% SINO WEALTH

SH1106

132 X 64 Dot Matrix OLED/PLED

Preliminary Segment/Common Driver with Controller
Features
W Support maximum 132 X 64 dot matrix panel B Row re-mapping and column re-mapping (ADC)
B Embedded 132 X 64 bits SRAM W Vertical scrolling
W Operating voltage: B On-chip oscillator
- Logic voltage supply: Vbp1 = 1.65V - 3.5V .Programmable

- DC-DC voltage supply: VBB2=310V/ =412V W 256-step contrast control on mo

- OLED Operating voltage supply: panel
External Vpp supply = 7.0V - 13.0V

Internal VPP generator = 7.4V - 9.0V

B Maximum segment output current: -

B Maximum common sink current:
B 8-bit 6800-series parallel i i ries

H Program > i ing rati

General De
SH1106 is LED driver with controller for organic/polymer light emitting diode dot-matrix graphic
display system. SH onsists of 132 segments, 64 commons that can support a maximum display resolution of 132 X 64. It

is designed fer Common Cathode type OLED panel.

SH1106 embeds with contrast control, display RAM oscillator and efficient DC-DC converter, which reduces the number of
external components and power consumption. SH1106 is suitable for a wide range of compact portable applications, such as
sub-display of mobile phone, calculator and MP3 player, etc.
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SH1106

Block Diagram
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SH1106

Pad Configuration (TBD)
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Chip Outline Dimensions
Iltem Pad No. Size (um)
X Y
Chip boundary - 5060 814
Chip height All pads 30
I/0 40 80
G 15
M 1 1
Bump_si COM36 1 11
CcO 1 15
d pitch oM 30
SEG 30.75
I/O 55
Bump height All pads 9+2
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SH1106

Pad Description
Power Supply

Pad No. Symbol I/0 Description
VDD1 Supply | Power supply input: 1.65 - 3.5V
VbD1 Supply | Power supply output for pad option: 1.65 - 3.5V
3.0 — 4.2V power supply pad for Power supply for charge pump circuit.
VVDD2 Supply o ) ) )
This pin can be disconnected or connect to V bb1 when VPP is supplied externally
Vss Supply | Ground.
Vss Supply | Ground output for pad option.
This is a segment voltage reference pad.
VsL Supply )
This pad should be connected to Vss externally.
This is a common voltage reference pad.
\Y/e R Supply )
This pad should be connected to Vss externally.
OLED Driver Supplies
Pad No. Symbol 110
IREF (0]

VCoMH

These pins are not used and should be disconnedted when Vpp is supplied
externally.

C2N

Connect to charge pump capacitor.

These pins are not used and should be disconnedted when Vpp is supplied
externally.
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SH1106

System Bus Connection Pads

Pad No.

Symbol

/0

Description

CL

I/0

This pad is the system clock input. When internal clock is enabled, this pad
should be

Left open. The internal clock is output from this pad. When internal oscillator is
disabled, this pad receives display clock signal from external clock source.

CLS

This is the internal clock enable pad.

CLS = “H”: Internal oscillator circuit is enabled.
CLS = “L”: Internal oscillator circuit is disabled (requires external input).

When CLS = “L”, an external clock source must be connected to the CL pad for
normal operation.

These are the MPU interface mode select pads.

This pad is the chip select.input.

active,

nd /O is enabl

input pad. V

peration is perf

man ontw pad'that determines whether the data bits are
d
uts at DO to D7 are treated as display data.
= “L" the inputs at DO to D7 are transferred to the command registers.
In I°C interface, this pad serves as SAO to distinguish the different address of
OLED driver.

This is a MPU interface input pad.
When connected to an 8080 MPU, this is active LOW. This pad connects to the

8080 MPU WR signal. The signals on the data bus are latched at the rising edge of

the WR signal.
When connected to a 6800 Series MPU: This is the read/write control signal input
terminal.

When R/W =“H’: Read.
When R/W = “L”: Write.
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SH1106

This is a MPU interface input pad.
When connected to an 8080 series MPU, it is active LOW. This pad is connected
to the RD signal of the 8080 series MPU, and the SH1106 data bus is in an

s output status when this signal is “L”.

RD | When connected to a 6800 series MPU , this is active HIGH. This is used as an

(E) enable clock
input of the 6800 series MPU.
When RD = “H”: Enable.
When RD = “L": Disable.
This is an 8-bit bi-directional data bus that connects to an 8-bit or 16-bit standard
MPU data bus.

DO - D7 e When the serial interface is selected, then DO serves as the serial clock input pad
(SCL) | (SCL) and D1 serves as the serial data input pad (SI). At this time, D2 to D7 are
t to high i d .
(SI/SDA) 1o set to hig ;mpe ance
When the I1°C interface is selected, then DO serves as the serial clock input pad
(SCL) and D1 serves as the serial data input pad (SDAI). At thisitime, D2 to D7
are set to high impedance.
OLED Drive Pads
Pad No. Symbol I/O

Test Pads

Pad No.

Description

Test pad, internal pull low, no connection for user.

Test pad. No connection for user.

Test pad. No connection for user.

These pads are not used. Keep floating.
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SH1106

Functional Description
Microprocessor Interface Selection

The 8080-Parallel Interface, 6800-Parallel Interface, Serial Interface (SPI) or I°C Interface can be selected by different
selections of IMO~2 as shown in Table 1.

Table. 1

Config Data signal Control signal
Interface IMO|IM1(IM2| D7 D6 D5 D4 D3 D2 D1 DO |E/RD | WR cs A0 RES
6800 Q|0|1|D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO E R/IW | CS A0 | RES
8080 0|1|1|D7 | D6 | D5 | D4 | D3 |D2|D1|D0O| RD | WR | CS A0 | RES
4-Wire SPI 0|00 Pull Low SI | SCL Pull Low A0 | RES
3-Wire SPI 1(/0]0 Pull Low SI | SCL Pull Low RES
I°Cc 0(1]0 Pull Low SDA | SCL Pull Low | SA0 | RES

6800-series Parallel Interface

The parallel interface consists of 8 bi-directional data pads (D7-D0), WR ( R/W), @(E), AO and CS. Wheg-WR ( R/W) =
“H", read operation from the display RAM or the status register occurs. When WR (R/W ) = “L} operation to display data

RAM or internal command registers occurs, depending on the status of A0 input. Tie RD (E) input serves as data latch signal

(clock) when it is “H”, provided that CS =*“L” as shown in Table

2
IMO 0 R DO to D7
0 0 E R DO to D7
In order to that of the proce , 'some pipeline processing are
internally perfc ead before thjfirs actual display data read. This is shown in
Figure. 1 belo

Address preset J

Internal Read signal I_l I_l I_l

timing Preset Incremented
Column address X N >< N+1 >< N+2 ><
BUS holder X N X n X n# X n+2

Data Read Data Read
address n address n+1

Set address n Dummy read

Figure. 1
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SH1106

8080-series Parallel Interface

The parallel interface consists of 8 bi-directional data pads (D7-D0), WR (R/W) RD (g), A0 and CS . The RD (E) input
serves as data read latch signal (clock) when it is “L” provided that CS =, Display data or status register read is controlled

by A0 signal. The WR ( RIW ) input serves as data write latch signal (clock) when it is “L” and provided that CS =+, Display
data or command register write is controlled by A0 as shown in Table. 3.

Table. 3
M@ | IM1 | IM2 Type cs A0 RD WR DO to D7
0 1 1 | 8080 microprocessor bus cs A0 RD WR DO to D7

Similar to 6800-series interface, a dummy read is also required before the first actual display data read.

Data Bus Signals

The SH1106 identifies the data bus signal according to AO, RD (E) and WR (R/W ) signals.

Table. 4
Common | 6800 processor 8080 processor
A0 (R/IW) RD WR
1 1 0 1
1 0 1
0 1
0 1 . (Command)
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SH1106

4 Wire Serial Interface (4-wire SPI)

The serial interface consists of serial clock SCL, serial data SI, A0 and CS . Sl is shifted into an 8-bit shift register on every

rising edge of SCL in the order of D7, D6, ... and DO. AO is sampled on every eighth clock and the data byte in the shift register
is written to the display data RAM (A0=1) or command register (A0=0) in the same clock. See Figure. 2.

Table. 5
IMO | IM1 | IM2 Type cs A0 RD WR DO D1 D2 to D7
0 0 0 |4-wire SPI Pull Low A0 - - SCL Si (HZ)

Note: “-” and Hz pin Must always be HIGH or LOW.

cs signal could always pull low in SPI-bus application.

=\

st ©) /////X b7 X b6 X b5 X D4 X D3 X D2 X D1 X D0 X D7 X D6

SCL(DO)
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SH1106

3 Wire Serial Interface (3-wire SPI)

The 3 wire serial interface consists of serial clock SCL, serial data SI, and CS. Sl is shifted into an 9-bit shift register on every
rising edge of SCL in the order of p/c, D7, D6, ... and DO. The D/C bit (first of the 9 bit) will determine the transferred data is
written to the display data RAM (D/C =1) or command register (D/C =0).

Table. 6

IMO | IM1 | IM2 Type cS A0 RD WR DO D1 D2 to D7

1 0 0 | 3-wire SPI Pull Low | Pull Low - - SCL Sl (Hz)
Note: “-” and Hz pin Must always be HIGH or LOW.

cs signal could always pull low in SPI-bus application.

=\

sl (D) /////XD/CX D7XD6XD5XD4XD3XD2XD1 DO {@ﬁ‘
FER

SCL(DO) -

1 2 3 4 5 6 7 i 11

A -wire SPI data transfe

|

dth ( ter are reset to theirinitial statuses.
) de.
me ine-end reflections and external noise. We recommend the

I>’C-bus Interface

The SH1106 can transfer data via a standard I1°C-bus and has slave mode only in communication. The command or RAM data
can be written into the chip and the status and RAM data can be read out of the chip.

VO | IM1 | IM2 Type cs AO RD WR DO D1 |D2to D7
0 1 0 |I°C Interface Pull Low SAOQ - - SCL SDA (HZ)
Note: “-” and Hz pin Must always be HIGH or LOW.

cs signal could always pull low in 1°C-bus application.

Characteristics of the I*’C-bus

The I>C-bus is for bi-directional, two-line communication between different ICs or modules. The two lines are a serial data line
(SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data transfer may
be initiated only when the bus is not busy.

Note: The positive supply of pull-up resistor must equal to the value of VbD1.
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SH1106

Bit Transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period of the
clock pulse as changes in the data line at this time will be interpreted as a control signal.

SDA / >< \
-

Data line stable: Change data
Data valid allowed

Figure. 3 Bit Transfer

Start and Stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the clock is
HIGH is defined as the START condition (S). A LOW-to-HIGH transition of the data line while the clock i s defined as the
STOP condition (P).

SCL

T ondi STOP condition

tart and Stop conditions

System configuration

r:Th vice that sends the data to the bus.

he device that receives the data from the bus.

Master: The device that initiates a transfer, generates clock signals and terminates a transfer.
Slave: The device addressed by a master.

Multi-Master: More than one master can attempt to control the bus at the same time without corrupting the message

Arbitration: Procedure to ensure that, if more than one master simultaneously tries to control the bus, only one is allowed
to do so and the message is not corrupted.

o Synchronization: Procedure to synchronize the clock signals of two or more devices.

MASTER SLAVE MASTER
TRANSMITTER RES(I)_éI\\//EER TRANSMITTER TRXAI\?SSI\-;EI'iER TRANSMITTER
/RECEIVER /RECEIVER /RECEIVER
SDA
SCL

Figure. 5 System configuration

11
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Acknowledge

Each byte of eight bits is followed by an acknowledge bit. The acknowledge bit is a HIGH signal put on the bus by the
transmitter during which time the master generates an extra acknowledge related clock pulse. A slave receiver which is
addressed must generate an acknowledge after the reception of each byte. Also a master receiver must generate an
acknowledge after the reception of each byte that has been clocked out of the slave transmitter. The device that acknowledges
must pull-down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of
the acknowledge related clock pulse (set-up and hold times must be taken into consideration). A master receiver must signal an
end of data to the transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. In this
event the transmitter must leave the data line HIGH to enable the master to generate a stop condition.

DATA OUTPUT BY —
TRANSMITTER >x< >X< :X(
not acknowledge
DATA OUTPUT BY \\\

RECEIVER
acknowledge/

SCL FROM
MASTER 1 2

S
START condition

acknowledgement

Figure owledge
Protocol
The SH1106 [ nd;write access. The R/ part of the slav ess. Before any data is transmitted on
the 1°C-bus, th S is addressed first 7-bit slaveaddresses (0111100 and 0111101) are reserved
for the SH110 lave address is'set by connecting the input SAO to either logic 0(VSS) or 1
(vDD1). The | ig. e sequence is initiated with a START condition (S) from the 1*C-bus

master that is slaves with the corresponding address acknowledge in parallel, all the others

The last control byte is tagged with a cleared most significant bit, the continuation bit Co. After a control byte with a cleared
Co-bit, only data bytes will follow. The state of the pD/C -bit defines whether the data-byte is interpreted as a command or as
RAM-data. The control and data bytes are also acknowledged by all addressed slaves on the bus. After the last control byte,
depending on the D/C bit setting, either a series of display data bytes or command data bytes may follow. If thep/C bit was set
to ‘1’, these display bytes are stored in the display RAM at the address specified by the data pointer. The data pointer is
automatically updated and the data is directed to the intended SH1106 device. If the p/C bit of the last control byte was set to
‘0’, these command bytes will be decoded and the setting of the device will be changed according to the received commands.
The acknowledgement after each byte is made only by the addressed slave. At the end of the transmission the 1°C-bus master
issues a stop condition (P). If the r/w bit is set to one in the slave-address, the chip will output data immediately after the
slave-address according to the p/C bit, which was sent during the last write access. If no acknowledge is generated by the
master after a byte, the driver stops transferring data to the master.
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SH1106
WRITE from S' from S' from S from S' from S'
v v v v
RRRRRORREEERRRRERER RN RN
0| 1| 1| 1| 1|O /3 0]A 1|DC| |control bTe| A | | d|ata|byte | | A 0|DC| |contro| by|te| A | | d|ata|byte | | AP
- > 4 et ble 4
slave address ‘ 2n>=0 bytes | 1 byte n>=0 bytes
c, c, MSB.....ccceviene LSB
from S from M from M from M from M
READ i I i | !
RRRRROERERERRREERER RN RN
S 0| 1| 1| 1| 1|0 /3 1A | | d|ata|byte | | A | | d|ata|byte | | A | | d|ata|by1e | | A | | d|ata|byte | | P
* slave address
S - start condition .
| | | | | P - stop condition | | | | | | |
0 111 1 o[a|&] RINet Acknomedse €0C0 0 0.0 0 0
| | | | | 0 M - I2C master
S'- I2C slave
slave address
ure|Z 1°G Protogol
Notel
1.Co= “0 e jonly data bytes to foll
Co= “1 te and another rol byt
2.D/IC = “0 and pperation
D/C = peratio

e e . When A0 = “H”, the inputs at D7 - DO are
data and be written to display RAM. When AO = “L”, the inputs at D7 - DO are interpreted as command, they will
be decoded and be written to the corresponding command registers.

Display Data RAM
The Display Data RAM is a bit mapped static RAM holding the bit pattern to be displayed. The size of the RAM is 132 X 64 bits.

For mechanical flexibility, re-mapping on both segment and common outputs can be selected by software.

For vertical scrolling of the display, an internal register storing display start line can be set to control the portion of the RAM data
to be mapped to the display.

13 V0.1



SH1106

The Page Address Circuit

As shown in Figure. 8, page address of the display data RAM is specified through the Page Address Set Command. The page
address must be specified again when changing pages to perform access.

The Column Address

As shown in Figure. 8, the display data RAM column address is specified by the Column Address Set command. The specified
column address is incremented (+1) with each display data read/ write command. This allows the MPU display data to be
accessed continuously. Because the column address is independent of the page address, when moving, for example, from
page0 column 83H to page 1 column 00H, it is necessary to re-specify both the page address and the column address.
Furthermore, as shown in Table. 7, the Column re-mapping (ADC) command (segment driver direction select command) can
be used to reverse the relationship between the display data RAM column address and the segment output. Because of this,
the constraints on the IC layout when the OLED module is assembled can be minimized.

Table. 7
Segment Output SEGO SEG131
ADC “0” 0(H)> Column Address - 83 (H)
ADC “1” 83 (H) € Column Address < 0 (H)

The Line Address Circuit

The line address circuit, as shown in Figure. 8, specifies the line address relating to th mm utput when the contents of

the display data RAM are displayed. Using the di y start line address s ma hat is ‘mormally the top line of the
display can be specified (this is the C the n output m ormal, and the COM63 output for SH1106,
when the common outpu S play s a 64-line area for the SH1106 frem the display start line
address.

If the line addre anged dynami ing th y start line address set command, screen scrolling, page

swapping, etc een display d AM and address (if initial display line is 1DH).
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OUTPUT

COMO

COM1

COM2

COM3

COM4

COM5

COM6

COM7

COM8

COM9

COM10

COM11

COM12

COM13

COM14

COM15

COM16

COM17

COM18

COM19

COM20

COM21

COM22

COM23
COM24

COM25

COM26

COM27

Page Address |Data Line Address
DO 00H
D3 D2 D1 DO[ D1 v 071H
D2 P 02H
o0 0o O0 o[ D3 03H
=7 PAGE 0 P
D5 05H
D6 06H
D7 07H
DO 08H
D3 D2 D1 DO[ D1 09H
D2 0AH
o o o0 1 D3 0BH
57 PAGE1 oCH
D5 ODH
D6 OEH
D7 OFH
DO T0H
D3 D2 D1 DO[ D1 TTH
D2 T2H
o 0o 1 o[ D3 13H
D4 PAGE2 T4H
D5 15H
D6 T6H
D7 T7H
DO 18H
D3 D2 D1 DO[ D1 T9H
D2 TAH
o o 1 1 D3 TBH
54 PAGE3 7
D5 1D
D6 1E
D7 TF
DO 20
D3 D2 D1 DO[ D1 1
D2 2
o 1 0 o[ D3
D4
2
2
28H
D3 D2 D1 DO 29H
2AH
0o 1 2BH
PAGES >CH
2DH
2EH
2FH
30H
D3 D2 D1wDO[ D1 3TH
D2 32H
0 1 1 o0/ D3 33H
57 PAGE®6 =70
D5 35H
D6 36H
D7 37H
DO 38H
D3 D2 D1 DO[ D1 39H
D2 3AH
o 1 1 1 D3 3BH
54 PAGE7 TCH
D5 3DH
D6 SEH
D7 3FH
< 2 AEHEHE Sk
IS I (@) 8 S|lo|o o | ©
35 af=
8z <~ |zlzl|z x|z
< S22 Sls|8
o
NElol=]a Q13|
212128 ololo
J0|o|o|e o|a
Figure. 8
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SH1106

The Oscillator Circuit

This is a RC type oscillator (Figure. 9) that produces the display clock. The oscillator circuit is only enabled when CLS = “H”.

When CLS = “L”, the oscillation stops and the display clock is inputted through the CL terminal.

Internal OSC

CLK

MUX

CLS T

Figure. 9

16

DIVIDER

DCLK

Internal Display
Clock
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SH1106

Charge Pump Regulator

This block accompanying only 2 external capacitors, is used to generate a 9.0V voltage for OLED panel. This regulator can be
turned ON/OFF by software command 8Bh setting.

Charge Pump output voltage control

This block is used to set the voltage value of charger pump output. The driving voltage can be adjusted from 7.4V up to 9.0V.

This used to meet different demand of the panel.

Current Control and Voltage Control

This block is used to derive the incoming power sources into different levels of internal use voltage and current. VPP and VDD2
are external power supplies. IREF is a reference current source for segment current drivers.

Common Drivers/Segment Drivers

Segment drivers deliver 132 current sources to drive OLED panel. The driving current can be adjusted up te:820uA with 256
steps. Common drivers generate voltage scanning pulses.

Reset Circuit
When the RES input falls to “L”, these reenter their default state. The default settings ho low:

1. Display is OFF. Common and segment are in hi pedance state
2. 132 X 64 Display mode.

3. Normal segment and.di nd r ress mapping (SEGQ is map i lumn address 00H and
COMO mappe

4. Shift registe

5. Display sta 00H
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Commands

The SH1106 uses a combination of AQ, RD (E) and WR (R/W ) signals to identify data bus signals. As the chip analyzes and
executes each command using internal timing clock only regardless of external clock, its processing speed is very high and its
busy check is usually not required. The 8080 series microprocessor interface enters a read status when a low pulse is input to

the RD pad and a write status when a low pulse is input to the WR pad. The 6800 series microprocessor interface enters a

read status when a high pulse is input to the RIW pad and a write status when a low pulse is input to this pad. When a high
pulse is input to the E pad, the command is activated. (For timing, see AC Characteristics.). Accordingly, in the command

explanation and command table, RD (E) becomes 1(HIGH) when the 6800 series microprocessor interface reads status of
display data. This is an only different point from the 8080 series microprocessor interface.
Taking the 8080 series, microprocessor interface as an example command will explain below.

When the serial interface is selected, input data starting from D7 in sequence.

Command Set

1. Set Lower Column Address: (O0H - OFH)
2. Set Higher Column Address: (10H - 1FH)

Specifies column address of display RAM. Divide the column address into 4 higher bits and 4dgwerbits. Set gach of them into
successions. When the microprocessor repeats to access to the display RAM, s§ counter is incremented

A0
0 0 1 1 131
Note: Don’t us ands not mentioned above.
3. Set Pump voltage value: (30H~33H)
Specifies output voltage (Vppr) of the internal charger pump.
= —
A0 — R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 0 0 1 1 0 0 A1 | AO
A1l AO Pump output voltage (VrP)
0 0 7.4 (Power on)
0 1 8.0
1 0 8.4
1 1 9.0
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SH1106

4. Set Display Start Line: (40H - 7FH)
Specifies line address (refer to Figure. 8) to determine the initial display line or COMO. The RAM display data becomes the
top line of OLED screen. It is followed by the higher number of lines in ascending order, corresponding to the duty cycle.
When this command changes the line address, the smooth scrolling or page change takes place.

= —
A0 — R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 0 1 A5 | AAd | A3 | A2 | A1 | AO
A5 A4 A3 A2 A1 A0 Line address
0 0
1
1 1 1 1 1 0 62
1 1 1 1 1 63

5. Set Contrast Control Register: (Double Bytes Command)
This command is to set contrast setting of the display. The chip has 256 contr:
current increases as the contrast step value increases.

Segment output current setting: ISEG = a/256 X IREF

)0 to FF. The segment output

Where: a is contrast step; IREF is reference curl

W The Contrast Control Mode

When this comman p
has been.s
command

command to set eight bits of data to the contrast data register; the OLED segment output assumes one of the
256 current levels.
When this command is input, the contrast control mode is released after the contrast data register has been set.

E R/W
A0 — - D7 D6 D5 D4 D3 D2 D1 DO ISEG
RD WR
0 1 0 0 0 0 0 0 0 0 0 Small
0 1 0 0 0 0 0 0 0 1 0
0 1 0 0 0 0 0 0 0 1 1
0 1 0 : :
0 1 0 1 0 0 0 0 0 0 0 POR
0 1 0 : :
0 1 0 1 1 1 1 1 1 1 0
0 1 0 1 1 1 1 1 1 1 1 Large

When the contrast control function is not used, set the D7 - DO to 1000,0000.
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6. Set Segment Re-map: (AOH - A1H)
Change the relationship between RAM column address and segment driver. The order of segment driver output pads can be
reversed by software. This allows flexible IC layout during OLED module assembly. For details, refer to the column address
section of Figure. 8. When display data is written or read, the column address is incremented by 1 as shown in Figure. 1.

= —
A0 — R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 1 0 1 0 0 0 0 |ADC

When ADC = “L”, the right rotates (normal direction). (POR)
When ADC = “H”, the left rotates (reverse direction).

7. Set Entire Display OFF/ON: (A4H - A5H)
Forcibly turns the entire display on regardless of the contents of the display data RAM. At this time, the contents of the display
data RAM are held.
This command has priority over the normal/reverse display command.

= —

A0 — R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 0

RD WR

0 1 0 1 0 1 0 0 1
When D = “L”, the normal display status is provided. (POR)
When D = “H”, the entire display ON status is provided.

ing t tents of the display data
7 D D5 | D4 | D3 | D2 | D1 | DO

1 0 1 0 0 1 1 D
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9 Set Multiplex Ration: (Double Bytes Command)
This command switches default 64 multiplex modes to any multiplex ratio from 1 to 64. The output pads COMO0-COM®63 will
be switched to corresponding common signal.

® Multiplex Ration Mode Set: (A8H)

= —
A0 — R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 1 0 1 0 1 0 0 0
B Multiplex Ration Data Set: (O0H - 3FH)
E R/W . :
A0 — - D7 D6 D5 D4 D3 D2 D1 DO | Multiplex Ratio
RD WR
0 1 0 * * 0 0 0 0 0 0 1
0 1 0 * * 0 0 0 0 1 0 2
0 1 0 * * 0 0 0 0 1 1 3
0 1 0 : :
0 1 0 * * 1 1 1 1 1 0 63
0 1 0 * * 1 1 1 1 1 1 64 (POR
10. Set DC-DC OFF/ON: (Double Bytes Command)
This command is to control the DC-DC voltage converter. T. erter will be tur on uing this command then

display ON command. The panel display must be.o issui is command.

B DC-DC Control Mode Set: (ADH)
D5 fS DO

D5 | D4 | D3 | D2 | D1 | DO

m DC-DC

When D , DC-DC is disable.
When D = “H”, DC-DC will be turned on when display on. (POR)
Table. 8
DC-DC STATUS DISPLAY ON/OFF STATUS Description
0 0 Sleep mode
0 1 External VPP must be used.
1 0 Sleep mode
1 1 Built-in DC-DC is used,
Normal Display
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11. Display OFF/ON: (AEH - AFH)
Alternatively turns the display on and off.

= p—

A0 — Fﬂv D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR

0 1 0 1 0 1 0 1 1 1 D

When D = “L”, Display OFF OLED. (POR)
When D = “H”, Display ON OLED.

When the display OFF command is executed, power saver mode will be entered.

Sleep mode:

This mode stops every operation of the OLED display system, and can reduce current consumption nearly to a static current
value if no access is made from the microprocessor. The internal status in the sleep mode is as follows:

1)
2)
3)
4)

12. Set Page Address: (BOH - B7H)
Specifies page address to load display RAM data to page addre

Stops the oscillator circuit and DC-DC circuit.

Stops the OLED drive and outputs HZ as the segment/common driver output.

Holds the display data and operation mode provided before the start of the sleep mode.
The MPU can access to the built-in display RAM.

ccessed when its

page address and column address are specified. The lay Femai dress is changed.
E
A0 R/ D6
1 0
/3‘1 Page address
o 0
0 1
0 1 2
0 0 1 3
0 1 0 4
0 1 0 5
0 1 1 6
0 1 1 7

Note: Don’t use any commands not mentioned above for user.
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13. Set Common Output Scan Direction: (COH - C8H)
This command sets the scan direction of the common output allowing layout flexibility in OLED module design. In addition,

the display will have immediate effect once this command is issued. That is, if this command is sent during normal display,
the graphic display will be vertically flipped.

= o
A0 — RﬂV D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 1 1 0 0 D * * *

When D =“L", Scan from COMO to COM [N -1]. (POR)
When D = “H”, Scan from COM [N -1] to COMO.

14. Set Display Offset: (Double Bytes Command)
This is a double byte command. The next command specifies the mapping of display start line to one of COMO0-63 (it is
assumed that COMO is the display start line, that equals to 0). For example, to move the COM16 towards the COMO
direction for 16 lines, the 6-bit data in the second byte should be given by 010000. To move in the opposite direction by 16
lines, the 6-bit data should be given by (64-16), so the second byte should be 100000.

B Display Offset Mode Set: (D3H)

= —
A0 il RIW p3f| D 0
RD WR
0 1 0 0
B Display Offset Data Set: (00H~3FH)
6 0 COMx
0 0 (POR)
0 1
1 2
1 1 1 1 1 0 62
* 1 1 1 1 1 1 63

Note: “*” stan
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15. Set Display Clock Divide Ratio/Oscillator Frequency: (Double Bytes Command)

This command is used to set the frequency of the internal display clocks (DCLKSs). It is defined as the divide ratio (Value
from 1 to 16) used to divide the oscillator frequency. POR is 1. Frame frequency is determined by divide ratio, number of
display clocks per row, MUX ratio and oscillator frequency.

B Divide Ratio/Oscillator Frequency Mode Set: (D5H)

A7 - A4 sets

A0 % IT/\//_I\;V D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
0 1 0 1 1 0 1 0 1 0 1
B Divide Ratio/Oscillator Frequency Data Set: (00H - 3FH)
A0 % I?/\//_I\'\/’V D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
0 1 0 A7 | A6 | As | A4 | A3 | A2 | A1 | Ao
A3 - A0 defines the divide ration of the display clocks (DCLK). Divide Ration = A[3:0]+1.
A3 A2 A1l Ao Divide Ration
0 0 0 0
1 1 1 1
the oscillator frequency. Oscillator frequency ingrease with t
A7 A4
0
1
0 15%
1 -10%
0 0 -5%
1 0 1 fosc (POR)
1 1 0 +5%
0 1 1 1 +10%
1 0 0 0 +15%
1 0 0 1 +20%
1 0 1 0 +25%
1 0 1 1 +30%
1 1 0 0 +35%
1 1 0 1 +40%
1 1 1 0 +45%
1 1 1 1 +50%
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16. Set Dis-charge/Pre-charge Period: (Double Bytes Command)

This command is used to set the duration of the pre-charge period. The interval is counted in number of

DCLK. POR is 2 DCLKs.

B Pre-charge Period Mode Set: (D9H)

= —
A0 — R/_W D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO
RD WR
0 1 0 1 1 0 1 1 0 0 1
B Dis-charge/Pre-charge Period Data Set: (00H - FFH)
= —
A0 — Fﬂv D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 A7 | Ae | As | A4 | A3 | A2 | A1 | Ao
Pre-charge Period Adjust: (A3 - AO)
A3 A2 A1 Ao Pre-charge Period
0 0 0 0 INVALID
0 0 0 1 1 DCLKs
0 0 1 0
1 1 1 0
1 1 1
Dis-charge Period Adjust: (A7 - A4)
A4
0
1
0. = 2 DCLKs (POR)
0 14 DCLKs
1 1 15 DCLKs

17. Set Com
This com
layout

B Common Pads Hardware Configuration Mode Set: (DAH)

E R/W

A0 — — D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR

0 1 0 1 1 0 1 1 0 1 0

B Sequential/Alternative Mode Set: (02H - 12H)

= —

A0 — Fﬂv D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR

0 1 0 0 0 0 D 0 0 1 0

When D = “L”, Sequential.

COM31,30-1,0

SEGO, 1-130, 131

COM32, 33 - 62, 63

When D = “H”, Alternative.

(POR)

COM62,60-2,0

SEGO, 1-130, 131

COM1, 3-61,63
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18. Set VCOM Deselect Level: (Double Bytes Command)
This command is to set the common pad output voltage level at deselect stage.

B VCOM Deselect Level Mode Set: (DBH)

A0 E Fﬂv D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 1 1 0 1 1 0 1 1
B VCOM Deselect Level Data Set: (00H - FFH)
A0 E R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 A7 | Ae | As | A4 | A3 | A2 | A1 | Ao
Vcom = B X VRErF = (0.430 + A[7:0] X 0.006415) X VREF
A[7:0] B A[7:0] B
00H 0.430 20H
01H 21H
02H 22H
03H 23H
04H 24H
05H 25H
06H 6H
07H 27H
08H 28H
09H 29H
2AH
2BH
2CH
DH"
2EH
2FH
30H
31H
32H
33H
34H
35H 0.770 (POR)
36H
37H
38H
39H
3AH
3BH
1CH 3CH
1DH 3DH
1EH 3EH
1FH 3FH
40H - FFH 1
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19. Read-Modify-Write: (EOH)
A pair of Read-Modify-Write and End commands must always be used. Once read-modify-write is issued, column address is
not incremental by read display data command but incremental by write display data command only. It continues until End
command is issued. When the End is issued, column address returns to the address when read-modify-write is issued. This
can reduce the microprocessor load when data of a specific display area is repeatedly changed during cursor blinking or

others.

= —
A0 — R/_W D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 1 1 1 0 0 0 0 0
Cursor display sequence:
| Set Page Address |

il

| Set Column Address |

N
2

| Read-Modify-Write |

Dummy Read

Dat ces

Figure. 10

20. End: (EEH)
Cancels Read-Modify-Write mode and returns column address to the original address (when Read-Modify-Write is issued.)

= p
A0 — Rﬂv D7 | D6 | D5 | D4 | D3 | D2 D1 DO
RD WR
0 1 0 1 1 1 0 1 1 1 0
Return

|
Column address :X N X N+1 X N+2 Y N+3 ><:N+m

L Read-Modify-Write

mode is selected

LEnd

Figure. 11
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21. NOP: (E3H)

Non-Operation Command.
= —
A0 — Fﬂv D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
0 1 0 1 1 1 0 0 0 1 1

22. Write Display Data
Write 8-bit data in display RAM. As the column address is incremental by 1 automatically after each write, the

microprocessor can continue to write data of multiple words.

= —
A0 — Rﬂv D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RD WR
1 1 0 Write RAM data
23. Read Status
= —
AO — Rﬂv D7 D6 D5 D4 D3 |D2|D1|D0
RD WR
0 0 1 BUSY |ON/OFF *
BUSY: When high, the SH1106 is busy due to internal operation or res
low. The busy check is not required if enough time is_prov
ON/OFF: Indicates whether the display is on or off..\WWhen goes low t
turns off. This is the opposite of ay ON/OFF comman
24. Read Display Data
Reads 8-bit data from db n address and page a
increment.b mic ssor. can conti
dummy rea ddr ng setup. er to the display RAM section of FUNCTIONAL
DESCRIPTIO display data ca d he serial interface.
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Read RAM data
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Command Table

Control Mode Set

Contrast Data
Register Set

Contrast Data

6. Set Segment
Re-map (ADC)

7. Set Entire Display
OFF/ON

8. Set Normal/
Reverse Disp

Multiplex
Data Set

Code )
Command Function
D5 p3 | b2 | b1 | DO
Sets 4 lower bits of column

1'?%53”&?[2 Address 0 Lower column address |address of display RAM in

register. (POR = 00H)

2. Set Column Sets 4 higher bits of column
Address 4 higher 0 Higher column address |address of display RAM in
bits register. (POR = 10H)

3. Set Pump voltage Pump This command is to control

.value P 9 1 0 0 voltage |the DC-DC voltage output
value value. (POR=30H)

4. Set Display Start . Specifies RAM display line
Line Line address for COMO. (POR = 40H)

5. The Contrast 0 0 0 0 4 |This command is to set Contrast

Setting of the display.
The chip.has256 contrast steps
fron 00 to FF. (POR = 80H)

or left (1)
R = AOH)

when high. (POR = AG6H)

Multiplex Ratio

This command switches
default 63 multiplex mode to
any multiplex ratio from 1 to
64. (POR = 3FH)

1 1 0 1

This command is to control
the DC-DC voltage DC-DC
will be turned on when display
on converter (1) or DC-DC
OFF (0). (POR = 8BH)
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Command Table (Continued)

Code

Command —1—— Function
AO | RD|WR | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
. Turns on OLED panel (1) or
11. Display OFF/ON 0 1 0 1 0 1 0 1 1 1 D turns off (0). (POR = AEH)
Specifies page address to
load display RAM data to

12. Set Page Address 0 1 0 1 0 1 1 Page Address page address register. (POR

= BOH)

13. Set Common Scan from COMO to COM [N
Output Scan 0 1 0 1 1 0 0 D * * * |- 1]1(0) or Scan from COM [N
Direction -1]to COMO (1). (POR = COH)

14. '\EA)isplay Offset ol 1ol 1|10 1|0 o]l 1| 1 |Thisisadoublebyte

ode Set command which specifies
, the mapping of display start
g(lastplay OffsetData | 1 0 * * COMx line to one of COMO0-63.
15. Set Display Divide
Ratio/Oscillator
Frequency Mode 0 1 0 L 1 0
Set
Divide Ratio/Oscillator .
Frequency Data Set 0 1 0 Oscillator F
16. Dis-charge /
Pre-charge Period 0 1
Mode Set
Dis-charge period. (POR = 22H)
( 1 Dis-charge
This command is to set the
1 0 1 1 0 1 o0 |common signals pad
configuration. (POR = 12H)
ive Mode Set 1 0 0 0 0 D 0 0 1 0

18. VCOM D 0 1 0 1 1 0 1 1 0 1 1 |This command is to set the
Level Mode Set common pad output voltage
VCOM Deselect level at deselect stage.
Level Data Set 0 1 0 VCOM (B X VREF) (POR = 35H)

19. Read-Modify-Write | 0 1 0 1 1 1 0 0 0 0 0 |Read-Modify-Write start.

20. End 0 1 0 1 1 1 0 1 1 1 0 |Read-Modify-Write end.

21.NOP 0 1 0 1 1 1 0 0 0 1 1 |Non-Operation Command

22. Write Display Data | 1 1 0 Write RAM data

ON/ * * *
23. Read Status 0 0 1 |BUSY OFF 0 0 0
24. Read Display Data | 1 0 1 Read RAM data

Note: Do not use any other command, or the system malfunction may result.
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Command Description

Instruction Setup: Reference
1. Power On and Initialization
1.1. When the built-in DC-DC pump power is being used immediately after turning on the power:

Vopb1 - Vssis off
Vopz - Vssis off

Turn on the Vop1 - Vssand Vop2z - Vss power
keeping the RS pin="L"
(> 10us)

Function setup by command input (User setup):
—» (10) DC-DC Control set: ADH
Built-in DC-DC turn on: 8BH (POR)

v

When the power |S Stabmzed When the DC-DC Power ( Vprp )|S Stabilized .

Typically, 100ms delay is recommended to wait.

Release the reset(itgtues.’)( RES pin ="H"). Function setup by command input (User setup):
(11 ) Display ON set: AFH

’ ;

Initialized state (Default)

Typically, 150ms delay is recommended to wait.

Function setup by command input (User setup):
(6) Segment Re-map (ADC) selection

Function setup by command input (User setup):

: - (4) Display Start Line set
séllggtﬁ:)gM Sequential / Alternative Mode (12) Page Address set
(13) COM Output Scan Direction selection (1, 2) Column Address set
(9) Multiplex Ration Mode selection ¢
(15) Display Divide Ratio / Oscillator
Frequency Mode selection ( Display Data Send >
0 oY v IiDaFd ™

Function setup by command input (User setup):

(18) VCOM Deselect Level set
(5) Contrast set

(3) Vpp value set (suggested from Factory)

v

Function setup by command input (User setup):
Clear internal RAM to "00H"
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Vob1 - Vssis off
External DC-DC is off

Turn on the Vb1 - Vss power keeping the

RES pin="L"
(>10us)

When the power is stabilized

v

Release the reset state. ( RES pin = "H").
(>2us)

v

Initialized state (Default)

v

Function setup by command input (User setup):

(6) Segment Re-map (ADC) selection

(17) COM Sequential / Alternative Mode
selection

(13) COM Output Scan Direction selection

(9) Multiplex Ration Mode selection

(15) Display Divide Ratio / Oscillator
Frequency Mode selection

K YRl

Function setup by command input (User setup):
(18) VCOM Deselect Level set
(5) Contrast set

T INEi=

Function setup by command input (User setup):
Clear internal RAM to "00H"

32

1.2.When the external DC-DC pump power is being used immediately after turning on the power:

Turn on the external DC-DC Power and Vpris
on.

v

When the external DC-DC Power ( Vpp)is
stabilized .
Typically, 100ms delay is recommended to wait.

v

Function setup by command input (User setup):
(10) DC-DC Control set: ADH
Built-in DC-DC turn off: 8AH

v

Function setup by command input (User setup):
(11) Display ON set: AFH

v

Typically, 50ms delay is recommended to wait.

0 NIl Y b

Function setup by command input (User setup):
(4) Display Start Line set
(12) Page Address set
(1, 2) Column Address set

v

< Display Data Send >
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2. Power Off

< Optional status >

v

Function setup by command input (User setup):
(13) Display OFF set: AEH

v

Turn off the External DC-DC Power off and Vep
is off.

v

When the external DC-DC Power (Vrr) reach
ov.
Typically, 100ms delay is recommended to wait.

v

(I’urn off the Vop1 - Vss and Vo2 - Vss poweD
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Absolute Maximum Rating*

-0.3V to +3.6V
-0.3V to +4.3V
................ -0.3V to +13.5V
-0.3V to Vpp1 + 0.3V
......... -40°C to +85°C
-55°C to +125°C

DC Supply Voltage (VbD1)
DC Supply Voltage (VbD2)
DC Supply Voltage (VrPpP)
Input Voltage

Operating Ambient Temperature
Storage Temperature

Electrical Characteristics

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to this device.
These are stress ratings only. Functional operation of this
device under these or any other conditions above those
indicated in the operational sections of this specification is
not implied or intended. Exposure to the absolute maximum
rating conditions for extended periods may affect device
reliability.

DC Characteristics (Vss = 0V, Vbb1 = 1.65 - 3.5V Ta =+25°C, unless otherwise specified)

Symbol Parameter Min. | Typ. [ Max. [ Unit Condition
Vobp1 | Operating voltage 1.65 - 3.5 \Y,
Vop2 | Operating voltage 3.0 - 4.2 \%
Vpp | OLED Operating voltage 7.0 130 V
. Vob1 =3V, Vbp2 = 3V, IREF = 12.5 asta = 256
Dynamic current ’ ’ . ’
IbD1 consumption 1 - - 110 | pA |Internal charge pump OFF, Dis
IDD2 Dynamic (?urrent ) ) 2 mA
consumption 2
Ipp OLED dynamic current )
consumption
Sleep mode cutren ) )
cons 10fLin VDD1 D2
Isp Sleep mode current
consurtibtiontin ¥ - - sleep, TA = +25°C, Vpp = 9V (External )
3 ) A VpoD1 = 3V, VPP = 9V, IREF = -12.5uA, RLOAD = 20kQ,
K Display ON. Contrast o = 256.
Isec | Segment output current
) 25 ) A Vob1 = 3V, VPP = 9V, IREF = -12.5puA, RLOAD = 20kQ,
K Display ON. Contrast o = 32.
S ¥ outout t AISeG1 = (ISEG - IMID)/IMID X 100%
AlseG1 ur?i?ormit oulput curren - - +3 % | ImiD = (Imax + IMIN)/2
y Isec [0:131] at contrast o = 256.
AlSEG2 Adjacent segment output ) ) ) o AISEG2 = (ISEG[N] - ISEG [N+1])/(ISEG[N] + ISEG [N+1]) X 100%
current uniformity - ° |lIsec [0:131] at contrast a. = 256.
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DC Characteristics (Continued)

Symbol Parameter Min. Typ. Max. Unit Condition
ViHC  [High-level input voltage  [0.8 X VDD1 | - VbD1 V' |A0, DO -D7, RD(E), WR (R/W), CS,
ViLc | Low-level input voltage Vss - 10.2XVop1| V |CLS,CL, IM0~2 and RES.
VoHc [ High-level output voltage (0.8 X VDbD1 - VbD1 V |loH=-0.5mA (DO - D7, and CL).
VoLc | Low -level output voltage Vss - [0.2XVpp1| V |[loL=0.5mA (DO, D2 - D7, and CL)
i 0.2 X Vbp1 VDD1<2V
Voics | SDA low -level output Vss ; v loL=3mA (SDA)
voltage 0.4 VDD1>2V
LI Input leakage current -1.0 - 1.0 pA Vl_N: Vbp1 or Vss (AO’E(E)' WR(RIW),
CS, CLS, IM0~2 and RES).
IHZ HZ leakage current -1.0 - 1.0 pA When the DO - D7, and CL are in high
impedance.
fosc | Oscillation frequency 315 360 420 kHz [Ta=+25°C.
fERM Frame frequency for 64 ) 104 ) Hz When fosc = 360kHz, Divid ra7= 1,

Commons

common width = 5.
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AC Characteristics

(1) System buses Read/Write characteristics 1 (For the 8080 Series Interface MPU)

AO
tass taHs
4
Cs tr —»\;— —; / — trR \
tcycs
NN AN/ 774 ANNNAN
K 7 tccHr
tpss tbHs
D0~D7
(WRITE)
DO~D7
(READ)
Symbol P e
tcycs emcycle ti
tass Address setup time
tAH8 A h me
tDss a setup ti 80 - - ns
tDH8 a hold time 30 - - ns
tcHs put disable time 20 - 140 ns CL = 100pF
taccs | RD access time - - 280 ns | CL=100pF
tccLw | Control L pulse width (WR) 200 - - ns
tccLR | Control L pulse width (RD) 240 - - ns
tccHw | Control H pulse width (WR) 200 - - ns
tccHr | Control H pulse width (RD) 200 - - ns
trR Rise time - - 30 ns
tF Fall time - - 30 ns
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(Vbp1=2.4-3.5V, Ta = +25°C)

Symbol Parameter Min. Typ. Max. Unit Condition

tcycs | System cycle time 300 - - ns
tass Address setup time 0 - - ns
tAH8 Address hold time 0 - - ns
tpss Data setup time 40 - - ns
tDH8 Data hold time 15 - - ns

tcHs Output disable time 10 - 70 ns CL = 100pF

taccs | RD access time - - 140 ns | CL=100pF
tccLw | Control L pulse width (WR) 100 - - ns
tccLr | Control L pulse width (RD) 120 - - ns
tccHw | Control H pulse width (WR) 100 - - ns
tccHr | Control H pulse width (RD) 100 - - ns
trR Rise time - - 15 ns
tF Fall time - - 5 ns
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(2) System buses Read/Write Characteristics 2 (For the 6800 Series Interface MPU)

A0
R/W
tase taHe
s ,
tF —»\;— —;/ — tr \

tcyce

N

TEwLw fEWLR

fEwHW fEWHR

/2NN

) tpse tone |

R
"

I/l

~

DO~D7
(WRITE)

DO~D7
(READ)

Symbol

tcyce

tase

tAH6

tDse

tDHe

toHe

tacce ceess ti CL = 100pF

tewnw | Enable H pulse width (Write) 200 - - ns

tewHr | Enable H pulse width (Read) 240 - - ns

tewLw | Enable L pulse width (Write) 200 - - ns

tewLrR | Enable L pulse width (Read) 200 - - ns

trR Rise time - - 30 ns

tF Fall time - - 30 ns
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(Vppb1=2.4-3.5V, Ta = +25°C)

Symbol Parameter Min. Typ. | Max. Unit Condition

tcyce | System cycle time 300 - - ns
tase Address setup time 0 - - ns
taHe | Address hold time 0 - - ns
tpse Data setup time 40 - - ns
tDH6 Data hold time 15 - - ns

toHe Output disable time 10 - 70 ns CL = 100pF

tacce | Access time - - 140 ns CL = 100pF
tewHw | Enable H pulse width (Write) 100 - - ns
tewHR | Enable H pulse width (Read) 120 - - ns
tewLw | Enable L pulse width (Write) 100 - - ns
tewLr | Enable L pulse width (Read) 100 - - ns
R Rise time - - 15 ns
tF Fall time - - 15 ns
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(3) System buses Write characteristics 3(For the Serial Interface MPU)

cs —\Jl1 tcss

fos j/f

L

tsas

tsan

A0
tscyc
-\ tsLw V
scL \ /
tsHw
X ]
—) ¢ tF — — tr tr
tsbs tsbH
Sl
1=41.65- 3.5V, TA = +25°C)
Symbol Parameter Min. | Typ. | Max. | Units] b Conditi
tscyc Serial clock cycle 500 - - ns
tsAs Address setup time 300 - - ns
tsAH Address hold time 300 - - ns
tsps Data setup time - - ns
tSbH Data hold tim - - ns
tcss - . ns
tcsH - - ns
tSHwW - - ns
tsLw - ns
R - 30 ns
tF - 30 ns
(Vpbp1=2.4-3.5V, Ta=+25°C)
Symbol Parameter Typ. | Max. Unit Condition
tscyc erial clock cycle 250 - - ns
tsas Address setup time 150 - - ns
tsaH Address hold time 150 - - ns
tsbs Data setup time 100 - - ns
tsbH Data hold time 100 - - ns
tcss | CS setup time 120 - - ns
tcsH | CS hold time time 60 - - ns
tsHw Serial clock H pulse width 100 - - ns
tsLw Serial clock L pulse width 100 - - ns
R Rise time - - 15 ns
tF Fall time - - 15 ns
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3 I°C interface characteristics

! +
x + X
tBUF
tF
tLow «—
P -
SCL
—> — -— f— —> —r
tHD: START tr tHD:DATA thicH tsu:DATA
SDA
— —
tSU:START tsu:stop
(Vbb1 6 .5V, TA = +25°C)
Symbol Parameter Mi X Uni ondition
fscL SCL clock frequency 0 H
TLow 1 S
THIGH -
TSU:DATA 1 - nS
THD:DATA 0.9 uS
TR 20+0.1Cb - 300 nS
TF 20+0.1Cb - 300 nS
Cb - - 400 pF
Tsu:START | Setup timefor re-START 0.6 - - uS
THD:START | START Hold time 0.6 - - usS
Tsu:stopP | Setup time for STOP 0.6 - - usS
TRUF Bus free times between STOP 13 ) ) uS
and START condition
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(4) Reset Timing
tRw
RES
T trR
Internal circuit
status >< During reset End of reset
(Vpbp1=1.65 - 3.5V, Ta = +25°C)
Symbol Parameter Min. Typ. Max. Unit Condition
trR Reset time - - 2.0 us
tRwW Reset low pulse width 10.0 - - us
(Vpbp1=2.4-3.5V, Ta=+25°C)
Symbol Parameter Min. Typ. Max. Unit Condition
R Reset time - - 1.0 us
tRw Reset low pulse width 5.0 - - us
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Application Circuit (for reference only)
Reference Connection to MPU:
1. 8080 series interface: (Internal oscillator, External Vpp)

VDD

@} VDD1

L

Veo
VsL

Vss

JT_— IMO

IM1
IM2

SH1106

MPU

V COMH

CIN
CiP

L 1 C2N
| C2P

VBREF

w |IREF
R1

Figure. 12

L+
=
Cs 1 Vpp
=
[ —
g I

Note:

C3-Cs5,C7: 4.7uF. C1,C2, Ce: 0.22 ~ 1uF.
R1: about 560kQ, R1 = (Voltage at IREF - VsS)/IREF
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2. 6800 Series Interface: (Internal oscillator, Built-in DC-DC)

cs

RES

A0

MPU __
RIW

D7~D0

VbD2

Note:
C3-Cs5,C7: 4.7uF. C1,C2 Cs:0.22 ~1uF

R1: about 560kQ, R1 = (Voltage at IREF - VsS)/IREF

VDD

b

=L

I

VDD1

Vco
VsL

IMO
IM1
IM2

OMH

Vpp

CIN
CipP
C2N
C2P

VBREF

IREF

SH1106

Figure. 13
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3. Serial Interface(3-wire or 4-wire SPI): (External oscillator, External Vpp , Max 13.0V)

VDD
C3} VoD ——
£
- Ver —
VsL —
1 ® 7
- MO 3-wire SPI: IMO Fix to VDD1.
""" 4-wire SPI: IMO Fix to VSS.
M1 —
M2 — SH1106
cs b————-— N CS Either fix to Vss
RES RES
Not used in 3-wire SPI,
MPU A Pmmm A Fix to Vss.
WR
RD
D7~D2——— N€or Fixto Vs

NC or connect to VDD1

ﬂ\/\,— IREF
R1

Figure. 14

Note:

C3-Cs:4.7uF

R1: about 560kQ, R1 = (Voltage at IREF - VsS)/IREF

WR and RD are not used in SPI mode, should fix to VSS or VDD1.
CS can fix to VSS in SPI mode.
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4. I°C Interface: (Internal oscillator, Internal charge pump)

VDD1

—|_ VDDt

_I+
Cs

} Ve —

VsL —

Vss —

SH1106

RES

cs b+-+-—-—- :I CS ——+ Eitherfixto Vss

MPU —

SDA

VDI

VCOMH

VppP

[ — C1N
L C1P

o T S C2N
e C2P

VBREF

J;_/\/\/\/_ IREF
Ri

Figure. 15

Note:

C3-Cs,C7: 4.7uF. C1,C2, Cs: 0.22 ~1puF.

R1: about 560kQ, R1 = (Voltage at IREF - VSS)/IREF

The least significant bit of the slave address is set by connecting the input SAO to either logic O(VSS) or 1 (VDD1).
WR and RD are not used in I1°C mode, should fix to VSS or VDD1.

CS can fix to VSS in I°C mode.

The positive supply of pull-up resistor must equal to the value of VbbD1.
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Ordering Information

Part No.

Package

SH1106G

Gold bump on chip tray

Spec Revision History

47

Version Content Date
0.0 1. Original Sep.2011
1. Add 3-wire SPI.
2. Interface select pin rename to IMO~2.
0.1 (C86 rename to IM1, P/S rename to IM2.) 2011
3. Update Application Circuit.
4. Add Set Pump voltage value command. (Page 17,18,29
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