I

Densitron

Displays
OLED DISPLAY MODULE
Product Specification
CUSTOMER Standard
PRODUCT
NUMBER DD-12864BE-6B
CUSTOMER Date
APPROVAL
INTERNAL APPROVALS
Product Mgr Doc. Control Electr. Eng
Bazile Bazile Alan
Peter Peter Wang
Date: 19 Apr 13 Date: 19 Apr 13 Date: 19 Apr 13

Copyright©2016 DENSITRON TECHNOLOGIEStd. All rights reservedi Proprietary Data




D T

DerD\sgtron
TABLE OF CONTENTS
1 M AN FE A TUREES ..o e e e ettt e et et e e e e eemae et e et e e e e e e eaeaeeermmnnenensd 4
2 MECHANICAL SPECIFICA TION e e e e et 5
2.1 MECHANICAL CHARACTERISTICS . ... ettt e e aeas 5
2.2 MECHANICAL DRAWING ..o e e e 6
3 ELECTRICAL SPECIFICA TION .ottt ettt e e e e e s ammeraeaeaeenanan 7
3.1 ABSOLUTEMAXIMUM RATINGS ..ottt 7
3.2 ELECTRICAL CHARACTERISTICS.. ..ot ettt a e e e 8
3.3 INTERFACE PIN ASSIGNMENT ... e et e reamanaaens 9
3.4 BLO C K D A G R AM ..o e e et ettt ae e am—r et e e e ea e e eaeanens 11
3.5 TIMING CHARA CTERISTICS. ..o et et 12
4 OP T ICAL SPE CIFICATIO N .ottt ettt e e e e ra e eanans 16
4.1 OPTIC AL CHARA CTERISTIC S . oo e e ettt 16
5 FUNCTIONAL SPECIFICA TION oottt e ettt et e e e e e e vemee e e e ens 17
51 COMM AN D S e e i 17
5.2 POWERUP/DOWNSEQUENCE..........cciiiiiiieeieeercee e 17
5.3 [ el O | T4 1 I 1 18
54 ACTUAL APPLICATION EXAMPLE ... ettt et a e e e e 19
6 PACKAGING AND LABELL ING SPECIFICATION ..o, 21
6.1 LABELLING & MA RKIN G . ..ottt ettt et et e e e e et et e rmmm e e raeananann 21
7 QUALITY ASSURANCE SPECIFICATION ..o 22
7.1 (10 ]\ | (O] 241 11 I 2P 22
7.2 DELIVERY ASSUR AN CE . ..o e e e, 22
7.3 DEALING WITH CUSTOMERCOMPLAINTS. ...t 28
8 RELIABILITY SPECIFIC ATION ..o ettt e reeeae e 29
8.1 RE L A BILITY TES T S oo e et ettt et aem— e e a e e e eanans 29
8.2 [ e I 1Y 1 = 29
8.3 FAILURE CHECK ST AND ARDD ..o et vemer e as 29
9 HANDLING PRE C AUTIONS oo e e e e et 30
9.1 HANDLING PRECAUTIONS. .ottt et e e e e aeaeanas 30
9.2 ST ORAGEP RE C AU TIONS ..o e ettt rame e 31
9.3 DESIGNING P RECAUTION S ..o e e e ve— e aeaeanas 31
94 OTHE R P RE C AU T ION S .o e e ettt rme e 32
9.5 PRECAUTIONSWHEN DISPOSINGOFTHE OELDISPLAY MODULES....... 32
10 SUPPORTED AC CES SO RIS ..o e e et 33
O R 16 1@ 1 £ [ 33
10.2 TRANSITION BOARD CARDD ..o e e e et et remaea e 33
10.3 CONNECTORBOARD CARDD. .. e e e et reaea e 33
L0.4  CONNE CT OR. ottt et ettt e ae—r et et ta et e et raea e e enens 33
Product No. DD-12864BE-6B REV.B Page 2/33

Copyright ©2016 DENSITRON TECHNOLOGIEStd. All rights reserved: Proprietary Data



D T

REVISION RECORD Degsgtron
isplays
Rev. Date Page | Chapt. Comment ECR no.
A 19 Apr 13 First Issue
B 01 Jul 13 29 8.2 Revise the life time details
Product No. DD-12864BE-6B REV.B Page 3/33

Copyright ©2016 DENSITRON TECHNOLOGIEStd. All rights reserved: Proprietary Data




——

Densitron
1 MAIN FEATURES e
ITEM CONTENTS
Display Format 128x 64 Dots
Overall Dimensions 60.50x 37.00x 200 mm
Colour MonochromeBlue
Active Area 55.01x 27.49mm
Viewing Area 57.01x 29.49mm
Display Mode Passive Matrix2.420 )
Driving Method 1/64duty
Driver IC SSD13®
Operating temperature -40 ~ +70
Storage temperature -40 ~ +&
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2 MECHANICAL SPECIFICATION e
2.1 MECHANICAL CHARACTERISTICS
ITEM CHARACTERISTIC UNIT

Display Format 128x 64 Dots Dots
Overall Dimensions 60.50 x 37.00 x 2.00 mm
Viewing Area 57.01x 29.49 mm
Active Area 55.01 x 27.49 mm
Dot Size 0.40x 040 mm
Dot Pitch 043x043 mm
Weight 8.81 g
IC Controller/Driver SSD13®
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2.2 MECHANICAL DRAWING
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3 ELECTRICAL SPECIFICATION
3.1 ABSOLUTE MAXIMUM RATINGS
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VSS =0V, Ta=25°C

ltem Symbol Min Max Unit Note
Supply Voltagdor logic Vb -0.3 4.0 Vv
Note 1, 2

Supply wltage for Display Vcce 0 15 Vv

Operating Temperature Top -40 70 °C Note 3
Storage Temperature Tst -40 85 °C Note 3
Life Time (80 cd/nf) 15,000 - hour Note 4
Life Time (60 cd/n¥) 25,000 - hour Note 4

Note 1: All the above wltages are on the basisfofv $9 V 0 .
Note 2: When this module is used beyatie above absolute maximum ratings, permanent

damage

this modul e

to the module may occur. Al so
under the conditions acco
this module is used

Characte i st i cso.
malfunction and the reliability could deteriorate.
Note 3: The defined temperature ranges do not include the polarizer. The maximum

withstood temperature of the polarizer should baC80

Note 4: VCC = 13.0V, Ta = 25°C, 50% Checkerboard.

Software configuration follows Sectid¥ Initialization. End of lifetime is specified

as 50% of initial brightness reached. The average operating lifetime at room

temperature is estirted by the accelerated operation at high temperature conditions.
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3.2 ELECTRICAL CHARACTERISTICS
Characteristics Symbol | Conditions Min Typ | Max | Unit
Supply Voltagdor Logic Vb 1.65 28 | 33 V
Supply Voltage for Display| Vcc Notel 125 130 | 135 V
High Level Input ViH 0.8xVbp - Vbb \Y
0.2 x
0 -
Low Level Input Vi |OUT=0.1MmA. Vop \Y,
High Level Output VoH 338MHz | 09xVoo | - | Voo | V
Low Level Output VoL 0 - 01x Vv
VoD
Operating current for &b Iob - 180 | 300 | pA
Note 2 - 19.8| 24.8
Operating current for & Icc Note 3 - 28.8| 36.0 | mA
Note 4 - 441 | 55.1
IpD
Sleep mode current forog | °° - 1 5 A
Icc
Sleep mode current forc¢ | == - 2 10 A

Note1: BrightnesqLbr) and Supply Voltage for Display (Q), are subject to the chge of
the panel <characteristics and the customer 6s

Note 2: \bo = 2.8V, Vcc = 13.0V, 30% display area turned on.
Note3: Vop = 2.8V, Vcc = 13.0V, 50% display area turned on.

Note4: Vop = 2.8V, Vcc = 13.0V, 100% display area turned on.
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3.3 INTERFACE PIN ASSIGNMENT

No. Symbol I/0 Function
Reserved PiSupporting Pin)

1 N.C.(GND) - The supporting pin can reduce the influence from stress on tf
function pins. This pin must be connected to external ground
Power Supply for OEIPanel

2 VCC P This is the most positive voltage supply pin of the chip. It mus
be supplied externally.

Voltage Output High Level for COM Signal
This pin is the input pin for the voltage output high level for

3 VCOMH /o COM signals. A capacitor should be conteecbetween this pin
and VSS.

Current Reference for Brightness Adjustment

4 IREF I This pin is segment current reference pin. A resistor should b
connected between this pin and VSS. Set the cuatef®A.
Host Data Input/output Bus
These pins are-Bit bi-directional data bus to be connected to {
mi croprocessoro6s data bus.
be the serial data input SDIN and DO will be the serial clock

_ _ input SCLK.When 12C mode is selected, D2, D1 shouldibd

5-12 D7~-D0 /0 together and serve as SDAout, SDAIn in application and DO i
the serial clock input SCL
Unused pins must be connected to VSS except for D2 in seri
mode.
Read/Write Enable or Read
This pin is MQJ interface input. When interfacing to a
68XX-series microprocessor, this pin will be used as the
Enable (E) signal. Read/write operation is initiated when this
is pulled high and the CS# is pulled low.

13 E/RD# I When connecting to an 80XMicroprocessor, thisip receives
the Read (RD#) signal. Data read operation is initiated when
pin is pulled low and CS# is pulled low.

When serial or 12C mode is selected, this pin must be conneq
to VSS.

Read/Write Select or Write

This pin is MCU interfacénput. When interfacing to a
68XX-series microprocessor, this pin will be used as
Read/Write (R/W#) selection input. Pull this pin to

AHIi gho for read mode and pu

14 R/W# I When 80XX interface mode is selected, this pin will be the W
(WR#) input. Data write operation is initiated when this pin an
the CS#arepulled low.

When serial or 12C mode is selected, this pin must be conneq
to VSS.
Product No. DD-1286BE-6B REV.B Page | 9/33
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15

D/C#

Data/Command Control

This is Data/Command control pin. When the pin is pulled,hig
the input at D7~DO is treated as display data.

When the pin is pulled low, the input at D7~DO0 will be
transferred to the command register. For detail

relationship to MCU interface signals, please refer to the
Timing Characteristics Diagrams.

When the piris pulled high and serial interface mode is select
the data at SDIN is treated as data. When it is pulled low the
at SDIN will be transferred to the command register. In 12C
mode, this pin acts as SAO for slave address selection.

16

RES#

PowerReset for Controller and Driver

This pin is reset signal inputvhen the pin is low, initialization
of the chip is executedKeep this pin pull high during normal
operation.

17

CS#

Chip Select
This pin is the chip select input. The chip is enabled/fGtJ
communication only when CS# is pulled low.

18

N.C.

Reserved Pin
The N.C pin between function pins is reserved for compatible
and flexible design.

19

BS2

20

BS1

Communicating Protocol Select
These pins are MCU interface selection input. See the
following table:

BS1 BS2

12C

4-wire SPI

8 bit 68XX-parallel
8 bit 80XX-parallel

R|IOO|F
ROl O

21

VDD

Power Supply for Logic Circuit
This is a voltage supply pin. It must be connected to external
source.

22~29

N.C.

Reserved Pin
The N.C pindetween function pins are reserved for compatib,
and flexible design.

30

VSS

Ground of OEL System
This is a ground pin. It also acts as a reference for the logic p
the OEL driving voltages and tlamaloguecircuits. It must be
connected to exterhground.

31

N.C.

Reserved Pin (Supporting Pin)
The supporting pin can reduce the influence from stress on tH
function pins. This pin must be connected to external ground
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3.4 BLOCK DIAGRAM
Active Area 2.42"
128 x 64 Pixels

SSD1309

Eiiikiin

AN =
[
. [
" {

MCU Interface SelectiarBS1 and BS2
Pins connected to M€ interface D7~D0, E/RD#, R/\W#, D/C#, REStand C%.

C1,C3: 0.1 F

C2: 4.7¢F
C4. 10eF
Cs: 4.7¢F/25V Tantalum Capacitor
R1: 910k q R1 = (Voltage at IREF BGGND) / IREF
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3.5 TIMING CHARACTERISTICS
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3.5.1 AC CHARACTERISTICS

3.5.1.168XX-Series MPU Parallel Interface Timing Characteristics

VDD-VSS=1.65/ to 33V, Ta=2%C

Symbol Description Min Max Unit
tcycle System Cycle Time 300 - ns
tas Address Setup Time 20 - ns
taH Address Hold Time 0 - ns
tow Data Write Time 80 - ns
tosw Write Daa Setup Time 40 - ns
torw Write Data Hold Time 20 - ns
toHr Read Data Hold Time 20 - ns
ton Output Disable Time - 70 ns
tacc Access Time - 140 ns
Chip Select Low Pulse Width (Read) 120
PWcsL - - - ns
Chip Select.ow Pulse width (Wite) 60
Chip Select High Pulse Width (Read) 60
PWestt ["Chip Selectiigh Pulse Width (Write) 80 - ns
tr Rise Time - 40 ns
tr Fall Time - 40 ns
per X X
fas AR
R/W# ><‘ ><
E R
__,/ AN
S PWeer
—\ PWear / N
CS# T’ —_— le—— \
IF_’ R Tosw ﬂ“'
D[7-0)(WRITE) ></ Valid Data 4,
tacc oER
D[7:0JREAD) Valid Data )>< >
tor
Product No. DD-128648E-6B REV.B Page | 12/33
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3.5.1.28080-Series MPU Parallel Interface Timing Characteristics

VDD-VSS = 1.65V to 3.5V, Ta = 26

D/C# 2

WR# } tewiw >7 PWHW N
K 7 ~

& DS o DHW

Symbol | Description Min Max Unit
tcycle Clock Cycle Time 300 - ns
tas Address Setup Time 20 - ns
taH Address Hold Time 0 - ns
tow Data Write Time 70 - ns
tbsw Write Data Setup Time 40 - ns
toHw Write Data Hold Time 15 - ns
tDHR Read Data Hold Time 20 - ns
ton Output Disable Time - 70 ns
tacc Access Time - 140 ns
tPwiLR Read Low Time 120 - ns
trwiw Write Low Time 60 - ns
tPwHR Read High Time 60 - ns
tPwHwW Write High Time 60 - ns
tcs Chip Séect Setup Time 0 - ns
tcsH Chip Select Hold Time to Read Signal 0 - ns
tcse Chip Select Hold Time 20 - ns
tr Rise Time - 40 ns
' Fall Time - 40 ns
Read Timing  cs# ) to, P
j[:tcs . 4
D/C#
A X
i Y e .
44 bwie o tow N
- |
D[7:0] 1 i ‘M//&
—
Write Timing CS#
tos tosr
-+
ts

b
T
h A ¥

A 1\+

*u
AN ?JL
r

_.
i
=

D[7:0] L tw p—
————/
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3.5.1.3Serial Interface Timing Characteristics
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VDD-VSS = 1.65V to 3.5V, Ta = 26

Symbol | Description Min Max Unit
tcycle Clock Cycle Time 100 - ns
tas Address Setup Time 15 - ns
taH Address Hold Time 15 - ns
tcss Chip Select Setup Time 20 - ns
tcsH Chip Select Hold Time 50 - ns
tow Data Write Time 55 - ns
tosw Write Data Setup Time 15 - ns
toHw Write Data Hold Time 15 - ns
toLke Serial Clock Low Time 50 - ns
teikn Serial Clock High Time 50 - ns
tr Rise Time - 40 ns
tF Fall Time - 40 ns
DIC#

SCLE(D 0) AN

—_— | t—

Las

fess

fcLrL

Ic)r\:l.e

| Ipsw

SDIN(D 1)

Valid Data

CS#

N\

A

SCLK(D0) |||||||||||||
D?><D6><D5><D4><D3><D2><D1>@>_

SDIN(D1)
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3.5.1.4 I2C Interface Timing Characteristics
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VDD-VSS = 1.6% to 3.5V, Ta = 2&C

Symbol Description Min Max Unit
tcycle Clock Cycle Time 2.5 - us
tHSTART Start Condition Hold Time 0.6 - us
Data Hold Time (for 0
Mo HoTd Time (for ASDAI 300 ' ns
tsp Data Setup Time 100 - ns
tssTART Start Condition Setup Time 0.6 - us
(Only relevant for a repeated Start condition
tssToP Stop Condition Setup Time 0.6 - us
tr Rise Time for Data and Clock Pin 300 ns
tr Fall Time for Data and Clock Pin 300 ns
Idle Time bebre a New Transmission can
tioLE St 1.3 - us
art
SDA 'R ’f{:

SCL

Tovers
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4 OPTICAL SPECIFICATION
4.1 OPTICAL CHARACTERISTICS
Characteristics | Symbol Condition Min Typ Max Unit
Brightness Lbr Note 1 60 80 - cd/n?
X) 0.12 0.16 0.20
C.L.E.Blue) C.I.E. 1931 -
() 0.22 0.26 0.30
Dark Room CR i >10000:1 i i
Contrast
Viewing Angle - Free - degree

Optical measuremerdken at \épo = 2.8V, Vcc = 13V.
Software configuration follows Sectid¥ Initialization

Notel: BrightnesgqLbr) and Supply Voltage for DispfaVcc) are subject to the change of
the panel characteristics and the custofreguest

Product No. DD-128648E-6B REV.B Page | 16/33
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5 FUNCTIONAL SPECIFICATION
5.1 COMMANDS

Please refer to the Technical Manual for 8D13®

5.2 POWER UP/DOWN SEQUENCE

To protect panel and exte the pandifetime, the driver IC power up/down routine should
include a delay period between high voltage and low voltage power sources during turn
on/off. It gives the panel enough time to complete the action of charge and discharge
before/after the meration.

5.2.1 POWER UP SEQUENCE
Voo ON  VccON

1. Power up/pp ; Pisplay On;
2. Send Display off command Vee — o= :
3. Initialization
4. Clear Screen
5. Powerp Vcc Vbp
6. Delay 100ms
(WhenVcc s stable)
7. SenDisplay on command ! :

5.2.2 POWER DOWN SEQUENCE
Display off Vccoff Vpp off
1. Send Display off command : ,
2. Power down ¥c Vce ' '
3. Delay 100ms L
(WhenVcreacles0 and panel is .
completely dischargh S S
4. Power down b L
VssGround.. 4. _..._.. \
1 |

Conditions:

1) Since an ESD protection circuit is connected between VDD and VCC inside the
driver IC, VCC becomes lowerdh VDD whenever VDD is ON and VCC is OFF.

2) VCC should be kept float (disable) when it is OFF.

3) Power Pins (VDD, VCC) can never be pulled to ground under any circumstance.
4) VDD should not be power down before VCC power down.

Product No. DD-128648E-6B REV.B Page | 17/33
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5.3 RESET CIRCUIT

When RE& input is low, the chip is initialized with the following status:
1. Display is OFF
2.132x64 Display mode
3. Normal segment and display data colume and row address mapping (SEGO mapped to
column addres80H and COMO mapped to row address 00H)
4. Shift register data clear in serial interface
5. Display start line is set at display RAM address 0
6. Column address counter is set at 0
7. Normal scan direction of the COM outputs
8. Contrast control register is set/dH
9. Normal display mode (Edgualent to A4h command)

Product No. DD-128648E-6B REV.B Page | 18/33
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5.4 ACTUAL APPLICATION EXAMPLE
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Command usage and explanation of an actual example

<Power up Sequenee

Voo/ Ve off State

(

Set Multiplex Ratio
OxA8, 0x3F

Set Entire Display On/Off
0xA4

Power up Vpp
(RES# as Low State)

Set Display Offset
0xD3, 0x00

Set Normal/Inverse Display
0xA6

Power Stabilized
(Delay Recommended)

Set Display Start Line
0x40

Clear Screen

Set RES# as High
(3ps Delay Minimum)

Set Segment Re-Map
0xAl

Power up Ve & Stabilized
(Delay Recommended)

Initialized State
(Parameters as Default)

Set COM Qutput Scan Direction
0xC8

Set Display On
OxAF

(

Command Lock
OXFD, 0x12

Set COM Pins Hardware Configuration
0xDA, 0x12

(100ms Delay Recommended)

Set Display Off

Set Current Control

OxAE 0x81, 0xDF
Initial Settings Set Pre-Charge Period
Configuration 0xD9, 0x82

0xD5, OXAQ

Set Display Clock Divide Ratio/Oscillator Frequency

Set VCOMH Deselect Level
0xDB, 0x34

Display Data Sent

If the noise is accidentally occurred at the displaying window during the operation, please
reset the display in order to recover the display function.

Product No. DD-128648E-6B REV.B Page | 19/33
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<Power down Sequence>

Normal Operation

D T

Densitron

Displays

Power down V¢e
(100ms Delay Recommended)

Set Display Off
OxAE

Power down Vpp

<Entering Sleep Mode>

Normal Operation

Set Display Off
OxAE

<Exiting Sleep Mode>

Sleep Mode

Power down Vcc

Sleep Mode

VDD/ Vcc Off State

Set Display On
OxAF

Power up Vcc & Stabilized
(Delay Recommended)

(100ms Delay Recommended)

Product No.

DD-12864E-6B

REV.B
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6 PACKAGING AND LABELLING SPECIFICATION

EFE COVER FOAM 351x212x1,
ANTISTATIC x 1 Pes
i

4y & 1 pes (Empty)

xBpes

Wrippal with adhesive tape
B

-Vacuum packing bag
—~L

- -
—

|

EPE PROTECTTIVE

3M0mm 1 280mm x 2hmam

B Fes Tray Vacuum packing

~L— ™ Primary Box C SET

~..
~CARTON BOX

- Primary L450mm x W2% x H110, B wave

<
L
T
~
i
L

- =1

>

-
thel

— Carton Box L464mm x W3l3mm x H4T2mm, AB wave

(Mager | Maamum)

Item Quantity
Holding Trays (A) 15 per Primary Box
Total Trays (B) 16 per Primary Box (Including 1 Empty Tray)
Primary Box (©) 1-4 per Carton (4 as Major / Maximum)

6.1 LABELLING & MARKING

DENSITRON

DD-12864E-6B

TWYY MM
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7 QUALITY ASSURANCE SPECIFICATION

7.1 CONFORMITY

Displays

The performance, function and reliability of the shipped products conform to the Product

Specification.

7.2 DELIVERY ASSURANCE

7.2.1 DELIVERY INSPECTION STANDARDS

IPC-AA610, class 2 electronic assemblies standard

7.2.2 Zone definition

_——— A Active

7.2.3 Visual inspection

Test and measuremewntbeconducted under following conditions

Temperature
Humidity:
Fluorescent lamp:

23+5

55+15%RH
30 W

Distance between the Panel & Eyes of the Inspector (80cm

Distance between the Panelige lamp:
Finger glove (or finger cover) must be worn by the inspector.

Inspection table or jig must be aelectrostatic

UB0cm
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Displays

7.2.4 Standard of appearance inspection

Partition AQL Definition
Major 0.65 Defects in Pattern Check (Display On)
Minor 1.0 Defects in Cosmetic Check (Display Off)
Check Item Classification Criteria

X>6mm (Along with Edge)
Y > 1mm (Perpendicular to edge)

Panel : :
, . Minor Y«
General Chipping
X
Y
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