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

NJU6408B

I8 GENERAL DESCRIPTION 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 NJUG40BB use.

The extension driver interface circuits enable combi-
nations with NJUB4O7C or NJUB41TC to increase the dis-
play capacity up to 40-character 2-line or 80-character

NJUG408BF

1-line.
B FEATURES
@ 5x7 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
@® High 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 ! pe 9 pcs 80-character 1-line
. Not provided - 8-character 2-line
2 Lines 1718 Duty Provided 4 pcs 40-character 2-line
@ \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 Reauired )
@ Low Power Consumption
@ Operating Voltage ( Except LCD Driving Voltage ) -— &V
@ Package Outline —-  Chip/QFP 80
@ C-MOS Technology
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B PIN CONFIGURATION
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M TERMINAL DESCRIPTION

NO. SYMBOL FUNCT I ON
26~30 Vi~Vs LCD Driving Power Source
33 Voo Power Source ( + 5V)
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
43~4p 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 NJUG408B.
These bus are not used in the 4bit operation.
3 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
LCD Common driving signal
47~62 | COM ~COM.s | No use terminals output no-active signal, or COMe~COMis output
no-active signal in the 1/8 duty operation and COM:2~COMs
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(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 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)

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 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 hits 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. [ACs [Ac. [ac, [aco | [+ Jo Jo [0 ] |1 |1 ]

< Hexadecimal =<  Hexadecimal - ~—— 4 ——oe——=— [ ——

(1—4-—1) 1-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 45 79 80 <—D|splay

. Pos
YU I 1 ) e P

( 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:

12345578«-msp|ay

1st Line |00 [ 01]02 [ 03 | 04 | 05 06|07 <D0 ﬁégaéggﬁif)

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

( Left Shift Display )
00)«[o1 Jo2 {03 {04 [05 | 06 |07 |08 ]

( Right Shift Display )
[4F [oo |01 [ 0203 {0405 |06 | >o7)

(b ) 16~character 1-line display using one NJUB408B and one NJUB4Q7C.

12345678910111213141516<—D|splay

Lmeloolm |02|03|04]05|06|07|08|09|0A|OBIOGIODIOE[0F|<—DD ﬁé’ﬂaﬁggfﬁi?)

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

( Left Shift Display )
(00)< [01 J02 03 [o4 J05 J o6 To7 Tos Jos [on [ o8 | oc | o | o€ [oF [ 10

( Right Shift Display )
[4F Too T o1 [0z [ 03 [ o405 Jos [o7 [os {09 [0a 08 | oc |00 | o€ | (0P
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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.

ot 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 to 32
e [o0 [01 T02 03 [04 05 Jo6 [ o7 o8 Toa Joa ToB [oc [on [oE [oF [ 10 -17 | 18 -1F |

o= BB ————e——— MIBOTOD  ————HURTON40TC
Display Display Disp isp
————- B to T —————7 T4 7576 77 18 79 8 <Digplay
[0 -27|27-2F|30-37|38-3F|40-47|48|49|4A|4B|4C|4D|4E|4F|4—DDEXMéggress)
LG0T LE40TCREA0TCRUGAD OV US40TC———— WBTee  ———~ exadecinal
1sp Disp. i1sp 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:

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]|O0B|——- 24125126 |21

2nd . DD ﬁAM Address
LCine {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 NJUB408B.
’ 6 «Displ
1 2 3 4 5 7 8 I?P a¥ion

1$t 0S|
e §00(01(02[03!04]05]|06}07
b o [ Addross

Llne 40 (41|42 143 |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 05060708
(40)« | 41|42 {43 |44 14546 |47 |48

( Right Shift Display )
27100101]02]|03]041]05]06[|—(07)
6714014142143 |44 (4546 ]-(47)
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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|Ep|ay

1st osition

Lino 00 Tot o2 [os Toa Tos Jos [or o8 Joa Joa |08 |oc oo [oe Jor o 1
0 oo Ta1 142123 (34 14 [ %6 | &7 |48 40 | 4n | 48 140 |40 | 4t | 4F | < (iouadorest)
<—  NJUBA0SB Display ——>——  NJUGAOTC Display ——>

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

( Left Shift Display ) ,
(00)<]01]02103]04]05{06{07]|08{09|CA]OB|0OC|OD|OE|OF]|10
(40)« | 41142143144 |45)46 |47 |48 |49 |4A | 4B |4C | 4D | 4E | 4F | 50

( Right Shift Display )
27 100101102103 !04[0506|07|08 {03 |0A{0B|OC{OD|OE|—(0F)
674041142 (4314414546147 |48 149 |4A 4B |4C 4D | 4E | =>(4F)

( ¢ ) More than 16-character 2-line display using one NJU6408B and more than 2 of NJUB4OTC.

As each additional NJUS407C can add another 8-character 2-line, up to 40-character 2~
line can be displayed by connecting four(4) of NJUB4QTC externally.

1 23 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20
e [oo Tot To2 Toa T4 Tos Tos [o7 T Tos o Tob oo ob [oe Jor w01 1 | 12
(1o 190 [ 41 42 |43 |44 |45 | 46 | 47 | 48 49 | 4A 4B | 4c |40 | 4E [ 4F |50 |51 ]52 |53

——— RJUBA08B Display ————re—n— NJUG4OTCD Display ———>< NJUBAOTC® Disp.
21 22 23 24 25 26 27 28 29 30 31 3 33 34 35 3 3 38 39 40 <Display
14115116 117118 |19 | 1A |18 |1 | 1D | 1€ | 1F |20 [ 21 [22 23 |24 | 25 |26 | 27 DDO;an
54 |55 |56 | 57 | 58 | 59 | 5A | 5B | 5 | 5D | 5E | 5F | 60 | 61| 62 |63 | 64 | 6566 |67 |« Address

Hexadecinal)
o~ NIIBH0T00 Diselay ———e— NUGHOTO® 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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NJUs408E

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

Upper 4 bit ( Hexadecimal )

ol1l213/4l/5/6/7|8|/9/A|B|C|D|E|F

CGRAM

O (01)

(01)

(02} : RLLP L R
. sl e H o [ e} | |, | e | sesse H
1 I i S ] - R I PP T e
. wav . e "en’e YT . .. . . H T P
(01) H
e I IR B B 0 v
2 . o {Seee”| Saae® | Fe w18 | [ | T | e |23 e | 7| Eeees
(02) ]
(04)
(02) |
(05) cder | o ETET L e T I
4 sde [ald, I e : :
& | Caest | "ee® ] | | "e {essse
(03)
(06} EICN ISl Ehl R ORI I

(03)

- (o7) R S seveg [ ofnes | wes | wacen i
£16 i : SO Bt 1 E O P
g (04)
g (08) S N PR I IRRE T T C I P O
37 O R ISt FRUC R BN LS o o
- (04)
had (01) IR L I e I LT N I B
5 : et | fanet Sl SN LN e TR
218
N (05)
g (02) . wnase H
=19 ' s
(05) :
(03) R EE R . seeer | e, . N
(06) ® | sesns L wames | § | assew . . E
(04) R RN I R B N R s
AN I B L I e e N R R
(05) | R i S T S T e
(on
08) /] | |aeee PHY - I
7 I N e L S B B R
(@ O N RO P
(08)
(08) el e | o R
7% I R R R B
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Table 2-2. CG ROM Character Pattern ( ROM version -01)

Upper 4 bit ( Hexadecimal )

e T [ [ A E o (E g ]
(] | EE | R T i Lend B ke
- v R SR R e N =
) . ............ ......... .............
o) m m.u.... - m”” e || m."“.. m”””.” .m.m... P | e m....m “m“. . m m. . .
< n o |f ol | B R LL | P | o
o i sl CI N 0 DO R I TN SR 2 M SO S P O
oo | T [1TH I R e D $
~ | 1L Sl TIEERE T | e e e [ |
i i e e e O T T ol e e e R P
0 [l o BEL RS e [F [ [T [ e e feed [ e
ol e el R Y e O T el el el el el W ol el
oo Y bt [d R PR OEE ORED [ ELEOETE [uam o |
N e e ot o . e
— esoned Bath .””H ............

o\ PSR IES  ETe! O |t~ | 0| o | €| M Ol A M/ P

( |ewioepexsy ) 3iq § JaKo]

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

m R SO . CRC I S S T R G R R e e f
~ = - e R AT e . T T T
5 | @ [ el el R R . fad
-m suus ase | ® wess | = sess .
o HE T . H :° o A P P .ot
RN OB R T P : S N A R
S v
@ | ] e ] seess | &« 1 e i a s | wesme Ty seme - seve - ..
== o~ : ] HER T . . - i ] H se sa’  jesenses ea”en .
~ L LS b f— . f— " HE H H .-
+ evon . s [(ssacess ) ane LTl - wee seon nas
= | © & CE I BT S R I S O SO - S R N S o ST VRIS PO S L NS HE
2 KR - SR KR O e A e
e Ill I.'II.! II -ll " llllll . (oeees  (emeees e L] e "Q. " - . - censsse ll "
| w ko I ‘e : - et ) e S R I HEE :
o ® sosees ssesw ansses e e .. - .. - -
o

o b R B e W T Oae — prr

o I e S ol TR T S - B O PR PP SR I T R

N T R o I R . SSTCTN oo e TSR [ . | i e |

T £ T ISl LWy (L SN A R, — I | eseees T L o e e

N N RNE AN R NE RN RN NN NN RN N NI .

NN RN NI N IR NN EIRN N EIRANEEIRN RN ERNNEIRNEIRAN
Sl -l | M| ||l |~ o << MO AR~

( |ewiospexey ) 11q p JemoT
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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)u 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 765432 1 0
«— «—— —— <«—
Upper Lower Upper Lower Upper Lower
bit bit bit  bit bit bit
000 % % *:
001
010 Character Pattern
011 Example (1)
0000000 000|100
101
110 ' :
111 X %k <Cursor Position
000 X % *3
001 \
0190 ' Character Pattern
011 ' Example (2)
0000%001 001100 T
' 101 i
110 '
111 ¥ X *E <Cursor Position
____________________ SURU ERPRRUOROUNS Aot EON RGN D
000 ¥ % %
001 4 E
- ' - — * : Don’ t Care
0000x111 111 ,
100 !
101 !
1190 '
111 LERY

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)s, (01)x and (09)u, ------- , (07)x and (OF)u 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 dlsplay 0ff.
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Table 3-2. Correspondence of CG RAM address, DD RAM character code
and CG BRAM character pattern ( 5 x 10 dots ).

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

$w:[_6 543210 543210 ‘ 76543210

Upperbit Lowerbit Upper Lower Upperbit Lowerbit
v0000 x%x,00000
10001 0000
10010 ]
0011
0100

0000x00= 00:0101 Character Pattern

0110 Example (3)
0111
11000
11001
1010 <Cursor Position

% : Don’t Care

0000*11% 1111001
____________________ S IURUE 5 0 A . . S
T10id EEEEREE
11100 )
1101 T 1

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)x and (09§u, (02)x,(03)1,(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.
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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 NJUG4OTC.

(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 ACs ACs A AC: ACo
@) [ 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 0203 o405 | 06]07]0s|os]onfos|-— = D). RAH addres
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.
I 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
If 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 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 |ONS

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

DESCRIPTION

EXEC
TIME

Clear Display

0 00 0 00 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.

| /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

S/CR/L * *

Moves cursor and shifts display
without changing DD RAM contents
$/6=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).

DL=1 : 8 bits , DL=0 : 4 bits
N=1 : 2 lines , N=0 = 1 line
F=1 : 5x10 dots, F=0 : bx7 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

e e ——

firite Data

Writes data into DD or CG RAMs.

40us

Read Data from
CG or DD RAM

R ——

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)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 RMW DB, DBs DBs DB« DBs DBz 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 DBs 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 writing.

i/D Function

i 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 shitt direction is determined by 1/D: shift to the left at |/D=] 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 CG RAM.

0 The display does not shiftins.

(d) Display On/0ff Control

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

Display On/Off control instruction which controls the whole display On/0ff, the cursor On
J0Ff and the cursor position character Blink, is executed when the code "1” is written into
DBs and the codes of (D), (C) and (B) are written into DB2(D), DB:(C) and DBo(B), as shown
bel ow.

D Function

1 Display On.
0 Display Off. In this mode, the display data remains in the DD RAM so that

it is retrieved immediately on the display when the D change to 1

C Funecection

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 Function

The cursor position character is blinking. Blinking rate is 379.2ms at fcr
1 or fosc=20kHz and 409.6ms at fce=250kHz. The blink 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.
OEEmED oooog OEEEC ERENN
[ ] | [ ] BOOCN EEREN
[ |m[m{mm| DN ROoC. ENEEE
HOENE [ |mTIm| | ROOON ENNENR
ROCCN BOOON ENEER ANEEN
BOOOE HOOUR HOOOR EEEEN
mf | 1] 85g5= mOoOoOm nEREN
HERNE gogom Oooooa ENNEN
A mf || (=
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/W DB, DBs DBs DB. DBs DB:_ DB. DB
Code [0 J0 J0 Jo0 Jo [ 1 s [RL|* | % | #=Don'tcare

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

(f) Function Set

RS R DB, DBs DBs DBs DBs DB> DB DBo
Code [0 JO 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 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 unless the interface data iength change.

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

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 1/11

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/ DB, DBs DBs DB, DBs DB DB DB
code O Jo Jo [t Ja[a[alaln{n]

<Higher Lower -
order bit order bit

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

The address data mentioned by binary code " AAMAAA " is written into the address counter
(AC) together with the 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)x 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 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 RM DB, DBs DBs DBs DBs DB, DB: DB
Gode [1 [t |D [D [0 [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(onty 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 display appears.
) RS R/W DB DBs DBs DB4+ DBs DBz DB: DBo
- Set the 8-bit operation,
Function Set olojolol 11 1] 0] 0! %| %[ 1-Line display, 5x7dots
. Font.

- Turns on display and
Disp.On/0ff Cont ol ojojofo0|o0f1] 11| 0] cursor. Entiredisplay
is in space mode set by
| the initialization.

¥
Example for set address
Entry Mode Set 0| 0f 0|0} 01 0{ 0| 1] 1] 0] increment and cursor
right shift when the
) data write to the DD

RAM or CG RAM.

Write 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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I hnitlallzed.

[ Power On splay appears.
{ RS R/W DB, DBs DBs DBa
- Set the 4-bit operation.
|Functlon Set ] I 0 I 0 I 0 I 0 I 1 l 0 | This step is executed in 8-bit mode
| set by tﬁe initialization.

(Function Set 110 display, 5 x 7 dots Font.
0 0 O] Of %[ % The 4-bit operation starts from
| this step.

)
- Turn on display and_cursor.
[DISD.UH/Uff Cont l 01 0(010]0[0 Entire display is in space mode set

. 0] 01111710 by the initialization.
Example for set address lncrement
lEntry Mode Set ‘J 0r 0j 01010} 0 and cursor right shift when the data
I 0{ 0y 1{ 1[0 write to the DD RAM or CG RAM.

4

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

I Set the 4-bit operation, 1-line

(c) 8-character 2-1ine 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 st line, the DD RAM address must be set by the user programing
to change the cursor position to the 2nd line.

The tst 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 st line position.

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

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

1 initialization.
Example for set address
Entry Mode Set 0 0[ 0[O0 0O} O] Of 1| 1} 0| increment and cursor
right shift when the data
) ggﬁte 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.

Power On No dispiay appears.

4

Wait more than 15ms
after Voo rises to 4.5V

AJ _ Initialized.

4 RS R/W DB» DBs DBs DBs DBs DBz DBy DBo ]
. Function Set
[Eunctlon Set 44] [ 0 I 0 | 0 l 0 I 1 | i I * I ¥ I * | #J (8-bit interface length)
\’
Wait more than 4.1ms
) RS R/W DB, DBs DBs DB. DBs DBz 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 DB. DBs DB» DB: DBo )
; Function Set
[runction set | [o] of o[ o[ 1] 1] #] #] #| #] (®-bit interface lensth)
i Busy Flag (BF) can not
1 be checked before this
| step, but it can be
| checked after this step.
| After this step, busy
I flag(BF) check or longer
| waiting time than each
| instruction . execution
: time is required.
y RS R/W DB- DBs DBs DBs+ DBs DBz DB: DBo ) i
Set the 8-bit operation,
Function Set ol ol ofo) 1l Y[ 1] 0] x| % %—l%ne display, 5x7 dots
- ont.
_ ) RS R/W DB- DBs DBs DBs DBs DB2 DB: DBo
Display Off ol ololofto|lof1]010f0
{ RS R/W DB» DBs DBs DB. DBs DB> DB: DBo
Display Clear o] o] of o] o of o] o] of 1}
} RS R/W DB, DB DBs DBs DBs DBz DB: DBo

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

right shift when the
i data write to the DD RAM

or 0G 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
[%unctton Set 0 I 0 | 0 I 0 L 101 (8-bit 1nterface Iength)
)

‘Wait more than 4.1ms J

{
(E;nction Set AAJ [Ab I 0 l 0 l ] l 1 I ]4] Egngfio?nigtface length)

}
IWait more than 100us AJ
4
lFunction Set l I 0 l 0 I 0 l 0 l 1 l i | Egngfio?nterface 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 s e e it

RS R/W DB; DBs DBs DBs

Function Set

{Function Set J 0 i 0 I 0 | 0 l 1 l 0 l Set 4-bit interface length by 8-
V bit interface length.
- Set the 4-bit operation,
Function Set 0010|0110 1-line display, 5 x 7 dots Font.
0| 0 Of O x| *
)
[ Display 0ff ol of ol o o] 0
0| 0f1[0}0] 0
)
[Display clear | [ 0 0} 0 0| 0] 0
. 01 0j0/0] 01
Example for set address increment
(A;try Mode Set AJ 010l 0f0] 0] 0 and cursor right shift when the
. ol oj o] 1] 1] 0 ggﬁa write to the DD RAM or CG

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 require various constant voltage to generate LCD driving waveform.

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

The Viop

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.

ggwe Duty Ratio| 1/8 , 1/11 1/16
PP T Bias 1/4 1/5
V. Voo to 1/4Vico Voo to 1/5Viep
V2 Voo to 1/2Vicop Voo to 2/5Vuco
Vs Voo to 1/2Vuco Voo to 3/BVicp
V. Voo to 3/4Viep Voo to 4/5Vico
Vs . Voo to Vieo Voo to Viop
Vop{+5V) Voo (+5V)
Voo Vop
R R
Vi Vi
R R
Vi Vi
¢ Vicp R Vicop
V3 V3
R R
Vi V4
R R
V5 * Vs
VR VR
" GND " GND

(a) 1/4 Bias (1/8, 1/11 duty) (b) 1/5 Bias (1/16 duty)
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(4—2) Relation between oscillation frequency 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

400cleck

Iéi—)[ 2 ' 3' 4 E' ] ‘ 1 [ 2] 3 | 4 | i 8 | 1 ‘ 2] 3 '
o0 T
Vi
COMy Vi (V)
Va
ve I
le. 1frame I jFrame |
i€ 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
v (T 2] 3] 4] faal o] 2] 3] a4l F1f ] 2] 3l
v i
COM; Vi (Vs)
Vi
ve - ]
1 1Frama | 1Frame fl
S l I
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 8
TR Fisl 11 21 31 4 fo el 1] 2] 3l
Vi L
Vi
COM;, Vs
M I
! 1Frame L 1Frame |
N N i

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
o — N
£ __/—\f\r_/—\_/—\ AW ﬂﬂ
Internal Status__———J'_—OIJE_TMTI\——|
NO
08, 7/ XTRXTRNZ /R e A [\ > R X/ ) X0 X/ /
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing
RS
R/¥ /

VANVA NIV VA VIV WA N

08, CRy TR OXBEX T XACs X R X R
DBo CIRe X IR XAC XA X XPR_XDRy
DBs C TR RO XRE T XAC X XDR X DR}

08, TR XR X R X X XA XIR)

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

R/¥W ——————/7

e — N\ \
Internal Status S operation L—-—NO—————]—-_—

08 X vata XL/ 8usy XU/ Busy InBusy[777X0ata /7T
Writing Instruction into |Busy Flag Busy Flag Busy Fiag Writing Iastruction into
Instruction Register(IR) Check Check Check Instruction Register(IR)
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W ABSOLUTE MAXIMUM RAT!INGS ( Ta=25C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -0.3~+17.0 y
Supply Voltage (2) Vi ~ Vs Voo—13.5 ~ Vopt0.3 v
Input Voltage Vr - 0.3 ~ Voot0.3 V
Operating Temperature Topr - 30 ~+ 80 C
Storage Temperature Tste - 55 ~+125 C

Note 1) If 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 Vss = 0 V
Note 3) The relation ; Voo=Vi2V.2Vs=Va=Vs , Von2Vss2=Vs must be maintained.

W ELECTRICAL CHARACTERISTICS

( Voo=BV£10% , Ta=-20 ~ +15°C )

PARAMETER SYMBOL CONDITIONS MIN TYP MAX ] UNIT | NOTE
Operating Vol tage Voo 4.5 5.0 5.5 v
Vim [1 Inpyt and Inpyt/Output | 2.3 Voo
1 iermlnaTs except H§ 4
Viuy erminals 0.8
fnput Voltage Vi : ‘ Voot Vo v
2 Vis Only OSC Terminal 10
Vou: | Inpyt/Outpyt | =low=0.205mA | 2.4
1 v ?erm:na?s
Output Voltage Vous lou=1.6mA 0.4 v
9 Vouz DUt?ermlnals -lou=0.04mA ] 0.9Voo
Voi2 lou=0.04mA 0.1Voo
Driver On-resist.(COM) | Rcom | 1d=0.05mA(Al} com.term.) 20 wal s
Driver On-resist.(SEG) | Rsec | £1d=0.05mA(All seg.term.) 30
Input Leakage Current lut 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 gﬁgi e ¥g§295§8KHUSC 0.55 | 0.8 . 7
Operating Current (2) loo2 5§09§V"}2223?§r5550kﬁ ) 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:, 0SCz open 0.2 us
Fall Time tfep 0.2
Int. | Oscillation fosc CR Osc. Rf=91kQ2% 190 270 350 iz 9
Osc Freauency Ceramic resonator 245 250 350 10
.. Vieos 1/5 Bias Voo Voo '
LCD Driving Vol tage Vooos Voo = Vs 774 Bias | -3.0 3.5 v 1%
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Note 4) Input/Output structure except LCD driver are shown below:

]nput Terminal Structure v Input/Qutput Terminal Structure
vl v
P

N2 \21 pros 3 V02 [1]
%S Frrues PUOS _{g L-th"""s
C
L{ NnOS
NUOS NMOS . Voo
""“jla'_‘T_CC):_E“““E
""“é}'_‘—oqc‘:ClJ—“l‘ paTA

E Terminal RS,R/W Terminals

DBy to DB, Terminal$

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 (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 8) 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 reauired.

1 0SCt )
Rl% Ri:91kQ 2%
| 0SC2

Note 10) Apply to external ceramic resonator oscillation.

Ceramic resonator specification example. c
Rf = INQ X 10% 0sc
C, = 680pF 5 .
C. = B80pF
Rd = 3.3kQ i o 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, 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 — F
(B) (A)=Vgp—Vs
vi |t (BI=Ve-W
(A)21.5V
(A) (B1<0.25%(A)

New Japan Radic Co, LI,
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« Bus timing characteristics (Voo = 5.0VE10X, Ves = OV, Ta = -20 ~ +75°C)

Write operation ( Write from MPU to NJUG408B )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable Cycle Time tevee 500
Enable Pulse Width | "High” level | Puew | 220
Enable Rise Time, Fall Time ter, tee 20
Set up Tine [RS, R/M, 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)

4 |
Vinl v”u)<
RS :><k VILL Vi

tAS < tAH
R/W k Vil A Vil
PW¥en — ; N tAR
E ‘ Vini Vil e g
VlLyf/ i N ViLi — Viut
— thsH, th
tEr Vi
V b 13
DB ~DBs ‘><_I%Mdmm
Vivl Vil
tovee
fig. 1
Read operation ( Read from NJUG408B 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
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Timing Characteristics (Read operation)

RS ><‘v;m Vinl
<_ViLl ViLy
tAS -

R/W /Vlnl N VIKL
taH

PWei =
E Vint Viel
vm-/ Viul R B A v
ter—— <— tDIR LR
y Yoyt
Vout
DBy ~DB, valid bata |
VoLl Vol
tCyce

fig. 2

- Segment extension Timing Characteristics (Voo = 5.0VE10%, Vss = 0V, Ta = -20 ~ +75C)

PARAMETER SYMBOL | MIN MAX ] CONDITION |UNIT
. "High" level teown 800
Clock Pulse Hidth "Low” level | Pcwe 800
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 tee 100

Interface signals with extension driver NJU6407C

—_—

i “x (0.9 Voo

0.9 Voo
CL: “—/ \
I 0.1Vop

tCWH

tcsy

0.9 Voo{ A \ 0.9 Voo
CLe / \
0.1 Voo -£- 0.1 Voo 0.0 Voo

tcsu ter towe
5 >< ><fo.9 £ 0.9 Voo
- 0.1Voo 0.1 Voo
fig.d /
0.1 Voo




lil!!li:lliiiiil NJUG6408B

DBy to DB+ load circuit Segment extension signal load circuit
50V
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
VDD

0.1ms=trccS10ms torr=1ms

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

New Japan Radio Co.Ltd.
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M LCD DRIVING WAVE FORM

1/8 Duty Driving

1121314151617 18(112131415161718

VDD
\f
Ve
COM, COMy y, e
COM- 7 i Rttt
COM: (TR S ———
COM,
COMs /7SN R
COM Vi -
COM" V2 [ERSN PP S
COM, COMay, o e
V.
S S S Vs
(S5 I8 RN |
17 37 I 7 ]

SEG,

SEGs
\/\
O

COM.

VUD .......
V| oo e e st ettt st e —

COMlsve S OSSO I

T e
\Z
Vs

WNew Japan Radio Co. LH.



. NsUe4osE

I LCD DRIVING WAVE FORM

1/11 Duty Driving

11213141516 1T18 19110111 1121314151617 1819110111

.
COM; COMyy, oo
CoM Ve
COMy— L e et
COM.
COMs Voo
COMs v,
COMr—] A
COMs COMey,
COMs Vi
COMie— Ve
COMir

SEG,
SEG:
SEGs
SEG,
SEGs
=

v
\/\

M- B

\A
SEG. B T (o S S ey B oy S

o O A - U """"

Vs
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I LCD DRIVING WAVE FORM

COoM,
COM:
COM
COM.
COMs
COMe
COM,
COMs

COMs

COM:
COMy
COM
COM
COM:
COM:
COMie

SEG, —
SEG,

SEG,

SEG,

SEGy ——

Voo
Vi
Ve
COM y,
Vi
Ve

Vi

Ve ofe

COM. Ve

Va
Vs

Vi
Vz
COM:sVg
Vl
Vs

Voo

Vi

COMw'?
V.
Ve

Vop woveboer

SEG,

Voo

SEG Vo

1/16 Duty Driving

L1213141516171819 10111112113114115116

1121314151617 18 1911011111213 11411515 |
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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 § 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 " 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

coMm

NJU COMa

64088

SEG

SEGuw

_______ 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

SEGae

LCD Panel
(8-character 1-line)

(b) 5x10 Dot 8-character 1-line example (1/4 bias,1/11 duty)

New Japan Radio Co. LI,
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CoMy

COM

COMs

NJIU — coMe

6408B

SEG:

SEGw

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

LCD Panel
(8-character 2-line)

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-seiect

signals.

| f the LCD pane! has unused column electrode, following connection can aveid bad influence

of cross-talk etc. occurred by floating condition.

COMy

e
au  coMs

LCD Panel

6408B

(1—3) Other matrix LCD panel connection example

(8-character 1-line)

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

COM1

COMs

SEG: _J

NJU
64088

SEGa

COMs

COMis

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

New Japan Radio Co. Lt
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SEG

SEG2

COoM:

COMs
NJU

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

SEGa

SEGuo

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

(2) Connection with extension driver NJUG407C 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:i, CL2, M and D for NJUB4OTC are supplied from the NJUG408B and power
source is common with NJUG408B.

The maximum connecting unit number of NJUB40TC 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 belfow.

COM,~COMq 3§> Dot Matrix LCD Panel
SEG;~SEGso| 40
SEG, ~ SEGs SEG, ~ SEGu SEG: ~ SEGw SEG, ~ SEGw
D 104, 0B, —110A 10B, —— 10A. 10B; —— 10A 108,
SHL, ’.‘l]l;%:‘ﬂm lOB: SHL, %l;%;ﬂn 108, Hli| ,-él;%;“m " BT LI-I !JUNWD 108,
SHL, Basl | SHL Ba. ] | sHLs 1041 |SHL, 104, {J
0 D= 580w N ad= 23 A= B g,
_icn—-l>>>> Saas Sy ShOn s oy SR35555y
cL | 1] Jul| ]
CLzl 1 1 d |
M
Voo
Vss
V2
V,
Vs
NJUB4088
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(3) 8-bit MPU interface example ( Full application circuits )

"ou] 80717 JO YJew apeJ} ST @087

ﬂ
oND  Sv
n/y
3
ono
ora3s (00
i
: 980790NK
i sA
H A
1938
€A
91%03
2a
s%02
oM0D n
2350

—lu
03 5oa 1350

i

I

[
ol

CNd  OND

£od

rod

ovd e80 080
H 3 1
H H

tvd 160 180

3UTY 2 x "Jud g/13NNYd 091

o
o € owor

ov oy

. tvy iy
aga 52 LY Ag+
L ) A

041NOD
1HO1H8

1

SL1INJYII NOIL1YDIlddY BOPSNCN
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MEMO

New Japan Radio Co.Ltd.

[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.




