NJUG&6468

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

B GENERAL DESCRIPTION

The NJUG468 is a Dot Matrix LGD controller driver for
8-character 2-1ine 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 NJUG4ES use.

The extension driver interface circuits enable combi-
nations with NJUB4OTC or NJUB417C to increase the dis-
play capacity up to 40-character 2-line or 80-character
1-line.

PRELIMINARY

B PACKAGE OUTLINE

NJUG468FC1

NJUB468FG1

M FEATURES
@® 5x7 and b 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
® Programmabie Duty Ratio ; 1/8 Duty for S5x 7 Dots + Cursor, 1 Line

1/11 Duty for 5x10 Dots + Cursor, 1 Line
1/16 Duty for Bx 7 Dots + Cursor, 2 Lines
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@ Number of Maximum Display Characters
Display Line | Duty factor Extension | NJUB4B8 | NJUB4OTC | Display Capacity
, Not provided - 8-character 1-line
! Line 1/8,1/11 Duty Provided 1 pos 9 pcs | 80-character 1-line
. Not provided - 8-character 2-line
2 Lines 1/16 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 Required )
@ Low Power Consumption
@ Operating Voltage ( Except LCD Driving Voltage ) — +5V/+3V
@ Package Outline -——  Chip / QFP 80 / TQFP 80
@® C-MOS Technology
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B PIN CONFIGURATION(NJUS468FC1)
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SE62z0 ——
SEG1s —]
SEG18 ——
SEG17 ——
SE6is —
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SEG:2 —
SEG1.
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Note) Pin configuration of "FG1”package is different from "FC1"package.
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B BLOCK DIAGRAM
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I TERMINAL DESCRIPTION

NO.
W Fai SYMBOL FUNCT I ON
26~30 | 24~28 Vi~Vs LCD Driving Power Source
33 31 Voo 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:.
Register selection signal input
36 34 RS "0" : Instruction Register (Writing)
Busy Flag, Address Counter (Reading)
"1" : Data Register {Writing/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- NJUG468.
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 CL2 Data Shift Clock Output Terminal : Shifts the serial data D.
34 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 COMs~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 SEGzZNSEGZI
3~22 1~20 | SEG20~SEG, |LCD Segment driving signa!l
§3~80 | 61~78 | SEG4o~~SEG,;
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M FUNCTIONAL 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 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.

AMter reading the data in the Register(DR) by the WPU, 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/M |Selected Register Operation

0 0 IR Write

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

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

(1—2) Busy Flag (BF)

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

The busy flag(BF) is output at DB, when RS="0" and R/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.
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(1—4) Display Data RAM (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 | ACs [AGs |AC. [ACa |Ac. [ac, [ac. | | 1 ]o [o |1 |1 | 1 |1 |
<« Hexadecimal =<  Hexadecimal - 4 ———e——— ———

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

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

1 2 3 4 5 78 80 <—D|play
tst Line [00 01 J02 08 04 [—————T4E[4F] <D0 ﬁg'x‘aéﬂgfﬁ’.i‘?)

( a ) 8-character 1-line display using one NJUG468.

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:
1 2 3 4 5 68 71 8 <—D|splay

st Line [00 010203 [04]05 |06 [07] «Dn(ﬁggaﬁggmﬁ)

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

( Left Shift Display )
00)« 010203 |04 | 05 [ 06 [07 08|

( Right Shift Display )
[4F J00 |01 02]03 0405 06| (07

( b ) 16-character 1-line display using one NJUG468 and one NJUB407C/07CR.

1234567891011121314151B<—D|play

(5% [[90 To1 J 02 |03 J 04 ] 05 ] 06 | 07 ] 08 ] 09 ] 0A [ 0B [ oC [ 0D | OF [ OF | <00 ﬁﬁ'faéggfﬁif)

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

( Left Shift Display )
00)« [01To02 03 [ 04 [ 05 | 06 07 08 | 09 | oa | o8 | oc | on ] o [oF [ 10

( Right Shift Display )
[4F Too o1 {02 [03 | 04 [05 [ 06 | 07 [ 08 {09 | 0a [ 08 | oc [ oD | o€ | —(oF)
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( ¢ ) More than 16-character 1-line display using one NJUB468 and more than 2 of NJU6407C/
07CR.

As each additional NJUB40TC/07CR can add another 8-character, up to 80-character can be
displayed by connecting nine(9) of NJUB4OTC/O7CR externally.

g L2 3 4 5 B 7 8 0101 121811516 17 to %
Line [00 To1 [0z J03 T 04 {05 Jos o7 Jos Jos Toa [os [oc [ob [ 0E [ oF | 10 -17] 18 -1F |

o= B ————e— == MIBOTC/OTGR ———— NBOTG/OTCR
Display isplay 1sp.
———— W to T ————=73 14 T5 76 177 18 19 8 <Display
[20 27|27—2F|30—37|38-3F]40—47|48]49]4A|4B|4C|4D|4E|4F|<—DDﬁiMéggres?)
e exadeeina
Disp isplay

(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|a¥.
1st osition
nge 00101102]03{04]05|06)|07/08 |09 |0A|OB|-—-—- 2425|2627
En ﬁAM Address
inebd0 | 41142 (43|44 |45 |46 (47 |48 |49 |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)u 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 NJUGAGS.

1 2 3 4 5 6 7 8 *—Disgl?¥ion

Ist
Line |00 |01 02]03|04)|05|06 {07

7nd dd
I T Ta2 (43 [ 4a 145 [ 46 | 47| < (overos: os)

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

( Left Shift Display )
(00)« |01 |02 03|04 |05]06|07 |08
(40)< | 41 {42 |43 |44 |45 |46 [47 | 48

( Right Shift Display )
27100 (01102103104 ]05]|06|—(07)
67140 |41 1424314414546 | —(47)
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( b ) 16-character 2-line display using one NJUB468 and one NJUB407C/07CR.

f 2 3 4 5 6 7 8 910 11 12 13 14 15 16 <Display.
Ist BOSItIOﬂ
L ine [00 Tot Toz [ os T« Tos To6 Tar Tos Tos [oa [oB Tocon ok [of .
e 120 (41 [42 |43 |44 | 45 | 46 | 47 | 48 | 49 | 4h | 4B | 4C | 4D | 4€ | 4F | < (ﬁexaﬁecfﬁi

<—  NJUB468 Display = —=><— NJUG4OTC/OTCR Display ——

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

( Left Shift Display )
(00)<]01 02 |03|04|05]|06|07[{08]09|0A|0B|0C]|OD|OE]|OF |10
(40)<— |41 |42 | 43| 44 {45146 |47 [ 4B |49 [4A | 4B | 4C | 4D [ 4E | 4F | 50

( Right Shift Display )
27100(01f02(03|04{05{06{07|08[09|0A|0B]|0C]|OD|OE|—(CF)
6714041142143 |44 (45|46 |47 {48 |49 |4A | 4B |4C | 4D | 4E | =(4F)

( ¢ ) More than 16-character 2-line display using one NJUB468 and more than 2 of NJUG40TC/
07CR.

As each additional NJUG407C/07CR can add another 8-character 2-line, up to 40-character
2-line can be displayed by connecting four(4) of NJUB407C/07CR externally.

st 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ||IEiIII
L?ne 00/01]02{03|04|05]|06|07 |08 |09 OA|OB|OC|OD|OEIOF|10}11]12|13

%?ge 40 | 41142 |43 |44 |45 (46 |47 |48 |49 [4A | 4B [ 4C | 4D | 4E [ 4F |50 | 51|52 |53
<«—— NJUB468 Display ————><«— NJUB40TC/07CRMD Display——>« NJUG407C/07CR@ Disp.

21 22 23 24 25 26 27 28 29 30 3t 32 33 34 35 36 37 38 39 40 ‘—D}gg£%¥on

1411516 |17 (18 |19 |1A|1B|1C | 1D |1E|1F (20 |21 |22 |23 (24|25 |26 |27 (—DD RN

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

X - (Hexadecimal)
————— NJUB407C/0TCR® Display——>«— NJUB407C/07CR@ 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 NJUG46B is
shown in Table 2-1 and 2-2.

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

Upper 4-bit ( Hexadecimal )

5/6 |7 8(9 A

Lower 4-bit ( Hexadecimal )

CGRAM

on
(01)

(02)

(o1

(03)

(02)

(04}

(02)

(05)

(03)

(06}

(03)

(07)

(04)

(08)

(04)

031

(05)

(02!

(05)

(03)

(06)

-----
------
.

(04)

(06)

(05)

(07}

(06)

(07)

(07)

(08)

oo O O | W e

(08)

(08"
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Table 2-2. CG ROM Character Pattern ( ROM version -02 )

Upper 4-bit ( Hexadecima! )

(= N T =

O e e b TR 1 Jrmem Bod e e e i |

O [ e | [ [ o FlE e P T e [

m :

< P el o e A T P et 3 .

> i o o — e e b b

g (8 e [ IR R

o T s R Ry - e

RV Tl Al e e el el R

< R TR EEE R R LI e - o

o [ et [ B A P P

N el el S M |

e SRS U A e S R . ] - A
8|5 \|S S 2 S S S S = S g s s S = s
Ol - &l | | 6| © | ~] 0! o < M O AalE |

( 1ewtospexey ) 31G-p JeMo]
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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)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
ata.

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)

¢ 7165432 1_Q_:> 543210 k%_l 6543210 5

Upperbit Lowerbit Upper

Chgract r Pattern

0000000 000 xample

] <Cursor Position

Character Pattern

0000%001 001 Example
_________________ I <Cursor Position
0
0
i é i § % : Don't Care
0000x%x111 t11:011 f
1100 i
‘101 '
110 !
1111 X % k!

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 with cursor.
Therefore, in case of the cursor diselay, t the 8th line should
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 i1t is addressed by character code bits 0 to 2. Therefore, the address
(OO)H and (08)s, (01)x and (09)u, ~——----, (07}« and (OF)H select the same cha-
racter pattern as shown in Table 2-1, 2-2 ard Table 3

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

Notes :

Character Code CG RAM Character Pattern
(DD RAM Data) Address (CG RAM Data)
c 165432 1_Q_:> ¢ 543210 5 <:_1_!5 54321 Q_€>
Upperbit Lowerbit Upper  Lower Upperblt Lowerbit
‘0000
0001
0010
10011
0000%00* 00 :8 8 ? Character Patt
' racter
01190 Examp e (g on
0111
1 é 3 0
_________________ ______-_EJ____J&_ <Cursor Position
T
11101
:] 10 <D
! 11 ¥
10000 *
i —~0001 A .
; : : : % : Don’t Care
¥ ¥ ' Yoo
RS AR I A YT
1011 EEEERE R X
1100 '
‘1101 T ! T

. "1” for CG RAM data corresponds display On and "

. gharacter code bit 1 and 2 correspond to the CG RAM address 4 and 5(2bits:4 pat-
. 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
Therefore, in case of the cursor display, the 11th line should b
I there is "1” in the 11th line, the bit "1” is always displayed on the cursor
position regardless of cursor existence.

W|thocursor

. 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

naw

0” and 1t is addressed by character code bits 1 and 2. herefore,
(00}, (01)x,(08)u and (09¥H. (02)H.(03)H.(10)H and (14)u for example,
same character pattern as shown in Table 2-1, 2 and Table 3-2.

* for display Off.

the address
select the
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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 |ike 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 required common
drivers output the common driving waveform and the other common drivers output non-selection
waveform automatically.

The extension driver for example NJUB407C/07CR’s segment 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 NJUB407C/07CR, 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 NJUG468 always display from the top character and
every extended extension driver display following character than front.

(1—9) Cursor Blinking Control Circuit

This circuits controls cursor On/0ff and cursor position character blinks.

The cursor or blinks appear in the digit residing at the DD RAM address set in the address
counter (AC).

When the address counter is (08)u, a cursor position is shown as follows:

ACs ACs AC. AC: AC. AC: ACo
ey fofofof1]ofofo]

\-Lin i 2 3 4 5 6 7T 8 9 10 11 12 < Display position
D 00 {01(02]03|04]05]06;07 09 ([OA[OB|—- RAM add
ispay [00 01 oz [0 To4 To5 Jos [o7 oa[0a] [08] —— < D fl address
4 Cursor position
1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
2-Line 00{01]02]03]04]05]06|07 ;08|09 0A|OB|-—
. H gddress
Display {40 (41|42 143 |44 14546 |47 |48 {49 [4A|4B|—- (Hexadecimal)

t Cursor position

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

The NJUB468 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/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 NJUG4GS
and MPU or peripheral 1Cs operating different cycles. The operation of NJUB468 is determined by
this control signal from MPU. The control information includes register selection signals (RS),
read/write signals (R/W) and data bus signats {DBo to DB-). ’

Table 4. shows each instruction and its operating time.

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

Table of Instructions

INSTRUCT IONS

¢ 0 D E
RS R/W DB+ DBs DBs DB« DBs DB- DB: DB

DESCRIPTION

EXEC
TIME

Non-operation

0 0 0 0 0 0 0 0 0 O

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

1.64ms

Entry Mode Set

Sets cursor move direction and
specifies shift of display are
performed in data read/write.
1/D=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/CR/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

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 : 5x7 dots

40us

Set CG RAM
Address

Sets OG 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

—_—

Write Data

————

Writes data into DD or CG RAMs.

40us

Read Data from
CG or DD RAM

€ ——— —_——

Read Data

Reads data from DD or CG RAMs.

60us

Explanation of
Abbreviation

DD RAM : Display data RAM , CG RAM : Character generator RAM
Acc : 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)

RS R/W DB, DBs DBs DB« DBs DB. DB DB
Gode O [0 Jo Jo Jo Jo JoJo[o o]

Non operation instruction. |t consumes certain judgement machine cycles only.
(b) Clear Display

RS R/W DB, DBc DBs DB, DBa DB, DB. DBo
Gode [0 Jo [0 Jo Jo JoJoJoJo 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.
|f the cursor or blink are displayed, they are returned to the left end of the LCD (the
left end of the Ist line in the 2-1ine display mode).
The (8) 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).

(c) Return Home

RS R DB, DB DBs DB. DBs DB. DBi DBo
Gode [0 [0 Jo [o Jo JoJo o |1t [+ ] *x=pontcare

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 RM DB, DBs DB DB. DB> DB. DB, DBo
code [0 Jo Jo [o o ool [im|s]

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

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

/D Function

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

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

Entire display shift
The shift direction ls determined by I/D: shift to the left at 1/D=1 and
1 shift to the right at the [/D=0. The shift is op Tate oply for the charac-
ter, so that it loo s as if the cursor stands still and the display moves.
e display does not shift when reading from the DD RAM and writing/reading
|nto/from CG RAM.

0 The display does not shifting.

(e) Display On/0ff Control

RS RN DB, DBs DBs DB, DB. DB DB: DBo
Code fO [0 [0 Jo [o o 1 o [c [s]

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

D . 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 dispiay when the D change to 1.

C Funetion

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

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

B Funcection

The cursor E05|t|on character is blinking. Blinking rate is 379.2ms at fce
1 or fosc=270kHz and 409.6ms at fcr=250kHz. The blink is displayed alterna-
tlvelﬁ 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.

L]
[
[ [ 1] [] EQEEE Ooo0oa EEEEN
Cursor -~ HHEENE
Character Font 5 x 7 dots Alternating display
(1) Cursor display example (2) Blink display example
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() Cursor/Display Shift

RS R/W DB: DB DBs DB« DBs DB. DB: DBo
Gode [O [0 [0 [0 o [1 [s/c]re|x [+ ] %=0ontcare

The Cursor/Display shift instruction shifts the cursor position or display to the right or
left without writing or reading display data. This function is used to correct or search
the display. In the 2-line display, the cursor moves to the 2nd 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 |ine moves only horizontally.

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

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

This instruction is executed when the code "1” is written into DB+ and the codes of (S/C)
and (R/L) are written into DB3(S/C) and DB2(R/L)., as shown below.

S/C R/L Function

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

—— O
— D D

(&) Function Set

RS R/W DB, DBs DBs DBa DBs DB> DBy DBo
Code I 0 ] 0 l 0 | 0 I 1 ] oL I N | F l * I * J ¥ = Don’t care

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

(DL) sets the interface data length, (N) sets the number of display lines either the 1-
line or 2-line and (F) sets the display Font either 5 x 7 dots or 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 unfess 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 1711

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/ DB, DBs DBs DB. DB: DB. DB, DBo
Gode J O [0 [0 [+ [a-[a [a [a [a [a]

<Higher Lower -
order bit order bit

Set CG RAM address set instruction is executed when the code "1” is written into 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/W DB, DB DBs OB. DB, DB. DB, DB
Code [O [0 [t [a [ a [a]aa]a[a]

<Higher order bit Lower order bit—

Set DD RAM address instruction is executed when the code "1” is written into DB, and the
address is written into DBs to DBo as shown above.

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

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

* (j) Read Busy Flag & Address

RS RM DB, DBs DBs DB« DB: DB, DB, DB
Code [0 [0 [ B [ A [ A [ A [ A [a [a [a]

«Higher order bit Lower order bit—>

This instruction reads out the internal status of the NJUG468. 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 DB (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/W DB, DBs DBs DB. DBs DB DB: DBo
Gode [1 [0 [o [o oo oo o o]
<«~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.

(1) Read Data from CG RAM or DD RAM

RS R/MW DB, DBs DBs DB« DBs DB DB, DBo
Code | 1 1 )} D D D D D D D
<«~Higher order bit Lower order bit—

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

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

Before executing this instruction, either the CG RAM address set or DD RAM address set
must be executed, otherwise the first read out data are 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 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 below.

The DD RAM of the NJU6468 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.
i RS R/W DB, DBs DB DB. DB: DB. DB, DBo
Set the 8-bit operation,
Function Set 0 0[Ol O] 1] 1] 0] 01 %] ¥{ 1-Line display, BxTdots
. Font.

- Turns on display  and
Disp.0n/0ff Cont 01 0{ 0] 0] 0) 0 Y] 1| 1] 0| cursor. Entire display
is in space mode set by
| the initialization.

)
Example for set address
Entry Mode Set o0l O{O| O] O} Of 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 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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|§|al
| Power On 44] ISP ay appears.

his step is executed in 8-bit mode
)
0 display, 5 x 7 dots Font.
{

) RS R/W DB; DBs DBs DB
set by the initialization.
qunction Set 1
0 0] O Of %] % The 4-bit operation starts from
- Turn on display and cursor.
LPlsp.On/Off Co;¥4| 0l 0[ 01 0] 0] O Entire display is in space mode set

- Set the 4-bit operation.
[Function set | [ o] o o] o] 1] o]
] Set the 4-bit operation, 1-line
I this step.
oy oy 1ty 11 110 by the initialization.

* Example for set address increment
IEntry Mode Set 4] 0l 0[O0l O] O] O and cursor right shift when the data

I of0j 0| 1[1]0 write to the DD RAM or CG RAM.

i

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

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

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

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

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

Initialized.
Power On No display appears.
{ RS R/W DB, DBs DBs DB. DB DB DB, DBo
Set the 8-bit operation,
Function Set 0} Of O O 1{ 1] 1| 0] % ¥| 2-line display, 5 x 7dots
. Font.

- Turns on display and cur-
Disp.On/0ff Cont 0[O0) 0y Ol O] Oy V] t]1]0 sor. Entire display is
in space mode set by the
| initialization.

i
Example for set address
Entry Mode Set 07 0{ 0J O[O 0] 0y 1| 1|0/ increment and cursor
right shift when the data
) gxﬁte to the DD or CG

Write data to the DD/CG RAM
and set the Instruction
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(3—3) Initialization by instruction
1f the power supply conditions for the correct operation of the internal reset circuits
are not met, the NJU6468 must be initialized by the instruction.

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

Initialized.
L Power On No display appears.
)
Wait more than 15ms
after Voo rises to 4.5V
} RS R/W DB, DBs DBs DB. DBs; DB. DB, DBo
Function Set
Function St | [ o] of o of t] ] «] #] #] ¥] (8-bit interface leneth)
i
Wait more than 4.1ms
{ RS R/W DB, DBs DBs DB. DBs DB- DB; DBo
Function Set
Function Set 0| 0| O Of 1] 1] x| %| %[ *| (8-bit interface length)
{
|Wait more than 100us ]
i RS R/W DB; DBs DBs DB. DB; DB- DB, DB,
- Function Set
lFunctlon Set | [ 0 I 0 I 0 I 0 I 1 l 1 | ¥ l % | % l % | (8-bit interface length)
1 Busy Flag (BF) can not
| be checked before this
I step, but it can be
| checked after this step.
| After this step, busy
| flag(BF) check or longer
I waiting time than each
I ins<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>