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Document Revision History

Revision Date Description Changed by
0 5/31/2012 Initial ProductRelease AK
1 9/7/2013 Photo of jumpers (solder pads) added AK
2 8/20/2015 Photo ofjumpers (solder pads) updated KA
3 7/20/2016 Updated Electrical Characteristics ™
4 11/23/16 Mechanical DrawingElkectrical & Optical Char. Updated SB
5 4/15/19 Supply Voltage Updated SB
6 5/22/20 Updated Mechanical Bezel Dimensior&upply Current AS
7 7/15/20 Revised MIN supply current to 52mA AS
8 3/3/121 Updated Contrast Ratio, Initialization Code & Quality AS

Information

Functions and Features

= =4 =4 =4 =8 =4

2 linesx 16 characters

Built-in LCD comparableontroller

Parallel or serial MPU interfac@efault 6800 MPU paradl)
+5.0V Power Supply

RoOHS compliant

Size compatible to NHID216Z series Character LCDs
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Pin Description

Parallel Interface(default):

Pin No. Symbol External Connection| Function Description

1 Vss Power Supply Ground
2 Vbp Power Supply Supply Voltage foDLED antbgic
3 NC - No Connect
4 RS MPU Registeixlectsignal. RS=0: CommanBS=1: Data
5 R/W MPU Read/Write select signal, R/W=1: ReRAW: =0: Write
6 E MPU OperationEnable signal.Falling edge triggered.

7-10 DBO¢ DB3 MPU Four low order bidirectional threestate data bus lines. These

four are not used during-Bit operation.

11-14 DB4¢ DB7 MPU Four high order bdirectional threestate data bus lines.
15 NC - No Connect
16 NC - No Connect

Serial Interface:

Pin No. Symbol External Connection| Function Description

1 Vss Power Supply Ground

2 Vop Power Supply Supply Voltage for OLED and logic

311 NC - No Connect

12 SCL MPU Serial Clock signal

13 SDO MPU Serial Data output signal

14 SDI MPU Serial Data input signal

15 NC - No Connect

16 ICS MPU Active LOW ChiBelect signal
Jumper Selections
MPU Interface L PS Hl J80J68 | L SHL H L CS H JCS
6800MPU Parallel (default) H J68 H L X
8080-MPU Parallel H J80 H L X
Serial MPU L X H Open Short

' 52y QG Ol NB
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Wiring Diagrans

8-bit

OLED Character Display
block diagram
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Serial Interface

OLED Character Display
block diagram
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4-bit

OLED Character Display
block diagram

DB? DBS DB3 DBl E RS VDD
DB6 DB4 DB2 DBA R-/W GND

Laks
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E
R/W
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GND




Electrical Characteristics

Item Symbol Condition Min. Typ. Max. Unit
Operating Temperature Range Top Absolute Max -40 - +80 xC
Storage Temperature Range Tst Absolute Max -40 - +80 xC
Supply Voltage Vop - 4.8 5.0 5.3 V
Tor=25°C, W=5.0V
Supply Current Iop 50% Checkerboard 52 58 62 mA
Gl ¢ [ SOSt Ay Lz Vin - 0.8 * \bp - Vbp \Y
G[ ¢ [ SOSt Ay Lz ViL - Vss - 0.2 * \bp \
Gl ¢ [ SoSt 2 dzi Ly VoH - 0.8* Vbp - Vop Vv
G[ ¢ [ S©OSt 2dzild] Vo - Vss - 0.2* Vop Vv
Optical Characteristics
Iltem Symbol Condition Min. Typ. Max. Unit
. Top Y+ 80 - - °
\C/)i":\:vr?nz Bottom ¥ Rz 80 - - 5
Angles Left - 80 - - -
Right ‘b 80 - - °
Contrast Ratio R - 10,000:1 - - -
Response Time Rise TR - - 10 - us
Fall Te - - 10 - us
Brightnes$® - Tor=25°C, W=5.0V 50 60 - cd/m?
Lifetime! - 50% Checkerboard| 40,000 50,000 - Hrs.
Note:

1) Lifetime at typical temperature is based on accelerated teghperature operation. Lifetime is tested at average 50%
pixels on and is rated d®urs until halfbrightness. The Display OFF command can be used to extend the lifetime of

the display.

2) Luminance of active pixels will degrade faster than inactive pixels. Residuairfpinrages may occur. To avoid this,
every pixel should be illumited uniformly. Using a screensaver is highly recommended.

3) Brightness is related to the VDD, the brightness will be dimmer if used with lower voltages.
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Table of Commands

Code Max
Instruction | o< riw | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO | DeSCPton EXTei‘;:;'o”
Clears entire
. display.
Clear Display 0 0 0 0 0 0 0 0 0 1 Does not change 2ms
DDRAM address.
Sets DDRAM
Address to 0x00.
Eeturn 0 0 0 0 0 0 0 0 1 0 Returns shifted 600us
ome display to original
position.
Sets cursor to auto
Entry Mode Increment or
Set 0 0 0 0 0 0 0 1 I/D S Decrement, and 600us
sets display shift.
Sets Display (D)
Display gt;\ltgocli:l::réor (©
ON/OFF 0 0 0 0 0 0 1 D C B ON/OFE. 600us
control Sets Blinking (B) of
cursor ON/OFF.
Moves cursor &
Cursor/Displ shifts display
ay Shift 0 0 0 0 0 1 S/C R/L 0 0 without changing 600us
DDRAM contents.
Set interface data
Function Set| 0 0 0 0 1 DL 1 0 FT1 FTO | length. 600us
Select Font Table.
SSLCGRAM| 4 | 5 | ¢ 1 | Accs| AcG4| AcG3| ACG2| ACG1| Acgo | MOVEIOCORAM | g0
address address.
SetDDRAM |, | 5 | 1 | ADD6| ADD5| ADD4 | ADD3| ADD2| ADD1| ADDO | MOVE O DDRAM | g o
address address.
Read Busy Read Busy Flag
Flag & 0 1 BF AC6 | AC5 | AC4 | AC3 | AC2 | AC1 ACO | (BF) and Address 600us
Address Counter.
Write data Write data to
to CGRAM 1 0 Write Data CGRAM or DDRAN 600us
or DDRAM
Read data
from Read data from
ceramor | T | 1 Read Data CGRAM or DDRAN ~ 200US
DDRAM
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Instruction Descriptions

When an instruction is being executed, only the Busy Flag read instruction genfoemed. During execution of an
AyaiNdzOiGAz2ysy GKS .dzaé Ccfl3 I améd 2KSy . C I dané Ayaill

Clear Display
RS|RW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
o] o 0 0 0 0 0 0 0 1

This instruction is used to clear the display by writing 0x20 in all DDRAM addresses. This instruction does not change 1
DDRAM Address.

Return Home
RS | R/IW | DB7 DB6 DB5 DB4 | DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 1 0
This instruction is used to set tiEDRAM Address to 0x00 and shifts the display back to the original state. The cursor (if
2y0 gAff 08 I-mosticiaécter. T DDHRAM doyitén an tHe Sidpiay do not change.

Entry Mode Set
RS | RIW | DB7 DB6 DB5 DB4 | DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 1 I/D S
I/D = Increment/Decrement
2KSYy Lk5 I amér GKS 55w!a 2NJ/Dw!a ! RRNBaa gAGK | dzii 2°
read from the DDRAM or CGRAM. The dantwement will move the cursor one character space toright.
2KSY Lk5 I aGnéxr GKS 55w!a 2NJ/Dw!a ! RRNBaa gAGK | dzii 2°
read from the DDRAM or CGRAM. The algorement will move the cursor one character space to the left.

S = Shift Entire Display
WhenS daméX GKS SYGANB RAGLI I @ Aa&a aKAFTGSR G2 GKS NARIAKIDG

I/D=1, S=1

Initial display

Input new character

Input new character

woe | e [ ] -
e ] ]
B =R N L
bl ol f o - N B

A
Input new character "B"

C

D

LN R LT B

Input new character

I/D=0, S=1

Initial display

Input new character

= e ]
[ oFm

Input new character

(L
(el T I ee il =

A
Input new character "B"

C

D

Lol B [[4%)

Input new character

(8]



Display ON/OFF
RS|RW]| DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0] o 0 0 0 0 1 D C B
D = Display ON/OFF
2 KSy 5 I' amMés (KS RAaALIX @ A& GdZNYySR hbo 2KSy 5 I &né:

C = Cursor ON/OFF

2 KSy |/ I' amMésT (GKS OdzNE2NJ Aad RAALITtRAPRP2 T KIS OMNERAL § X
cursor is OFF.

B = Blinking Cursor

2 KSy . ' amés GKS SyiGANB OKIFNIOGSNI aLISOATASR o0& (KS
character does not blink, the cursor remains on.

Cursor/Display Shift
RS| R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 1 S/C R/L 0 0
S/C R/L | Shift Function
0 0 Shifts the cursor position to the left (AC is decremented by 1).
0 1 Shifts the cursor position to the right (AC is incremented by 1).
1 0 Shifts the entire display to the left. Theursor follows the display shift.
1 1 Shifts the entire display to the right. The cursor follows the display shift.

When the display is shifted repeatedly, each line moves only horizontally. The second line display does not shift into th
first line.
The Address Counter does not change during a Display Shift.

Function Set
RS|R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 1 DL 1 0 FT1 | FTO
DL = Interface Data Length
2 KSy 5[ I améxr GKS Poltléngth viaDBA.HBOI 2 NJ NBOSA PSR Ay vy
WhenDL®& né¢ 3 GKS RI G At ledgh yid DBZ. NIBAN I/ eS thdMSlRa Idngth igiused, the data
must be sent or received in two consecutive writes/reads to combine the data into-thitis 8

FT1, FTO = Font Table Selection

F

—

1 FTO | Font Tabé

English / Japanese
Western European #1
English / Russian
Western European #2

R, OO

RO |O

Note: Changing the font table during operation withmediatelychange any dataurrentlyon the display to the
corresponding character on the newdglected font table.
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Set CGRAM Address
RS | R/'W | DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 ACG5| ACG4| ACG3| ACG2| ACG1| ACGO
This instruction is used to set the CGRAM address into the Address Counter. Data carvthiétierbéo or read from
GKS /' Dw!a f20FGA2yad {SS aSOGA2YY a4l 2¢ (2 dzaS / Dw! aé «
ACG5...ACGO is the binary CGRAM address.

Set DDRAM Address
RS | R/'W | DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 ADDG6 | ADD5| ADD4 | ADD3 | ADD2 | ADD1 | ADDO
This instruction is used to ste DDRAM address into the Address Counter. Data can then be written to or read from
the DDRAM locations.
ADDSG...ADDOQO is the binary DDRAM address.
Line 1 = Address 0x00 through OxOF
Line 2 = Address 0x40 through Ox4F

1] 2]3]4]s5]6]7][8]9f10]10]12]13]14] 15] 16
00|01|02|03|04|05|06|07|08|09|0A][0B|o0C|OD]| OE] OF
40| 41|42 43| a4 | 45|46 | 47| 48| 49| 4aAa| 4B | 4C| 4D | 4E | 4F

Read Busy Flag and Address Counter
RS|R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 1 BF | AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO
This instruction is used to read tiBrisy Flag (BF) to indicate if the display controller is performing an internal operation.
The Address Counter is read simultaneously with checking the Busy Flag.
2KSy . C I' amés GKS O2yiNRffSNI A& o6dzaé FyR GKS ySEG A\
2 K Sy . QhecEontiolegisnot busy and is ready to accept instructions.
ACS6...ACO is the binary location of either the CGRAM or DDRAM current address.

Write Data to CGRAM or DDRAM
RS|RW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
1 0 Write Data
Thisinstruction is used to write Bits of data to the CGRAM or DDRAM at the current address counter. After the write is
complete, the address is automatically incremented or decremented by 1 according to the Entry Mode.

Read Data from CGRAM or DDRAM
RS|RW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
1 1 Read Data
This instruction is used to readdts of data to the CGRAM or DDRAM at the current address counter. After the read is
complete, the address is automatically incremented or decrementeddmcarding to the Entry Mode.
The Set CGRAM Address or Set DDRAM Address Instruction must be executed before this instruction can be performe
otherwise the first Read Data will not be valid.
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MPU Interface

When DL is set for-Bit mode, thedisplay interfaces with the MPU with DBDBO (DB7 is the MSB).

When DL is set for-Bit mode, the display interfaces with the MPU with only DBB4 (DB7 is the MSB). Each
instruction must be sent in two operations, the 4 higtder bits first, followeddy the 4 loworder bits. The Busy Flag
must be checked after completion of the entireb instruction.

6800MPU Parallel Interface (default)

RS
tases tane
N Vv
CSB \ / tcves
tpwes(r) tewesw) |
0.1Vpp —»| e
E /= 0.9Vop N %
toses tores
[P £
DBO to DB7 ><L
tacces topes
DBO to DB7 <—%
Iltem Signal Symbol Min. | Typ. | Max. | Unit Note

Address setup time RS tAS68 20 - - ns
Address holdime RS tAH68 0 - - ns
System cycle time tCY68 500 - - ns
Pulse width (write) E tPW68(W) 250 - - ns
Pulse width (read) E tPW68B(R) 250 - - ns
Data setup time DB7...DBO tDS68 40 - - ns
Data hold time DB7...DBO tDH68 20 - - ns

Read accedime DB7...DBO tACC68 - - 180 ns | CL=100pH
Output disable time DB7...DBO tOD68 10 - - ns
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8080-MPU Parallel Interface
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RS
tasso tans
N 4
CSB \ / tcvso
trwso(r) tewsow)
N | %
RDB, WRB 0.9Vpop —>\<—0.1VDD /
tosso torgo
DBO to DB7 >4; i
tacceo topso
DBO to DB7 <—%L
Item Signal Symbol Min. | Typ. | Max. | Unit Note
Address setup time RS tAS80 20 - - ns
Address hold time RS tAH80 0 - - ns
System cycle time tCY80 500 - - ns
Pulse width (write) /WR tPW80(W) 250 - - ns
Pulse width (read) /RD tPWBO0O(R) 250 - - ns
Data setup time DB7...DBO tDS80 40 - - ns
Data hold time DB7...DBO tDH80 20 - - ns
Read access time DB7...DBO tACC80 - - 180 ns | CL=100pH
Output disable time DB7...DBO tOD80 10 - - ns




Serial Interface

In serial interface mode, instructions and data are both sent on the SDI line and clocked in with the SCL line.

/CSmust go LOW before transmission, and must go HIGH when switching between writing instructions and writing date
The data on SDI is clocked into the LCD controller on the rising edge of SCL in the following format:

Instruction transmission:

w
o {JUTUUIUUTUUTUTU
o 99@@699999@@999@69@9

Write Data Write Data

0 9@99@9@96@9@@9999@

Dummy Data Valid Data

RS=L —> Command Write/Read
RS=H -> RAM Write/Read

*Note: RS ad RW should be used between each instruction.

Data transmission:

CSB _I
. 600000006000000000

Write Data Write Data

s D00e000800000000

Dummy Data Valid Data

RS=L -> Command Wnite/Read
RS=H -> RAM Write/Read

*Note: RS and RW only need to be set at the start of continuous data transmission.
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le
CSB \

A

tevs N
4
DB5 0.9Vpp —»Ne—0.1Vop : // s
(SCL) s A >
I tDSS . tDHS _I
DB7 \ - }<
/
(FDI) Taccs
DB6 ><
(SDO)
Item Signal Symbol Min. | Typ. | Max. | Unit Note
Serial clock cycle DB5 (SCL) tCYS 300 - - ns
SClhigh pulse width DB5 (SCL) tWHS 100 - - ns
SCL low pulse width DB5 (SCL) tWLS 100 - - ns
CSB setup time CSB tCSS 150 - - ns
CSB hold time CSB tCHS 150 - - ns
Data setup time DB7 (SDI) tDSS 100 - - ns
Data hold time DB7 (SDI) tDHS 100 - - ns
Read access time DB6 (SDO) tACCS - - 80 ns
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Built-in Font Tables
English/Japanese (FT[1:0]
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Western European table 1 (FT[1:0] = 01)
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English/Russian (FT[1:0] = 10)
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