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NJUE6468

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

B GENERAL DESCRiPTION

The NJUB468 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
84 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
2-1ine display in single NJUG468 use.

The extension driver interface circuits enable combi-
nations with NJUG407C or NJUB417C to increase the dis-
r;hliy capacity up to 40-character 2-line or 80-character

=line.

I FEATURES

B PACKAGE OUTLINE

NJUB488FG1

@® 5x7and5 x 10 Fonts with Cursor Display
@ 4/8 Bits Nicroprocessor Direct Interface
@ Display Data RAM ( 80 x 8 bits ) + Maximum 80 Characters
@ Character Generator RON ( 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
@ MNumber of Maximum Display Characters
Display Line | Duty factor Extension | NJUG468 | NJUB407C | Display Capacity
. Not provided - 8-character 1-line
I Line 18, 1/11 uty Provided 1 pes 9 pcs | 80-character 1-line
2 Li 1/16 Dut Not provided - 8-character 2-line
1es Y Provided 4 pos | d-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
@ 0Oscillation Circuit On-chip ( External Resistor or Ceramic Resonator Required )
@® Low Power Consumption
@ Operating Voltage ( Except LCD Driving Voltage ) — +5V /+3V
@ Package Outline -—  Chip / QFP 80 / TGFP 80
@ C-MOS Technology
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B PIN CONFIGURAT!ON(NJUG468FC1)
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B PIN CONFIGURAT |ON(NJUB468FG1)
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Note) Pin configuration of "FG1"package is different from "FC1"package.
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M BLOCK DIAGRAM
Voo —> . 8 finstruction| 7 |Address imi 3 CL1
vss — P~ l)ecoder(IDn)_'(—H Counter —TlmGenng. >k
0SC1 —>» vz %1 L,
osm——->__1 i {l 3 :
RS o _,E_) 2 £ 7 |Display Data Ram(bn RAM) i 16 “'E 18 com
R R d 80x 8bits ey | M S ~coms
s - N 8 %o EHECNE
U Lels 3 b =" -
DB7 e sZ|1"[character | [Character s -S - 9 .
DBa 4 | = s Generator| | Generator o :;“ji 24 seam
! (€6 RAM) (CG_ROM) 2 837 gal” ~skGao
D3 _‘—|_ Busy 512bits | [ 12000bits = s
V) ey Flag 5 is lf—-———J
LCD Vg ——> Y -
DRVER zi""" Parallel to Seral! i Reg.P—)D
V5 ——>
M TERMINAL DESCRIPTION
NO.
ol ] SYMBOL FUNGCTI ON
26~30 24~28 Vi~Vs LCD Driving Power Source
33 31 Vop Power Source ( + 5V / + 3V )
23 21 Vss Power Source ( OV)
Oscillation Terminals; External R or Ceramic Resonator connect
24,25 22,23 0SC,, 0SC: to these terminals.
For external clock operation, the clock should be input on 0SC:.
Rezister selection signal input
36 34 RS "0” : Instruction Register (Writing)
Busy Flag, Address Counter (Reading)
"1" : Data Register (Writine/Reading)
37 35 R/W Read/Write selection signal input
"0” : Write , "1” : Read
38 36 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
43~46 | 41~44 DB.~DB~ NJUB468
DB- is also used for the Busy Flag reading.
3-state Data Bus(Lower) to transfer the data between MPU and
39~42 | 37~40 DBo~DBs NJUG468
These bus are not used in the 4bit operation.
31 29 CL: Data Latch Clock Output Terminal : To latch the serial data D
sent to the Extension Driver.
32 30 CLz Data Shift Clock Output Terminal : Shifts the serial data D.
kY 32 M Alternating signal for LCD Driving Output Terminal
35 33 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 | 45~60 |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 COM;2~COM:s
output no-active signal in the 1/11 duty operation.
1~ 2 |[79~80 | SEG2-~SEG::
3~22 1~20 | SEG20~SEG: | LCD Segment driving signal
63~80 | 61~78 | SFG4o~~SEGz3

New Japan Radio Co. LEd.
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I FUNGTIONAL DESCRIPTION
(1) Description for each blocks
(1=—1) Register

The NJUG468 incorporates two 8-bit registers, an Instruction Register(IR) and a Data Regis-
ter(DR). The Register(IR) stores instruction codes such as "Clear Display” and "Return Home",
and address data for Display Data RAM(DD RAM) and Character Generator RAM(CG RAM).

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

The Register(DR) is a temporary stored register, the data stored in the Resister(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 WPU read out
the data in the Register(DR), the data transmitting process is performed completely.

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

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

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

Table 1. Register Operation

RS {R/W | Selected Register Operation

0 0 IR frite

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

1 1 : Read (DD RAM or CG RAM to Regzister(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/W="1" as shown in table 1.

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

(1—3) Address Counter (AC)

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

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

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

(AC) increments (or decrements) automatically.
The address data in the Counter(AC) is output from DBs~DBo when RS="0" and R/W="1" as shown

in Table 1.

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

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

The unused display data memory area in the DD RAM can be used as a general data memory area.
The DD RAM address data set in the address counter(AC) is represented in Hexadecimal.

<Higher order bit Lower order bit—> ( Example) DD RAM address " 4F ™
ac [ace Tacs [Ac. [Aca [Ac: [4c, [aco | v To Jo [ f0 [0 1]
<« Hexadecimal =<«  Hexadecimal - - 4 ———e——— [ ———

(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 4 5 79 80 «-Displa%_
tst Line [[00 01 ] 02 [08 |04 | ————————— [ 4E | 4F ] <D R Address
(Hexadecimal)

( a ) 8-character 1-line display using one NJUG4E8.

In case of the 8-character display using one NJUB468, the relation between DD RAM ad-
dress and display positions on the LCD is as follows:

- 12345678«-Di|s)p|a¥, | |
fst Line [00 ] 07 [02] 03] 0405 [ 06 [07] <D0 R Address

(Hexadecimal)

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

( Left Shift Display )
(00)«[o1 o2 03 o4 {0506 07 |08 ]

( Right Shift Display )
{4F Too o1 ]02]03 {04 05]06}—(n)

( b ) 16-character 1-line display using one NJU6468 and one NJUB40TC/QTCR.

1 2 3 4 55‘78910111213141516<—Display,

Ist Positio
Line [00 [01 {02 J03 J04 J05 ] o6 Jo7 Jos Tos Joa o [ o | ob | o€ | oF | Hm(ﬁé?faéggfﬁi?)

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

( Left Shift Display )
00)< o1 o2 [ 03 o4 [ 05 [ 06 Jo7 Jos Toa Toa o8 [oc [ob | o€ |oF |10 ]

( Right Shift Display )
[4F Too To1 [0z To3 [o4 Jo5 [os To7 o8 Jos | oa 08 | oG | 00 | 0E | -(0F)

New Japan Radio Co. LE.
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(¢ ) More than 16-character 1-line display using one NJUG468 and more than 2 of NJUG407C/
07CR.

As each additional NJUB407C/07CR can add another 8-character, up to 80-character can be
displayed by connecting nine(9) of NJUB40TC/0TCR externally.

o 2 3 4 8 B T8 9 10 11 12 13 14 15 16 17 to 32
L?ne|oo|o1|02|03|o4]05105|07|08|0910A|03|oc|ou|oElOF|1o—17118—1F|

—e——— NJUG468 ———*«———N@%mem ———= NJUB40TC/Q7CR
- Display isplay Disp.

——m 33 to T2 —————>73 T4 75 76 77 78 79 80 «oiis)playc,'
(70 27 |27 -2F | 30 37 [ 36 —3F |40 47 48 [49 [4A[4B 4G [ 4D | 4E [4F | <D ﬁiﬂa éggresT)

(Hexadecima
‘———— NJU6407C/07CR —— e —opgm——=— NJUG407C/07CR ———">
isp. 1splay

(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 39 40 <—Di3p|ay.
1st osition

Lige 00101/02]03}04]05|06}07|08]|09;0A|OB|-——-- 24125126 |27 |«
2n DD RAM Address

Line |40 | 41|42 |43 |44 | 45|46 |47 |48 |49 | 4A 4B | -—— 64 | 65|66 |67 | « (Hexadecimal)

Note : In the 2-line display mode, the 1st and ond line address are defined as (00)x to
(27)x and (40)s to (4F)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 NJUB468.

8 «Di
1st 1 2 3 45 8 1 |BgL?¥ion

Linel00|0t]102]03[04[05(06]07]<
Znd DD ﬁAM Addres?
Cine 140 |41 |42 (43|44 | 45|46 | 47 | < (Hexadecimal)

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

( Left Shift Display )
(00)«]01102|03]|04{05]06)07 |08
(40)« |41 ]42 |43 |44 | 45 | 46 | 47 | 48

( Right Shift Display )
27100 |01]02}03|04]05]06|—(07)
67 | 40 | 41|42 |43 |44 |45 | 46 | ~(47)

New Japan Radio Co. L4,
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(b ) 16-character 2-line display using one NJUB468 and one NJUB407C/07CR.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 <-Di38éay.

15t y
L?ge 00 o1 02 [03 |04 |05 |06 | 07 | 08 |09 [0A [0B |0 | OD | OF | OF f < A;A ‘:Z

0

00 a0 Tar {42 [ 43 |44 [ 4 [ 4 |47 [ 48 [ [ 4] 40 |0 |4 | oF | < (evadesrnad

<«—  NJUB468 Display = ——><— NJUB40TC/OTCR Display ——
When the dispiay shift is performed, the DD RAM address changes as follows:
( Left Shift Display )

(00)<| 01|02 03|04 05|06 |07 |08|03|0A|OB|O0C]|ODOE|OF |10
(40)< |41 |42 |43 |44 |45 |46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F {50

( Right Shift Display )
27 100|010203]04]05|06|07 08|09 |0A]0B|0OC|OD|OE =>(0F) _
67 |40 | 41142143144 |45 |46 |47 |48 |49 | 4A | 4B | 4C | 4D | 4E | —=(4F)

( ¢ ) More than 16-character 2-line display using one NJUG468 and more than 2 of NJUB4O7C/
07CR. »

As each additional NJUS407C/07CR can add another 8-character 2-line, up to 40-character
2-line can be displayed by connecting four(4) of NJUB4OTC/OTCR externally.

1$t12‘345B789101112131415‘1617181920' a
Line |00 {01 |02]03|04|05]{06|07|08|09|0A|OB|0C|OD|OE|OF}10|11]12 |13

E?ge 40 | 4114243 |44 |45 |46 |47 |48 |49 [ 4A | 4B | 4C | 4D | 4E | 4F | 50 | 51|52 | 53
<——— NJUB468 Display ————><— NJUB40TC/07CR®D Display——>< NJUB407C/07CR® Disp.

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 <—D$gg=%¥on

1411516 {17 {18 [19 1A {18 |1C | 1D {1E|1F [20 |21 |22 2324|2526 27 <_DD RA

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

Hexadec mal
= RUSAUTC/OTOR® Display———— WUGADTCIOTOR® Dislay— )

(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 NJUB468 is
shown in Table 2-1 and 2-2.

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

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

Upper 4-bit ( Hexadecimal )
0/1/2!3/4|5/6|7|8|9 A|B|C|D|E|F
CGRAM
o fmA | fEEehE o
To1)
(02) Polocd 1T e | e S RS ]
1 .. n-i H : :-: M :; .:E H . :“" H . :E
101 H
Ty I I P Fdr ] Y I -
21/ 1 | |aelie A T T T D I IS
(02)
(o4)
R 2 Tk P O ) o % N T T R o
(02)
(05) e | 2|
4 | /| | :
(03)
(06) CR S i - O sl |0
5 e s
103)
— T Y weeg | een | vee [eeees] L T
S| 6 I LB L
‘3 (04) , .
< £08) S N PR ) T I N R DO FES T P R
£l 7 O I I e I FI el R R R SR T
= (04) .
A — |-
- (o1 S RS BN ESE
“|° 8 . . . . . :
- (05)| .
§ (02} ". :"':
€lg ]t N I S TS D B PO ;
(05) :
(03) R B : .
A I O P L I chlLGilE R i
{06) .
(04) R SET R R E S T IR O I
B LR AT
(06)
(05) we| o] P EES G EALLHY I S e
C bt Sl I H Seerfe B E|F B|EL L RED
(07)
we) | T Taene
D R I . 2 It S
(07
{on o n e
{08)
(08) ST wee, | 20 tog |
L/ SR R eaelte § H
108"
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Table 2-2. CG ROM Character Pattern ( ROM version —02 )

Upper 4-bit ( Hexadecimal )
0/112!3!4/5|/6|7|8/9/A|B|C|DIE|F
CGRAM| .., I N N PN i P
0 forr | JRHEENET T R T i
T01) ]
(01) .o - LL AN ] .
031/ 8TTE b I ]
2 | /1% sl b -
(021
(04 AT -
3 . .E. ele .
02)] i...8
los' L] : » ) .EI .E IIIIIIIIIIIIII
4 B and I gl |
08" T HIE . T
5 e | B IR R : R HEE
N A I e e I A B B e el B B H
El g s . Poda. ], S R BT D I
. o | ve . » . . . . » s | ® | cansn | awas .
2 6 : H H : 3| i feuri | 4
b= o 8
E (08) E lllll =l 5 : . . . :
27 : HHE : AR RN R
- (04)f 2
2 (o1 HIE : E
N . 3 ': . FAAEE- T L PL I I DORY 2 S5 Tt M Bkt .
T_ 8 : H I IO SR Bt P BT LI T
@ (05)[ e
L P L e R D Ll PR e I R L s e
A A e I e e e B e
(03) . '5.' o OE' aoo: . 0 .. we | ogen
A .l=. e : .‘ .E .‘:. lllll : l.'.. .. 5 :- E E
HER I <l LIS I EY IO
(06) i
104) : ¢ :
(06)] 1,°
(05) = E umgen ) sean E
C oveod PN AP U B - O I O 1 1 L P D
A e IR I L A T B A Al A Rl I RSO
06 /1 b e °t . g
D T [CAZLER I i g |nd gyt : paeet
W -
w7) At AN O RN R il
E . '.- . :- é ':.:' :.": L] -§ a s . . . E' .:
A5 R T R L LS I Ll el B B RS B S
08) /1.t ] P R T T PO VOIS O I
F S L R 0 D B PR et L LA A RiLE|EE (L (i
0 R D B B R e L L I A R B B R
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(1—6) Character Generator RAM ( CG RAM )

The character generator RAM ( CG RAM ) can store any kind of character pattern in 5 x 10 or
5 x 7 dots written by the user program to display user’s original character pattern.

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

To display user’s original character pattern stored in the CG RAM, the address data (00)x -
(07)x or (08)u - (OF)x should be written to the DD RAM as shown in Table 2-1 and 2-2.
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 RAM Character Pattern
(DD RAM Data) Address (CG RAM Data)
..165643210 ] 543210 . 6543210
Upperbit Lowerbit Upper Lower Upperbit Lowerbit
000
1001
010
1011 Character Pattern
0000%x000 000 ;% 8 ? Example (1)
‘110
_______________________________ sttt <Cursor Position
00
00
101
: 101 Character Pattern
0000%001 001 :% 8 Example (2)
P11
____________________ ___________i_l_l____ <Cursor Position
‘00
100
i § i § * : Don’t Care
0000x%x111 1117011
i 100
1101 i
1110 !
111 % % %)

Notes : 1. Character code bit 0 to 2 correspond to the CG RAM add. 3 to 5(3bits:8 patterns).
. CG RAM address 0 to 2 designate character pattern line position. The 8th line is
the cursor position and the display is performed by logical OR with cursor.
Therefore, in case of the cursor display, the 8th line should be ”0”.
If there is 1”7 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
”(” and it is addressed by character code bits 0 to 2. Therefore, the address
(00} and (08)s, (01)x and (09)n, ---—--- , (07)x and (OF)x select the same cha-
racter pattern as shown in Table 2-1, 2-2 and Table 3-1.

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

Do —
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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)

l..76543210 ] 543210 4 e el 5543210

Upperbit Lowerblt Upper Lower Upperblt Lowerblt
0000 *%x%x,00000
10001 ; 0
0010
0011
0100

000000 = 00:0101 Character Patten

10110 Example
0111
11000
11001

_____________________________ 1010 <Cursor Position
1
1
i1
i1
1
10
1 0

E § i i % : Don’t Care
0000=x11=% 111001 Vo

____________________ S I S 2 S IO IO
51 011 ¥ % % E* Xk % X
1100 !
y1101 T : T

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

2. CG BAM address 0 to 3 designate character pattern line p051t10n 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.

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

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)n,(08)u and (09§H, (02)x,(03)x,(10)u and (1A)x for example, select the
same character pattern as shown in Table 2-1, 2-2, and Table 3-2

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

o
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(1-=7) Tining 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 NJUG407C/
07CR. '

(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 reauired common
drivers output the common driving waveform and the other common drivers output non-selection
waveform automatically.

The extension driver for example NJUB4OTC/07CR’s seement driver structure is as same as NJU
6468 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/0TCR, 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 NJUG4B8 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)s, a cursor position is shown as follows:

ACs ACs AC. ACs A AC: ACo
aoy{ o] of of 1] of of o]

. 1 2 3 4-5 6 7 8 9 10 11 12 < Display position
1-Line
Diselay [00 o1 o203 o4 o5 o6 o7 08 09 ]onjoB|— <« D). R addres
—- Hexadecimal
t Cursor position
1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
2-Li 00 0 04105106 {07 09 |0A|0B |~
|?e Ot [0z |03 04 05 a8 A DD RAM address
Display [40 | 41142 |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 biink are meaningless.
|f 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 NJUG468 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 befow:

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

1/D=1:Increment by 1
Entry Mode Set. | $=0 :No Shift

(3) Instructions

The NJUB468 incorporates two registers, an Instruction Register(iR) and a Data Register(DR).

These two registers store control information temporarily to allow interface between NJUG468
and MPU or peripheral 1Cs operating different cycles. The operation of NJUG468 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 fep or fosc=260kHz.
1§ 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 DBz DB. DB

DESCRIPTION

EXEC
TIME

Non-operation

000 0 0 0 0 0 0 0

Non-operation. Only takes judge-
ment machine cycle.

40us

Clear Display

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

1.64ns

Entry Mode Set

i/D S

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

40us

Display On/0ff
Control

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

40us

Cursor or
Display Shift

S/C R/L #

>

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

40us

Function Set

0 0 0 0 t 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=t : 2 lines , N=0 : 1 line
F=1 : 5x10 dots, F=0 : 5x7 dots

40us

Set CG RAM
Address

A e e ————

ACG

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

 —— Ac

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

Ous

Write Data to
CG or DD RAM

e — —

Write Data

Writes data into DD or CG RAMs.

40us

Read Data from
CG or DD RAM

—

Read Data

e e e

Reads data from DD or CG RAMs.

60us

Explanation of
- Abbreviation

DD RAM :

Display data RAM , CG RAM : Character generator RAM

Ace : 0G RAM address , Aoo : DD RAM address, Corresponds to cursor address
AC : Address counter used for both of DD and CG RAMs

% = Don’t care
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(3—1) Description of each instructions
(a) NOP (Non operation)

% R DB DB DB DB DB DB, DB DB
Code [0 J 0 JO Jo [0 Jo Jo Jo o o]

Non operation instruction. It consumes certain judgement machine cycles only.
B . . \
(b) Clear Display

RS R/W DB, DBs DBs DBa DBs DB> DB: DBo
Gode [0 JO Jo0 Jo Jo Jo Jo oot ]

Clear display instruction is executed when the code "1” is written into DBo.
When this instruction is executed, the space code (20) is written into every DD RAM ad-
dress, the DD RAM address 0 is set into the address counter and entry mode is set increment.
I the cursor or blink are displayed, they are returned to the left end of the LCD (the
left end of the 1st tine in the 2-line display mode). e
The (S) of entry mode does not change. :
Note: The character pattern for character code (20)s must be blank code in the user-defined
character pattern(Custom font). :

~ () Return Home

RS R/W DB, ‘DBs DBs DB. DBs DB DB: "DBo
_ Code [ 0 | 0 | 0 '| 0 l 0 I 0 l 0 I 0 ‘"l 1 "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 left end
of the LCD (the left end of the 1st line in the 2-line display mode) if the cursor or blink
are on the display. . . ‘ ) _

The DD RAM contents do not change.

(d) Entry Mode Set

RS R DB, DB: DBs DBs DBs DB: DB DB
Code [0 J0 JO Jo Jo Jo o1 [im[s |

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

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

1/D Function

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

0 Address decrement: The address of the DD RAM or CG RAM decrement ( -1) when

the read/write, and the cursor or blink move to the left. ‘
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Funetion

Entire display shift

The shift direction is determined by 1/D:
shift to the right at the |/D=0. The shlft is operate OR y for the charac—~
ter, so that it looks as if the cursor stands stil the display moves.

The display does not shift when readlng from the DD RAM and writing/reading
into/from CG RAM.

shift to the left at 1/D=1 and

0

The display does not shifting.

(e) Display On/0ff Control

Code [0 [0 [0 |oO

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

[o Jo [+ Jo fc s |

Display On/0ff control instruction which controls the whole display 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 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 Function
1 Cursor On. The cursor is digplayed 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. FEven if the display data write, the 1/D etc does not change.
B Funct i on
The cursor E05|t;on character is bllnklng Blinking rate is 379. 2ms at fee
i or fosc=270kHz and 409.6ms at fc»=250kHz. The blink is displayed alterna-
tnveIK with all on (it means all black) and character display. The cursor
and the biink can be displayed simultaneously.
0

The character does not biink.

ONENC] 0000 CNENC] HENEEN
|_{m/mim] | aoooc | mmiml | ENEEN
| (mminm | )] IDBBI NHEEEN
HLEEN IDEDI | [mfmim] | NEERNE
| (mimmf | [ [m/mim] | [ 1] HEENEE
| (e | | [mjm(m] | | {mim/m] ] HEEEE
Onman DEII= BOOCE HEEEN
HENNE QDBBI 0oooa HENEN
HEmC]

)
Cursor > HEENEE

Character Font 5 x 7 dots Alternating display

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

RS RN DB; DB: DBs DB. DBs DB DB: DBo
Code [0 [0 [o o [0 [sic TR [« | % | %=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 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 st line position. o

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

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

S/C R/L . Function

0 0 Shifts the cursor position to the left (éAC) is decremented by 1)
0 1 Shifts the cursor position to the right is incremented by

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.

(g) Function Set

RS R DB, DB: DBs DB, DBs DB DB: DBo
Code [0 J0 J o Jo [ 1 JOL[NJF [ [% | %=Don'tocare

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 5 x 10 dots.

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

DL Function
1 Set the interface data 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 Not e

0 0 1 5 x 7 dots 1/8

1 1 1 5 x 10 dots 1/11

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

RS R/W DB, DBs DBs DB. DBs DB- DBi DB
code [0 [0 Jo [t Jalaalalalal]

<«Higher Lower = =
order bit order bit

Set CG RAM address set instruction is executed when the code "1” is written into DBs and
the address is written into DBs to DBo as shown above.
The address data mentioned by binary code " AAAAAA " is written into the address counter
(AC) together with the CG RAM addressing condition. After this instruction execution, the
- data writing/reading is performed into/from the CG RAM.

(i) Set DD RAM Address

RS R/ DB, DBs DBs DBs DBs DBz 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 DB; and the
address is written into DBs to DBo as shown above.

The address data mentioned by binary code " AAMAAAA ™ is written into the address counter
(AC) together with the DD RAM addressing condition. After this instruction execution, the
data writing/reading is performed into/from the DD RAM.

Note : In case of the 1-line display, the address data is (00)x to (4F)u, and during the 2-
line display, the address is (00)u to (27)u for the 1st line and (40)x to (B7)s for
the 2nd line.

© () 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 NJU6468. 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.
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(k) Write Data to CG RAM or DD RAM

RS R/NW DB, DBs DBs DB. DBs DB. DB; DBo
Code | 1 0 D D | D D D D D D
<Higher order bit ~ Lover 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.

(1) Read Data from CG RAM or DD RAM

RS R/W DB, DBs DBs DB. DB DB2 DBy 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
nust be executed, otherwise the first read out data are invalidated.

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

The address set instruction is not required if the cursor shift instruction is executed
just beforehand(only DD RAW 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 below.

The DD RAM of the NJUB468 can store up to 80 characters, as explained before, therefore
the advertising moving display is available when combined with the display shift operation.
Since the display shift operation changes only display position and the DD RAM contents
remain 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 DB. DBs DB. DB: DBo
Set the 8-bit operation,
Function Set 0[O0 0f 0] 1} 1] 0| O ¥ *! 1-Line display, 5x7dots
. Font.

- ' Turns on display ~and
Disp.0On/0ff Cont 00l 0f 0[O0 O0f t{t 1] 0| cursor. Entire display
v is in space mode set by

] the initialization.

{
Example for set address
Entry Mode Set 0{ 0|0y 0j 0y 0|0 1] 1] 0f increment and cursor
» ; right shift when the
4 data write to the DD

RAM or CG RAM.

| 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:
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I . Initialized.

I Power On display appears.

i RS R/W DB; DBs DBs DB.

[Function Set | [ 0 { 0 I 0 I 0 l 1 | 0 | ?ﬁfstgiez ?ét gﬂggﬂﬁéﬁnun 8-bit mode
J

set by the initialization.

l Set the 4- blt operatnon, 1-line

lFunction Set 01 0[ 010} 1] OFf display, 5 x 7 dots Font.
0 0 O Of %| * The 4-bit operation starts from
| this step.

1
- ~ Turn on display and cursor.
lDlsp.On/Off Cont | 0{ 000 ? 0 Entire display is_ in space mode set

. 0l 0] 1|1 0 by the initialization.
Example for set address increment
IEntry Mode Set l 0y 0t 0f O 0 0. and cursor right shift when the data
: 001 of 171140 write to the DD RAM or CG RAM.
\:

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-line display, the cursor moves automatically from the 1st 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 iine, the DD RAM address must be set by the user programing
to change the cursor position to the 2nd line.

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

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

Initialized.
Power On - No display appears.
{ RS R/W DB- DBs DBs DB4 DBa DB- DB, DBo
Set the 8-bit operation,
Function Set 010y 0|0 1] 1| 1] 0] %| *¥| 2-line display, 5 x Tdots
. Font.

Turns on display and cur-
Disp.0n/0ff Cont 0{0j 0] 0) 0] O] 1y 1| 1] 0| sor. Entire display is
in space mode set by the

1 initialization.
Example for set address
Entry Mode Set 00| 0} O] O O} Of 1] 1{ 0] increment and cursor
rieght shift when the data
NS gxkte to the DD or C§

Write data to the DD/CG RAM
and set the Instruction
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(3—3) Initialization by instruction
If the power supply conditions for the correct operation of the internal reset circuits
are not met, the NJUG468 must be initialized by the instruction.

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

Initialized.
Power On No display appears.

4

Wait more than 15ms
after Voo rises to 4.5V

} RS R/W DB DBs DBs DB, DBs DB DB: DBo )
- Function Set
Function Set | | 0 ‘ 0 l 0 | 0 | 1 I 1 l * | * I % [ * | (8-bit interface length)
Y’
Wait more than 4.1ms
J RS R/W DB- DBs DBs DB+ DBs DB DB; DBo
- Function Set
Function Set 0 0f 0| 0 1] 1] %] x[ *| x| (8-bit interface length)
)
Wait more than 100us
i RS R/W DB, DBs DBs DB. DBs DB. DB; DBo
- Function Set
Function Set l I 0 l 0 l 0 | 0 l 1 I 1 I ¥ | 3 | % | *] (8-bit interface length)

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

i

RS R/W DB; DBs DBs DB+ DBs DB2 DB: DBo

Set the 8-bit operation,

Function Set 0l 01 0[O0 1| 1] 11 0| *{ %{ 2-line display, 5x7 dots
} %S W DB OB DB DB DB 0B DB, DBo T

Display Off ol o] ol o o] of 1] o] o]0
| RS R/H DB, DB DBs DB DBs DB DB. DBo

[Display Clear | [ 0] 0] 0] 0] o[ o] o] o] o] 1]
V RS R/H DB, DB DBs DB. DBs DB DB: DBo

[Entry tode sot | [0] 0] 0] 0] 0] 0] 0] 1] 1] 0] increnent 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 Instruction
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(b) Initialization by Instruction in 4-bit interface length

Initialjzed.
Power On No display appears.
)
Wait more than 15ms
after Voo rises to 4.5V
i RS R/W DB DBs DBs DB+
Function Set
Function Set ol 0oy 0j 0| 1|1 (8 bit interface length)
}
Wait more than 4.1ms
)
; Function Set
Function Set i 0] 00 1} 1 (8-bit interface length)
i
Wait more than 100us
¥
- Function Set
Function Set 01 0{ 0] 0] 1]1 (8-bit 1nterface |ength)
i
Wait more than 100us
¥ RS R/M DB, DBs DBs DB. E”Q“}ig“ts?tt f s
) et 4-bit interface length by 8-
Function Set 0jo0jojojrjo bit interface length.
i
Wait more than 100us
! Set the 4-bit ti
) et the it operation,
Function Set gjojofojtio 1-line display, 5 x T dots Font.
ol 0] 0 O *| *

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

Display Off 0|0l 0f0] 00 After this step, busy flag (BF)
ool 11 0]10] 0 check or longer waiting time
} than each instruction execution
time is required.
Display Clear ool o0l 00} O
. 0l 0101 0] 0} 1

Example for set address increment

Entry Mode Set ofo0j0j0|0f0 and cursor right shift when the
) 0{ 0101} 1[0 gzﬁa write to the OD RAM or CG

Write data to the DD/CG RAM
and set the Instruction
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(4-—1) Power Supply for LCD Driving

The terminals V: to Vs require verious constant voltage to generate LCD driving waveform.
This constant voltage must be changed according to the duty ratio as shown below. The Vico
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.

gawefy Duty Ratio| 1/8 , 1/11 1/16
. Bias 1/4 1/5
V. Voo to 1/4Vico Voo to 1/5Vuco
V2 Voo to 1/2Vuep Voo to 2/5Vien
Vs Voo to 1/2Vicp Voo to 3/5Vvuep
Vs Voo to 3/4Vico Voo to 4/5Vuco
Vs Voo to Vico Voo to Vieo
Vb (+5V) Vop (+5V)
Voo Voo
R R
Vi \'2
R R
Va Va2
Vico R Vico
V3 V3
R R
Vi V4
R R
Vs * Vs
/‘%ﬂ VE

o

(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 NJUB468 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

400clock
2] 3] 4] Palad 2l al alemmmn lsf1l2]al
Voo T
Vi
COM, V2 (Vs)

v : |
Vs

1 iFrame le 1Frame |

~ N 1

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 2] al 4l Poal ol 2l 3l afeme fulal 2l al lIEE’I
o0 I
v L}

COM, V2 (V,)
Ve I
Vs

1 1frame | 1Frame |
1€ ! !

1 frame = 4(us) x 400 x 11 = 17,600(us) = 17.6(ms)
Frame frequency = 1/17.6(ms) = 56.8(Hz)

(c) 1716 duty

200clock
(9 21 3] o 18] 0] 2] 3] 4 Jo L1sl 1] 2] 3l
po l
Va
V2
COM, Vs
Va
v I
I 1Frame | 1Frase 1
1 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

NJUB468 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 ¥PU 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-hit 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
R/%
I/ ¥/ WV A U/ VY W W W
Internal Stutus———m
NO
o, 77X/ eI\ ™ ae K70 X0 X0/ L/
Instryuction Busy Flag Busy flag Instructicen
Rriting Check Check Writing

ks ' /

R/W

I o N N NI A VN

08y TRy X Ra X XBEX XAea )} Xy X0R}
DB, iRs W 1Rz X XAe— XAea X Xor__X DR}

DBs IRe X IRy X ACg DR DR
D84 1Re X 1Ro) AC, (At X XpRX_ X0Re)
Writing instruction into |Readout Busy Flag(BF) Readout data Register(DR)
instruction Register(IR) and Adress counter(AC)
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(5—2) 8-bit MPU interface

RS

R/W ————~—————J/

/A N/ VAR U U
Internal Status ——— operation { -

o0 D ont )5 ey L wee LT INSosn [TTX0a1s NZITTIT:

Writing lastruction inte

Busy Flag
Check

Busy Flag
Check

Busy Flag
Check

Writing Instruction into

Instruction Register(IR) Instruction Register(IR)

New Japan Radio Co. L.



N J U6 4 6 8

W 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 ~ Voot0.3 )
Input Voltage Vr - 0.3 ~ Voot0.3 )
Operating Temperature Topr - 30 ~+ 80 °Cc
Storage Temperature Tstg - 685 ~ +125 °c

Note 1) If the LS| are used on condition above the absolute

destroyed.

Using the LS| within electrical characteristics

operation.

maximum ratings,

the LS| may be

is strongly recomended for normal

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 VooV 2=V.2V:2Va2Vs

B ELECTRICAL CHARACTERISTICS

, Voo>Vss=Vs must be maintained.

( Voo=bV£10% , Ta=-20 ~ +75°C )

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT | NOTE
Operating Voltage Voo 4.5 5.0 - 5.5 v
Vin All Input and Input/Qutput | 0. Voo —_ Voo
1 Terminals except 0SC 4
Vi Terminals — — 0.2Voo
InDUt Voltage Vine Voo-1 —_ Voo v
2 Only 0SC Terminal
Vi —_ —_ 1.0
Vous Input/Output | —10x=0. 205mA 2.4 — —
1 Terminals
Vous lo=1. 6mA _— — 0.4
Output Voltage Vor. | Output TTon=0.04mA | 0.0Voo | — —1 "V
2 Terminals
VOL2 IOL=0. 04mA —_ —_ 0 ‘VDD
Driver On-resist. (COM) Recom +1d=0. 05mA(All com. term.) — — 20 ol s
Driver On-resist. (SEG) Rses +1d=0. 05mA(Al| seg. term.) — — 30
Input Leakage Current I Vin=0 ~ Voo -1 —_ 1 A 6
u
Pull-up Resist Current -le Voo=5V, RS, R/W, DB 50 125 250
Operating Current (1) oo+ Ceramic Resonator Osc. — 0.55 0.8
VDD=5V. fosc=250kHz A 7
m
Operating Current (2) looe CR Oscillation( Ext. R) — 0.35 0.6
VDD=5V, fosc=fcr=270kHz
Operating Freq. fep 125 250 350 kHz
Ext. | Duty Duty External clock inputs to 45 50 55 % 8
Clk Rise Time trep 0SC., 0SC- open — — 0.2 us
Fall Time tfcp — - 0.2
Int. | Oscillation ¢ CR Osc. Rf=91kQ £2% 190 270 350 H 9
0sC z
Osc Frequency Ceramic resonator 245 250 350 10
Vicos ]/5 Bias Voo-3.0 _ Voo-13.5 11
LCD Driving Voltage Voo = Vs , v
Vicoe . 1/4 Bias Voo~3.0 _ Voo—-13.5 12
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M ELECTRICAL CHARAGTERISTICS ( Vop=3VE10% , Ta=-20 ~ +75°C )
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT | NOTE
Operating Voltage Voo 2.1 3.0 3.3 v
Viaa | ATl Input and Input/Output | 0.7Voo - Voo
I nput Vol tage 1 Terminals except 0SC ) 4
Vi Terminals - - 0.15Vop
Voui Input/Qutput | -lon=0.1mA 0.8Vop - _
1 Terminals
0 Vol Voui lou=0.1mA - - 0.2Vop v
tput
utout Vol taee Vorz | Output Tlon0.04mh | 0.9V0 | — | —
2 Terminals
Vorz |OL=0-04|T|A - - 0.1Vop
Driver On-resist.(COM) | Rcom | 1d=0.05mA(All com.term.) - —_ 20 wal s
Driver On-resist.(SEG) | Rsec | *1d=0.05mA(Al| seg.term.) - - 30
{nput Leakage Current |1 Vin=0 ~ Voo -1 — 1 u 6
Pull-up Resist Current] -l» Voo=3V, RS, R/W, DB 10 25 50
Operating Current Iop CR Osc - 0.15 | 0.3 mh | 7
po—3V Rf=91kQ£2%
. . fosc | CR Osc. Rf=91k Q2% 160 240 320 kHz | 9
Oscillation Frequency
o D V VLcm 1/5 Bias VDD"3-0 - VDD"13-5 v 1
L ivi -
riving Voltage |y Yoo - s 174 Bias | Voo3.0| — |Voo-13.5 2

Note 4) Input/Output structure except LCD driver are shown below:

Input Termina| Structure Input/Output Terminal Structure

Voo Voo

R R i

Li NMOS
NMoS (LU Voo
pnos«?l—rCC}::—mm

E Terminal RS,R/W Terminals :é

DBo to DB> Terminals

New Japan Radio Co.LE.
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Note 5) Rcom and Rsee are the resistance values between power supply terminals (Voo, Vi, Vi, Vs)
and each common terminal (COM: to COM:.s), and supply voltage (Voo, V2, Vs, Vs) and each
segment terminals (SEG: to SEG.o)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 0SCz, shorter connection length of these terminals are required.

0S¢,
RF RF:91kQ £2%

0SC-

NOte 10) Apply to external ceramic resonator oscillation.
Ceramic resonator specification example.

Rf = INQ = 10%
C: = 680pF =+ 10%
C- = 680pF =+ 10%
Rd = 3.3kQ = 10%

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, Vz, Vs, V4, Vs) at no load condition.

Note 12) Mentioned condition of Vi and Vs do not guarantee the right operation of this LSI.
Right LCD driving voltage is specified in “Electrical Characteristics”
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» Bus timing characteristics

Write operation ( Write from MPU to NJU6468 )

(Voo = 5.0V10%, Vss = OV, Ta = =20 ~ +75°C)
PARAMETER SYMBOL MIN MAX CONDITION | UNIT
Enable Cycle Time tovee 500 —_—
Enable Pulse Width ] “High” level | Pwen 220 —_
Enable Rise Time, Fall Time te., ter — 30
Set up Time IRS, R/W, E tas 40 — fig. 1 ns
Address Hold Time tan 10 —_
Data Set up Time tosw 60 —_
Data Hold Time th 10 —
Write operation ( Write from MPU to NJU6468 )
(Voo = 3.0V£10%, Vss = 0V, Ta = =20 ~ +75°C)
PARAMETER SYMBOL MIN MAX CONDITION JUNIT
Enable Cycle Time tovoe 1.4 — us
Enable Pulse Width | “High” level | Pwen 500 —_
Enable Rise Time, Fall Time te., tes —_ 20
Set up Time [Rs, R E | tas 0 | — | fiet |ns
Address Hold Time tan 10 —
Data Set up Time tosw 140 —
Data Hold Time th 20 —
Timing Characteristics (Write operation)
© VKl VIl
RS ><< Vil VIL
1AS tAR
R/W Y VILt ;/Vm
PYER tAR
=1 e
E VKl /
VILJ,_/ ' V[Hl\<VIL1 A
Viul
—_—t LDSH ti
tEr i
VI
DBo ~DB >< Valid Data }/
VIL VIL
tCYCE
fig. 1 The timing characteristics of the bus write operating sequence.

Write from MPU to NJU6468)

New Japarn Radio Co. LEd.
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Read operation ( Read from NJU6468 to MPU )
(Voo = 5.0VE10%, Vss = OV, Ta = -20 ~ +75°C)

PARAMETER SYMBOL | MIN | MAX |CONDITION JUNIT
Enable Cycle Time tever 500 -
Enable Pulse Width | "High" level | Pwex 220 —
Enable Rise Time, Fall Time ter, tee] — | 30
Set up Time [RS, AW, E | tus 0 | — | fie2 |ons
Address Hold Time tan 10 -
Data Delay Time toor — | 120
Data Hold Time tour 20 —

Read operation ( Read from NJUB468 to MPU )
(Voo = 3.0VE10%, Vss = 0V, Ta = =20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX | CONDITION |UNIT
Enable Cycle Time tevee 1.4 - us
Enable Pulse Width l "High” level | Pwex 500 -

Enable Rise Time, Fall Time ter, tee ] — 20
Set up Time [RS, RM, E | tus 10 | = | fie2 |ons
Address Hold Time tau 10 —
Data Delay Time toor — 600
Data Hold Time tour 20 —

Timing Characteristics {Read operation)

s -
Vil Vi ><
RS
_ViLg ViLi

AR

1as

¥
R/W Vini

Vivt] 1 ViLl

tEr

D Bo ~D B, >(( Valid Pata

Vor1 VoLl

teyee

fig. 2 The timing characteristics of the bus read operating sequence.
(Read from NJUB468 to MPU)
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» Segment extension Timing Characteristics
(Voo = 5.0VE10%, Ver = OV, Ta = -20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
. "High” level | tcwn 800 —_
Clock Pulse Width "ton” level | Pom 800 -
Clock Set up Time tesu 50 | —
Data Set up Time tsu 300 - fig.3 ns
Data Hold Time ton 300 -
M Delay Time tom -1000 | 1000
Clock rise Time, Fall Time te. - 100

- Segment extension Timing Characteristics
(Voo = 3.0V£10%, Vss = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX | CONDITION {UNIT
. "High” level tewn 800 -
Clock Pulse Width Low” loval | Poms 800 —
Clock Set up Time tesu 500 -
Data Set up Time tsu 300 - fig.3 ns
Data Hold Time tou 300 -
M Delay Time ' ' tom -1000 | 1000
Clock rise Time, Fall Time tee — | 100

Interface signals with extension driver NJUB407C/07CR

0.9V
Cla /
test
09Ven| £ Y09V
CL ' \ )
0.1 Vi X 0.1 Vur 0.1 Vi

tuse ter tewl,

£0.9 Vi) 0.9 Vi
D |
0.1V 0.1 Vo,

ey [ |

M
0.1 Von

] tom

tewn

fig.3
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DBo to DB, load circuit

Vin =5V 5.0V Vo =3V

Ri.=2.4kQ

Test Point

130pF 10k 1000

Diode
152074 J;

Segment extension signal load circuit

Test Point

60pF

« Power Supply Condition when using the internal initialization circuit
(Voo = 5.0VE10%, Vss = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL MIN MAX | CONDITION {UNIT
Power Supply Rise Time trce 0.1 10 _
Power Supply OFF Time torr 1 = e

* Power Supply Condition when using the internal initialization circuit
(Vop = 3.0VE10%, Vss = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX ] CONDITION | UNIT
Power Supply Rise Time tree 0.1 5 _ 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)

4.5V/2.V /3

0.2v

trCC

Vou=tV ——— 0. Ims Strcc=10ms torr2=1ms
Vop=3V -~ 0.1ms StrccShms

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

New Japan Radio Co. L4,
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M LCD DRIVING WAVE FORM

1/8 Duty Driving

1121314151617 18[1412131416161718

Voo - SRRTURDUSUURSNRES N

CoM,
COM-
COM,
COM. @
COMs
COMe
COM-
COMe -

5SS S S

3 Ll L )

[ %2 2076 30 % B 76 3 70 ]

YDU weasferrenecasaeneseeasnrerasssnrnesanashianiarannsnssisacnscneneienensaendaiaes
Vi o : : -

com.szi o
Vl
-
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M LCD DRIVING WAVE FORM

“1/11 Duty Driving

PIZI31445I6G 1716 9100111{11213141516171819(1011}
Voo ==

Vi

COMy COMiy,
Vi
Vs

Vop v
Vi

Va
COM. Vs

Va
Vs

SEG,
SEG,
SEG,
SEG,
SEG,
=

COMuzj

Vi
Ve 77

Vi
COM:ev2 -:
v

SEG

\
SEG:
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I LCD DRIVING WAVE FORM

1/16 Duty Driving

11213141516 1718 19 UDTHIH21EI114115]16

Vb srecfesaeesssnssasassnscsnasananesnsesnnresssasssiossises y e
R S USRS DI RO
Vo oo
COM, COMyy, onlens
COM. Vi
COMs Ve
COM.
COMs Vop -
COMe X'
COM: 2
CoM
COMs Vs
Vi
Ve T
COM,
COM:
CoM Voo
COM, Vy e e
COM, -\
COM: COM!SV o e e e
COM: :
COMie L I O .
l Ve
bbbl e
L% IR 7 T 7 T 7 B % ] vl ases
Y, T At Ao
3
7
Vs
Vg oo e
V| ...........................
Vz -------------------------------------------- I
)TV ISR | S S |
Va
| S S

v
SEG.
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I APPLICATION CIRCUITS
(1) Interface with LCD Panel
(1—1) Character and Number of Display Line

The NJUB4B8 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 line for 5 x 10
dots font. Therefore, the common line must be of the following 3 types according to the
line number aqd font combination.

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

Display line number and character font can be selected by the user programing (refer Table
4.).

(1—2) Connection between NJUG468 and LCD panel

COM:
CcOoM
zig * LCD Pane!
SEG ~ (8-character 1-line)
SEGuw

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

COM:
2’4"6[; COMu
SEG) LCD Panel
(8-character 1-line)
SEGuo
i SR

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

WNew Japan Radio Co. L1,
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COM
COM
COMgs
NJU COMas
6468
SEG L.CD Panel
(8-character 2-line)
SEGuw

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

One NJUB468 can drives up to 8 characters for one fine and up to 18 characters for two
lines because of 1 character is driven by 5 segment iines.

Unused common terminals mentioned in the above example (a) and (b) always output non-select
signals. :

i the LCD panel has unused column electrode, following connection can avoid bad influence
of cross-talk etc. occurred by floating condition.

COM
COMn—

nu  COMo LCD Panel

6468 SEG) , (8-character 1-line)
SEGua

(1—23) Other matrix LCD panel connection example

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

COMy

COMe

SEG:

NJU
6468

SEGuo
COMs

COMis

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

New Japan Radio Co.Ltd.
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SEG:
SEG2
COM,
COMa
aﬁiu LCD Panel
(4-character 2-line)
SEGa)
SEGuo

(b) -5x7 4-character 2-line example (1/4 bias,1/8 duty)
(2) Connection with extension driver NJUG407C/07CR example

The NJUG468 can extend its display capacity by connecting NJUB407C/0TCR as extension
Driver. In this application, the NJUB407C/07CR is used as a segment driver.

The control signal CL., CL2, M and D for NJUG407C/07CR are supplied from the NJU6468 and
power source is common with NJUG468.

The maximum connecting unit number of NJUG4G7C/07CR 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
caracity is limited to 80 characters which is the maximum memory capacity of NJUG4BS.

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

COM, ~ COM:s EE> Dot Matrix LCD Panel
' 40-Character 2-Line
ﬁ ﬁ ﬁ m
SEG ~SEGu| 40
SEG; ~ SEGu SEG, ~ SEGum SEG: ~ SEGum SEG, ~ SEGum
D 104 yjugsore 108 0 yygaore 10B:——110A  yygggpe 0B ——10Ar  yyyeygrp 108
SHL, oy |SHL "RYC 0B L skt SR o8, saL, " 108,
si, /00 gl [sec, Ol |Suc oA |SHL, - 104:]J
n_"‘.-:‘m A= gw P 2w ad= 22
> o Py SGaSStosy e e R SRESIISy
Jll 11 Jull |
& T T 1 |
M
Voo
VSS
Ve
Vv,
Vs
NJUg488
————

! WNew FJapan Radio Co. L.
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ion circuits )

(3) 8-bit MPU interface example ( Full applicat

L

"ouj 20]17 o yJdew 8ped} s §)087 *

m/,> mx
M.y
K|
oda
:
m
0rnIS L4a
\
; SA
:
. B9YOATN
:
. YA
1938
€A
9IW0D
i ZA
6WOD
8INOD 1A
. 20S0
1HOD 4, 1250

-

QU177 JejoriRy)-g [auBd AB[dsiq (9]

24d
¢dd
v dd

ovd

Lvd

A

5528

aep

04a

™~
Lo
a

M

N~
O <<

[VR:[¢}

~
2]
o mmeme-

»,;JH\

l—--(——----—-----—-_—-—-—----u-----«w;«x>o£;-o—-<- R

New Japan Radio Co. LId.




NJU6468

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.




