————JAi operation L-———Tﬂr—————————f__———___
DBy MBNV ((4222; Busy [Alllnm’lllll

Busy Flag
Check

Busy Flag Writing Instruction into

Check

Busy Flag
Check

Writing Instruction into

Instruction Register(IR) Instruction Register(IR)
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W ABSOLUTE MAXIMUM RAT!INGS ( Ta=257C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -0.3~+17.0 y
Supply Voltage (2) Vi~ Vs Voo—13.5 ~ Vopt0.3 y
Input Voltage Vr - 0.3 ~ Vot0.3 V
Operating Temperature Topr - 30 ~1+ 80 C
Storage Temperature Tste - 55 ~+ 125 C

Note 1) 1f the LS| are used on condition above the absolute maximum ratings, the LS| may be

destroyed.

Using the LS| within electrical characteristics

operation.

is strongly recommended for normal

Use beyond the electric characteristics conditions will cause malfunction and poor

reliability.

Note 2) All voltage values are specified as Vs = 0 V
Note 3) The relation ; Voo=Vi2V.2Vs=VaZVs , Von2Vss2Vs must be maintained.

W ELECTRICAL CHARACTERISTICS

( Voo=BV£10% , Ta=-20 ~ +15°C )

PARAMETER SYMBOL CONDITIONS MIN TYP MAX ] UNIT | NOTE
Operating Voltage Voo 4.5 5.0 5.5 v
e == e ||
Viuy erminals 0.8
Input Voitage Vima Vorrt Vor v
2 - Only OSC Terminal
VILZ 1 -0
Voui Inpyt/Outpyt | =10x=0.205mA | 2.4
1 v lfermmaﬁ's
Output Vol tage Vous lou=1.6mA 0.4 v
9 Vouz Dut?g;minals =Jou=0.04mA ]0.9Voo
Voi2 l01=0.04mA 0.1Voo
Driver On-resist.(COM) | Rcom | 1d=0.05mA(Al} com.term.) 20 wal s
Driver On-resist.(SFG) | Rssc | E1d=0.05mA(All seg.term.) 30
Input Leakage Current lu Vin=0 ~ Vop -1 1 A 6-
Pull-up Resist Current| -l» Voo=5V, RS, R/W, DB 50 125 250 !
Operating Current (1) lops g;sggg\lﬁ %‘;’22%8@230' 0.55 | 0.8 ) 7
Operating Current (2) loo2 Slzvgggll}g’:;g?grg;ékﬁz) 0.35 | 0.6
Operating Freq. fep 125 250 350 kHz
Ext. | Duty Duty |External clock inputs to 45 50 55 % 8
Clk | Rise Time trep | 0SC:, 0SC2 open 0.2 us
Fall Time tfep 0.2
Int. | Oscillation fosc CR Osc. Rf=91kQ 2% 190 210 350 Hz 9
Osc Freauency Ceramic resonator 245 250 350 10
- Viens 1/5 Bias Voo Voo '
LCD Driving Voltage Vooos Voo = Vs 174 Bias | -3.0 3.5 v M
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Note 4) Input/Output structure except LCD driver are shown below:

]nput Terminal Structure Input/Output Terminal Structure
v v Voo
P

\21 1] pnoS Voo
| Hos YErrues PUOS _{Q J"“:‘_t’ pnos
o—t @ L
B wuos HUOS : e

E Terminal RS,R/W Terminals

DBy, to DB; TerminalS

Note 5) Rcom and Rses are the resistance values between power supply terminals(Voo, Vi, Ve, Vs)
and each common terminal (COM, to COMis), and supply voltage (Yoo, V2, Vs, Vs) and each
segment terminals(SEG: to SEGao)respectively, and measured when the current Id is flown
on every common and segment terminals at a same time.

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

Note 7) Except Input/output current.

Note 8) Apply to external oscillation mode.

Note ) Apply to internal CR oscillation using a oscillation resistance Rf
As the oscillating frequency is affected by the stray capacitance of the terminals 0SC:
and 0SC., shorter connection length of these terminals are required.

1 0SCt }
R(% Ri:91kQ 2%
| 0SC2

Note 10) Apply to external ceramic resonator oscillation.

Ceramic resonator specification example. c
Rf = 1MQ X 10% osc
C, = 680pF 5 Rl
C. = 680pF
Rd = 3.3kQ o R 0s¢:

As this circuit example 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 azainst the
LCD driving constant voltage (Voo, Vi, V2, Vs, Va4, Vs) at no load condition.
Note 12) Mentioned condition of V: and Vs do not guarantee the right operation of this LSI.
Rizht LCD driving voltage is specified in "Electrical Characteristics”

Voo Y S
(B) (A)=Vpp—Vs
Vi _L__ (BY=Vpn—V1
(A)21,5V
(A) (B)<0.25%(A)
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- Bus timing characteristics (Voo = 5.0VE10%, Ves = OV, Ta = =20 ~ +75C)

Write operation ( Write from MPU to NJUG408B )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable Cycle Time tovee 500
Enable Pulse Width [ "High" level | Puew | 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, R/, E | tas 40 fig.1 | ns
Address Hold Time . tan 10
Data Set up Time tosw 60
Data Hold Time tu 10
Timing Characteristics (Write operation)
© Vint VigR
RS :><k VILL VILV><:
tAS tAH
R/W k Vil A Vil
PYEn — tAR
N | tEf —
E . Vint VALY
——————————-Ylk}{/z F VL F Vil
—> — thSH S tH
LEr Vit
v ) b3
DBe ~DB; >< lHVlnlid Data X
Vivl Vit
tCYee
fig. 1
Read operation ( Read from NJUB408B to MPU )
PARAMETER SYMBOL | MIN MAX | CONDITION |UNIT
Enable Cycle Time teves 500
Enable Pulse Width I"High" level | Pwen 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, RAH, E | tas 40 fig.2 | ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toon 20 100




Timing Characteristics (Read operation)

4
RS >< ViKi Vinl
<_ViLl Vil
tAS -

e N
R/W A Vit L
tAH
E Vil
Vit S S SR
LEr 1DIR.
y {Voyt
Vot
DBy ~DB- Valid bata |
VOLI VOLl
tCYCE
fig. 2

« Segment extension Timing Characteristics (Voo = 5.0V10%, Vss = 0V, Ta = =20 ~ +75C)

PARAMETER SYMBOL | MIN MAX | CONDITION |UNIT
. "High” level tewn 800
Clock Pulse Width Loa” Tevel | Pome 500
Clock Set up Time tesu 500
Data Set up Time tsu 300 fig.3 ns
Data Hold Time tou 300
M Deiay Time tom -1000 | 1000
Clock rise Time, Fall Time te: 100

Interface signals with extension driver NJUB407C

—_—

A K (0.9 Voo

0.9 Voo
CL: “—/ \
= 0.1Vop

tCWH

tcwn

tcsy

0.9 Voo{ A \ 0.9 Voo
CLe /7 R\
0.1 Voo -f- 0.1 Voo 0.0 Voo

tcsu et towe

D X X[0.9 'DD 0.9 Voo
- 0.1Voo 0.1 Vo

tsu tom

fig.d ’/
0.1 Voo
Q.._




lil!ul:!liiil NJUG6408B

DBy to DB+ load circuit Segment extension signal load circuit
5.0V
Ru=24kQ Test Point
Test Point ‘

60pF

130pF 10k .
Diode
152074

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

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Power Supply Rise Time trce 0.1 10 s
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)

5v/3V

0.1ms=trcecS10ms 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

1/8 Duty Driving

1121314151617 18(112131415161718

VDD
\Z
2
COM, CoMy y, .
COM: Vo —gofreeeeesemeee e
COMs Vs B O
COM,
COMs Vop wefremremremmmremeeeeraeneiecaces
COMe ¥|
COM- SR S S
COM, CoMay, ol e
V.
S S S Vs
(S5 R R |
17 37 3 % ]

SEG,

SEGs
\/\
o

Voo

oV
V.

COMe Vs
\7]

Vs

| 7 T e e A0
V| P
V2
0
COMs Va
V.

Yop woorfemsemmesrenmensnenenincanes
Vi oo "
COM;sv3 .....
\2

Vs
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I LCD DRIVING WAVE FORM

1/11 Duty Driving

112131415(61T18 19110111 1121314151617 181910111
YD cweefersmmmrmrnromamesnesrasensanensacsrnensnnses

V2SRNNOL NN WSURRRPIOUUIOPOIPSOIN SIS SRS
COM: coM, VRO N OO S T
COM Vi
COMy— R
COMa
COMs Voo
COMs xu
COM:— 2
COM, COMey,
COMs 2
COMie— Vs
COM:r

VDD
L

Ve
CUMHV3

Ve
Vs

SEG,
SEG:
SEGs
SEG,
SEGs

VDD easagescriessanananeceniesian

COszz R

R
Ve
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I LCD DRIVING WAVE FORM

CcCoM,
COM:
COMa
COM,
COMs
COMe
COM,
COMs

COMs

COM:
COM,
COM
COM
COM:
COM:
COMis

SEG, —
SEG,

SEG,

SEG,

SEGy ——

Voo
Vi
Ve
COMi vy,
Vi
Ve

Vi

Vo =g
COM. Vs

Va
Vs

Vi

v
coulsv:
Vl
Ve

Voo
Vi

COM'?

Vi
Ve

SEG:

Voo

SEGe Vs

1/16 Duty Driving

11213141516171819 1011111213114 115116

1121314151617 1819 110111112113 114115115 |
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W APPLICATION CIRCUITS

(1) Interfacs with LCD Panel

(1 —1) Character and Number of Display Line

The NJUG408B can display both of 5 x 7 dots font with cursor and 5 x 10 dots font with

cursor.

The number of display line is up to two lines for § x 7 dots font and one line for 5 x 10
dots font. Therefore, the common line must be of the following 3 types according to the
line number and font combination.

Line Number | Character Font Common Line ]Duty Ratio
1 5 x 7 dots + Cursor 8 1/8
1 5 x 10 dots + Cursor " /11
2 5 x 7 dots + Cursor 16 1/16

Display line number and character font can be selected by the user programing (refer Table

4.).

(1—2) Connection between NJUG408B and LCD panel

CcoM

NJU COMs
6408B
. SEG

SEGw

_______________________________ LCD Panel

(8-character 1-line)

(a) 5x7 Dot 8-character 1-line example (1/4 bias,1/8 duty)

COM:

NJU  coMn

64088
SEG

SEGao

LCD Panel
(8-character 1-line)

(b) 5x10 Dot 8-character 1-line example (1/4 bias,1/11 duty)
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coM
COlA
COMs
NJIU  coMs
6408B
SEG: LCD Panel
(8-character 2-line)
SEGew

(c) 5x7 Dot 8-character 2-line example (1/5 bias,1/16 duty)

One NJUG408B can drives up to 8 characters for one iine and up to 16 characters for two
lines because of 1 character is driven by 5 segment lines.
Unused common terminals mentioned in the above example {a) and (b) always output non-select
signals.
[f the LCD panel has unused column electrode, following connection can aveid bad influence
of cross-talk etc. occurred by floating condition.

COKH‘
COMs|——
wu  coMst LCD Panel ,
64088 gpe ‘ (8-character 1-line)
SEGso

(1~—3) Other matrix LCD panel connection example

Following 16-character 1-line and 4-character 2-line displays are also available.

COM1

SEG:
NJU —J

64088

SEGao
COMs

COMis

(a) 5x7 16-character 1-line example (1/5 bias,1/16 duty)
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SEG

SEG2o

CoOM,

COMs
NJU

6408B LCD Panel
(4-character 2-line)

SEGa2

SEGue

(b) 5x7 4-character 2-1ine example (1/4 bias,1/8 duty)

(2) Connection with extension driver NJUB407C example
(40 character 2-line Display NJUG408B + NJUB4OTC x 4)

The NJUB408B can extend its display capacity by connecting NJUB40TC as extension Driver.
In this application, the NJUB407C is used as a segment driver.

The control signal CL:, ClL2, M and D for NJUB4OTC are supplied from the NJUB408B and power
source is common with NJUG408B.

The maximum connecting unit number of NJUB4OTC is up to 9 for one line display (duty ratio
1/8 or 1/11) and up to 4 for 2 lines display (duty ratio 1/16). The maximum display capacity
is limited to 80 characters which is the maximum memory capacity of NJUG408B.

1-line display, 2-line display, 5 x 7 dots font and 5 x 10 dots font application require
same connections shown below.

COM~COMq E:) Dot Matrix LCD Panel
SEG,~SEGu| 40
SEG, ~ SEGu SEG: ~ SEGu SEG: ~ SEGu SEG, ~ SEGu
D 104, 108, — 104, 108: —| 1o, 108, —{ 104 108:
shh, RV omfy [ SHL MIBTC pop L [shL, Kowe o tom by |sHL g iom.
SHL, Bald  [SHL: B[] | L, 0a ] |SHL, 104, {J
Sz, Hdega =] a O=2x
58350y HR5S Ay 523500 333500
o, T T] jul T
CL, 1 1 d
M
Voo
Vss
Va2
V,
Vs
NJUB4088
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(3) 8-bit MPU interface example ( Full application circuits )

"oul 30717 JO yJew apeJl ST @087

ﬂ
oND  Sb
n/y
3
ono
ora3s (080
i
¢ 880790NN
H sA
: (23
1935
€A
91%03
2a
s%02
on0D n
2350

—lu
03 5oa 1350

i

|

¥
ol

cNg  OND

rod

UL 2 x "Jud g/13NNYd 091

o
o [ ouoL
ov (14
iy iy
aga 52 LY AG+
L . .
I041INOD
1H9168

4

S1INJYID NOI1YD]'lddy BOPSNCN
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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.




