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o -NEWHAVEN DISPLAY

L]
NHD-12864EZ
& Feature

1. 128X64 dots with 8192 chinese character fonts (16x16)
2. 128 alpha-numerical fonts (16x8)
3. 64X256 bit graphic display RAM

4.Strong display control fuctions:

5.+2.7~ +5.5V power supply

4. STN; 1/64 duty; LED BKL or EL BKL

7. 4bit 8bit, serial interface

€ Mechanical diagram

Vertical scroll, horizontal bit scroll,line reverse etc
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& Mechanical data
ITEM STANDARD UNIT
MODULE DIMENSION 93X70.0/9.0(EL)/13.0(LED) mm
VIEWING AREA 72.0X40 mm
DOT SIZE 0.48X0.48 mm
DOT PITCH 0.52X0.52 mm
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& Block diagram
VEE
LCD PANEL
VSS — COM
VDD —
L HSEG HSEG HSEG
E/W: RP(SK)[
DBO-DB7— U1 H vz H U3 ‘ RB(WK)
VEE —
. | BRe
P e — LED BKL |
L Vo
¢ Absolute Maximum Ratings
ITEM SYMBOL MIN MAX UNIT
Power VoItage VDD -Vss 0 55 V
Input Voltage \ Vss Vob
LCD \Voltage Vico 4.5 7.0
Operating temperature range Vop -20 +70 ©
Storage temperature range Tst -30 +80
DESCRIPTION OF TERMINALS
PIN PIN INPUT/ EXTERNAL
NO. | NAME OUTPUT | CONNECTION FUNCTION
1 VSS INPUT POWER VSS: GND
2 VDD INPUT SUPPLY VDD: +5V
3 VO INPUT Vico ADJUSTMENT
REGISTER SELECT SIGNAL
“0”:INSTRUCTION REGISTER (WHEN WRITING)
BUSY FLAG & ADDRESS COUNTER (WHEN
4 RS(CS*) INPUT MPU READING)
“1”:.DATA REGISTER (WHEN WRITING &
READING)
. READ/WRITE SELECT SIGNAL
5 | RW(SIDY) | INPUT MPU «0” FOR WRITING , “1” FOR READING
6 E(SCLKY) INPUT MPU S(I)C;\IJEELA\TION (DATA READ/WRITE) ENABLE
LOW-ORDER LINES OF DATA BUS WITH
3-STATE,
7 BI-DIRECTIONAL FUNCTION FOR USE IN DATA
/ TRANSACTION WITH THE MPU. THESE LINES
10 DBO0-DB3 INPUT MPU ARE
NOT USED WHEN INTERFACING WITH A 4-BIT
MICROPROCESSOR.
HIGH-ORDER LINES OF DATA BUS WITH
3-STATE,
11 BI-DIRECTIONAL FUNCTION FOR USE IN DATA
/ TRANSACTIONS WITH THE MPU. DB7 MAY
14 DB4-DB7 INPUT MPU ALSO BE
USED TO CHECK THE BUSY FLAG.
15 A INPUT RESET SIGNAL
16 K INPUT BACKLIGHT DOUBLE VOLTAGE BOOSTER OUTPUT
17 /RST INPUT
18 VEE OUTPUT
19 A INPUT BACKLIGHT
20 K INPUT

Newhaven Display International, LLC
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®Optical Characteristics

@® FORSTN TYPE DISPLAY MODULE

(Ta=25°C, Vpp=5.0V+0.25V)

ITEM SYMBOL |CONDITION| MIN. TYP. MAX. UNIT
VIEWING ANGLE e -25 — —
=
o Cr=4 30 — 30 DEG
CONTRAST RATIO Cr — 2 — —
RESPONSE _ _
TIME(RISE) Tr 120 150 mS
RESPONSE _ _
TIME(FALL) Tr 120 150 mS
@® STN TYPE DISPLAY MODULE (TA=25°C, Vpp=5.0V)
ITEM SYMBOL [ CONDITI| MIN. TYP. MAX. UNIT
ON
® -60 — 35
=2
VIEWING ANGLE D Cr 20 — 20 DEG
CONTRAST RATIO Cr — 6 — —
RESPONSE TIME(RISE) Tr — 150 250 mS
RESPONSE TIME(FALL) Tr — 150 250 mS
®Electrical Characteristics
® DC Characteristics(Ta=25C,VDD=5.0V)

PARAMETER SYMBOL CONDITIONS MIN. TYPE | MAX. | UNIT
SUPPLY VOLTAGE FOR LCD Voo—Vo Ta=25C — 6.5 — \%
INPUT VOLTAGE Voo 3.0 5.0 55 V
SUPPLY CURRENT Iob Vpp=5.0V;TA=25C — 0.5 0.7 mA
INPUT LEAKAGE CURRENT Ik — — 1.0 LA
“H” LEVEL INPUT VOLTAGE ViH 3.5 — Vbp \%
“ » TWICE INITIAL VALUE o

L” LEVEL INPUT VOLTAGE Vi OR LESS -0.3 0.6 \%
“H” LEVEL OUTPUT VOLTAGE Vo LOH=-0.25mA 4.0 — — Vv
“L” LEVEL OUTPUT VOLTAGE VoL LOL=1.6mA 0 — — \%
BACKLIGHT SUPPLY
VOLTAGE Ve — 4.2 5.0 \

@® DC Characteristics(Ta=25C,VDD=3.0V)

PARAMETER SYMBOL CONDITIONS MIN TYPE | MAX. | UNIT
SUPPLY VOLTAGE FOR LCD Voo—Vo Ta=25C — 4.2 — Vv
INPUT VOLTAGE Vbp — 3.0 3.3 \%
SUPPLY CURRENT Ibo Vpp=5.0V;Ta=25C — 04 0.7 mA
INPUT LEAKAGE CURRENT lLke — — 1.0 LA
“H” LEVEL INPUT VOLTAGE ViH 3.5 — Vb Vv
a TWICE INITIAL VALUE o

L” LEVEL INPUT VOLTAGE Vi OR LESS -0.3 0.6 \Y
“H” LEVEL OUTPUT VOLTAGE VoH LOH=-0.25mA 4.0 — — \%
“L” LEVEL OUTPUT VOLTAGE VoL LOL=1.6mA — — — Vv
BACKLIGHT SUPPLY v - B . v
VOLTAGE F

Newhaven Display International, LLC Page 4 of 22




NHD-12864EZ
@® AC Characteristics (VDD=5V,TA=25°C) Parallel mode interface

Symbol‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit

Internal clock operation

f osc ‘OSC Frequency ‘R=33k ‘ - ‘ 540 ‘ - ‘KHZ

External Clock Operation

t Ex External Frequency - - 540 - KHZ
Duty Cycle - 45 50 55 %
Tr Te | Rise/Fall Time - - - 0.2 us
Write Mode (writing data from MPU to LCM)
Tc Enable Cycle Time Pin E 1200 - - ns
T pw Enable Pulse Width Pin E 140 - -
Tr,Tf | Enable rise/fall time Pin E - - 25
T as Address setup time Pins: RS, RW, E 10 - -
T AH Address hold time Pins: RS, RW, E 20 - - ns
T oor Data delay time Pins; DBO-DB7 40 - -
TH Data hold time Pins DBO-DB7 20 - -
Read mode (writing data from MPU to LCM)
Tc Enable Cycle Time Pin E 1200 - - ns
T pw Enable Pulse Width Pin E 140 - -
Tr,Tf | Enable rise/fall time Pin E - - 25
T as Address setup time Pins: RS, RW, E 10 - -
T AH Address hold time Pins: RS, RW, E 20 - - ns
T oor Data delay time Pins; DB0-DB7 - - 100
TH Data hold time Pins DB0-DB7 20 - -
@® AC Characteristics (VDD=5V,TA=25C) Serial mode interface
Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Internal clock operation
Toso | OSC Frequency | R=33k | 470 | 540 | 590 | KHZ
External Clock Operation
T ex External Frequency - 470 530 590 | KHZ
Duty Cycle - 45 50 55 %
Tr Tr | Rise/Fall Time - - - 0.2 us
T scyc Enable Cycle Time Pin E 600 - -
T shw Enable Pulse Width Pin E 200 - -
T sLw Enable rise/fall time Pin E 200 - -
T sbs Address setup time Pin: RW 40 - - ns
T sDH Address hold time Pin: RW 40 - -
Tcss Data delay time Pin; RS 60 - -
T csH Data hold time Pin: RS 60 - -
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@® AC Characteristics (VDD=3.0V,TA=25°C) Parallel mode interface

Symbol | Parameter | TestConditions | Min. | Typ. | Max. | unit
Internal clock operation
F osc ‘ OSC Frequency ‘ R=18k ‘ - | 530 ‘ - ‘ KHZ
External Clock Operation
T ex External Frequency - - 530 - KHZ
Duty Cycle - 45 50 55 %
Tr Tr | Rise/Fall Time - - - 0.2 us
Write Mode (writing data from MPU to LCM)
Tc Enable Cycle Time Pin E 1800 - - ns
T pw Enable Pulse Width Pin E 160 - -
Tr,Tf | Enable rise/fall time Pin E - - 25
T As Address setup time Pins: RS, RW, E 10 - -
T AH Address hold time Pins: RS, RW, E 20 - - ns
T oor Data delay time Pins; DB0O-DB7 40 - -
TH Data hold time Pins DB0-DB7 20 - -
Read mode (reading data form MPU to LCM)
Tc Enable Cycle Time Pin E 1800 - - ns
T pw Enable Pulse Width Pin E 320 - -
Tr,Tf | Enable rise/fall time Pin E - - 25
T As Address setup time Pins: RS, RW, E 10 - -
T AH Address hold time Pins: RS, RW, E 20 - - ns
T oor Data delay time Pins; DBO-DB7 - - 260
TH Data hold time Pins DB0-DB7 20 - -

® AC Characteristics (VDD=3.0V,TA=25°C) Serial mode interface

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Internal clock operation
Toe | OSC Frequency | RF=18k | 470 | 540 | 590 | KkHZ
External Clock Operation

T ex External Frequency - 470 530 590 KHZ
Duty Cycle - 45 50 55 %

Tr Te | Rise/Fall Time - - - 0.2 us

T scyc Enable Cycle Time Pin E 600 - -

T shw Enable Pulse Width Pin E 300 - -

T sLw Enable rise/fall time Pin E 300 - -

T sbs Address setup time Pin: RW 40 - - ns

T sbH Address hold time Pin: RW 40 - -

T css Data delay time Pin; RS 60 - -

TcsH Data hold time Pin: RS 60 - -
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NHD-12864EZ

@ Tining Characteristics
® Witing data form MPU to LCM

VIH1
RS VIL1
TAS TAH
R/W
TPW TAH
E
TR TDSW TH
DBO~DBY7 VALID DATA
TC
® Reading data from LCMto MPU
VIHI
RS VIL1
TAS TAH
R/ W
TR TPW TAH
B
TH
DBO~DB7 VALID DATA
TC

serial interface & transferring serial data
® Witing data form MPU to LCM

CS
1 23 456 7891011121314 1516 171819 2021 2223 24

SCLK

SID
Synchronizing L Higher L LowerJ
data

bit string data
Ist byte 2nd byte

Newhaven Display International, LLC Page 7 of 22
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¢ CGROM,CGRAM,ICON RAM,AND DDRAM,GDRAM

@ Graphic display data address map

GDRAMZKAihE GO

GDRAMFE EH Al (Y)

DI5D14

— DI DO

Table 1: 64 x 256-bit map display RAM (GDRAM) for graphic mode display

Newahevn Display International, LLC
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CGRAM DATA
LOwW BYTE

CGRAM DATA
HIGH BYTE

CGRAM
ADDRESS

/0000 1010]0]1010({C(1401010]10]/0|0|0|0

0100/ 19010/0|0|0|0[014140/0/0]0]|0]00

0|0/ 1|00 000217121 12121717000

0/0/1/140/0]0]0/0]0/0|040[0|0]0]10/0]0|0
0/1/0|0§0|0|0|0|0]|0L17141£1%0]0]0/0]0|0

0]1/0/13010]10/010]0¢170Q0¢170|0]0]|0|0|0
0111040101010 1010¢14141214010/0|0]0/0

0/1]1]19010]0|0|0]|0|0|0p0|0|0]0]0]0]0|0

110]0[1JO]0[0f170[0[0OQ0[0[0]0F140]10]0
110/110401010¢170|0¢121 4141401017000

L|0]1]1Qol0]0b170]0170Q0140]01190]0]0
1[1]/0/0g0|1010p140|0(19040¢1740]0¢140|0|0
1|1]0]1J0|0|0F190|0¢1Z141%140]0F140]0]0

1/1]1/040/010p22010/0|040[0|0[0F140]0|0

11111 0/0/0/01010(00p0010/01010101010
0] ClOj0fJol0]0[0]0[0]0F140]0]0[0]0]0]0]0

0/0]0|1§0]0|0|0]0|0|/0}14110]0/0/0]0|0|0

0[C[1[0fol0[0|0IZIZ171R141%1212190]0]0

0|0]1[14010/0]0]1010/0104010/0/0,0]0]0]0
0/ 110/0J0|0]|0|0|0|0F124141%2140]0|0[0]0|0

0/1/0/1§0/0]|0]0/0|0¢140§0F140/0/0/010]0

O/1/1[0Q0|0|0|0|0|0L171414190]0]10]0]0]0

0/ 1/1/1§0]0]0]0/0/0|/0/0010]0/010/010]0

110]0[14010]10¢14010/0/04010,0,0¢1490]0|0
1/0]1|0j0|0|0[140|0f171317170/0¢140|0]|0

1101/ 1§01010¢190|0¢170§0¢140/0¢1401010
11110/ 0J00|0FI40|0F14040%140|01140]010

1111010100140 |0F1#1%14190/0¢19010]0

111]1]0§0j0]0;190/0/0]040|0]0)0¢140]0]0
111]1/130]0]010/0]0]0]0g0]0]010/0]/0]0]0

IN THE CHARACTER GENERATOR RAM, THE USER CAN REWRITE CHARACTER PATTERNS BY
SEE TABLE 1 FOR THE RELATIONSHIP BETWEEN CGRAM ADDRESSES AND DATA AND DISPLAY

THE CHARACTER GENERATOR ROM GENERATES 16 X 16 DOT OR 16 X 8 DOT CHARACTER

® Character generator ROM (CGROM)
® Character generator RAM (CGRAM)

DDRAM DATA

X|0|0|xQ0|0[1[0|0[OfO|0[CLF1Z1L171R1217141%170]0]0

XU [ <Ol | 1|00 0p0|C|0pIZZ 12141 §1%141414140/0|0

0

0

PATTERNS FROM TWO 8-BIT CHARACTER CODES. USER-DEFINED CHARACTER PATTERNS ARE

ALSO AVAILABLE BY MASK-PROGRAMMED ROM.
PATTERNS. AREAS THEY ARE NOT USED FOR DISPLAY CAN BE USED AS GENERAL DATA RAM.

FOUR CHARACTER PATTERNS CAN BE WRITTEN.

PROGRAM. FOR 16 X 16 DOTS,

NHD-12864EZ

Tablel

Page 9 of 22
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Table 1: Relationship between CGRAM Addresses, Character Codes (DDRAM)
and Character patterns (CGRAM Data)

Notes:

1. Character code bits 1 to 2 correspond to CGRAM address bits 4 to 5 (2 bits: 4 types).
2. CGRAM address bits 0 to 3 designate the character pattern line position. The 16th line is the
cursor position and a logical OR with the cursor forms its display. Maintain the 16th line data,

corresponding to the cursor display position, at 0 as the cursor display. If the 16th line data is 1, 1

bits will light up the 16th line regardless of the cursor presence.
3. Character pattern row positions correspond to CGRAM data bits 0 to 15 (bit 15 being at the left).

*4, As shown Table, CGRAM character patterns are selected when character code bits 4 to 15

are all 0 and bit 0 and bit 3 are don’t care (x).
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. Table 2: 16K-bit half-size character generator ROM (HCGROM) for a total of 128

alpha-numerical fonts(16x8 dots)
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NHD-12864EZ

& Control and display command
@® Basic instruction

Instruction Table: (RE=0: Enable basic instruction.)
Instruction Instruetion Code Deseription Execution

RE | W [DET[DBS| DR | DB DRI DB 0B | DD Tine
(450KHE)
tir DDRAM. and set DDEAM 2.5 ma

Clear 1] 0 0 0 1] 0 0 0 1] I |Write =2

Display adidress 1o "I0H" from AL
Return Home] 0 0 1] 0 0 0 1] 0 1 X |5et DDRAM address o " " from AL 2.5 ms
and return curser 10 s origingl position if
shi The contents of DDRAM are not
changed,
Entry blode | 0 0 1] 0 0 0 1] I VD | 8 JSets cursor move direction and specifies s
Sl display shifi. These aperations are

performed during data write and read

Display 0 0 1] 0 0 0 1 D] C | B D=1 entre display on &l us
IO =1 cursor on

B=1: cursor position on

Cursor or 1] 0 0 { 1] I ISCIRLY X | X JSet curser moving and display shift control &l ug

Digplay Shifi hit, and the i L withean

DIDRAM

Function 5et] 0 | 1} | 1| Dl N b %] X |DL: interface data is &4 hits &l ug

(Madify Rl N=1 & RE={): 3 Line setting
M=1 & RE=1: 4 Line sefting

G=1: Graphic display en

(i=0)- Graphic display off

Cihers: 2 Line setting

RE=1: Extended instruction setting

RE=0: Mormal instruction setting.

Set CGRAMY] D | 1] I ACS [ACSLAC LA 2 ACT | AT Set CORA ddress in address counter il us

AIAress

Set DDRAM]L 0 0 I [ACE]ACS [ACSACIAC 2 AC ] | ACTHSet DDEAM address in address counter &l us

address

T Whiether

=
[*]
=
=

Read Busy 1] 1 BF [ACH]ACS | ACS AT

Luring INtermal o

g BF, The ¢

:'..l_.' and can be known "'_-. e,

a5 counter can also ke

DT | D | D5 | D | D3 ] D2 | D1 | DO |Write data imto internal RAM il us

(| DDEAMCGRAMIRAMGRAM)

L ntermnal BAM all us

[ DDRAMCGRAMIRAMAGRAM)
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® Extension instruction
Instruction Table: (RE=1: Enable extension instruction.)

Imstruction Instruction Code Description Execution
RS [RW |DBE7|DB6|DBS (DE4|DB3|DBEZ(DB1|DBRO Time
(S40KHE)

Standby 1] ] ] o o 1] ] 1] ] I [Enter standby mode, only Icon areas o0 us
Mode display. Standby mode can be released by

any other instructions.

SartRBow | O (0] 0| 0| |00 D I [ SR |SR=1: Allow change start display Row. 60 us
Enable SR=0: Disable start display Row change.
ReverseLine| O | O [ O | O | O | O [ O I | Bl | RO [Choice one of 4 lines which data is reverse 60 us
Select display.
Sleepmode | O | O | O [ 0 | O[O I [ 5L | GD | GW [SL=0: Enter sleep mode. 60 us
and Sat SL=1: Wake-up from sleep mode.
GRAM page G Display graphic page 0 or 1

GW: Write data to graphic page O or 1.

{Effective while (GGiP=1}

Display Shift| O 0 0 0 0 I |OA LR | LT | LO [OA=]: One of 4 lines shift enable, 60 us
by dot OA=( All line shift enable.

LE=1: Dot by dot shift right_

LE={: Dot by dot shift left.

L1, L0: Choice one of 4 lines shift.

FunctionSet| 0 | O [ O | © I | CL| N 1 G | GP |CL=1: Select 16 character ling 60 us
{Modifv) RE CL={: Select & character line

M=l & RE=1: 4 line display

RE=1: Extended instruction satting.

RE={: Normal instruction setting.

G=1: Graphic display on

Gl Graphic display off

GP=1: Two page GRAM

GiP=0: One page GRAM

Set IRAM or| O ] ] I |ACS|ACA[ACIACZ|ACTACD|ISRE=1: AC5~ACD is start row o0 us
Start Row SR=0: ACS~ACO s ICON RAM address
address

Set Graphic | O | O I |ACH|ACSACHACT [ACZ(ACT{ACO|Ser Graphic RAM  address in address &0 us
RAM counter. Execute once set the address of]
address display row. Execute again set the address
of display column. Each address of display
column has data of 16 bits. Therefore write

data should execute 2 times.

Note:

Be sure the LCM is notin the busy state (BF = 0) before sending an instruction from the MPU to
the LCM. If an instruction is sent without checking the busy flag, the time between the first
instruction and next instruction will take much longer than the instruction time itself. Refer to
Instruction Table for the list of each instruction execution time.

Newhaven Display International, LLC Page 12 of 22
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# Serial Interface & Transferring Serial Data

The LCM enters serial mode when the J8 is set low. A two-line clock synchronous transfer

method is used. The LCM receives serial input data(SID) by synchronizing with a transfer
clock(SCLK) sent from the master side.

When the MPU interfaces with several LCD MODULES, chip select pin(CS) must be used. The transfer
clock(SCLK) input is activated by making chip select(CS) high. In addition, the transfer counter of the
LCM can be reset and serial transfer synchronized by making chip select(CS) low. Here, since the
data which was being sent at reset is cleared, restart the transfer from the first bit of this data. In a
minimum system where a single LCM interfaces to a single MPU, an interface can be constructed
from the transfer clock(SCLK) and serial input data(SID). In this case, chip select(CS) should be fixed
to high.

The transfer clock(SCLK) is independent of operational clock of the LCM. However, when several
instructions are continuously transferred, the instruction execution time determined by the operational
clock must be considered since the LCM does not have an internal transmit/receive buffer.

Following figure shows the basic procedure for transferring serial data. To begin with, transfer the start
byte. By receiving five consecutive bits of 1(synchronizing bit string) at the beginning of the start byte,
the transfer counter of the LCM is reset and serial transfer is synchronized. The 2 bits following the
synchronizing bit string(5 bits) specify transfer direction(RW bit) and register select(RS bit). Be sure to
transfer 0 in the 8 th bit.

After receiving the start synchronizing bit string, the RW bit(=0), and RS bit in the start byte, an 8-bit
instruction is received in 2 bytes: the higher 4 bits of the instruction are placed in the LSB of the first
byte, and the lower 4 bits of the instruction are placed in the LSB of the second byte. Be sure to transfer
0 in the following 4 bits of each byte.

Newhaven Display International, LLC Page 13 of 22
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& Initialization procedure
@® 8-bit Interface:

‘ power on

wait time > 40ms
xrest low —=—high

function set
RS|R/W|DB7|DB6|/DB5/DB4|DB3|DB2|DB1|/DBO
0] o 0 0 1 1 X | o X | X

wait time >100us

function set
RS|R/W |DB7|DB6|DB5DB4|DB3|DB2|DB1|DBO
0] 0 0 0 1 1 X | 0 X | X

| wait time>100us |

Display ON/OFF control

RS|R/W |DB7DB6/DB5DB4|DB3 DB2 DB1/DBO
0 0 0 0 1 1 X D C B

wait time>100us

Y
Display clear
RS[R/W[DB7]DB6|DB5[DB4DB3[DB2[DB1[DBO
oJoJoJoJoJo o] ]o o1

wait time>10ms

\
Enter mode set

RS|/R/W|DB7|/DB6|DB5|DB4|DB3|DB2|DB1|DBO

olo oo lolo o |1 ]ubl| s

Initialization end
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NHD-12864EZ
@ 4-bit Interface:

power on

|

wait time _
xrest low—=—high

> 40ms

function set

RS|/R/W|DB7|DB6|/DB5/DB4|DB3|DB2|DB1/DB0
ol oo o1 1 [ x o0 x| x
wait time >100us
function set
RS|R/W|[DB7|DB6|/DB5/DB4|DB3|DB2|DB1/DB0
olo ool 1o X ]| X]| XX
0/ 0 | X|]o | X | X[ x| X]Xx]X
wait time>100us

_ |
Display ON/OFF control
RS|/R/W|DB7|DB6|/DB5/DB4|DB3|DB2/DB1/DB0
ol 0o oo o | X[ X][X]|X
o] o | 1 D| C | B | X | X | X[ X
wait time>100us
Display clear
RS|/R/W|DB7|DB6|/DB5/DB4|DB3|DB2/DB1/DB0
ol 0o ]o0olo o | X[ X]|]X]|X
ol oo oo 1| X[ X]| XX
wait time>10ms
_ |
Display clear
RS|R/W|DB7|DB6|/DB5/DB4|DB3|DB2/DB1/DB0O
ol ol o]o oo | X[ X]| XX
0] 0 [0 |1 /D] S | X | X | X | X

Newhaven Display International, LLC
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