HOLTEK

HT16H25

RAM Mapping 60%x16 LCD Controller Driver

Features

* Logic Operating Voltage: 2.4V~5.5V

» Analog Operating Voltage: 2.4V~5.5V

* LCD Operating Voltage (Vicp): 2.5V~12V

* LCD display data RAM: 1208 bits=960 bits

* LCD display: Max. 60 segments and 16 commons
* Bias: 1/1, 1/2, 1/3, 1/4, 1/5; Duty: static, 1/2~1/16

¢ Internal LCD bias generated from charge pump or
resistor divider

* Internal RC oscillator
» Four general purpose output (GPO) ports

* GPO ports support binary output or PWM output
with 64-level PWM control

¢ Integrated Charge Pump

* Contrast Adjustment Function

* Support [?°C-bus or SPI 3-wire serial interface

» Selectable LCD frame frequencies

 Four selectable blinking frequencies

» Selectable A type or B type LCD driving waveform
» Package type: 80/100-pin LQFP

Applications
e Car display

* Leisure products

* Audio Combo display
* Video Player display
» Household appliance

¢ Consumer electronics

General Description

The HT16H25 is a memory mapping and multi-
function LCD controller driver which can be switched
to multi-duty. It can display up to 960 patterns for
1/16 duty. It supports up to 4 port GPO outputs to
control other devices. The GPO outputs also can be
set as PWM outputs with 64-level PWM control to
drive LED backlight. The HT16H25 is compatible
with most microprocessors/microcontrollers and
communicates via a 2-wire 1?°C-bus or a 3-wire SPI
serial interface.
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Pin Assignment
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Note: For HT16H25 80-pin LQFP, the charge pump function is invalid and is forbidden to be used. For normal
operation, the LCD bias circuit select command has to be set as 00010011b, which means that Vicp is
supplied from the external power and the LCD bias is generated by a resistor divider. The power condition:

Viep > Vop.
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Pin Description

Pin Name Type Description
VDD — | Positive power supply
VSS — | Negative power supply, ground
VLCD — | LCD power supply pin
VMAX | LCD driver circuit maximum reference voltage pin
Connected to the greatest voltage of Vop, Vico and VO
Vreg O |Internal regulator output. Bypass to VSS with 1uF or 4.7uF (1~10uF)
SPI Chip Select pin
CSB | This pin is active low and only available for SPI 3-wire interface.
When the I2C interface is used, this pin is not used and must be connected to VDD.
Serial clock input pin.
SCL/CLK | e Serial Clock (SCL) Input for I?C interface
e Serial Clock (CLK) Input for SPI 3-wire serial interface
Serial data input/output pin. Data is input to or comes out from the shift register at the
clock rising edge.
SDADIO Vo e I2C interface Serial Data (SDA) Input / Output — NMOS open-drain output
e SPI 3-wire interface Serial Data (DIO) Input / Output — CMOS output
Communication interface select pin
IFS | e IFS=VDD, the device communicates with MCU via 2-wire 12C interface.
e |[FS=VSS, the device communicates with MCU via 3-wire SPI interface.
C1P, C1N — | Flying capacitor pins. A capacitor should be connected between C1P and C1N
C2P, C2N — | Flying capacitor pins. A capacitor should be connected between C2P and C2N
C3P, C3N — | Flying capacitor pins. A capacitor should be connected between C3P and C3N
VO~V4 — | LCD bias voltage pin
GPO0~GPO3 O | General purpose outputs
COM0O~COM3 O |LCD Common outputs
COM4/SEG71~ ) .
COM15/SEG60 O |LCD common / segment multiplexed driver outputs
SEGO0~SEG59 O |LCD Segment outputs

Approximate Internal Connections

CSB, CLK, IFS (for Schmitt trigger type) SCL, SDA (for Schmitt trigger type) DIO (for Schmitt trigger type)
VDD oVDD vRp
- 0 VSS
GPOO ~ GPO3 COMO~COMS;
COM4/SEG71 ~ COM15/SEG60;
SEGO ~ SEG59
VDD —Lvpbp
Vselect-on
|_ Vss
—{]
—LVDD
|_ Vselect-off E‘l } g]
1 vss _l_VSS
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Absolute Maximum Ratings

Logic Supply Voltage............. V0.3V to Vsst6.5V Storage Temperature ......................... -55°C to 150°C
Driver Supply Voltage........... Vss-0.3V to Vss+13.2V Operating Temperature ..............c.c...... -40°C to 85°C
Input Voltage .........ccceoveenenenne. Vss-0.3V to Vpp+0.3V

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maximum Ratings”
may cause substantial damage to the device. Functional operation of this device at other conditions beyond
those listed in the specification is not implied and prolonged exposure to extreme conditions may affect
device reliability.

D.C. Characteristics
Vss=0V, Vpp=2.4V~5 5V, Ta=-40°C~85°C

Test condition

Symbol Parameter Min. | Typ. | Max. | Unit
Voo Condition

Voo Logic Operating Voltage — — 2.4 — 5.5 \%

Vico LCD Operating Voltage — — 2.5 — 12 \%

Vreg Regulator Output Voltage 5.0V | Regulator output=2.4V 228 | 24 | 252 \%
3.3V |No load, All analog circuits off — — 1 HA

IsTe1 Vop Standby Current

5.0V |All registers are set to default value — — 2 pA

3.3V |No load, All analog circuits off — — 1 HA
lsrez Vico Standby Current 5.0V | All registers are set to default value _ = 2 uA

3.3V |No load, LCD Display off, — 5 10 MA
) Voo Operating Current Internal oscillator on, PWM disable

5.0V | Other settings are set to default value | — 10 20 MA

3.3V |No load, LCD Display off, — 15 30 pA
Iop1 Voo Operating Current Internal oscillator on, PWM enable

5.0V | Other settings are set to default value | — 25 50 pA

No load, LCD Display on,
3.3V | Internal oscillator on, PWM disable — 260 | 520 pA
Regulator Voltage=2.4V

Ibb2 Vop Operating Current Charge pump ratio=x5
5.0V |LCD bias circuit=charge pump — 240 | 480 pA
Other settings are set to default value
No load, LCD Display on,
3.3V | Internal oscillator on, PWM enable — 280 | 560 pA
. Regulator Voltage=2.4V
Ibps Voo Operating Current Charge pump ratio=x5
5.0V |LCD bias circuit=charge pump — 260 520 pA
Other settings are set to default value
No load, LCD Display on, Vico=12V,
Ivieo Vico Operating Current 5.5V | Bias circuit=resistor divider — 180 | 360 MA
Other settings are set to default value
ViH Input High Voltage — |CSB, CLK, DIO 0.7Voo| — Voo Vv
Vi Input Low Voltage — |CSB, CLK, DIO 0 — 10.3Vmp| V
I Input Leakage Current — | Vin=Vss or Voo -1 — 1 MA
| High Level Output Current | 22" |\/0x=0.9Vo for DIO, GPO S l=1 = |m
i evel Output Curren =0. or ,
OH [°] p 50v | " DD o — - vy
3.3V 6 — — mA
lo Low Level Output Current VoL=0.4V for SDA, DIO, GPO
5.0V 3 — — mA
Vicp=12V, Vor=10.8V -84 | -14 — mA
lor LCD Common Source Current| —
Vico=5V, Von=4.5V -2.1 -3.5 — mA
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Test condition
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Condition
) Vieo=12V, Vor=1.2V 16.8 | 28 — mA
lot LCD Common Sink Current —
Vico=5Y, Vo=0.5V 4.2 7 —_ mA
Vicp=12V, Von=11.8V -4.8 -8 — mA
lon2 LCD Segment Source Current| —
Vico=5V, Von=4.5V -1.2 -2 — mA
) Vieo=12V, Vor=1.2V 9.6 16 — mA
lot2 LCD Segment Sink Current —
Vieco=5Y, Vo=0.5V 2.4 4 —_ mA

A.C. Characteristics
Ves=0V, Vpp=2.4V~5 5V, Ta=-40°C~85°C

Test Condition
Symbol Parameter Min. Typ. Max. | Unit
Vop Condition
fosc1 Oscillator Frequency 3.3V — 221.84 | 245.76 | 270.33 | kHz
fosc2 Oscillator Frequency 3.3V — 55.26 | 614 | 67.54 | kHz
fieo LCD Frame Frequency 3.3V | F[3:0]=1010, duty=1/16 180 200 220 Hz
Vop Start Voltage to ensure
Veor Power-on Reset o - 0.05 - 0.1 v
Vop Rise Rate to ensure Power-on
RRror Reset — — 0.05 — — V/ms
t Minimum Time for Voo to remainat | . 10 . . ms
POR Vror to ensure Power-on Reset

A.C. Characteristics — I°C Interface
Vss=0V, Vpp=2.4V~5 5V, Ta=-40°C~85°C

Vbp=2.4V~5.5V | Vpp=3.0V~5.5V
Symbol Parameter Condition Unit
Min. | Max. | Min. | Max.
fscL Clock Frequency — — 100 — 400 kHz
T e e e 47 | = 13— |
fuors | Start Condition Hold Time i‘;ﬁ;;gztﬁ”o‘j' thefirstelockpulse| 4 _ | g6 | — | us
tow SCL Low Time — 4.7 — 1.3 — us
thicH SCL High Time — 4 — 0.6 — us
tsw:sm | Start Condition Setup Time Sonr%igﬁ"a”t forrepeated START | 47 | _ | 06 | — | us
tuo:par | Data Hold Time — 0 — 0 — ns
tsu:par | Data Setup Time — 250 — 100 — ns
tr SDA and SCL Rise Time Note — 1 — 0.3 us
tr SDA and SCL Fall Time Note — 0.3 — 0.3 us
tsu:sto | Stop Condition Set-up Time — 4 — 0.6 — us
taa Output Valid from Clock — — 3.5 — 0.9 us
tsp I(ngu; Z!‘tgrngiiig?Stant Noise suppression time — 100 — 50 ns

Note: These parameters are periodically sampled but not 100% tested.
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A.C. Characteristics — SPI 3-wire Serial Interface
Vss=0V, Vpp=2.4V~5.5V, Ta=-40°C~85°C

Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
Vob Condition

For write data 250 — — ns
tsvs Clock cycle time —

For read data 1000 — — ns

For write data 50 — — ns
tew Clock Pulse Width —

For read data 400 — — ns
tos Data Setup Time — | For write data 50 — — ns
ton Data Hold Time — | For write data 50 — — ns
tesw “H” CSB Pulse Width — — 50 — — ns
‘ CSB Setup Time For write data 50 — — ns

oot (CSB| - CLK1) For read data 400 — — ns
t CS Hold Time o o 2 . . s
cst (CLK? — CSB1) H
+ trp=10% to 90%
teo DATA Outbut Delay Time — |Co=15pF — | — | 350 | ns
(CLK-DIO) tro=10% to 10%

Timing Diagrams

I12C Bus Timing

tsusto—
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SPI 3-wire Bus Timing

| Etosi—>
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|
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» Time
< >
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Note: 1. If the reset timing conditions are not satisfied during the power ON/OFF sequence, the internal Power on
Reset (POR) circuit will not operate normally.

2. If it is difficult to meet power on reset timing conditions, execute software reset command after Power on.
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Functional Description

Power-on Reset

When power is turned on, the device is initialised by
an internal power-on reset circuit. The internal circuit
status after initialisation is as follows:

» All registers are set to their default value but the
contests of the RAM are not affected.

e The drive mode with 1/16 duty and 1/5 bias is
selected.

» The System Oscillator is off

* The LCD Display is in an off state.

* All common outputs are set to Vss.

* All segment outputs are set to Vss.

* All GPO outputs are set to Vss.
 The Internal regulator is disabled.

* The Charge pump is off.

» The LCD bias circuit is off.

» The GPO pins are set as binary mode.
» The Frame Frequency is set to 200Hz.
» The Blinking Frequency is set to off.

Data transfers on the I>C-bus or SPI 3-wire serial bus
should be avoided for 1ms following a power-on to
allow the reset initialisation operation to complete.

System Oscillator

The timing for the internal logic, the LCD driver
signals and the PWM signals are generated by an
internal oscillator. The System Clock frequency (fsys)
determines the LCD frame frequency and the PWM
frame frequency.

Internal Regulator

The internal regulator is used for the charge pump
input. The regulator output can be set from 1.0V to
4.1V. The regulator output ready time is about 200ms.
The Vreg pin is the regulator output and bypasses
with a capacitor to VSS. Note that Ve < Vpp - 0.2V.

Charge Pump

The charge pump is used to generate the Vicp, which
is the LCD driving voltage. The input voltage can be
supplied from the Vpp or the internal regulator using
commands. The circuit diagram is shown below.

VDD

To charge
pump input

\

LDO

Vreg

&

The charge pump ratio can be set to X2, x3, x4 or x5.
The charge pump configuration is shown below. Due
to process limitation, the VO or Vicp cannot be greater
than 12V, which is forbid to use.
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Charge Pump
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mMEman
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—C2N
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Charge Pump VO VO/VLCD Charge Pump VO 0 VO/VLCD
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O O O O O O O O O O O O /f_
Charge Pump VO O VO/VLCD Charge Pump VO O VO/VLCD
*3 V1 o V1 x4 V1 o V1
V2 ® o V2 V2 oV2
V3 i V3 * o V3
V4 i V4 _T_______

The relationship between the charge pump input voltage, the charge pump ratio and the output voltage is shown in
the following table. Note that it is forbidden to use when the charge pump output voltage is greater than 12V.

Charge Pump Charge Pump Charge Pump Charge Pump

Input Voltage Output Voltage (V) Input Voltage Output Voltage (V)
10 | 1.0 | 20 | 3.0 | 40 | 50 27 | 27 | 54 | 81 | 10.8 | 13.5
1.1 1.1 22 | 33 | 44 | 55 28 | 28 | 56 | 84 | 11.2 | 14.0
12 | 12 | 24 | 36 | 48 | 6.0 29 | 29 | 58 | 87 | 116 | 145
13 | 13 | 26 | 39 | 52 | 65 30 | 30 | 6.0 | 9.0 | 12.0 | 15.0
14 | 14 | 28 | 42 | 56 | 7.0 3.1 31 6.2 | 93 | 124 | 155
15| 15 | 30 | 45 | 60 | 75 32 | 32 | 64 | 96 | 128 | 16.0
16 | 16 | 32 | 48 | 64 | 80 33 | 33 | 66 | 99 | 182 | 16.5
1.7 1.7 3.4 5.1 6.8 | 8.5 Regulator | 3.4 3.4 6.8 | 10.2 | 136 | 17.0

Regulator | 1.8 | 18 | 36 | 54 | 7.2 | 9.0 35 | 35| 7.0 | 105 | 140 | 17.5

19 | 19 | 38 | 57 | 76 | 95 36 | 36 | 72 | 10.8 | 144 | 18.0
20 | 20 | 40 | 6.0 | 80 | 10.0 37 | 3.7 | 74 | 111 | 148 | 185
2.1 2.1 42 | 63 | 84 | 105 38 | 38 | 76 | 114 | 1562 | 19.0
22 | 22 | 44 | 66 | 88 | 11.0 39 | 39 | 78 | 11.7 | 156 | 19.5
23 | 23 | 46 | 69 | 92 | 115 40 | 40 | 80 | 12.0 | 16.0 | 20.0
24 | 24 | 48 | 72 | 96 | 120 4.1 4.1 8.2 | 123 | 164 | 20.5
25 | 25 | 50 | 75 | 10.0 | 125 Voo 33 | 33 | 66 | 99 | 182 | 16.5
26 | 26 | 52 | 78 | 104 | 13.0 5 5.0 | 10.0 | 15.0 | 20.0 | 25.0

x2, 1/2 bias — V1 VO x2, 1/2 bias — V1 VO

x3, 1/3 bias — V2 V1 Vo x3, 1/3 bias — V2 V1 VO

x4, 1/4 bias — V3 V2 V1 VO x4, 1/4 bias — V3 V2 V1 VO

x5, 1/5 bias — V4 V3 V2 V1 VO x5, 1/5 bias — V4 V3 V2 V1 VO
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Contrast Adjustment

The contrast adjustment is used to adjust the V0. The contrast adjustment specification is shown in the following
table for each LCD bias circuit.

Contrast Adjustment | LCD Bias Circuit
No support Charge Pump
4-bit adjustable Resistor Divider

The contrast adjustment formula for the resistor divider is shown below.

Resistor VO Formula
4K V0=VLCDXW
8K V0=VLCDxm
16K V0=VLCDXW

where B=1/bias, ex: bias=1/5, B=5

Adjustment

t |
222
4-bit Contrast | |
| |
| |

LCD Bias Generator
The LCD bias can be generated by the charge pump or the resistor divider using commands.

When the LCD bias generator is set to the charge pump, the LCD bias is generated by the pumping voltage. The
charge pump ratio selection is depending on the bias setting, the relationship between LCD bias and charge pump
ratio is shown in the following table.

Refer to the “Charge Pump” section to obtain the charge pump configuration for each charge pump ratio. All
capacitors connected to the charge pump use 0.1puF. The charge pump output ready time is about 20ms.

LCD Bias Charge Pump Ratio Setting

Static Charge Pump Input Voltage
12 x2
13 x3
1/4 x4
1/5 x5
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The circuit diagram for LCD 1/2 bias and 1/5 bias are shown below.

z
N
o

When the LCD bias is generated by the resistor divider, there are 3 kinds of resistor values, 4K, 8K and 16K. The

Viep is only supplied from the external VLCD pin.

Bias = 1/2
Charge Pump VO oV0o
*2 V1 oV1
V2
V3
Z &% Zgzwe
O O O O O O
Bias = 1/5
Charge Pump VO oVo0
x5 Vi o V1
V2 O V2
V3 O V3
V4 T O V4
J T

VLCD
VLCD O—4——P
4-bit Contrast
Adjustment
\ile; L 4 L 4 L 4 P VO
16K 8K 4K
V10O~ V1
16K 8K 4K
V20— V2
16K 8K 4K
I [
V3O i i 2 L 2 P V3
16K 8K % 4K §
V4O : 3 b ® P V4
16K 8K§ 4K }

LCD
Bias
Selector

LCD
Bias
Selector

HT16H25

LCD Bias
Selector
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Common Driver Outputs

The LCD driver section includes common outputs which should be connected directly to the LCD panel. The
common output signals are generated in accordance with the selected LCD drive mode. The unused common
outputs should be left open-circuit.

Common/Segment Driver Outputs

The common/segment driver can be set as a common or segment driver with LCD configuration. The unused
outputs should be left open-circuit.

Segment Driver Outputs

The LCD driver section includes segment outputs which should be connected directly to the LCD panel. The
segment output signals are generated in accordance with the multiplexed common signals and with the data
resident in the display latch. The unused segment outputs should be left open-circuit.

GPO Driver Outputs
The GPO driver is used to connect other devices and output control signals. It also can be set as PWM outputs.
There are 64 steps output in PWM outputs. The PWM outputs can be used to control LEDs.

PWM Control

The device supports 64-level PWM control function. The PWM outputs can be set as 1/64~64/64 duty output in
each PWM frame frequency. The PWM signal is synchronous with the internal clock. The PWM outputs with
different PWM duty settings are shown below.

The PWM frame frequency depends on the LCD frame frequency. Refer to “Frame Frequency Setting Command”
for more information.

£ »
'

: PWM
PWMduty [1/64 [2/64 [3/64 JaBa]5/64 | — ——————————————— — — — [62/64] 63/64 [ 64/64

PWM data=00h VDD
PWM duty = 1/ 64 VSS
PWM data = 01h —| VDD
PWM duty = 2/64 | VSS
PWM data = 02h —| VDD
PWM duty = 3/64 —| VSS
PWM data = 03h | VDD
PWM duty = 4/64 —| VSS
PWM data = 04h | VDD
PWM duty = 5/64 VsS
PWM data = 3Dh VDD
PWM duty = 62/64 __| |— VSS
PWM data = 3Eh VDD
PWM duty = 63/64 | |_ VSS
PWM data = 3Fh VDD
PWM duty = 64/64 VsS

Display Memory — RAM Structure

The display RAM is a static 60x8x2 bits capacity RAM in which is stored the LCD data. A logic “1” in the RAM
bit-map indicates an “on” state of the corresponding LCD segment. Similarly a logic 0 indicates an ‘off” state.

There is a one-on-one correspondence between the display memory addresses and the segment outputs, and
between the individual bits of a RAM word and the column outputs. The following shows the mapping from the
RAM to the LCD pattern.

The page memory function is supported when the duty is less than or equal to 1/8, user can write display data to
page 0 RAM and page 1 RAM, then choose which page memory to display using commands.
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The following shows the maximum memory address and the valid commons for each duty.

Duty Max. Memory Address Duty Vaild Commons
1/16 77h 1/16 COMO~COM15
1/15 79h 1/15 COMO~COM14
114 7Bh 114 COMO~COM13
113 7Dh 113 COMO~COM12
112 7Fh 112 COMO~COM11
111 81h 111 COMO~COM10
110 83h 1/10 COMO~COM9
1/9 85h 1/9 COMO~COM8
1/8 43h 1/8 COMO~COM7
17 44h 17 COMO~COM6
1/6 45h 1/6 COMO~COM5
1/5 46h 1/5 COMO~COM4
1/4, 113, 112, static 47h 1/4 COMO~COM3
1/3 COMO~COM2
1/2 COMO, COM1
static COMo

The following shows the memory map for duty=1/16~1/9.

D7 D6 D5 D4 D3 D2 D1 DO Data D7 D6 D5 D4 D3 D2 D1 DO Data
COM15 | COM14 | COM13 | COM12 | COM11 | COM10 | COM9 | COM8 | Address | COM7 | COM6 | COM5 | COM4 | COM3 | COM2 | COM1 | COMO | Address

SEGO 01h 00h

SEG1 03h 02h

SEG2 05h 04h
SEG56 71h 70h
SEG57 73h 72h

duty | SEG58 75h 74h
1/16 | SEG59 77h 76h
1/15 || SEG60 79h 78h
1/14 || SEG61 7Bh 7Ah
1/13 || SEG62 7Dh 7Ch
112 || SEG63 7Fh 7Eh
1/11 | SEG64 81h 80h
1/10 | SEG65 83h 82h
1/9 | SEG66 85h 84h

The following shows the memory map for duty=1/8~1/5, 1/4~static.

Page 0, PM=“0" Page 1, PM=“1"
D7 D6 D5 D4 D3 D2 D1 Do Data D7 D6 D5 D4 D3 D2 D1 Do Data

COM7 | COM6 | COMS5 | COM4 | COM3 | COM2 | COM1 | COMO | Address COM7 | COM6 | COM5 | COM4 | COM3 | COM2 | COM1 | COMO | Address
SEGO 00h SEGO 00h
SEG1 01h SEG1 01h
SEG2 02h SEG2 02h
SEG64 40h SEG64 40h
SEG65 41h SEG65 41h
duty | SEG66 42h SEG66 42h
8 SEG67 43h SEG67 43h
7 SEG68 44h SEG68 44h
6 SEG69 45h SEG69 45h
5 SEG70 46h SEG70 46h
1,2,3,4 | SEG71 47h SEG71 47h

The following shows a data transfer format for I°C or SPI 3-wire serial interface.

MSB LSB
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
D7 D6 D5 D4 D3 D2 D1 DO
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LCD Drive Mode Waveforms

The following shows a part of LCD drive waveforms.

Duty=1/8, Bias=1/4, A Type Driving Waveform

The waveform and LCD display is shown below:

|
l 1 Frame >
VA1 — M1 1 M

COMO V2
V3 — - - - -
T
]

|
|
|
|
|
|

V1 ' T e T e T e O
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V3 — - - -4
|
|
|
|
|
|

VSS

VO

V1
COM®6 V2
V3

VSS

VO
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Ccom7 V2

o L™

VSS —l—

VO 7] 1 1

V1
SEGn V2

v3
vss =

VO 1 1 1
V1 _‘
SEG n+1

V2
V3
vss | L S )

VO | — —
v : —‘ :
SEG n+2 V2
vss +— —
VO | ] I
(AR I
SEG n+3

V2
V3

vss — —

Note: t.eo=1/fLep
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| | | |
I_l_._.l_._.J_._._l.
} COM2~COMS5 sides All
| segments are off

- == et e &

[ I |

@ on O:0FF
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Duty=1/8, Bias=1/4, B Type Driving Waveform

The waveform and LCD display is shown below:
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Note: teep=1/fLep.
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Duty=1/16, Bias=1/5, A Type Driving Waveform

The waveform and LCD display is shown below:

| < 1 Frame

LCD segment
SEG, SEGn+1 SEGq+2 SEGnh:3
COMO V3

VO |
Vi
com1 V2
V3
V4
VSS | L
|
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|
|
|
|
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SEG, V2 —
V3
V4
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SEGn1 3

i
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Note: teo=1/fLcp.
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Duty=1/16, Bias=1/5, B type Driving Waveform

The waveform and LCD display is shown below:

< 1 Frame I LCD segment

SEGn SEGh:1 SEGn+2 SEGns

-__T:I._r______
LI

COM14 V2
V3

V4
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d
|
|
|
COoM1 g; AL—‘
|
|
1
:
|
!

—= | E{h

V3
V4 |_ :ON : OFF
vss e O

Note: trep=1/frep.
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Command Summary

Command Table

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
Software Reset w 1 0 1 0 1 0 1 0 AAh
LCD RAM R/W Command
W 1 0 0 0 0 0 0 0 80h

Write Display Data

to Page 0 W | A7 | A6 | A5 [ A4 | A3 | A2 | A1 | A0 | 00h |A[7:0]: Address Setting
W | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D[7:0]: Display Data
_ wl1]lo]olo] o 0 0 1 | 8th
Read Display Data |, "T"07"1"Ag | A5 | A4 | A3 | A2 | A1 | A0 | 00h |A[4:0]: Address Setting
from Page 0
R |D7|D6| D5 | Da| D3 | D2 | D1 | DO D[7:0]: Display Data
o wlol1]1]1 0 0 0 0 | 70n
Yg’rg:g'?a'ip'ay Data "\ "A7 | A6 | A5 | A4 | A3 | A2 | A1 | A0 | 00h |RAM Address Setting
W | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D[7:0]: Display Data
. wlol1]1]1 0 0 0 1| 71n
ffgidngsg'?y Data "\ T"A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO | 00h |A[4:0]: Address Setting
R |D7|D6|D5 | Da| D3 | D2 | D1 | DO D[7:0]: Display Data
Page Configuraton| W | 0 1 1 1 0 0 1 0 72h
Mode W X | X | X X X X PM | 00h |PM: Page configuration
LCD Function Command
wlt1t]o]olo] o 0 1 0 | 82h
Drive Mode Settin -0 i
9 w |DT3|DT2 |DT1|DTO| X | BS2 | BS1 | BSO | Frh |DT13:01: Duty setting
BS[2:0]: Bias setting
N wl1]lo]olol] o 1 0 0 | 84h
Driving Waveform DW- Drivi ;
Setting W X X X X X X X DW | 00h - Driving waveform
setting
wl1]lo]o]lo] o 1 1 0 | 86h
System Mode S: Oscillator ON/OFF
Settin . Oscillator
9 w X X X X X X S E 00h E: LCD Display ON/OFF
wl1|lo]olo 1 0 0 0 | 88h
Frame Frequency 1301 F =
Setting W X | x| x| x| F | F2 | Ft| Fo|oan|F30kFrameFrequency
Setting
w!1|o]o]lo 1 1 0 | 8Ah
Blinking Setti 01 Bli
inking Setting W X | x| x| x| x | x | BKi|BKko | oon |BKIIOIBlink Frequency
Setting
GPO Data R/'W Command
w!l1]lo]ol]1 0 0 0 0 | 90n
Write GPO Data ~DO: ~
' W | X | X | x| x| b3 | p2| b1 | DO D3~D0: GPO3~GPOO
Data
GPO/PWM Function Command
w!l1]lo]ol]1 0 0 1 0 | 92n
Binary/PWM BPS3~BPS0:Select
Select W | X | X | X | X |BPS3 BPS2|BPS1|BPS0| 00h |GPOn as binary or PWM
function
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Command

\R/W\Biﬂ \ Bit6 \ Bit5 \ Bit4\ Bit3 \ Bit2 \ Bit1 \ Bit0 \ Def.

Note

PWM Data R/W Command

W 1 0 1 1 0 0 0 0 BOh
PWM Enable PEN3~PENO: PWM
W X X X X | PEN3 |PEN2 | PEN1|PENO | 00h Enable of GPO3~GPO0
W 1 0 1 1 0 0 1 0 B2h
Write PWMO Data :0]:
W | X | X |D5|Dp4| D3 | D2 | D1 | DO DI5:0]:-PWM data of
GPOO
W 1 0 1 1 0 1 0 0 B4h
Write PWM1 Data :0]:
' W | X | X |D5|D4| D3 | D2 | DI | DO DIS:01:PWM data of
GPO1
W 1 0 1 1 0 1 1 0 B6h
Write PWM2 Data :0]:
W | X | X |D5|D4| D3 | D2 | D1 | DO DI5:0]:PWM data of
GPO2
W 1 0 1 1 1 0 0 0 B8h
Write PWM3 Data :0]:
' W /| X | X |D5|D4| D3 | D2 | D1 | DO DIS:01:PWM data of
GPO3
Charge Pump Function Command
W 1 1 0 0 0 0 0 0 COh
Charge Pump VS: Input Voltage Setting
Input Voltage RE: Regulator Enable
Setting W | VS | RE| X |RV4| RV3 | RV2 | RV1 | RVO | 00h RV[4:0]: Regulator
Voltage Setting
W 1 1 0 0 0 0 1 0 C2h
Charge Pump gE:tEI)harge Pump
Control nable
W | CE |[CR2|CR1|CRO| X X X X 00h CR[2:0]: Charge Pump
ratio setting
LCD Bias Function Command
W 1 1 0 1 0 0 0 0 DOh
LCD Bias Circuit giL?D Bias Voltage
Select elec
W X X X | BV X X BC1 | BCO | 00h BC[1:0]: LCD Bias
Circuit Select
W 1 1 0 1 0 0 1 0 D2h
Contrast CAI3:01: Contrast
Adjustment W | X | X | X | X | CA3 | CA2 | CAT | CA0 | oon |SAL3:Ok Contras
Adjustment
W 1 1 0 1 0 1 0 0 D4h
Bias Resistor Set :0]: Bi i
W X X X X X X BR1 | BRO | 02h BR[1:0]: Bias Resistor

Select

Note: 1. X: Don’t care.

2. If programmed command data is not defined, the function will not be affected.
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Software Reset Command

This command is used to initialise the device.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
Software Reset | W 1 0 1 0 1 0 1 0 AAh
Note:
e The status after software reset is the same as power-on reset. Refer to the power-on reset section for more
information.

Write Display Data to Page 0 Command

This command is used to write the LCD display data to page 0.

Command | R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
o wo| o1 0 0 0| o 0 0 0 | 8on
Write Display ™\ ""A7 T A6 | A5 | A4 | A3 | A2 | A1 | A0 | 00h |A[7:0]: Address Setting
Data to Page 0
W | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D[7:0]: Display Data

Note:

e A[7:0]: LCD RAM address setting. The maximum address for each duty is shown in the “Display Memory — RAM
Structure” section.

e D[7:0]: Display data. For the relationship between display and LCD display RAM, refer to the “Display Memory —
RAM Structure” section.

e The input data is invalid if the LCD RAM address exceeds the address range.

Read Display Data from Page 0 Command

This command is used to read the LCD display data from page 0.

Command | RIW | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
Read Display | W | 1 0 0 0 0 0 0 1 | 81h
Data from W | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD | 00h |A[7:0]: Address Setting
Page 0 R | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D[7:0]: Display Data
Note:

e A[7:0]: LCD RAM address setting. The maximum address for each duty is shown in the “Display Memory — RAM
Structure” section.

e D[7:0]: Display data. For the relationship between display and LCD display RAM, refer to the “Display Memory —
RAM Structure” section.

Write Display Data to Page 1 Command

This command is used to write the LCD display data to page 1.

Command | RIW | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
N w | o 1 1 1 0 0 0 0 | 70n
Write Display ™\ "1 A7 1" A6 | A5 | A4 | A3 | A2 | Al | A0 | 00h |A[7:0]: Address Setting
Data to Page 1
W | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D[7:0]: Display Data

Note:

e A[7:0]: LCD RAM address setting. The maximum address for each duty is shown in the “Display Memory — RAM
Structure” section.

e D[7:0]: Display data. For the relationship between display and LCD display RAM, refer to the “Display Memory —
RAM Structure” section.

e The input data is invalid if the LCD RAM address exceeds the address range.

e This command is valid when duty < 1/8, it is forbidden to use when the duty is set to 1/9~1/16.
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Read Display Data from Page 1 Command
This command is used to read the LCD display data from page 1.
Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
_ w 0 1 1 1 0 0 0 1 | 71h
Read Display ™\v ™17 A7 " "Ag | A5 | A4 | A3 | A2 | A1 | AO | 00h |A[7:0]: Address Setting
Data from Page 1
R | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D[7:0]: Display Data

Note:

e A[7:0]: LCD RAM address setting. The maximum address for each duty is shown in the “Display Memory — RAM
Structure” section.
e D[7:0]: Display data. For the relationship between display and LCD display RAM, refer to the “Display Memory —
RAM Structure” section.
e This command is valid when duty < 1/8, it is forbidden to use when the duty is set to 1/9~1/16

Page Configuration Mode Command

This command is used to set the RAM page.

Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note

Page W 0 1 1 1 0 0 0 72h
Configuration ] ]

Mode w X X X X X X PM | 00h |PM: Page configuration
Note:

PM Page Configuration
0 Page0, the LCD display data is from page 0 RAM (default)
Page1, the LCD display data is from page 1 RAM

e This command is valid when duty < 1/8, it is forbidden to use when the duty is set to 1/9~1/16.

Driver Mode Setting Command

This command is used to set the LCD duty and bias.

Command | R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
) W 1 0 0 0 0 0 0 82h
Drive Mode DT[3:0]: Duty setting
Setting W | DT3 | DT2 | DT1 | DTO X BS2 | BS1 | BSO | F7h BS[2:0]- Bias setting
Note:
DT3 | DT2 | DT1 | DTO | Duty Setting DT3 | DT2 | DT1 | DTO Duty Setting
0 0 0 0 |Static 1 0 0 0 |19
0 0 0 1 12 1 0 0 1 110
0 0 1 0 [1/3 1 0 1 0 |11
0 0 1 1 1/4 1 0 1 1 112
0 1 0 0 |1/5 1 1 0 0 |1/13
0 1 0 1 1/6 1 1 0 1 114
0 1 1 0 |17 1 1 1 0 |115
0 1 1 1 1/8 1 1 1 1 1/16 (default)
BS2 | BS1 | BSO Bias Setting
0 0 0o |11
0 0 1 12
0 1 0 |1/3
0 1 1 1/4
1 X X | 1/5 (default)
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Driving Waveform Setting Command

This command is used to set the LCD driving waveform.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
Drive Waveform | W 1 0 0 0 0 1 0 0 | 84h
Setting W X X X X X X X | DW | 00h |DW: Driving Waveform setting
Note:
DW Driving Waveform
0 A type (default)
B type

System Mode Setting Command

This command is used to set the internal oscillator on/off and display on/off.

Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
W 1 0 0 0 0 1 1 0 86h

Mod
System Mode S: Oscillator ON/OFF

Setting w X X X X X X S E 00h E: LCD Display ON/OFF
Note:
S E Internal Oscillator LCD Display
0 X off (default) off
1 0 on off
1 1 on on

It is strongly recommended that the LCD display should first be switched off before the “S” bit is cleared to 0.
Otherwise, the LCD display will be turned on automatically when the “S” bit is set to 1.
e When the “S” bit is cleared to “0”, the internal oscillator is off, the device status is shown as follows:
¢ The Internal oscillator and LCD display are in an off state.
¢ All commons and segments are set to VSS.
¢ The GPO function is not affected.
¢ The PWM function and outputs are disabled.
¢ Set RE="0" and CE="0" to reduce power consumption.
e When the LCD display is OFF, the commons and segments will be set to VSS.
The “E” bit only controls the LCD display, the GPO and PWM function are not affected.
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Frame Frequency Setting Command

This command is used to set the LCD frame frequency.

Command | R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
Frame W 1 0 0 0 1 0 0 0 88h
Frequency F[3:0]: Frame Frequency
Setting w X X X X F3 F2 F1 FO | OAh Setting
Note:

e The frame frequency for each duty setting is shown below.

Frame Frequency (Hz)

F3 |F2 | F1|F0
Static | 1/2 | 1/3 | 1/4 | 1/5 | 1/6 | 1/7 | 1/8 | 1/9 |1/10|1/11 | 112 |1/13 | 1/14 |1/15|1/16 | duty

50 50 | 44 | 50 | 80 | 67 | 57 | 50 | 44 | 40 | 73 | 67 | 62 | 57 | 53 | 50
60 60 | 53 | 60 | 96 | 80 | 69 | 60 | 53 | 48 | 87 | 80 | 74 | 69 | 64 | 60
70 70 | 62 | 70 | 112 | 93 | 80 | 70 | 62 | 56 |102| 93 | 86 | 80 | 75 | 70
80 80 | 71 | 80 | 128 | 107 | 91 | 80 | 71 | 64 | 116|107 | 98 | 91 | 85 | 80
90 90 | 80 | 90 | 144 | 120 | 103 | 90 | 80 | 72 | 131|120 | 111 | 103 | 96 | 90
100 | 100 | 89 | 100 | 160 | 133 | 114 | 100 | 89 | 80 | 145|133 | 123 | 114 | 107 | 100
120 | 120 | 107 | 120 | 192 | 160 | 137 | 120 | 107 | 96 | 175 | 160 | 148 | 137 | 128 | 120
140 | 140 | 124 | 140 | 224 | 187 | 160 | 140 | 124 | 112 | 204 | 187 | 172 | 160 | 149 | 140
160 | 160 | 142 | 160 | 256 | 213 | 183 | 160 | 142 | 128 | 233 | 213 | 197 | 183 | 171 | 160
180 | 180 | 160 | 180 | 288 | 240 | 206 | 180 | 160 | 144 | 262 | 240 | 222 | 206 | 192 | 180
200 | 200 | 178 | 200 | 320 | 267 | 229 | 200 | 178 | 160 | 291 | 267 | 246 | 229 | 213 | 200 | default
220 | 220 | 196 | 220 | 352 | 293 | 251 | 220 | 196 | 176 | 320 | 293 | 271 | 251 | 235 | 220
240 | 240 | 213 | 240 | 384 | 320 | 274 | 240 | 213 | 192 | 349 | 320 | 295 | 274 | 256 | 240
260 | 260 | 231 | 260 | 416 | 347 | 297 | 260 | 231 | 208 | 378 | 347 | 320 | 297 | 277 | 260
280 | 280 | 249 | 280 | 448 | 373 | 320 | 280 | 249 | 224 | 407 | 373 | 345 | 320 | 299 | 280
300 | 300 | 267 | 300 | 480 | 400 | 343 | 300 | 267 | 240 | 436 | 400 | 369 | 343 | 320 | 300

Al la|lalala|a s jOjlO|OjO|O|O|O|O

alala|la|lo|lo|lojlola|la|la|la|o|lololo
alalo|lo|a|la|lo|lo|a|la|lo|lOo|a|lalolo
= O = |O|m|O|m,|O|m|O_|O|=|O| =~ |0O

e The PWM frame frequency depends on the frame frequency setting as shown in the following table.

F3 F2 F1 FO PWM frame frequency (Hz)
0 0 0 0 800

0 0 0 1 960

0 0 1 0 1120

0 0 1 1 1280

0 1 0 0 1440

0 1 0 1 1600

0 1 1 0 1920

0 1 1 1 2240

1 0 0 0 2560

1 0 0 1 2880

1 0 1 0 3200 (default)
1 0 1 1 3520

1 1 0 0 3840

1 1 0 1 4160

1 1 1 0 4480

1 1 1 1 4800
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Blinking Frequency Setting Command

This command is used to set the LCD blinking frequency.

Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
o W 1 0 0 0 1 0 1 0 8Ah
Blinking -
Setting W | X | X | x| X | x| x |Bki| Bko oon BKII:0kBlinkFrequency
Setting
Note:
BK1 BKO Blinking Frequency Setting
0 0 off (default)
0 1 2Hz
1 0 1Hz
1 1 0.5Hz
e The blinking frequency values are for reference only. There is a little difference at different duty and frame
frequency setting.

Write GPO Data Command

This command is used to write GPO data.

Command | R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
Write GPO W 1 0 0 1 0 0 0 0 90h
Data W X X X X D3 D2 D1 DO D3~D0: GPO3~GPOO0 Data
Note:
e D3~D0: GPO3~GPOO data
Bit Data to the Corresponding GPO Pin
D3 GPO3
D2 GPO2
D1 GPO1
DO GPOO

Binary/PWM Function Select Command
This command is used to select whether the GPO output is binary or PWM function.

Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
) W 1 0 0 1 0 0 1 0 92h
Binary/PWM
Select W | X | X | X | X |BPs3|BPs2|BPst BPso| ooh BPS3~BPSO: Select GPOn
is binary or PWM function
Note:
e BPS3~BPSO0: Select the GPO output is binary or PWM function in GPO output
BPSn GPOnN or PWMn Output Select
0 GPO output
1 PWM output
Note: n=0~3
Bit Bit to the corresponding GPO pin
BPS3 GPO3
BPS2 GPO2
BPS1 GPO1
BPSO GPOO
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PWM Enable Command
This command is used to enable the GPO PWM output.

Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
W 1 0 0 1 1 0 0 0 BOh
PWM Enable W X X X X |PEN3|PEN2|PEN1|PENO| 00h Eli’;\)ljt~:ni'\tl)l()e; GPOn PWM
Note:
PENn GPOn PWM Output Enable
0 PWM output disable. GPOn output is in a low level (default)
1 PWM output enable. GPOn output duty is set using PWM data command
Note: n=0~3
Bit Bit to the Corresponding GPO Pin
PEN3 GPO3
PEN2 GPO2
PEN1 GPO1
PENO GPOO

Write PWM Data Command
This command is used to write the PWM data to GPOO~GPO3.

Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note

Write PWM w 1 0 0 1 1 0 0 0 B2h
Data to GPOO | w X X D5 D4 D3 D2 D1 DO | 00h |PWM data of GPOO
Write PWM W 1 0 0 1 1 0 0 0 B4h
Datato GPO1 | w X X D5 D4 D3 D2 D1 DO | 00h |PWM data of GPO1
Write PWM w 1 0 0 1 1 0 0 0 B6h
Datato GPO2 | w X X D5 D4 D3 D2 D1 DO | 00h |PWM data of GPO2
Write PWM W 1 0 0 1 1 0 0 0 B8h
Datato GPO3 | w X X D5 D4 D3 D2 D1 DO | 00h |PWM data of GPO3
Note:
e D[5:0]: PWM data. The relationship between PWM data and PWM duty is shown below.

D[5:0] PWM Duty

000000 1/64

000001 2/64

000010 3/64

011010 27/64

011011 28/64

011100 29/64

111101 62/64

111110 63/64

111111 64/64
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Charge Pump Input Voltage Setting Command
This command is used to set the charge pump input voltage.
Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
W 1 1 0 0 0 0 0 0 COh
Charge Pump VS: Input Voltage Setting
Input Voltage RE: Regulator Enable
Setting W | VS | RE | X |RV4 | RV3 | RV2 RVI | RVO 00h|co olel o otage
Setting
Note:

e VS: Charge pump input voltage source setting

VS

Charge Pump Input Voltage Setting

0

Vop (default)

Internal Regulator

e RE: Internal

regulator enable

RE

Regulator Enable

0

Disable (default)

Enable

e RV[4:0]: Internal regulator voltage output setting
Note that in order to ensure the regulator normal operation, the Voo should satisfy the condition:
Vop 2 Regulator Voltage + 0.2V

RV4 | RV3 | RV2 | RV1 | RVO Reg“'at;’\;)w'tage RV4 | RV3 | RV2 | RV1 | RVO Reg“'at(‘\’;)v°"age
0olo | oo o 1.0 (default) 110 0] 0] o0 26
olo0 ] o o] 1 11 110 0] 0 1 27
ol o0lo | 1]o0 12 110|010 238
olo0 ] o 1] 1 13 1100 1|1 29
olo ]| 1]0] o0 14 110 1] 0] o0 3.0
olo0 ] 1|01 15 110 1] 0| 1 3.1
o o0l 1] 1]o0 16 10| 1] 1o 3.2
ol o | 1|11 17 10 [ 1] 11 3.3
0ol 1]0]0] o0 18 111 0] 0] o0 3.4
011|001 19 111 0] 0 1 35
o 110 1]o0 2.0 11101 o0 36
ol 1] o0 1] 1 2.1 111 o | 1] 1 3.7
0ol 1] 1]0]o0 22 111 1] 0] o0 3.8
o1 1] 101 23 111 1] 0| 1 3.9
ol 1] 11 o0 24 111 1] 10 40
ol 1| 111 25 I T I T 41
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Charge Pump Control Command
This command is used to control the charge pump.
Command | R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
W 1 1 0 0 0 0 1 0 C2h
Charge Pump CE: Charge pump enable
Control W CE |CR2 | CR1|CRO| X X X X 00h | CR[2:0]: Charge Pump
ratio setting
Note:
e CE: Charge pump enable
CE Charge Pump Control
0 Charge Pump Disable (default)

Charge Pump Enable

Refer to the

e CR[2:0]: Charge pump ratio setting
“Charge Pump” section to obtain the charge pump configuration for each ratio.

CR2 CR1 CRO Charge Pump Ratio
0 0 0 Charge Pump Input Voltage (default)
0 0 1 x2
0 1 0 x3
0 1 1 x4
1 X X x5
LCD Bias Circuit Select Command
This command is used to select the LCD bias circuit.
Command | R/W | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note
W 1 1 0 1 0 0 0 0 DOh
LCD Bias BV: Vicp select
Circuit Select | w X X X BV | X X | BC1 | BCO | 00h |BC[1:0]: LCD Bias Circuit
Select
Note:
e BV: Vicp select
BV Vico Select
0 Vico is supplied from charge pump (default)

1

Vico is supplied from external power

e BC[1:0]: LCD Bias Circuit Select

BC1 BCO LCD Bias Circuit Select
0 0 Disable (default)
0 1 Charge Pump
1 0 Invalid, cannot be used.
1 1 Resistor Divider
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Contrast Adjustment Command
This command is used to adjust the contrast.

Command | R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note

w 1 1 0 1 0 0 1 0 D2h
Contrast CAI301 Contrast
Adustment | W | X | X | X | X | CA3|CA2 | CA1|cCA0 | oon |CAIOk Contras
adjustment

Note:
e CA[3:0]: Contrast adjustment bit, when LCD bias circuit is set to resistor divider.
e Refer to the “Contrast Adjustment “section for the adjustment value.
Bias Resistor Set Command
This command is used to set the bias resistor value.

Command | R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Note

Bias Resistor | W 1 1 0 1 0 1 0 0 D4h
Set W X X X X X X BR1 | BRO | 02h |BR[1:0]: Bias resistor set
Note:
e BR[1:0]: Bias resistor value. This command is valid when the LCD bias circuit is set to resistor divider.
BR1 BRO Resistor Value
0 4kQ
8kQ
1 X 16kQ (default)

Serial Interface

I12C Serial Interface

The device includes an I°C serial interface. The I*)C
bus is a bidirectional, two-line communication link
between different ICs or modules. The two lines are
a serial data line, SDA, and a serial clock line, SCL.
Both lines are connected to a positive supply via a
pull-up resistor with a typical value of 4.7kQ. When
the bus is free, both lines are high. The output stages
of any devices connected to the bus must have open-
drain or open-collector types in order to implement a
wired-or function. Data transfer is initiated only when
the bus is not busy.

Data Validity

The data on the SDA line must be stable during
the clock high period. The high or low state of the
data line can only change when the clock signal on
the SCL line is low as shown in the accompanying
diagram.

SDA } + }
\_/ G \ /T
|

Change of

data allowed

| |
Data line stable; |
Data valid

START and STOP Conditions

A high to low transition on the SDA line while SCL
is high defines a START condition.

* Alow to high transition on the SDA line while SCL
is high defines a STOP condition.

* START and STOP conditions are always generated
by the master. The bus is considered to be busy
after the START condition. The bus is considered
to be free again a certain time after the STOP
condition.

* The bus remains busy if a repeated START (Sr)
is generated instead of a STOP condition. The
START (S) and repeated START (Sr) conditions
are functionally identical.

| I~ 7
e U s W IV A

SCL — : \ /T T\ /—|—: — SCL
|

S Pl

I —_— | pr—

START STOP
condition condition

Byte Format

Every byte put on the SDA line must be 8 bits long.
The number of bytes that can be transmitted per
transfer is unrestricted. Each byte has to be followed
by an acknowledge bit. Data is transferred with the
most significant bit (MSB) first.

Rev. 1.20

29

February 10, 2022



HOLTEK i ‘

HT16H25

SV AV 0 W W Y O :

|
scL TSN\ 2\ [\ Je\Jo\__[1\ 2\ [3s\ Jo\_/iPT
)

18 ACK ACK

Acknowledge

» Each bytes of eight bit length is followed by one
acknowledge bit. This acknowledge bit is a low
level placed on the bus by the receiver. The master
generates an extra acknowledge related clock
pulse.

* A slave receiver which is addressed must generate
an acknowledge, ACK, after the reception of each
byte.

* The device that provides an acknowledge must pull
down the SDA line during the acknowledge clock
pulse so that it remains at a stable low level during
the high period of this clock pulse.

» A master receiver must signal an end of data to the
slave by generating a not-acknowledge, NACK,
bit on the last byte that has been clocked out of the
slave. In this case, the master receiver must leave
the data line high during the 9th pulse so as to not
acknowledge. The master will generate a STOP or
a repeated START condition.

Write Operation
Single Command Type

T
Data Output N\ [y VT
By Transmitter [ N S | W | W

'
'
Data Output — |
By Receiver |
1 acknowledge—¢
SCL From |
Master ! ! 1 2\ 7 8 9
' S !
START

clock pulse for
acknowledgement

condition

Slave Addressing

* The slave address byte is the first byte received
following the START condition from the master
device. The first seven bits of the first byte make up
the slave address. The eighth bit defines whether a
read or write operation is to be performed. When
the R/W bit is “1”, then a read operation is selected.
A “0” selects a write operation.

* The address bits are “0111110”. When an address
byte is sent, the device compares the first seven
bits after the START condition. If they match, the
device outputs an Acknowledge on the SDA line.

|
I< Slave Address >
| M

|
|
SB LSB |

0 1 1 1 1 0 0 R/W

A single command write operation requires a START condition, a slave address with an R/W bit, a command byte
and a STOP condition.

le—— Slave Address————p! l«—— Command byte—»l
S| O 1 1 1 1 1 0 0 BIT7|BIT6|BIT5|BIT4(BIT3|BIT2(BIT1|BITO P
Write ACK ACK

Compound Command Type

A compound command write operation requires a START condition, a slave address with an R/W bit, a command
byte, one or more register byte which depends upon the command format and a STOP condition.

ommand byt oL Register by ] L Register byt ]

BIT7|EIT6|BIT5|EIT4|BIT3|EIT2|BIT1 |EITU // BIT7|EIT6|BIT5|EIT4|BIT3|EIT2|BIT1 |BITO P

[ I d |
| |
| S | 0 | 1 | 1 | 1 | 1 | 1 | 0 | 0 | BIT7|BIT6|BIT5|BIT4|BIT3|BIT2|BIT1|BITO

Write ACK 1 st ACK 2nd K ACK th ACK

Single Display RAM Data Byte

A single display RAM data byte write operation requires a START condition, a slave address with an R/W bit, a
write display command byte, a valid address byte, a DATA byte and a STOP condition.

If the address byte is greater than the limit value, the data will be invalid. The address byte range is 00h~1Ah.
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I J I DATA b J
| | | | | |
| S | 0 | 1 | 1 | 1 | 1 | 1 | 0 | 0 | |BIT7|BITB|BIT5|BIT4|BIT3|BIT2|BIT1 |BITO| | X | X | X | A4 | A3 | A2 | Al | A0 | | DO | D1 | D2 | D3 | DO | D1 | D2 | D3 | P

Sl Addi ommand byt ddress byt

Write ACK ACK ACK ACK

Display RAM Page Write Operation

Following a START condition the slave address with the R/W bit is placed on the bus along with the write display
data command byte and the specified address byte of which the contents are written to the internal address
pointer. The data to be written to the memory will be transmitted next and then the internal address pointer will be
incremented by 1 to indicate the next memory address location after the reception of an acknowledge clock pulse.
After the internal address point reaches the maximum memory address, the address pointer will be reset to 00h.
The address point range is 00h~1Ah.

le——— Slave Address—— le——Command by‘e—»’ le——Address by1e—>’

|
Lofof ]

| | |
1 | 1 | 1 | 0 | 0 | |BIT7|BIT6|BIT5 BIT3|BIT2|BIT1|BITO| | X | X | X |A4 A2 | A1 |AO|

BIT4 A3
Write

ACK ACK ACK

l¢«—Databye——————p)  le———— Dpatabyte————p le—— Databyte——pJ
D7|D6|D5|D4|D3|D2|D1|D0 D7|D6|D5|D4 D3|D2|D1|D0 /] D7|D6|D5|D4 D3|D2|D1|D0 P
A AdAd A I/ A A T
1st byte dat: 2rd byte dat: nth byte dat:
ACK ACK ACK ACK

Read Operation

In this mode, the master reads the device data after setting the slave address. Following the R/W bit (=0”) is
an acknowledge bit, a command byte and the address byte which is written to the internal address pointer. After
the start address of the Read Operation has been configured, another START condition and the slave address
transferred on the bus followed by the R/W bit (=“1”). Then the MSB of the data which was addressed is
transmitted first on the I>C bus. The address pointer is only incremented by 1 after the reception of an acknowledge
clock. That means that if the device is configured to transmit the data at the address of An+1, the master will read
and acknowledge the transferred new data byte and the address pointer is incremented to An:2. After the internal
address pointer reaches the maximum memory address, the address pointer will be reset to 00h. The address point
range is 00h~1Ah.

l¢«————slave Address——— ] le————Command bye————»)  le—————Address byte——

| 1 1 |
| s | 0 | 1 | 1] | 1 | 1 | 0 | 0 | |EIT7|BIT6|BIT5 BIT4 BIT3|EIT2|BIT1|BITO| | X | X | X |A4 A3|A2|A1 |AO| 3
Write
ACK ACK ACK
:<7SIave Addr9554>: l¢——Databyte—————p!  l¢————Databyte——p! |l ¢————Data byte——»!
s|0|1|1 1|1|1|0|1| D7|D6|D5|D4 DalnzlmlDo D7|D6|D5|D4 D3|D2|D1|DO /] D7|D6|D5|D4 Dslozlmloo T P
1 NACK
o 1t dat d dat Nth dat
ACK ACK ACK  ACK

Display RAM Data Read Operation

SPI Serial Interface

The device also includes a 3-wire SPI serial interface. The SPI operations are described as follows:

» The CSB pin is used to activate the data transfer. When the CSB pin is at a high level, the SPI operation will be
reset and stopped. If the CSB pin changes state from high to low, data transmission will start.

» The data is transferred from the MSB of each byte (MSB First), and is shifted into the shift register at the CLK
rising edge.

 The input data is automatically latched into the internal register for each 8-bit input data after the CSB pin goes low.

» For read operations, the MCU should assert a high pulse on the CSB pin to change the data transfer direction
from input mode to output mode on the DIO pin after sending the command byte and the address byte. If the
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MCU sets the CSB pin to a high level again after receiving the output data, the data direction on the DIO pin
will be changed into input mode and the read operation will end.

» For a read operation the data is output on the DIO pin at the CLK falling edge.

Write Operation
Single Command Type

A single command write operation is activated by the CSB pin going low. The 8-bit command byte is shifted from
the MSB into the shift register at each CLK rising edge.

CsB

CLK

I 1
l¢——Command byte————p»|

DIO BIT7 | BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT1 | BITO

Compound Command Type

A compound command write operation is activated by the CSB pin going low. The 8-bit command byte is first
shifted into the shift register followed by one or more 8-bit register byte which depends upon the command format.
Note that the CLK high pulse width, after the command byte has been shifted in, must remain at this level. The 8-bit
command byte is shifted from the MSB into the shift register at each CLK rising edge.

CsB //
7/
- THIUTLU =00y J_/ gt
I‘ ommand byt VI | Register byt »! I‘ Register byt VI
DIO BIT7(BIT6|BIT5|BIT4(BIT3|BIT2|BIT1(BITO BIT7(BIT6(BIT5|BIT4(BIT3|BIT2|BIT1(BITO BIT7 // BITO BIT7(BIT6|BIT5|BIT4[BIT3|BIT2|BIT1(BITO
A A A A I/ A A
1st 2nd ith:

Single Display RAM Data Byte

The single display RAM data write operation consists of a write display data command byte, an address byte and a
data byte.

CsB

= [T UT TP ATy

l¢———Command bytc—bl le——— Address byte—>I l¢——Data byte—»‘

DIO BIT7|BIT6|BIT5|BIT4(BIT3[BIT2(BIT1|BITO| X | X[ X [A4]A3|A2]|A1]|A0 D7 | D6 | D5 | D4 | D3 [ D2 | D1 | DO
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Display RAM Page Write Operation

The display RAM Page write operation consists of a write display data command, an address byte of which the
contents are written to the internal address pointer followed by N bytes of written data. The data to be written to
the memory will be transmitted next and then the internal address pointer will be automatically incremented by
1 to indicate the next memory address location. After the internal address point reaches the maximum memory
address, the address pointer will be reset to 00h. The address byte range is 00h~1Ah.

! o T T o T '
l«———Command byte—————»|  l«¢———— Address bye———| ~ l@————Data bye—————p|  l¢————Databyte———p|  l@——Databyte——| |l#————Data byte————p»|

DO [BIT7|BITEBITSBIT4BITIBITZBIT1EITO| X | X | x |4 |A3|A2|At|A0 07| D6 [ D5 | D4 | D3 D2 | D1 DO 07| D6 | D5 | D4 | D3 D2 | D1 | DO 7| ————- Do D7|D6| D5 | D4 | D3 D2 | D1 | DO

nth

Read Operation — Display RAM

In this mode, the master reads the device data after sending the read display data command byte and the address
byte when the CSB pin changes state from high to low. Following the read display data command byte and the
address byte which is written to the internal address pointer. After the start address of the Read Operation has been
configured, the MSB of the data which was addressed is transmitted first on the SPI bus. The address pointer is
only incremented by 1 after the reception of each data byte. That means that if the device is configured to transmit
the data at the address of A1, the master will read the transferred data byte and the address pointer will be
incremented to An-2. After the internal address pointer reaches the maximum memory address, the address pointer
will be reset to 00h. The address point range is 00h~1Ah.

This cycle of reading consecutive addresses will continue until master pulls the CSB line to a high level to
terminate the data transfer.

L |
DIo  [BIT7[BITe|BITS|BIT4[8IT3|BIT2[BIT1(BITO) X | x| x| a4|A3|a2|at|a0 07 |06 | D5 | D4 | D3 [ D2 | D1 | DO o7 | D6 | D5 | D4 | D3| D2 | D1 | DO p7| —==——

Do o7

D6

D5

D4

D3

D2

D1

Do

T 177 TJMM
bra dat o nth

Display RAM Data Read Operation
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Operation Flowchart

Access procedures are illustrated below using flowcharts.

‘ Power On )

A

Software reset

v

Charge Pump Input Voltage setting

v

Charge Pump Control setting

v

LCD Bias Circuit select

v

Contrast Adjustment setting

v

Bias and Duty setting

v

Driving Waveform setting

!

Frame Frequency setting

C Next processing )

Initialisation
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Display Data Write (Address Setting)

1 Start )

\/
Address setting

A\
Display data RAM write

\/
Display on

A

1 Next processing )

Application Circuits
Application examples for the specified conditions:

e 1/16 duty, Vicp is supplied from charge pump, charge pump=x3, ViLcp > Vb
LCD bias circuit=charge pump, I>C Interface

LCD Other
Device or LED
VDD
R1 COMO ~ COM4~ SEGO~ GPOO~
R2 COM3 COM15 SEG59 GPO3
Px.x ’Y SCL
Px.x L SDA VLCD
VDD VMAX
[ IFS
MCU Vo
VDD V1
V2
c1] ca[|Vres v3
V4
vss o &
5 ) cs| cs| c7

—] C3P
C3N

Note: C1=C3=C4=C5=C6=C7=0.1pF, C2=1pF, R1=R2=4.7kQ.

Rev. 1.20 35 February 10, 2022



HOLTEK HT16H25

* 1/8 duty, Viep is supplied from VLCD pin, Vicp > Vop
LCD bias circuit=resistor divider, SPI 3-wire Interface

LCD Other
Device or
LED
COMO ~ COM4~ SEG60~ SEGO~ GPOO~
COM3 com7 SEG67 SEG59 GPO3
Px.x CcsB VMAX Vico
Px.x CLK VLCD
Px.x DIO
VO |eeeeee
Vi
Meu |5 VDD RiSre  _IC3
HT16H25 VI [ T
Vreg R2
c1] C2
2] vl
R3
IFs V3 |
VSS
Sz 8 F & 7 o
O O 0 6 O © V4 [
R5

Note: 1. C1=C3=0.1pF, C2=1pF
2. Users can connect an external resistor divider to VO~V4 when driving the large panel.
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Package Information

Note that the package information provided here is for consultation purposes only. As this information may be

updated at regular intervals users are reminded to consult the Holtek website for the latest version of the package
information.

Additional supplementary information with regard to packaging is listed below. Click on the relevant section to be
transferred to the relevant website page.

 Further Package Information (include Outline Dimensions, Product Tape and Reel Specifications)
» Packing Meterials Information

¢ Carton information
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80-pin LQFP (10mmx10mm) Outline Dimensions

oA
61 T IT 40
I — I —
 — I —
 — I —
 — I —
 — I —
 — I :F
 —— I —
 —— I —
A B  E— — I —
 E— — I —
 E— — I —
o :D:}—*E
 E— — :D:%;
 E— — I —
 E— — I —
 —— I —
 —— I —
f{0 ) —— ° ———— |
1 20
Dimensions in inch
Symbol .
Min. Nom. Max.
A — 0.472 BSC —
B — 0.394 BSC —
C — 0.472 BSC —
D — 0.394 BSC —
E — 0.016 BSC —
F 0.007 0.009 0.0M
G 0.053 0.055 0.057
H — — 0.063
| 0.002 — 0.006
J 0.018 0.024 0.030
K 0.004 — 0.008
a 0° — 7°
Dimensions in mm
Symbol .
Min. Nom. Max.
A — 12 BSC —
B — 10 BSC —
C — 12 BSC —
D — 10 BSC —
E — 0.4 BSC —
F 0.13 0.18 0.23
G 1.35 1.4 1.45
H — — 1.60
| 0.05 — 0.15
J 0.45 0.60 0.75
K 0.09 — 0.20
a 0° — 7°
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100-pin LQFP (14mmx*14mm) Outline Dimensions

C d
D f
75 51 }
R |
76— 50
 E—— I —
 E—— I —
| E—— I —
| E—— I —
 E—— I —
 E—— I — v
 —— I — ‘F
 —— I —
 E— — I —
 E— — I —
 E— — I —
Al B 1 rr——
 E— — I —
——— ,,YE
 ——— =g
 E— — I —
 E— — I —
 E— — I —
 E— — I —
 E— — I —
 E— — I —
 E— — I —
 E— — I —
100c—] N TT—126
-+ oL
GG Rt i
1 25 -
Dimensions in inch
Symbol .
Min. Nom. Max.
A — 0.630 BSC —
B — 0.551 BSC —
C — 0.630 BSC —
D — 0.551 BSC —
E — 0.020 BSC —
F 0.007 0.009 0.011
G 0.053 0.055 0.057
H — — 0.063
| 0.002 — 0.006
J 0.018 0.024 0.030
K 0.004 — 0.008
a 0° — 7°
Dimensions in mm
Symbol
Min. Nom. Max.
A — 16.00 BSC —
B — 14.00 BSC —
C — 16.00 BSC —
D — 14.00 BSC —
E — 0.50 BSC —
F 0.17 0.22 0.27
G 1.35 1.40 1.45
H — — 1.60
| 0.05 — 0.15
J 0.45 0.60 0.75
K 0.09 — 0.20
a 0° — 7°
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Copyright® 2018 by HOLTEK SEMICONDUCTOR INC.

The information appearing in this Data Sheet is believed to be accurate at the time
of publication. However, Holtek assumes no responsibility arising from the use of
the specifications described. The applications mentioned herein are used solely
for the purpose of illustration and Holtek makes no warranty or representation that
such applications will be suitable without further modification, nor recommends
the use of its products for application that may present a risk to human life due to
malfunction or otherwise. Holtek's products are not authorized for use as critical
components in life support devices or systems. Holtek reserves the right to alter
its products without prior notification. For the most up-to-date information, please
visit our web site at http://www.holtek.com.tw/en/home.
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