NJU6408B

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

GENERAL DESCRIPTION

The NJUG408B is a Dot Matrix LCD controiler 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, hieh 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 NJUG40BB use.

The extension driver interface circuits enable combi-
nations with NJUG4O7C or NJUB41TC 1o increase the dis-
play capacity up to 40-character 2-line or 80-character
1-line.

FEATURES
5 x 7 and 5 x 10 Fonts with Cursor Display
4/8 Bits Microprocessor Direct I[nterface
Display Data RAM ( 80 x 8 bits )
Character Generator ROM ( 12,000 bits )
Character Generator RAM ( 64 x 8 bits )

High Voltage LCD Driver ; 16-Common / 40-Sezment

W PACKAGE OUTLINE

NJUB408BF

; Maximum 80 Characters

; 240 Characters for 5 x 10 Dots
; 8 Patterns(6x7 Dots) and 4 Patterns(5x10 Dots)
Microprocessor can access to Display Data RAM and Character Generator RAM

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 Bx 7 Dots + Cursor, 2 Lines

Number of Maximum Display Characters
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Display Line

Duty factor

Extension

NJUG408B

NJUB407C/07CR

Display Capacity

1 Line

1/8,1/11 Duty

Not provided

Provided

8-character 1-line

9 pes

80-character f-line

Not provided I po - 8-character 2-line

2 Lines 1716 Duty Provided 4 pcs 40-character 2-1ine

Useful Instruction Set ; Clear Display, Return Home, Dispiay 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 Reauired )

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
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M TERMINAL DESCRIPTION
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NO. SYMBOL. FUNGCT I ON
26~30 Vi~Vs LCD Driving Power Source
33 Voo Power Source ( + 5V )
23 Vs 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/ Read/firite selection signal input
"0" : Write , "1” : Read
38 E Read/Write activation signal input
3-state Data Bus{(lUpper) to transfer the data between MPU and
43~46 DB+~DB+ NJUG4088B.
DB; is also used for the Busy Flag reading.
3-state Data Bus{Lower) to transfér the data between MPU and
39~42 DBo~DB: NJUG4088B.
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 Qutput Terminal : The serial character pattern data
output correspond to the each common sigznals.
"0" : No-active , "1" : Active
LCD Common driving signal _
47~62 | COM ,~COM:s | No use terminals output no-active signal, or COMe~COM:s output
no-active signal in the 1/8 duty operation and COMi2~COM:s
output no-active signal in the 1/11 duty operation.
1~22 | SEG22~~8EG; |LCD Segment driving signal
653~80 SEquNSEGm

New Japan Radio Co. Ltd.
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M FUNCTIONAL DESCRIPTION

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

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(1R), 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 WPU reading.

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

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

Table 1. Register Operation

RS |R/W |Selected Register Operation

0 0 IR firite

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

i 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 DBs 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 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 Gounter
(AC) increments (or decrements) automatically.

The address data in the Counter(AC) is output from DBe~DBo when RS="0" and R/W="1" as shown
in Table 1.

New Japan Radio Co. L1d
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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 ”
ACJACe |ACs |AC. |ACs |AC2 JAC, |ACo 1 0 0 1 1 1 1
<« Hexadecimal —><-  Hexadecimal - «——= 4 ——ore——— F ———

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

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

1 2 3 4 5 79 80  <«JDisplay,
. Posit og
1st Line | 00 [ 0110203 {04 | ————r—m—— 4E [4F | <DD RAM éd ress
S (Hexadecimal)

( a ) 8-character 1-line display using one NJUG408B.

In case of the 8-character display using one NJUB408B, the relation between DD RAM ad-
dress and display positions on the LCD is as follows:

1 2 3 4 5 6 7 8  <Display,
. P05|t|og
1st Line | 00 {01 |02 10304050607 <D ﬁAM Address
: : (Hexadecimal)

When the display shift is pérformed{ the DD RAM address changes as fol lows:

( Left Shift Display )
(00)< 101 102103{04 (0506|0708

( Right Shift Display )
4F|00(01(02]|03({04|05]06]—=>(07)

( b} 16-character 1-line diselay using one NJUB408B and one NJUG407C.
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 <Display,

15t Position
Linel00]01102(03|04{05[06|07|08|09}0A)0B|OC]|0D|OE|OF{]<DD ﬁAM Address
(Hexadecimal)

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

( Left Shift Display )
(00)<}0102(03|04|05|06{07|08|09|0A|O0B}OC]|OD]|OE|OF|10

( Right Shift Display )
4F |00 |01]02|03]04]05]06|07|08]09|0A]0B]|0OC|OD|OE]|->(0F)

New Japan Radio Lo, LH.
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( ¢ ) More than 16-charactér 1-line display using one NJU6408B and more than 2 of NJUG4OTC.

As each additional NJUB40TC can add another 8-character, up to 80-character can be dis-
played by connecting nine(8) of NJUB40TC externally.

ot 28 4 5 6 7 8 9 10 11 12 13 14 15 16 17 to 32
e [o0 {01 02 [0a [ 04 [ 05 [ 06 {07 J 08 Tog Joa o [oc Job JoE o [10 17 {18 -IF |

“——— NJUG4O8B ——-—e———  NJUG40TC ———=NJUB407CNJUB407C
Display Dlsplasj Disp. Cgﬂisp

———— B to 72 —————73 74 7516 77 18 79 8 Digplay
[20 =27 [ 27 -2F | 30 —37 | 38 ~3F [ 40 ~47 [ 48 [ 49 [4A [4B [4G [ 4D [4E [ 4F wn(ﬁirﬁ Adress

dec nal
NLEOTCH B0 CRIEDTORISATONISIOTC -~~~ WJBOTEO  ———— eradecinal)
1Sp Disp. 1SP. isp. @Disp. Display

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

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

1 2 3 4 5 6 7 8 9 10 11 12 37 38 38 40 4—D|Bp|ay
1st osition
Linelooto1(02t03104[05{06]07 08|09 |0A|0B|——— 241252627
2nd DD ﬁAM Address
Cine 140 | 4114243144145 |46 {47 |48 {49 |4A | 4B |-~ |64 |65 |66 |67 ]« ( exadecimal)

Note : In the 2-1ine 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 NJUG408B.
’ 5 6 7 8 <«Displ
1 2 3 4 IED a¥i0n

e [00 o1 Toe Tos To4 [os [06 [07] os!
)] (ﬁAM Address

Line 140141 42143 |44 {45146 |47 |« (Hexadecimal)

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

( Left Shift Display )
(00)<]01(02(03]04|05(06|07]08
40y« 141142143 |44 145 |46 (47 |48

( Right Shift Display )
27100 (01]02]|03]|04]05|06][—(07)
67140 (411421434445 }45]—>(4D)

Downloaded from Datasheet.su
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( b ) 16-character 2-line display using one NJUB408B and one NJUG407C.

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

1st
L?ne 0001 |02|03]04|05{06]07|08)03|0A|OB|0C]|OD|OE|OF

d
e 140 |41 (42 |43 | 44 | 45 | 46 | 47 | 48 |49 | 4A |48 | 4C | 4D | 4E [ 4F | < (ﬁé’faﬁg‘c’fﬁﬁ)
——  NJUG408B Display ——<——  NJUBAOTC Display ——>

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

( Left Shift Display ) . _
(00)<]0102(03]04{05{06{07108]09|CA]|0B|0C|OD|OE|OF|10
(40)« |41 {42143 |44 | 45|46 |47 |48 | 49 |4A | 4B [ 4C | 4D | 4E | 4F | 50

( Right Shift Diselay )
27100101102103)0405!06|07|08|03|0A|0B|0OC|OD]OE|—(0F)
6740|4142 (43144 7145|46 |47 |48 |49 |4A]4B |40 4D | 4E | =(4F)

( ¢ ) More than 16-character 2-iine display using one NJUB408B and more than 2 of NJUB40TC.

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 NJUB4QTC externally.

st t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5;ge 00{01{02{03|04|05]06]07 08|09 |0A|OB|OC|0D|OE{OF|10|11]12]|13

Line | 40 | 41|42 |43 [44 |45 | 46 |47 |48 | 49 [ 4A | 4B | 4C | 4D | 4E | 4F | 50 [ 51 | 52 | 53
«——— NJUG408B Display ————>——— NJUB4OTCD Display ———>< NJUB407CE Disp.

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4-0;32!%Y0n

14{15 |16 |17{18 {19 {1A|1B|1C|1D{1E[1IF|20 )21 |22 (23 {24 |25 |26 |27 DD RAN

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

(Hexadecimal)
G Ty T M—TYT T P

(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.

New Japan Radio Co. Ltd,
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Table 2-1. CG ROM Character Pattern ( ROM version 00 )

Upper 4 bit ( Hexadecimal )

0ol1121314!/5/6/7/8|/9|A|B|C|D|E|F

CORAN T ST R00CH N YO I R I PO O It RS
0 [ SR DK RO RO

(01) :
(02) o

o1 ‘ :
to3) EE --.': E-. E“: : . e 5" .!" H
2 ISR TUNLY TS B :

(02)
(04)

3 TN D] R e :

(02!

4 PRIl UL I S A B I o i : 8
(03)
(06) ECNCH S - T ISOUR P L [ s
5 SR IR
(03
_ (07) RN EIR R :
E|6 L N R A O (P e 2 LN
3 (04) ]
K (08) O O PR I LS PR O o Rl e o | ose
2|7 PR IR . - :
- (04)
o {01) P LR R A IREEC A I IR R
-n : l' -: :-..E . * - E. E : * H
q 8 - . L) L]
N (05)
g (02) RS I R AL P tg i :
=19 W] ] : : i
(05) LS
(03) cie 8| TETE] w e el .

(06}
(04) : s .c-

semnuss;
-
.
sves
.

(06)
(05) . | ot : T e L | ey | e

(07)
(06) HE

(07)
(07)

(08)
(08) AL P

=S IR B N w A B T (= o R (g

(08)

New Japan Radio Co. Lt -
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Table 2-2. CG ROM Character Pattern ( ROM version -01 )

Upper 4 bit ( Hexadecimal )

0112345678 |9/A|B|C|D|E|F

CGRAM| 37072 BN N
o oA | |ad| T e ) e .
(o) RO R YT
(02) . H _5 :. : — ":"
1 FTE L T ] I I ] I
(o1} 5
103) BRI E . Tz
2 : _::" H H :' : !' ........ " R IR e

(02)
(04) RN A

w

(02)
05) /] o7 [oefee | of e T

(03)
(061 T EEN IR S T

(03)

e NS PN I R S O B e N
B 6 RS A I R DOV S RO IS ) Rl I I Bt I PO
(04) :

(08)

(04)|

Lower 4 bit { Hexadecimal )

oY I R B PR I PR A N R D B e
g | /|t it | R P D : Pl
(05)
(7274 B B SR B A T D P ER R IEE : . .
9|/ | i R e S boit HELE
(05) :
(03) : -:- :: .5. .-.:= c: sunus " -. .a ....: 'l : L] :T
A/ L T e
(06)
1077 IS T - U IS O S IR S N G LR B S FLLLTS IO I
B ' AN RN A B o :
(06)
(051 /1 **t: I N M : . N 3 T .
C Eofede] H deer| e d SRR R IO
{07)
(08) : eanay E'.‘; ¥ I S L N b H 5.
VAR EREHE : s
(07)
@ o e oo T T [ [ [ [
E i e e L L R s
(08) ) )
(08) /1 =.e. RRRINE S P T B N 2 s PR | R3S
(08! E EE

! New FJapan Radio Lo, LH.
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Upper 4 bit ( Hexadecimal )

Table 2-3. CG ROM Character Pattern ( ROM version -02 )

New Japarn Radio Co.Ltd

o | B | T | ) e T e
SN R S O e e Pl | | e AR LR
O i b RECE O[T OEEE el Bl eed e g e f )0
O o b [ B [ [5 po F [d  [F L [T e B R
m | - o . . Ik e RS RN O B s L e |
R e N e e e e el R A
R I I e O A S R S R N S O R i
o [ Forh MM PEOLEEOLATE (R E b feEr [ s [ed fewd [l
~ i [ [ b | T B R e e [ [
o p# L (L[ e (BT b e [ e | T D
o [ [ [ 0 b [ I TR T [ Dd et [ ] |
= FE E 0 Gk e b4 [ BOF LD e B [ |EED CERT
o SRR o e ol -~ S R S R S Mo o % B P I = |
Ol |l || = | |0 | 0O | < @O AR | K
( jewiospexsy ) 11q p JoHOT
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(1~—6) Character Generator RAM ( CG RAM )
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The character generator BAM ( 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)u - (OF)s 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 ( & x 7 dots ).

Character Code G Character
: Pattern
(DD RAM Data) RAM Address (CG RAM Data)
76543210 543 210 76543210
«“— - - - - -
Upper Lower Upper Lower Upper  Lower
bit bit bit bit bit bit
000 X X %
001
010 Character Pattern
011 Example (1)
0000000 0001100
101
110 m
111 Xk % <Cursor Position
000 Xk %
001
0190 Character Pattern
011 Example (2)
0000%x001 0011100
' 101 '
110 '
111 % X *E <Cursor Position
_____________________________________ N ER D
000 ¥k %,
001 Aol
. ' - — * : Don’t Care
0000%x111 111 :
100 '
101 !
110 '
111 LR

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
(00)= and (08)x, (01)x and (09)s, -~~=-=- , (07)z and (OF)z 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 display On and "0” to display Off.

New Japan Radio Co., L.
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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)
$wjlﬁ 5432 1"9*9 543210 : 76543210
Upperbit Lowerbit Upper Lower Upperbit Lowerbit
' 0000 *x%x %, 00000
0001
‘0010
0011
0100
0000%00=% 00:0101 Character Pattern

0110 Example (3)
0111
1000
11001

______________________________ 11010 | <Cursor Position
10
V11
11
1t
11
100
100

E E E § % : Don’ t Care
0000#*11% 1111001 Voo

____________________ oo 2100 L AL
1011 TETEEY
‘1100 !
1101 T i 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 with cursor.
Therefore, in case of the cursor display, the 11th line should be ”0”.

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)u, (01)x, (08)s and (09)u, (02)n,(03)x,(10)x and (1A)x 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 Off.

New Japan Radio Co., LI,
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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 control the extension driver like as NJUB407C.

(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 NJUB407C'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 NJUB40TC, 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

B 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 AC: AC, ACo
M)y oy orof1{ofo|o0

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

1-Lj

Breotay [00 T 01 102103 104105060708 |09 ]0A] 08| —— < DD Bl addres

— Hexadecnmal?
4 Cursor position
1 2 3 4 5 6 7 8 9 10 11 12 < Display position

2-Li 0 06 | 07 09 | OA | 0B | —--

ine 00| 01]02]03[04]05 08 |09 | 0A | 0B DD o e

Display |40 (41142 (43|44 |45 146 147 |48 (49 [4A 4B} —- (Hexadecimal)

4 Cursor position

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

New Japan Radio Co. LE.
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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/Off C=0 :Cursor Off by MPU software is required.
Contrel | 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 NJU6408B
and MPU or peripheral |Cs 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 DB-).

Table 4. shows each instruction and its operating time.

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

New Japan Radio Co. L4,
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Table 4.

Table of Instructions

INSTRUGT |ONS

c 0 D E
RS R/W DB~ DBs DBs DBa DBs DB2 DB. DBo

DESGRIPTION

EXEC
TIME

Clear Display

000 000 O0 O0O O 1

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.

| /D=1: Increment, |/D=0:Decrement
S=1:Accompanies display shift

40us

Display On/Off
Control

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

40us

Cursor or
Display Shift

0 0 0 0 0 1 S/CRAL *

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

$/C=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).

D=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 GG RAH
Address

e et e

ACG

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

40us

Set DD RAM
Address

ADD

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

Wirite Data to
CG & DD RAM

[

firite Data

Wirites data into DD or CG RAMs.

40us

Read Data from
0G or DD RAM

———

Read Data

Reads data from DD or CG RAMs.

50us

Explanation of
Abbreviation

DD RAM :
Ace : CG RAM address , ADD :

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

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

Downloaded from Datasheet.su
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(3=1) Description of each instructions

(a) Clear Display
RS R/W DB, DBs DBs DBs 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)u 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 R/MW DB, DBs DBs DB« DBs DB. DBy DBo
Code | 0 0 0 0 0 0 0 0 1 % ¥ = Don't care

Return home instruction is executed when the code "1” is written into DB.. When this
instruction is executed, the DD RAM address 0 is set into the address counter. Display is
returned its original position if shifted, the cursor or blink are returned to the feft 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 /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 writine.

I/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.

New Japan Radio Co. L.
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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 only for the charac-
ter, so that it looks as if the cursor stands still and the display moves.
The display does not shift when reading from the DD RAM and writing/reading
into/from GG RAM. ‘

0 The display does not shifting.

(d) Display On/0ff Control

RS R/MW DB, DBs DBs DB. DBs DB. DB. DBo
Code | 0 0 0 0 0 0 1 D C B

Display On/0ff control instruction which controls the whole diselay On/0ff, the cursor On
JOFf 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 Funct i on

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

¢ Funection

1 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 , Function

The cursor position character is blinking. Blinking rate is 379.2ms at fcr
1 or fosc=270kHz and 409.6ms at {cr=250kHz. The biink is displayed alterna-
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.
OmEED 00000 OEEmC EREEN
[ (] | Ogooag | (W] | HERENN
||| m ] 1| ROOCiM HEEEE
HOEEN ll@;l ROOOM EANEN
Fo= Pk §est\—/EEES
mf 1] ] 85g5= EOOON 1111
HENNE ]| ooooca ENNEN
A mj ] [w
Cursor — HHMEEN
Character Font 5 x 7 dots Alternating display
{1) Cursor display example (2) Blink display example
New Japan Radio Co. LEd.
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(e) Cursor/Display Shift

RS RW DB, DBs DBs DB« DBs DBz DB: DBo
Code | 0 0 0 0 0 1 [S/C |RL | % % *¥ = Don’'t care

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 Ist line. Notice that the 1st and 2nd line displays will shift at the sane
time. When the displayed data is shifted repeatedly, each !ine moves only horizontally.

The 2nd 1ine 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 (8/0)
and (R/L) are written into DBs(S/C) and DB2(R/L), as shown befow.

S/C | R/L : Function

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

—_——_—eo
—_,.O O

(f) Function Set

RS R/M DB, DBs DBs DB« DBs DBz DB: DBo
Code | 0 0 0 0 1 DL N F ¥ ¥ ¥ = Don't care

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 DB.(DL), DBs(N) and DB2(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 uniess the interface data iength change.

DL Funection
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 1 5 x 10 dots 1/1

1 0 2 5 x 7 dots 1/16 Character Font 5 x 10 dots
can not display 2-1ine.

New Japan Radio Co. L.
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(&) Set CG RAM Address

RS R/W DB, DBs DBs DB. DBs DB- DB, DBo
Code | 0 0 0 1 A A A A A A

<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 " AAMAAA " s 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/MW DB, DBs DBs DB. DBs DB2 DB. DB
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 DB and the
address is written into DBs to DBo as shown above.

The address data mentioned by binary code " AAAAAAA " 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)x to (4F)u, and during the 2-
tine display, the address is (00)u to (27)u for the 1st 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 | O 1 BF | A A A A A A A
<Higher order bit Lower order bit—>

This instruction reads out the internal status of the NJU6408B.  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". Check the (BF) status before the next write operation.

New Japarn Radio Co, Lt
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(j) Write Data to CG RAM or DD RAM

RS R/W DB? DBG DB'S DB4 DBs DBZ' DBI 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 R/W DB, DBs DBs DB. DBs DB2 DB DBo
Code | 1 1 D D D D D D D D
<Higher order bit Lower order bit—

Read Data from CG RAM or DD RAM instruction is executed when the code "1" is written into
(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 inval idated.

When this instruction is serially executed, the next address data is normaliy 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.

New Japan Radio Co. L.
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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/Off Control and Entry Set
Instruction must be executed before the data input, as shown below.

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.
J RS R/W DB, DBs DBs DB+ DBs DB> DB DBq
- Set the 8-bit operation,
Function Set ol oj o0} 0} 1] 1{0| 0f %] %| 1-Line display, 5x7dots

Font.

!

- Turns on display ~ and
Disp.0n/0ff Cont olofojo|lo0j0f1] 1] 1| 0| cursor. Entire display
is in space mode set by
] the initialization.

\
Example for set address
Entry Mode Set 0l 0{ 0| 0} 0{ 0] 0| 1] 1] 0] increment and cursor
right shift when the
\) data write to the DD
B R or CG RAN.
Write data to the DD/CG RAM :

and set the Instruction

(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 DB., 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:

New Japan Radio Co. L
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In|t|a|lzed.
Power On spiay appears.
i RS R/W DB+ DBs DBs DB.
] Set the 4-bit operation.
Function Set 0 01 0 0} 1} 0 his steﬁ i1s executed in 8-bit mode
| set by the initialization.
- Set the d4-bit operation, 1-line
Function Set o[ 0] 01 0] 1[0 display, 5 x 7 dots Font.
0 0] O] O] *| % The 4-bit operation starts from
| this step.
$
- Turn on display and cursor.
Disp.0n/0ff Cont 0 01 010]0] 0 Entire display 1is in space mode set
’ ool 111 1]0 by the initialization.
Example for set address increment
Entry Mode Set 0y 010101010 and cursor right shift when the data
0{ 010111 1]0 write to the DD RAM or CG RAM.

|
Y

Write 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 2-1ine 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 |ine.

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.

Initialijzed.
Power On No display appears.
i RS R/W DB- DB« DB- DB. DBs DB- DB: DBo
Set the 8-bit operation,
Function Set o1 of ot ol 1) tl 1| 0] %[ % 2-line display, b x Tdots
. Font.

Turns on display and cur-
Disp.0n/0ff Cont 0 0lojoloj0y t] 1] 1|0 sor. Entire display is
in space mode set by the

1 initialization.
Example for set address
Entry Mode Set ol ol 0l 0101 0f 0y 1| 1) 0| increment and  cursor
right shift when the data
) gxﬁte to the DD or CG

Write data to the DD/CG RAM
and set the |nstruction

New Japan Radio Co., Lt
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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 length.

Initialized.
Power On : No display appears.
)
Wait more than 15ms
after Voo rises to 4.5V
d RS R/W DB- DBs DBs DBs DBs DB2 DB: DBo )
Function Set
Function Set ol ol ol ol 1] 1| %| x| %] £{ (8-bit interface length)
¥
Wait more than 4.ims
J RS R/HW DB DBs DBs DB+ DBs DB= DB: DBo .
- Function Set
Function Set ol ot ol o] 1| 1| %] x| x| %] (8-bit interface length)
\)
~ {Wait more than 100us .
¥ RS R/W DB- DBs DBs DB« DBs DB2 DB: DBo )
- Function Set
Function Set ol oj of o] 1} 1] «| x| x| % (8-bit interface length)

Busy Flag (BF) can not
be checked before this
step, but it can be
checked after this step.
After this step, busy
flag(BF) check or longer
waiting time than each
instruction = execution
time is required.

e e e i e et e e e e e

RS R/W DB- DBs DBs DB+ DBs DBz DB: DBo

Set the 8-bit oreration,

Function Set ol o0l of 0y 1] ¥ 1] 0 *| % %—Iine display, 5x7 dots
- ont.
_ J RS R/W DB- DBe DBs DBs DBs DB2 DB: DBo
Display Off ojojlojololOj1]0]0]0
{ RS R/W DB+ DBs DBs DB+ DBs DB2 DB: DBo
Display Glear ololojolofo]O0}O} Of1
} RS R/W DB, DBs DBs DB« DBs DB> DB: DBo
Example for set address
Entry Mode Set oirolo|o0jofojol 1] 10 increment and  cursor
right shift when the
i data write to the DD RAM
or CG RAM.

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

New Japan Radio Co. L.
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Power On

4

Wait more than 15ms
after Voo rises to 4.5V

i

RS R/W DB, DBs DBs DB.

Function Set

ojojojoft1f1

4

Wait more than 4.1ms

4

Function Set

|

Wait more than 100us

'

Function Set

|

Wait more than 100us

'

RS R/W DB, DBs DBs DBs

Function Set

0fo0jojoft10

l

Wait more than 100us

Downloaded from Datasheet.su

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

Initialized.
No display appears.

Function Set
(8-bit interface length)

Function Set -
(8-bit interface length)

Function Set
(8-bit interface length)

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

4
: Set the 4-bit operation,
Function Set 8 8 8 g l 2 1-line display, 5 x 7 dots Font.
| Busy Flag (BF)} can not be checked
bﬁfoiedth%i stg ) bgt it can be
: checked after this step.
Display Off 0191 9191 81 3] After this steo, busy flag (&F)
| check or |onger waiting time
than each instruction execution
Display Clear ol ol ofof of o] time is reauired.
. ofojofofo0|t
Example for set address increment
Entry Mode Set olojo0j0tfo0]|0 and cursor right shift when the
olofjo|1f{t[oO data write to the DD RAM or GG
} 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 V., to Vs reauire various constant voltage to generate LCD driving waveform.

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

The Vo

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.

Vi
Vi
V3
Vi

Vs

pp (+6V)
p—

£
:

N W mw P
<

(b) 1/5 Bias (1/16 duty)

(} ND

gawe Duty Ratio 8, 1/11 1/16
PP T Bias 1/4 1/5
V. Voo to 1/4Vico Voo to 1/5Vecp
V. Voo to 1/2Vicn Voo to 2/8Vuco
Vs Voo to 1/2Vico Vop to 3/5VLco
V. Voo to 3/4Viep Voo to 4/5Vieo
Vs Voo to Vieo Voo to Vico
Von (+5V)
——
B
R
Vi
R
Vi
! Vicp
V3
R
V4
R
Vs *
E%
T GND
(a) 1/4 Bias (1/8, 1/11 duty)
New Japan Radio Co. LEd.
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(4—2) Relation between oscillation frequency and LCD frame frequency.

The NJUB40BB reauires either one of the oscillation resistance(RF) or ceramic resonator

for the internal oscilfation, or external clock.

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

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

Voo
Vi
COM; Vi {(Vs)
Vi
Vs

400cleck

(120 sl abomenl s 10 21 3] & fo islalalal
|

I |

[ ]Frans 1 |Framm

[ 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

400clock

[(_1-)|2|3|;| .........................

Il ol 2f sl aletof 1l 1l 2] 3]

Voo

[

Vi

COM, Vi (Vi)
Va
Vs

1Frame

| 1Frame N

|
I
je—

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

7 21 3] a)oom] 16l 11 21 31 a fo | 16] 1] 2] 3|
oD r
Vi
Ve
COM, Vs
Vi
| |
v
) 1 1Frame L 1Frame N
* 1€ |

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 MPU 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 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
ot — N
£ by v
Internal !~Itatus——————I’_——"PBTaK:"———I J
NO
08, 7/ TR TR/ Zk e NACOT TN\ 2 fAe X/ X0 X0 XY/ L/
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing
: —
R¥ /-

VANVANNIVANEVA VA A S

b8,
DBs TRe IRz ACs (Aca X XDR¥K__ X DR

o8, XTI XD O
08,

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

] __d/_—“a SN
Internal Status J operation | o f
DBy ZZ( n;u)@ ﬂ“"‘l (122227 Busy lAlllnm,IIlll
Writing Instruction into |Busy Flag Busy Flag Busy Filag Writing lastruction into
Instruction Register(IR) Check Check Check Instruction Register(IR)
New Japan Radio Co. L.
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B ABSOLUTE MAXIMUM RATINGS ( Ta=25°C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -0.3~+170 v
Supply Voltage (2) Vi ~ Vs Voo-13.5 ~ Voo+0.3 v
Input Voltage Vr - 0.3 ~ Voot0.3 v
Operating Temperature Topr - 30 ~+ 80 °c
Storage Temperature Tstg -55 ~ +125 °c
Note 1) If the LS! are used on condition above the absolute maximum ratings, the LS| may be
dastroyed.
Using the LS| within electrical characteristics is strongly recomended for normal
operation.
Use beyond the electric characteristics conditions will cause malfunction and poor
riliability.

Note 2) All voltage values are specified as Vss = 0 V
Note 3) The relation of VDD;V1;V2;V32V4;V5 ) VDD)VSSgVS must be maintained.

B FELECTRICAL CHARAGTERISTICS ( Voo=bVx10% , Ta=-20 ~ +75°C )
PARAMNMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Operating Voltage Voo . 4.5 5.0 5.5 v
Vi All Input and Input/Output | 2.3 Voo
1 : Termingls exceptDOSC P 4
Vil Terminals 0.8
Input Voltage v
VIH2 . VDD_1 VDD
2 Only 0SC Terminal
V1L2 10
Von1 Input/Output | —1o+=0.205mA | 2.4
1 Terminals
Vo1 loc=t. 6mA 0.4
Output Voltage v
Voue Output =l ox=0. 04mA 0.9V
2 erminals
Voco }o=0. 04mA 0.1Voo
Driver On-resist. (COM) Rcom =+ 1d=0. 05mA(Al| com. term.) 20 ol s
Driver On-resist. (SEG) Rsea +1d=0. 05mA (Al | seg. term.) 30
Input Leakage Current I Vin=0 ~ Voo -1 1 R 6
u
Pul |-up Resist Current -le Voo=5V, RS, R/W, DB 50 125 250
Operating Current (1) loon Ceramic Resonator Osc. 0.55 0.8
VDD=5V, fosc=250kHz A 7
Operating Current (2) loo2 CR Oscillation( Ext. R) 0.35 0.6
VDD=5V, fosc=fcr=270kHz
Operating Freaq. fep 125 250 350 kHz
Ext. | Duty Duty External clock inputs to 45 50 55 % 2
Clk Rise Time trep 0SC1, 0SC2 open 0.2
us
Fali Time tfep 0.2
Int. | Oscillation CR Osc. Rf=91kQ +2% 190 270 350 9
fosc kHz
Osc Frequency Ceramic resonator 245 250 350 10
L. Vicor 1/5 Bias 11,
LCD Driving Voltage Voo = Vs - Voo-3.0 Voo-13.5 | V 12
Vicoz 1/4 Bias
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Note 4) input/Output structure except LCD driver are shown below:

]nput Terminal Structure {nput/Output Terminal Structure
vl A\
p

vo DB phos L YOO Voo
%S Jruos PKOS —{Q r“:_? pros
o
LI NmoS
N0 KOS : v

E Terminal RS,R/M Terminals

DBy to DB TerminalS

Note 5) Reom and Rsee are the resistance values between power supply terminals(Voo, Vi, V4, Vs)
and each common terminal(COM, to COMie), and supply voltage (Voo, 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 9) 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 0SC )
Rl% Ri:91k0£2%
| 0SC:

Note 10) Apely to external ceramic resonator oscillation.

Ceramic resonator specification example. ¢
Rf = IMQ =+ 10% oSG
{1 = 680pF 5 Rl
C. = 680pF
Rd = 3.3kQ A 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 against the
LCD driving constant voltage (Voo, Vi, V2, Vs, Va, Vs) at no load condition.
Note 12) Mentioned condition of V. and Vs do not guarantee the right operation of this LSI.
Right LCD driving voltage is specified in "Electrical Characteristics”

Voo =g
(B) (A)=Vpp—Vs
Vi Lt (B=Ve-W
(A)21.5V
(A) (BY<0.25%(A)
PR
New Japan Radic Co, LI,
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« Bus timing characteristics (Voo = 5.0VE10%, Vse = 0V, Ta = <20 ~ +757C)

Write operation ( Write from MPU to NJUB408B )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable Cycle Time tevee 500
Enable Pulse Width | "High” level | Pwen | 220
Enable Rise Time, Fall Time ter, tee 20
Set up Time [RS, R, E | tas 40 fie.1 | ns
Address Hold Time . tan 10
Data Set up Time tosw 60
Data Hold Time tu 10
Timing Characteristics (Write operation)
© Vin VinR
RS :><k VILL VILV2<<
tAS tAl
R/W * VLl ’Z<;L]
PWEL — ; 5 tAR
E 4 FVint Ving ter
VH.l—/ “ N VVIL]‘ o ViLl
— 3 — tpsw CtHy

tEr

AT

Vinl
DBe ~DBs | Valid Data

Vitl Vitl
tCYCE
fig. 1

Read operation ( Read from NJU6408B to MPU )

PARAMETER SYMBOL | MIN MAX | CONDITION [UNIT
Enable Cycle Time teves 500
Enable Pulse Width ’"High" level | Pwen 220
Enable Rise Time, Fall Time ter, ter 20
Set up Tine [RS, RAL E | tas 40 fig.2 | ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toox 20 100

New Japan Radéo Co., L.
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Timing Characteristics (Read operation)

e
Viki Viul
RS >< l'x
= ViLl Vil
1AS -

7 =
R/ A Vit Vikl
PWEH — \MH,
E “Vin Vinl
VlLl-/ Vil R tEr T ViLl
LEr k— tDNR LR
) Aoyt
Vot
DBy ~DB, valid bata |
VOL] VULl
tCYCE

~ fig. 2

- Segment extension Timing Characteristics (Voo = 5.0VE10%, Vss = OV, Ta = =20 ~ +15°C)

PARAMETER SYMBOL | MIN MAX ] CONDITION [UNIT

. "Hi Eh" level teown 800
Clock Pulse Hidth "Low” level | Pew 800
Clock Set up Time tesu 500
Data Set up Time tsu 300 fie.3 ns
Data Hold Time tou 300
M Delay Time tom -1000 | 1000
Clock rise Time, Fall Time te- 100

Interface signals with extension driver NJUB407C

——]

I X [0.9voo

' 0.9 Vop
CL: /
0.1 Voo

tCWH

town

[ tesu
0.9Voo| y 0.9 Vo
CLz \
0.1 Voo Y 0.1 Voo 0.0 Vo

tCsy tet towe
— ]

5 X ><fo.9 \' w 0.9V
- 0.8Voo 0.1 Vgp

tsu | tom

fig.d
0.1 Vpo

New Japan Radio Co.LHd.
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DBy to DBs load circuit Segment extension signal load circuit
50V
Ri=2.4kQ Test Point
Test Point ‘
60pF
130pF 10kg} . ‘
Diode

152074

- Power Supply Condition when using the internal initialization circuit(Ta = =20 ~ +15C)

PARAMETER SYMBOL | MiIN MAX | CONDITION JUNIT
Power Supply Rise Time | P 0.1 10 s
Power Supp!y OFF Time torr ]

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
VDD

0.1ms=t:cc=10ms torr=1ms

torr specifies the power off time in a short period off or cyclical on/off.
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New Japan Radio Co.,Lid.



M LCD DRIVING WAVE FORM

NJUG6408SB

1/8 Duty Driving

1121314151617 18 (1121314151617 18

Yop weeeformsmsnsmemsscacncammresmeersem s s e s sensessmmemesmsceneseneafeeens
Vi oo e
Vo coemjoerfermcemmememomemrcmnacecas
COoM, COMiy, oot SO SO SO
COM. Vi - e -
COMs Vo oo
COM.
COMs
COMe
COoM;
COMs
TS IS S
€3 (o) (23 23 (Y
170 IR 70 IR 7, IR 70 I 7 ]

New Japan Radio Co. L1,
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I LCD DRIVING WAVE FORM

1/11 Duty Driving

11213441516 1T1819M0111] 1421314151617 1819110111

Wi woee fooeemrtearorsomseressecessissenssenssemseeess s oo se s e s e o
Vi et e
. termeesennmennnenans

COM; coM, V7RO ORI S P S S B s T
COM: Vi -
COM;— T e
COM.
COoMe T ZU SOOI RO
COMs 17 B :
COMP'_ V2 ----------------------------------
COMe COMa y, ISUUSNUURSUURNUSRUUURUTURTS RO! S KOOSR .
COMs
COMie—
COMir

CRCNT RS RT

O3 3 @ G

DR E

New Japan Radio Co. LI,
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I LCD DRIVING WAVE FORM

1/16 Duty Driving

11210314 1516171819 110011112113 11411511 |

T SO S UV . |
R N ) S =
7 A NS U PSUTRUSISUSPURTURIRRR SO IEURUURIPUONt i

CoM, R T T

COM: Vo ™

COMa Vs

COM.

COMs :""

COMs !

COMy v

COMs

COMs !

COHie—1@—

COMyrm

COMH,

CoM

COM:

COH:

COMe

- : : z z : Voo wasounen PR R :::. g
5 v v Y ——
CoMe SO |

Va
Ve S o
Vo Tl
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W APPLICATION CIRCUITS

(1) Interface 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 5 x 7 dots font and one fine 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 T dots + Cursor 8 1/8
1 5 x 10 dots + Cursor " 1711
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 NJUB408B and LCD panel

COM

Al

NJU COMs
64088
. SEG:

SEGw

_______ L.CD Panel
(8~character 1-line)

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

comM

NJU  CcOMn

6408B

SEG:

SEGuwe

LCD Panel
(8-character 1-line)

(b) 5x10 Dot 8-character 1-line example (174 bias,1/11 duty)

Downloaded from Datasheet.su
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COMs
COMs

NIU  com
6408B

SEG LCD Panel
(8-character 2-line)

SEGao

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

One NJUB408B can drives up to 8 characters for one line and up to 16 characters for two
lines because of 1 character is driven by § segment |ines.
Unused common terminals mentioned in the above example {a) and (b} always output non-select
signals.
[f the LCD pane! has unused column electrode, following connection can avoid bad influence
of cross—talk atc. occurred by floating condition.

COMy
coMs|-E

wy  CoMs LCD Pane!

8408B gpc (8-character 1-line)
SEGw

(1—3) Other matrix LCD panel connection example

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

COMy

COM;

SEG:
NJU —J

64088

SEGuw
COMs

COMs

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

WNew Japan Radio Co. L4,
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SEG

SEGw

COM:

COMe
NJU

64088 LCD Panel
{4-character 2-line)

SEGat

SEGue

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

(2) Connection with extension driver NJUG4OTC example
(40 character 2-line Display NJUG408B + NJU640TC x 4)

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

The control signal CLi, Clz, M and D for NJUB407C are supplied from the NJUG40BB and power
source is common with NJUG408B.

The maximum connecting unit number of NJUB407C 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.

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

COM,~COM¢ E> Dot Matrix LCD Panel
a0 - 40 m 40
SEG,~SEGsw| 40
SEG, ~ SEGuw SEG, ~ SEGuw SEG: ~ SEGuw SEG: ~ SEGn
D 104, 108, —] 1041 10B:—] 104 108, |- 10a 10B:
stL,  MUBWE jop st B om, U e o L sut, MIETE iop,
SHL, B |sHL BA [ |saL; o4l |sae UE joa{]
D= 280w S=21 d=zg Oz

b P 5835 oy 5235000y 5335000y
oL, T T T ]
CL, l 1 1
M
vIJD
Vss
Va2
v,
Vs

NJUS4088
£
New Japan Radio Co. Ltd.
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(3) 8-bit MPU interface example ( Full application circuits )

"oU] 80717 30 yJew apedy ST @087

2ULY 2 x “uud B/13NNYd 090

J
t
]
1 == === E=3
T ] T
r +
onD S ! 20 OND )
"/ S £od
T3 - rod
'
oo0 ovd osg ogo
[ : i
ovD3s pres : tvd 60 80
H L}
[}
i 8B0YSONK ! 5528 1 @082
: 1
' J.]
H ra ] oy _H Lel°fo)
——1 1935 '
' ov or
€A ' tvy 184
9inal ! aga 52 LY AS+
: t _
ZA | e 1 Ihl R
: 1
6HOD !
00D 1A '
=1 2050 |
s T0HING)
C 1H91w8
NED 1350 — !
!

4

SIINJYIJ NOIEYD]l'lady B8OYINCN
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MEMO
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[CAUTION]

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




