HOLTEK

HT16D35A/HT16D35B

RAM Mapping 28%x8 Constant Current LED Driver

Features
» Operating voltage: 2.7V~5.5V
» LED display: 28 rows and 8 commons

* LED data RAMI1: 28x8x6 bits=1344 bits for Gray
mode

e LED data RAMZ2: 28x8x6 bits=1344 bits for FADE
mode

e LED data RAM3: 28x8 bits=224 bits for Binary
mode or Matrix masking

e LED data RAM4: 28%8 bits=224 bits for Universal
Segment function

¢« LED data RAMS: 8x8 bits=64 bits for Universal
COM function

* Integrated 4.92MHz RC oscillator

* 64-level global brightness scale

* Binary scale mode or Gray scale mode

 Global blinking or fade function

» Universal COM and Universal Segment function

» Automatic scroll function: up/down/left/right

» Continuous lighting function for ROW24~ROW27

» External current reference control using external
resistor

* Supports row port max. 45mA sink constant current
 8-level current reference adjustment

» Over temperature protection circuit

* 12C-bus or SPI 3-wire interface

» Cascade function for extend applications

» Package Type: 48-pin LQFP-EP

Applications

¢ Industrial control displays

* Mobile phones

* Traffic signboards and information displays

» Digital clocks, thermometers, counters, electronic
meters

* Instrumentation readouts
 Other consumer applications
« LED displays

General Description

The HT16D35A/HT16D35B are high accuracy
constant current and memory mapping LED display
controller/drivers. The maximum display capacity
of the devices is 224 patterns composed of 28 rows
and 8 commons. The devices can generate a 64 step
Gray Scale (PWM data) using software controlled
PWM circuitry and 64 LED illumination levels using
software controlled PWM circuitry. The devices
provide constant current outputs control using external
resistors for each row output terminal. A serial
interface is provided to allow the devices to receive
instructions for its command mode and data mode.
Only three lines are required for device interfacing to
a host controller. The display capacity can be easily
extended by cascading the devices thus expanding its
application possibilities. The devices are compatible
with most microcontrollers offering easy interfacing
via their two serial interfaces, an I>C interface or a
SPI 3-wire serial interface.

Selection Table

Part Number Interface
HT16D35A 3-wire SPI
HT16D35B 12C
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Pin Description

Pin Name Type Function
VDD — Positive power supply for logic circuits
VSS — Negative power supply for logic circuits — ground
LED_VDD — | Positive power supply for driver circuits
LED_VSS — Negative power supply for driver circuits — ground
AO/CSB | I2C interface device address data input pin for I12C interface
Chip Select pin for SPI 3-wire Interface
Serial clock input pin
SCL/CLK | Serial Clock (SCL) Input for 12C interface
Serial Clock (CLK) Input for SPI 3-wire Interface
Serial data input/output pin. Data is input to or comes out from the shift register at the
clock rising edge.
SDADIO Vo I2C interface serial data (SDA) Input/Output — NMOS open-drain output.
SPI 3-wire serial interface serial data input/output — CMOS output.
System OSC Input / output pin.
If the IRC Mode command is programmed, the system clock is sourced from the internal
0oSsC I/O  |RC oscillator and the system clock is output on the OSC pin.
If the Slave Mode or ERC Mode command is programmed, the system clock is sourced
from an external clock on the OSC pin.
If the MASTER MODE command is programmed, the synchronous signal is output on
SYNC /0 the SYNC pin.
If the SLAVE MODE command is programmed, the synchronous signal is input on the
SYNC pin.
R EXT | External resistor connection input.
- Connected to an external resistor to setup the output port current level.
COMO~COM7 O LED common output pins.
ROW0~ROW27 (6] LED row output pins.

Absolute Maximum Ratings

Supply Voltage Vss-0.3V to Vss+6.0V Power Dissipation (PD):

Input Voltage.........cccecerevruennne Vss-0.3V to Vpp+0.3V (@Ta=25°C) e 2.5W
Operating Temperature ...............c......... -40°C to 85°C (@Ta=85°C) ettt 1.0W
Storage Temperature ...........cccceeevuennene -50°C to 125°C ROW Output Current (Single pin)................... 100mA
Thermal Resistance (Rth) .........ccoeeeievieerenenne. 40°C/W Total Power Line Current (Ta=25°C) ............ 1000mA
Max junction Temperature (Tj)......cocervrvveeennns 125°C

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.
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D.C. Characteristics
Voo=5V, LED_Vpp=5V; Ta=25°C

Test Conditions

Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions

Vob Logic Supply Voltage — — 2.7 — 5.5 \%

LED_Voo |LED Supply Voltage — — 4.5 — 5.5 \Y

Ists Standby Current 5V No load, Power down mode — 1 2 pA

(System OSC off, LED display off)

) No load, LED ON, R_EXT=500Q
Iop Operating Current 5V Internal RC OSC, ROW output all on — 4.5 7.0 mA

No load, LED ON, R_EXT=500Q

lleo.vop | Operating Current 5V Internal RC OSC, ROW output all on — 21 3.5 mA
Vin Input High Voltage 5V |DIO, CLK, SDA, SCL, CSB, OSC, SYNC |0.7Vopo| — 5 \Y
Vi Input Low Voltage 5V |DIO, CLK, SDA, SCL, CSB, OSC, SYNC 0 — 10.3Von| V
lon1 High level output current | 5V | Von=4.5V, OSC, SYNC, DIO -10 -13 — mA
lot Low level output current | 5V | Vo=0.5V, OSC, SYNC, DIO, SDA 18 25 — mA
lomz COM Source Current 5V |Von=4.5V 250 | 400 — mA
loL2 COM Sink Current 5V | Vo=0.5V -45 -60 — mA
) 5V |R_EXT=500Q, Vos=1V — 30 — mA
Irow ROW Sink current
5V |R_EXT=1500Q, Vos=1V — 10 — mA
) 5V |R_EXT=500Q, Vps=1V — | 30| — %
dlrows Bit Current Skew
5V |R_EXT=1500Q, Vos=1V — | 3.0 | — %
5V |R_EXT=500Q, Vps=1V @ — | #30 | — %
dlrow: Channel Current Skew
5V |R_EXT=1500Q, Vos=1V @ — | 30| — %
%ldVos | output Current vs. 5V | Vos=0.7V~2.0V, Vop=5.0V © — 03| — | %V

Output Voltage Regulation

Output Current vs.
0, J— . ~ = (4) R J— 0,
%/dVop Supply Voltage Regulation Vop=4.5V~5.5V, Vps=1.0V +0.3 %/

Note: 1. Bit Skew

Irow_(n+1) (Vos = 1V) — Irow_n (Vps = 1V)
PIN dlrow (%) = x 100%, (n: ROW number)
(Irow_(n+1) (Vbs = 1V) + Irow_n (Vps = 1V))/2

2. Channel Skew

Irow max — Irow_ava

+ dIrow (%) = % 100%, (n: ROW number)
Trow aAva
1 -1
- dlrow (%) = [OW MR ROWAE & 100%, (n: ROW number)
Irow ave

Irow_ave: the average current for (Irow max + Irow miv)/2 of all test ROW pins on Vps = 1V
Irow max: the max current of all test ROW pins on Vps = 1.0V
Irow mmv: the min current of all test ROW pins on Vps = 1.0V

3. Vs (V) = TN
- %/dVos (% )_(2.0V70,7V)XIROW7AVG '

Irow_ava: the average current for (Irow max + Irow miv)/2 of all test ROW pins between Vps = 0.7V and
2.0V

Irow max: the max current of all test ROW pins between Vps = 0.7V and 2.0V
Irow mmv: the min current of all test ROW pins between Vps = 0.7V and 2.0V
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4.

Trow max — [row MmN

%/dVop (%/V) =

(5.5V—4.5V) x Irow avc

Irow_ava: the average current for (Irow max + Irow miv)/2 of all test ROW pins between Vpp = 4.5V

and 5.5V

Irow max: the max current of all test ROW pins between Vpp = 4.5V and 5.5V

Irow mmv: the min current of all test ROW pins between Vpp = 4.5V and 5.5V

VDS =1V

A.C. Characteristics

VDD=2.7"‘5.5V; Ta=25°C

Test Conditions
Symbol Parameter Min. Typ. Max. | Unit
Voo Conditions
fsvs System Clock — | On-chip RC oscillator 4.33 4.92 5.51 | MHz
fLep LED frame rate — | COM Duty Select, n=1~8 | — |fsvs/(4160xn)| — | Hz
Veor Vop Start voltage to ensure Power on . o . . 100 | mv
reset
RRvoo | Voo Rise Rate to ensure Power on reset | — — 0.05 — — | V/ms
Minimum Time for Voo to remain at Veor
tror — — 10 — — ms
to ensure Power on reset
SPI 3-wire Serial Bus A.C. Characteristics
Vpp=2.7~5.5V; Ta=25°C
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Condition
tek Clock cycle time —_ —_ 250 — — ns
tew Clock Pulse Width — — 100 — — ns
tos Data Setup Time — — 50 — — ns
ton Data Hold Time — — 50 — — ns
tesw “H” CSB Pulse Width — — 100 — — ns
test CSB Setup Time (CSB| — CLK?1) — — 50 — — ns
tesH CSB Hold Time (CLKt — CSBY) — — 2 — — us
. tro=10 to 90%
teo DATA Output Delay Time (CLK - DIO)| — |Co=15pF — — 350 ns
trp=10 to 10%
Rev. 1.00 5 July 12, 2017
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I12C Serial Bus A.C. Characteristics

Ta=25°C
Vop=2.4V to 5.5V | Vpp=3.0V to 5.5V
Symbol Parameter Condition Unit
Min. Max. Min. Max.
fscL Clock frequency — — 100 — 400 kHz
Time in which the bus must be
tsur Bus free time free before a new transmission 4.7 — 1.3 — us
can start
tuo:sta | Start condition hold time After t.hls period, the first clock 4 — 0.6 — us
pulse is generated
tow SCL Low time — 4.7 — 1.3 — us
thicH SCL High time — 4 — 0.6 — us
t Start condition setup time Only relevant for repeated 4.7 — 0.6 — S
SU:STA P START condition : : H
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
te 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
Input Filter Time Constant . S
tsp (SDA and SCL Pins) Noise suppression time — 20 — 20 ns
Note: These parameters are periodically sampled but not 100% tested.
Timing Diagrams
SPI 3-Wire Serial Bus Timing
Letesn!
| | Vo
90%
| Vss
I
:<—tc5H—>l
1
90% | Voo
|
|
| | Vss
| |
U ! gy g g g Voo
90% 0% | |
DIO | | | |
(INPUT) | | | |
% 10% | |
) 10% 10% A i —_— - Vss
| _teo | |_teo |
~™ —_— Voo
X 90% | 90%
DIO | | | [
(OUTPUT) | | : |
| 10% 10%
T | T ———— Vss
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I12C Bus Timing

SCL

tsusto—

SDA
ouT
Power on Reset Timing
VDD
A
RRVDD
——tpor——P>
< Veor
» Time

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.

Rev. 1.00 7 July 12, 2017
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Functional Description

Power-on Reset

After power is applied the device will be initialised by
an internal power-on reset circuit. The internal circuit
status after initialisation is as follows:

o All registers are set to their default value but the
contents of the DDRAM are not affected

» System Oscillator will be off

* All COM outputs will be high impedance
» All ROW outputs will be high impedance
* The LED display will be in an off state

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.

LED Driver

The HT16D35A/HT16D35B is a 224 (28x8) pattern
LED driver which can be configured to have 1
or 8 commons using the Number of COM output
Command configuration. This feature makes the
HT16D35A/HT16D35B suitable for multiple LED
applications.

System Oscillator

The internal logic and the LED drive signals of the
HT16D35A/HT16D35B are timed by the integrated
RC oscillator.

The System Clock frequency determines the LED
frame frequency. A clock signal must always be
supplied to the device; removing the clock may freeze
the device if the standby mode command is executed.
At initial system power on, the System Oscillator is in
the stop state.

ROW Driver Outputs

The LED drive section includes 28 ROW outputs.
ROWO to ROW27 which should be connected directly
to the LED panel. The ROW output signals are
generated in accordance with the multiplexed column
signals and with the data resident in the display latch.
When less than 28 ROW outputs are required the
unused ROW outputs should be left open-circuit.

Column Driver Outputs

The LED drive section includes eight column outputs,
COMO to COM7, which should be connected directly
to the LED panel. The column output signals are
generated in accordance with the selected LED drive
mode. When less than 8 column outputs are required
the unused column outputs should be left open-circuit

Address Pointer

The addressing mechanism for the display RAM is
implemented using the address pointer. This allows
the loading of an individual display data byte, or a
series of display data bytes, into any location of the
display RAM. The sequence commences with the
initialisation of the address pointer using the Address
pointer command.

Over Temperature Protection

The devices include thermal protection circuitry.
When the junction temperatures exceed a certain
temperature the temperature protection circuit is
activated. The TSD flag bit will be set to “1”, the
display will be off and the direct pins will be turned
off.

When the chip junction temperature exceeds 150°C,
the entire IC display is turned off and the direct pins
will be turned off along with the TSD flag bit being
set to “1”. The device will resume operation and turn
on the direct pins and the TSD flag bit will be cleared
to “0” when the chip junction temperatures falls
below 125°C.

The temperature protection function detect
temperature has a value of about 150°C but as the
detect temperature function includes hysteresis, its
release temperature is about 125°C.

Constant Current Output

The constant current output of each row output chan-
nel is setup using an external resistor connected
between the R_EXT pin and GND. The current scale
range can be adjusted by changing the resistor value.
The maximum current variation between channels
is less than +3%. The characteristic curve of the
output stage in the saturation region is flat for which
users can refer to the charts below. The output cur-
rent remains constant regardless of the LED forward
voltage (Vr) variations. The constant current can be
calculated using the following formula:

Vr_ext=1.25V, Irow=(Vr_gx1/R_EXT)x12=15/R_EXT
for current range

Rev. 1.00
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The following IV curve is supplied for reference.

Irow v.s. Vbs @ Vbp=5V
60.000
50.000 T —— Rext=300Q
40.000 | 4 = Rext=333Q
"E I Rext=5000
S 30.000 ——Rext=7500
o
o
20,000 Rext=1KQ
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10.000 Rext=2KQ
0000 | Rext=4KQ
SRSI3ISRITISERITIEE8E]ISE Rext=5ka
O O O 0O 0O o o o «# = AN N N N N M NN on ™M
Vs (V)

Setting the Output Current

The output current (Irow) is setup using an external resistor, R EXT. The maximum LED current can be calculated

using the following formula:

Irow max [A] =15/R_EXT (Q) (Typ.)

As a warning it should be noted that the maximum LED current value is 45mA.

The default relationship between Irowand R_EXT is shown in the following figure.

60.00

50.00

40.00

—_

mA

30.00

lrow

20.00

10.00

IrRow V.s. RexT

\ = |ROW
O O O O O O O O O O O O O O O O
o o o [=) [=) o (=) o o o o o o o o o
o™ o [e)] o~ wn [*) — < ~ o (a2} O [*2] o n 0
— — — (o' o~ (o'} m m m m < < <
Rext (Q)

The Maximum ROW current and Delta ROW current values are shown in the next table. If the R_EXT value is
changed, the new LED current step can be seen from the table. The recommended value for R_EXT is 500€2.

R_EXT (Q) 5K 3K 2.5K 1.5K 1K 750 600 500 375 300
Irow_max (MA) 3 5 6 10 15 20 25 30 40 50
Rev. 1.00 9 July 12, 2017



HOLTEK i ‘ HT16D35A/HT16D35B

Load Supply Voltage — LED_Vop

The devices can be operated satisfactorily when Vps lies between a value of 0.7V to 2.0V. It is recommended to
use a low supply voltage for LED_Vpp to reduce the Vps value which will reduce the device power consumption
and subsequent device temperature.

LED_VDD

COM
Control Signal A

\ ARG
HT16D35

ROW A

Display Data RAM — DDRAM

In the Binary Mode, the display RAM is a static 28x8-bit capacity RAM in which is stored the LED data. A logic
“1” in the RAM bit-map indicates an “on” state of the corresponding LED ROW. Similarly a logic 0 indicates an
“oft” state. There is a one-to-one correspondence between the display memory addresses and the ROW outputs
and between the individual bits of a RAM word and the column outputs. The following shows the mapping from
the RAM to the LED pattern.

Output | COMO com1 COoMm2 com3 COM4 | COM5 COM6 | COM7 | Address A[7:0]
ROWO D7 D6 D5 D4 D3 D2 D1 DO 00h
ROW1 D7 D6 D5 D4 D3 D2 D1 DO 01h
ROW2 D7 D6 D5 D4 D3 D2 D1 DO 02h
ROW3 D7 D6 D5 D4 D3 D2 D1 DO 03h
ROW4 D7 D6 D5 D4 D3 D2 D1 DO 04h
ROWS D7 D6 D5 D4 D3 D2 D1 DO 05h
ROW6 D7 D6 D5 D4 D3 D2 D1 DO 06h
ROW?7 D7 D6 D5 D4 D3 D2 D1 DO 07h
ROW8 D7 D6 D5 D4 D3 D2 D1 DO 08h
ROW9 D7 D6 D5 D4 D3 D2 D1 DO 09h
ROW10 D7 D6 D5 D4 D3 D2 D1 DO 0Ah
ROW11 D7 D6 D5 D4 D3 D2 D1 DO 0Bh
ROW12 D7 D6 D5 D4 D3 D2 D1 DO 0Ch
ROW13 D7 D6 D5 D4 D3 D2 D1 DO 0Dh
ROW14 D7 D6 D5 D4 D3 D2 D1 DO OEh
ROW15 D7 D6 D5 D4 D3 D2 D1 DO OFh
ROW16 D7 D6 D5 D4 D3 D2 D1 DO 10h
ROW17 D7 D6 D5 D4 D3 D2 D1 DO 11h
ROW18 D7 D6 D5 D4 D3 D2 D1 DO 12h
ROW19 D7 D6 D5 D4 D3 D2 D1 DO 13h
ROW20 D7 D6 D5 D4 D3 D2 D1 DO 14h
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Output | COMO CcCom1 COM2 COM3 COM4 | COM5 COM6 | COM7 | Address A[7:0]
ROW21 D7 D6 D5 D4 D3 D2 D1 DO 15h
ROW22 D7 D6 D5 D4 D3 D2 D1 DO 16h
ROW23 D7 D6 D5 D4 D3 D2 D1 DO 17h
ROW24 D7 D6 D5 D4 D3 D2 D1 DO 18h
ROW25 D7 D6 D5 D4 D3 D2 D1 DO 19h
ROW26 D7 D6 D5 D4 D3 D2 D1 DO 1Ah
ROw27 D7 D6 D5 D4 D3 D2 D1 DO 1Bh

Bits D7 D6 D5 D4 D3 D2 D1 DO Data

Note: 1. It is recommended to initialize the display RAM data by clearing all RAM data before the LED display
function is activated. If the RAM data is not initialized before enabling the LED display function, it may
result in abnormal LED display effect after executing the LED ON command.

2. This recommendation also applies to FADE data RAM, Universal COM data RAM, Universal SEG data
RAM, matrix masking data RAM.

In the Gray Mode, the display RAM is a static 28x8x6-bit RAM in which is stored the LED data. A logic “1” in

the RAM bit-map indicates an “on” state of the corresponding LED ROW. Similarly a logic 0 indicates an “off”

state. There is a one-to-one correspondence between the display memory addresses and the ROW outputs and

between the individual bits of a RAM word and the column outputs. The following shows the mapping from the
RAM to the LED pattern.

Output ROWO0 ROW1 ROW2 | - ROW25 | ROW26 | ROW27 | Address A[7:0]
CcomMo 00h 01h 02h | - 19h 1Ah 1Bh 00h~1Bh
COM1 20h 21h 22h | - 39h 3Ah 3Bh 20h~3Bh
com2 40h 41h 42h | - 59h 5Ah 5Bh 40h~5Bh
COM3 60h 61h 62h | - 79h 7Ah 7Bh 60h~7Bh
COM4 80h 81h 82h | - 99h 9Ah 9Bh 80h~9Bh
COM5 AOh A1h A2h | - B9h BAh BBh AOh~BBh
COM®6 COh C1h C2h | - DYh DAh DBh COh~DBh
COom7 EOh E1h E2h | - FOh FAh FBh EOh~FBh
Byte D7~D0 D7~DO0 D7~DO0 | - D7~D0 D7~DO0 D7~D0 Data

Rev. 1.00 1 July 12, 2017
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LED Driver Output Waveform

The device includes a 224 (28%8) pattern LED driver. This can be setup in a 224x8 format for the COM outputs.
This feature allows the device to be used in multiple LED applications. The LED drive mode waveforms and

scanning format is as follows:

1. P-MOS Open Drain for 28x8 Driver Mode and Disable Discharge Function

1 Frame = 8x4160xtsys

: .

| . 48ty ol

416Dt g

| sy [ lepen

COMO | 12tsys o | ! i LED VsSS
| I T LED_VDD
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comz | | e j— [eatiznte,n] ik oD ves
-

I I ; svs L LED VSS
coms | ! ! [eat2xte] L e ves

| | , svs L LED_VSS

| | | I LED-VDD
coms X [eat12xterem] il

| ‘ i LED VSS

I I | I LED-VDD
coms X | wEEpE—| Ll

| ; LED VSS

I | ! )1 LED-VDD
coms . | ! 'm—._!_ LED VS

1 T LED-VBD
com? | Lo | o] | LED_vss
8x T —

| ﬁ’l — : 24xtsys 16xtsvs 24><1sv5 8xtgys “ Bxtsys !!

o offie >ﬂﬂ
ROWn | | |'_:|t<4096I tovsw|[J4096xts1s: 4096xtsysbﬂﬂ<4096xt5y5>”ﬂ<4096><t5y5>””<4096xtsys>”ﬂ44096stys>m1|<4096thys on

m*@vs_ T

I

|

I

I

I

: como :

I | LED_VSS
: —_— | : LED_VDD
| com7 : : :

: : : ' LED_VSS
: 8xtsys I ' Bt o

: Rown |16 Xty 16Xty s =1ty s—Drtt—o|
T . s

: ; " —:— VDD

| SYNC :‘_M " 24 |
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Note: tsys=1/fsys (1/4.92MHz).

|
24xtsys
VSss
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2. N-MOS Open Drain for 28 x8 Driver Mode and Disable Discharge Function

| 1 Frame = 8x4160xtsys .

—:— VDD
SYNC IA—')A toy 24 xt, |
|
|

48xtsys 1 |
| LED_VDD
|—— LED vss
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| ﬁ’l l<_: 24xtsys 16xtsvs 24xtsys Bxtgys I 8xtsys ' |
' o g oo
ROWn 096t 096xt, 4096t 4096t 096t 096xt 4096t 4096t
|64xt ! || | s\rs"”ﬂ<4 svs svs? svs svs"”ﬂ:“ syl svs? svs : ON
SYS,
: I ! : | VDD
5
SYNC e 24X‘svs—>|_|<— vss
P T T 1
: 1 64xtsy | |
| ' ' | |
I | I 48xtsy | | |
! I | | |
: | | | LED VDD |
| |
| como : | | |
I T
: | I | LED_VSS :
|
| : | : LED_VDD |
: com? | : | :
' o o) LED_VSS |
! t ' OFF !
! 8xtsys| 1 8xtsys |
| ROWn |ttt 16 Xty 5|16 xtsys—Blt—16xtsys—Ioit—] |
! | I |
| T ON |
I |
I |
| |
I |
! |

Note: tsys=1/fsys (1/4.92MHz).
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Output Signal Timing

The relationship between the ROW and COM digital dimming duty times are shown in the accompanying
diagram.

1. The setup condition is shown as follows:

* Gray mode
* COMO0~COM?7, Scan High type
* Brightness PWM duty=17/64

7 LED_VDD
8xt, I 7/ )
xtsys 8xtsys : ¢

COM(n) | 64/64 (4096xtsys) >
T e——  t7et——— » | —— LED_VSS
e 1 ON
Brightness DATA =12h |
(17/64) ]
— e ————————— +——— OFF
' |
I VDD
System OSC/64 -L |
vy, } VSS
|
A by o
PMW DATA= OFh “ “ “ “ “ “ “ “ |
(15/64) I : OFF
|
—# ' OFF
SR |
: ON
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2. The setup condition is shown as follows:
* Binary mode
* COMO0~COM7, Scan High type
* Brightness PWM duty=64/64
/a LED_VDD
8xtsys le— 8xlsvsy | | @—
COM(n) :: 64/64 (4096xtsys) =:
- ¢ 64/64- > E— LED_VSS
# ON
Brightness DATA =40h
(64/64)
— L OFF
| |
7/ | VDD
swencsces || AR
— VSS
) by
/a ON
PMW DATA= 3Fh |
(63/63) A OFF
| |
ROW(n) OFF
DATA="1 , oN
| |
I | ON
PMW DATA= 00h | I
(0/63) : P : OFF
' # ! OFF
ROW(n+1) | 7 I
DATA="0" | |
| | ON
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Fade Data RAM

The fade RAM is a static 28x8x6-bit RAM which stores the mode function, delay time function and slope cycle
time function for each dot. There is a one-to-one correspondence between the fade function memory addresses and
the ROW outputs and between the individual bits of a RAM word and the column outputs.

The following shows a mapping from the fade RAM to the LED pattern:

Output ROWO0 ROW1 ROW2 | - ROW25 | ROW26 | ROW27 | Address A[7:0]
COMO 00h 01h 02h | - 19h 1Ah 1Bh 00h~1Bh
COM1 20h 21h 22h | - 39h 3Ah 3Bh 20h~3Bh
COM2 40h 41h 42h | - 59h 5Ah 5Bh 40h~5Bh
COM3 60h 61h 62h | - 79h 7Ah 7Bh 60h~7Bh
COoOm4 80h 81h 82h | - 9%h 9Ah 9Bh 80h~9Bh
COMS5 AOh A1h A2h | - B9h BAh BBh AOh~BBh
COM6 COh C1h C2h | - DYh DAh DBh COh~DBh
Ccom7 EOh E1h E2h | - Foh FAh FBh EOh~FBh
Byte D7~D0 D7~D0 D7~-DO0 | - D7~D0 D7~D0 D7~D0 Data

Note: The addresses will continuously increment automatically. The address will be wrapped around to address
0x00H when it exceeds the maximum address value of 0xFBH.

Universal COM (UCOM) RAM Data

The Universal COM (UCOM) RAM is a static 8x8-bit RAM which stores 8 types of symbol patterns per timing
(TO~T7). The symbol data specified by the UCOM is directly driven onto the COM outputs. There is a one-to-one
correspondence between the duty time (T0~T7) addresses and the COM outputs and also between the individual
bits of a RAM word and the symbol patterns per timing (TO~T7).

The following shows the mapping from the patterns per timing (TO~T7) to the COM output:

Timing COMo COM1 COM2 COM3 COM4 COMS5 COM6 COM7 | Address
TO D7 D6 D5 D4 D3 D2 D1 DO 00h
T D7 D6 D5 D4 D3 D2 D1 DO 01h
T2 D7 D6 D5 D4 D3 D2 D1 DO 02h
T3 D7 D6 D5 D4 D3 D2 D1 DO 03h
T4 D7 D6 D5 D4 D3 D2 D1 DO 04h
T5 D7 D6 D5 D4 D3 D2 D1 DO 05h
T6 D7 D6 D5 D4 D3 D2 D1 DO 06h
T7 D7 D6 D5 D4 D3 D2 D1 DO 07h
Bits D7 D6 D5 D4 D3 D2 D1 DO Data

Note: 1. The Universal COM RAM is a static 8x8-bit RAM in which is stored the COM pin on/off data. A logic “1”
in the RAM bit-map indicates an “on” state of the corresponding COM pin. Similarly a logic 0 indicates
an “off” state.

2. The addresses will continuously increment automatically. The address will be wrapped around to address
0x00H when it exceeds the maximum address value of 0x07H.
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Universal SEG (USEG) RAM Data

The display contents of every ROW may be setup according to the USEG to redirect the display ROW address.
This command parameter is validated during the Timing 1 period of each frame when the command is set.

The Universal SEG (USEG) RAM is a static 28x8-bit RAM which stores 28 symbol pattern Universal ROW
addresses. The symbol data specified by the USEG is directly output to the ROW. There is a one-to-one
correspondence between the Universal ROW address and the ROW outputs and between the individual bits of a
RAM word and the symbol pattern Universal ROW address.

The following shows the mapping for the Universal ROW address to the ROW output.

USEG RAM Universal ROW address data set ROW
Address X X X us4 uss3 us2 us1 uso Output
00h X X X D4 D3 D2 D1 DO ROWO
01h X X X D4 D3 D2 D1 DO ROW1
02h X X X D4 D3 D2 D1 DO ROW?2
03h X X X D4 D3 D2 D1 DO ROW3
04h X X X D4 D3 D2 D1 DO ROW4
05h X X X D4 D3 D2 D1 DO ROWS5
06h X X X D4 D3 D2 D1 DO ROW6
07h X X X D4 D3 D2 D1 DO ROW7
08h X X X D4 D3 D2 D1 DO ROW8
09h X X X D4 D3 D2 D1 DO ROW9
0Ah X X X D4 D3 D2 D1 DO ROW10
0Bh X X X D4 D3 D2 D1 DO ROW11
0Ch X X X D4 D3 D2 D1 DO ROW12
0Dh X X X D4 D3 D2 D1 DO ROW13
OEh X X X D4 D3 D2 D1 DO ROW14
OFh X X X D4 D3 D2 D1 DO ROW15
10h X X X D4 D3 D2 D1 DO ROW16
11h X X X D4 D3 D2 D1 DO ROW17
12h X X X D4 D3 D2 D1 DO ROW18
13h X X X D4 D3 D2 D1 DO ROW19
14h X X X D4 D3 D2 D1 DO ROW20
15h X X X D4 D3 D2 D1 DO ROW21
16h X X X D4 D3 D2 D1 DO ROW22
17h X X X D4 D3 D2 D1 DO ROW23
18h X X X D4 D3 D2 D1 DO ROW24
19h X X X D4 D3 D2 D1 DO ROW25
1Ah X X X D4 D3 D2 D1 DO ROW26
1Bh X X X D4 D3 D2 D1 DO ROW27

Bits D7 D6 D5 D4 D3 D2 D1 DO Data

Note: 1. The Universal SEG RAM is a static 28x8-bit RAM which stores the mapping data of the universal row
address.

2.The USEG RAM addresses will continuously increment automatically. The address will be wrapped
around to address 0x00h when it exceeds the maximum address value of 0x1Bh.
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Matrix Masking RAM Data

The Matrix masking RAM is a static 28x8-bits RAM which stores the mask data. A logic “1” in the RAM bit-map
indicates a “mask on” state of the corresponding LED ROW. Similarly a logic 0 indicates a “mask off” state.

There is a one-to-one correspondence between the Matrix display masking memory addresses and the ROW
outputs and between the individual bits of a RAM word and the column outputs.

The following shows the mapping from the Matrix display masking RAM to the LED pattern.

Output | COMO CcCom1 COM2 COM3 COM4 | COM5 COM6 | COM7 | Address A[4:0]
ROWO D7 D6 D5 D4 D3 D2 D1 DO 00h
ROW1 D7 D6 D5 D4 D3 D2 D1 DO 01h
ROW2 D7 D6 D5 D4 D3 D2 D1 DO 02h
ROW3 D7 D6 D5 D4 D3 D2 D1 DO 03h
ROw4 D7 D6 D5 D4 D3 D2 D1 DO 04h
ROWS D7 D6 D5 D4 D3 D2 D1 DO 05h
ROW6 D7 D6 D5 D4 D3 D2 D1 DO 06h
ROW?7 D7 D6 D5 D4 D3 D2 D1 DO 07h
ROWS8 D7 D6 D5 D4 D3 D2 D1 DO 08h
ROW9 D7 D6 D5 D4 D3 D2 D1 DO 09h
ROW10 D7 D6 D5 D4 D3 D2 D1 DO 0Ah
ROW11 D7 D6 D5 D4 D3 D2 D1 DO 0Bh
ROW12 D7 D6 D5 D4 D3 D2 D1 DO 0Ch
ROW13 D7 D6 D5 D4 D3 D2 D1 DO ODh
ROW14 D7 D6 D5 D4 D3 D2 D1 DO OEh
ROW15 D7 D6 D5 D4 D3 D2 D1 DO OFh
ROW16 D7 D6 D5 D4 D3 D2 D1 DO 10h
ROW17 D7 D6 D5 D4 D3 D2 D1 DO 11h
ROW18 D7 D6 D5 D4 D3 D2 D1 DO 12h
ROW19 D7 D6 D5 D4 D3 D2 D1 DO 13h
ROW20 D7 D6 D5 D4 D3 D2 D1 DO 14h
ROW21 D7 D6 D5 D4 D3 D2 D1 DO 15h
ROW22 D7 D6 D5 D4 D3 D2 D1 DO 16h
ROW23 D7 D6 D5 D4 D3 D2 D1 DO 17h
ROW24 D7 D6 D5 D4 D3 D2 D1 DO 18h
ROW25 D7 D6 D5 D4 D3 D2 D1 DO 19h
ROW26 D7 D6 D5 D4 D3 D2 D1 DO 1Ah
ROwW27 D7 D6 D5 D4 D3 D2 D1 DO 1Bh
Bits D7 D6 D5 D4 D3 D2 D1 DO Data

Note: 1. The Matrix display masking RAM is a static 28x8-bit RAM which stores the row output masking state.

2.The USEG RAM addresses will continuously increment automatically. The address will be wrapped
around to address 0x00h when it exceeds the maximum address value of 0x1Bh.

3. In the Binary Mode the Matrix display masking function is invalid.
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Command Description — Command Table

Command ‘ R/W ‘ Bit7 ‘ Bit6 ‘ Bit5 ‘ Bit4 ‘ Bit3 ‘ Bit2 ‘ Bit1 ‘ Bit0 ‘ Def. Description
RAM R/W Command
w 1 0 0 0 0 0 0 0 80h | Write Display RAM Data
. . w A7 A6 A5 A4 A3 A2 A1 A0 00h | RAM Address
Write Display
Data Display Data
w D7 D6 D5 D4 D3 D2 D1 DO — | Range: 00h~1bh for Binary Mode
Range: 00h~fbh for Gray Mode
w 1 0 0 0 0 0 0 1 81h | Read Display RAM
w A7 A6 A5 A4 A3 A2 A1 A0 00h |RAM Address
Read Display | R 0 0 0 0 0 0 0 0 — | Dummy Byte
Data -
Display data
R D7 D6 D5 D4 D3 D2 D1 DO — | Range: 00h~1bh for Binary Mode
Range: 00h~fbh for Gray Mode
w 1 0 0 0 0 0 1 0 82h | Write fade RAM Data
w A7 A6 A5 A4 A3 A2 A1 A0 00h | RAM Address
Write Fade Set Parameters for Fade Mode
Data FSS: Flash or Fade Mode select
W X X FSS X SD1 | SDO | SC1 | SCO | — |SD [3:2]: Delay Time Set
SC [1:0]: Flash cycle time or Slope
cycle time set
W 1 0 0 0 0 0 1 1 83h | Read Parameters of Fade RAM Data
w A7 A6 A5 A4 A3 A2 A1 A0 00h |RAM Address
Read Fade
Data R 0 0 0 0 0 0 0 0 — | Dummy Byte
Parameters of Fade Data
R 0 0 FSS 0 SD1 | SDO | SC1 | SCO | — Range: 00h~foh
w 1 0 0 0 0 1 0 0 84h | Write UCOM RAM Data
Write UCOM w X X X X X A2 A1 A0 00h | RAM Address
Data
UCOM Data
W D7 D6 D5 D4 D3 D2 D1 DO — | Range: 00h~07h
w 1 0 0 0 0 1 0 1 85h | Read UCOM Data
w X X X X X A2 A1 A0 00h | RAM Address
Read UCOM
Data R 0 0 0 0 0 0 0 — | Dummy Byte
UCOM Data
R D7 D6 D5 D4 D3 D2 D1 DO — | Range: 00h~07h
w 1 0 0 0 0 1 1 0 86h | Write USEG RAM Data
Write USEG w X X X A4 A3 A2 A1 A0 00h | RAM Address
Data
USEG Data
w X X X US4 | US3 | US2 | US1 | US1 — | Range: 00h~1bh
w 1 0 0 0 0 1 1 1 87h | Read USEG Control Data
w X X X A4 A3 A2 A1 A0 00h |RAM Address
Read USEG
Data R 0 0 0 0 0 0 0 0 — | Dummy Byte
USEG Data
R X X X US4 | US3 | US2 | US1 | US1 — | Range: 00h~1bh
] ) w 1 0 1 0 0 0 88h | Write Matrix Masking Data
Write Matrix 7,7 A4 | A3 | A2 | A1 | AO | 00h |RAM Address
Masking Data
w D7 D6 D5 D4 D3 D2 D1 DO — | Matrix Masking Data
w 0 1 0 0 1 89h | Read Matrix Masking Data
w A4 A3 A2 A1 A0 00h | RAM Address
Read Matrix
Masking Data R 0 0 0 0 0 — | Dummy Byte
Matrix Masking Data
R D7 D6 D5 D4 D3 D2 D1 DO — | Range: 00h~1bh
Function Command
w 0 1 1 1 0 0 0 0 70h |Read Flag
Read Flag R 0 0 0 0 0 0 0 0 00h | Dummy Byte
R X X X X X X COMo| TSD 00h |Flag Data parameters
flag flag
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Command |R/W| Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Description
w 0 1 1 1 0 0 0 1 71h | Read internal command information
Read Status R 0 0 0 0 0 0 0 0 00h | Dummy Byte
R D7 D6 D5 D4 D3 D2 D1 DO — | Internal command information
w 0 0 1 0 0 0 0 0 20h | SCEN: Scrolling SW on/off

Scrolling RL/UD: Set scrolling direction

Control W |SCEN| X VEN | HEN X X ubD RL 00h | HEN: Horizontal Scrolling on/off
VEN: Vertical Scrolling on/off

Scrollin w 0 0 1 0 0 0 0 1 21h | Scrolling speed control

Speed 9 HSPO0~3: Horizontal Speed

P! W | VSP3 | VSP2 | VSP1 | VSPO | HSP3 | HSP2 | HSP1 | HSPO | 00h |\/gpo~3: Vertical Speed
i W 0 0 1 1 0 0 0 1 31h

Binary/Gray Binary Mode or Gray Mode select

Select w | X X X X X X X | BGS | 00h

Number of Wil o 0 1 1 0 0 1 0 | 32h | Number of COM scan outputs and

COM Outputs | w | CNS | X X X X | CN2 | CN1 | CNO | 07h |COM output type

w 0 0 1 1 0 0 1 1 33h
GI.Ob?” Blinking Time or Fade Time select
Blinking W | BSS | X X X X X | BS1 | BSO | 80h

W 0 0 1 1 0 1 0 0 34h

Cascade Master Mode or Slave Mode select

Mode w | X X X X X | MS2 | MS1 | MSO | 00h

Set System Wil o 0 1 1 0 1 0 1 35h | system oscillator on/off and display on/

Control w X X X X X X FON | DON | 0oh |off control

Constant W 0 0 1 1 0 1 1 0 36h .

) Constant current ratio select — 8 steps
current ratio W X X X X 0 CC2 | CC1 | CCO | 00h

Global w 0 0 1 1 0 1 1 1 37h | Luminance control PWM adjustment —

Brightness W | X | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO | 40h |64 steps

w 0 0 1 1 1 0 0 0 38h | FDEN: FADE function on/off
BKEN: Blink function on/off
UCEN: UCOM function on/off
MKEN: Display mask on/off
Mode Control TSD | TSD USEN: USEG function on/off
W EN SL X |USEN |MKEN | UCEN | BKEN | FDEN | 00h |TgpSL: Select auto control or user
control display on/off function when the
over temperature protection is enabled
TSDEN: Thermal protect circuit on/off
i W 0 1 0 0 0 0 0 1 41h
COM Pin COM pin SW on/off
Control W | C7T | C6 | C5 | C4 | C3 | C2 | C1 CO | 00h
W 0 1 0 0 0 0 1 0 42h | ROW pin SW on/off
. W | R27 | R26 | R25 | R24 | R23 | R22 | R21 | R20 | 00h | ROW27~ROW20 SW on/off
goor:/t\:oﬁ)m W | R19 | R18 | R17 | R16 | R15 | R14 | R13 | R12 | 00h |ROW12~ROW19 SW on/off
W | R11 | R10 R9 R8 R7 R6 R5 R4 | 00h |ROW4~ROW11 SW on/off
W X X X X R3 R2 R1 RO | 00h |ROW3~ROWO SW on/off
w 0 1 0 0 0 0 1 1 43h | Set Direct Output Mode
) ) DR [24:27]: ROW24~ROW27 can be

Direct Pin set as direct pin or row pin.

Control W | PW24 | PW25 | PW26 | PW27 | DR24 | DR25 | DR26 | DR27 | 11h | PW[24:27]: Direct PWM data output
SW on/off, when ROW24~ROW?27 pins
are set as direct pins.

PWM Data for | W 0 1 0 0 0 1 0 0 44h | PWM Data for Direct ROW27

Direct ROW27| w | X D6 | D5 | D4 D3 D2 D1 DO | 00h |Write PWM Data

PWM data for | W 0 1 0 0 0 1 0 1 45h | PWM data for Direct ROW26

Direct ROW26| w | X D6 | D5 | D4 D3 D2 D1 DO | 00h |Write PWM Data

PWM Data for| W 0 1 0 0 0 1 1 0 46h | PWM data for Direct ROW25

Direct ROW25| w | X D6 | D5 | D4 | D3 | D2 | D1 DO | 00h |Write PWM Data

PWM Data for | W 0 1 0 0 0 1 1 1 47h | PWM data for Direct ROW24

Direct ROW24| w | X D6 | D5 | D4 | D3 | D2 | D1 DO | 00h |Write PWM Data
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Command |R/W| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def. Description

Soft Reset W 1 1 0 0 1 1 0 0 CCh | Soft Reset Function

Note: 1. X: Don’t care
2. Def.: Power on reset default
3. It is not recommended to change between Master and Slave mode after a system enable
4. It is not recommended to change direct output set mode after a system enable

5. If programmed command data is not defined the function will not be affected

Software Reset

This command is set to initialise all functions.

Command R/IW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
Soft Reset W 1 1 0 0 1 1 0 0 CCh

The internal circuit status after initialisation is as follows.

» All registers are set to their default value but the contents of the DDRAM are not affected
» System Oscillator will be off

* All COM outputs will be high impedance

* All ROW outputs will be high impedance

» The LED display will be in an off state

Binary/Gray Select

The command can be used to set the Binary Mode or the Gray Scale Mode.

Command R/IW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
w 0 0 1 1 0 0 0 1 31h
W X X X X X X X BGS 00h

Binary/Gray Select

Note: 1. In the Binary Mode the Matrix display masking function is not supported

2. It is not recommended to change between the Binary and Gray Mode after an LED on enable

BGS Select Remark
0 Gray Default
1 Binary —

Number of COM Outputs

This command can set the scan timing number from COMO0 to COM7 and COM output level status. This command
parameter is validated during the Timing 1 period of each frame when the command is set.

Command R/IW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 0 1 1 0 0 1 0 32h
W CNS X X X X CN2 CN1 CNO 07h

Number of COM output

Note: 1. It is not recommended to change the scan number set after a system enable

2. For further information see the “LED Driver Output Waveform” section

CNS COM Scan type Remarks
0 High scan Default
1 Low scan —
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CN2 CN1 CNO COM output number Remarks
0 0 0 COMO —
0 0 1 COMO~COM1 —
0 1 0 COM0~COM?2 —
0 1 1 COMO0~COM3 —
1 0 0 COMO~COM4 —
1 0 1 COMO~COM5 —
1 1 0 COM0~COM6 —
1 1 1 COMO~COM7 Default
Examplel: The setup condition is as follows.
Command Setting Value Note
Number of COM outputs (32h) 07h COMO~COM?7, High Scan
LED_VDD ' 1 Frame
= > LED_VDD
COMOJ_‘ i LED_\\;SS
Control ﬂ COMH1 ! I tEg vgg
Signal | ' LED_VDD
o i85S
| Y — IV
HT16D35A/HT16D35B ‘ comM4 | |
o — —LEBVBS
: — LED_VSS
LED_VDD
R LR
COM7—| : I LED _VSS
- /I
ROWnN
I

Example2: The setup condition is as follows.

Command Setting Value Note
Number of COM outputs (32h) 87h COMO~COM?7, Low Scan
LED_VDD » 1 Frame K
- LED_VDD
LED_VDD como™ || |— LED vsS
f LED"VD
f T
S i e
Control con pnp  COM2 : L I LED vss
Signal R - LED_VDD
o — B
t f —
- v — RV
HT16D35A/HT16D35B X COM5 : L] I LED vss
|l LED_VDD
o — i
ROW com7 || |—|_:_ LED_VSS
OFF
ROWn
L | — ON

Rev. 1.00 22 July 12, 2017



HOLTEK i ‘ HT16D35A/HT16D35B

Global Blinking

The device contains a versatile blinking function. The whole display can be made to blink or fade times selected
by the global blinking/fade time command, this command parameter is validated by each Timing 1 of frame when
the command is set.

Command R/IW Bit7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Def.
w 0 0 1 1 0 0 1 1 33h
w BSS X X X X X BS1 BSO 80h

Global blinking function

Note: 1. Setting time is based on OSC frequency (fsys=4.92MHz, 1frame=(scan number)*4160xtsys).

2. The blinking times are integer multiples of the system frequency. The ratios between the system oscillator
and the blinking times depend upon the mode, in which the device is operating.

BSS Select Remark
0 Blink mode —
1 Fade mode Default
inki Set Scan Number (duty) v.s. Blinking Time
Bs1 | Bso | Blinking (duty) g Remarks
Time 11 1/2 1/3 1/4 1/5 1/6 17 1/8
0 0 OFF — — — — — — — — Default
0 1 ~1sec 1024 512 512 256 256 256 128 128 .
Frames | Frames | Frames | Frames | Frames | Frames | Frames | Frames
2048 1024 1024 512 512 512 256 256
1 0 =2sec —
Frames | Frames | Frames | Frames | Frames | Frames | Frames | Frames
4096 2048 2048 1024 1024 1024 512 512
1 0 ~4sec —
Frames | Frames | Frames | Frames | Frames | Frames | Frames | Frames
Example:
1. Blink output type — blinking time=2sec
PWM duty
A
l«—Blink on=2sec—>:<—BIink on=ZSec—>:<—BIink off- >
100% >
LED
» time
2sec I 2sec |

2. Fade output type — blinking time=2sec

PWM duty
A

| |
[<—Blink 0n=2seo—>|<—BIink 0n=25ec—>|<—BIink off

100% - |
|
LED \ /_\
» time

|
2sec | 2sec |

b E——

Yy

Rev. 1.00 23 July 12, 2017



HOLTEK i ‘

HT16D35A/HT16D35B
Cascade Mode
This command will select master/slave mode and input clock source.
Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 0 1 0 1 0 0 34h
Cascade mode
W X X X X MS2 MS1 MSO0 00h
MS2 MS1 MSO0 | Clock Source | OSC pin Status | SYNC pin Status Remark
. . 1. Default
0 0 0 IRC Output Hi-Z Output high 2. Only single chip application
0 0 1 Active Active —
0 1 0 Input Output high Only single chip application
0 1 1 ERC Input Active —
1 X X Input Input —

Note: It is not recommended to change between MASTER and SLAVE Mode after a system oscillator enable.

System Control

This command controls the system oscillator on/off and display on/off.

Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 0 1 1 0 1 0 1 35h
System Control
W X X X X X X FON DON 00h
FON DON | System oscillator | LED Display Remark
1. Default
0 X OFF OFF 2. Standby mode
3. Temperature protection disable
1. When a display off command is executed and the COM
output scan high level command is setup:
— The outputs of all COMs are at a low level
! 0 ON OFF 2. When the display off command is executed and the
COM output scan low level command is setup:
— The outputs of all COMs are at a high level
1 1 ON ON Normal display mode — COM scans active

Constant Current Ratio

This command is used to select the constant current ratio according to the LED panel characteristics.

Command R/W Bit7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 Def.
Constant Current Ratio W 0 0 ! ! 0 ! ! 0 36h
W X X X X 0 CC2 CC1 CCo 00h
CC2 CC1 cco Constant Current Ratio Remarks
0 0 0 Irow_max Default

0 0 1 15/16 % lrow max —

0 1 0 14/16 % lrow_max —

0 1 1 13/16 x lrow_max —

1 0 0 12/16 % lrow _max —

1 0 1 11/16 % lrow_max —_

1 1 0 10/16 % lrow_max —

1 1 1 9/16 % lrow _max —
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Example: If Irow max=32mA (R_EXT=470€) the Irow constant current setup values are shown as follows:

CC2 CC1 Ccco Irow Constant Current
0 0 0 32mA
0 0 1 30mA
0 1 0 28mA
0 1 1 26mA
1 0 0 24mA
1 0 1 22mA
1 1 0 20mA
1 1 1 18mA

Global Brightness

This command controls the 64-step PWM luminance control. It has a common setting for all dots. This command
parameter is validated during the Timing 1 period of each frame when the command is set.

Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
) W 0 0 1 1 0 1 1 1 37h
Global Brightness
W X BC6 BC5 BC4 BC3 BC2 BC1 BCO 00h
BC6 BC5 BC4 BC3 BC2 BC1 BCoO PWM duty Remark
0 0 0 0 0 0 0 0/64 Default
0 0 0 0 0 0 1 1/64 —
0 0 0 0 0 1 0 2/64 —
0 0 1 0 0 0 0 16/64 —
0 0 1 0 0 0 1 17/64 —
0 0 1 0 0 1 0 18/64 —
0 1 0 0 0 0 0 32/64 —
0 1 0 0 0 0 1 33/64 —
0 1 0 0 0 1 0 34/64 —
0 1 1 1 1 0 1 6164 —
0 1 1 1 1 1 0 62/64 —
0 1 1 1 1 1 1 63/64 —
1 X X X X X X 64/64 —
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The relationship between the PWM data width and brightness digital dimming duty times is shown in the

accompanying diagram.

8xtsys
COMn

System OSC / 64

8xt
sYs

— - ON

Brightness Data=00h
PWM Duty (0/64)

»
b

13
il

X
a
Y

t OFF

— - OFF
— - ON

Brightness Data=01h
PWM Duty (1/64)

Brightness Data=02h
PWM Duty (2/64)

2xT

A

Brightness Data=03h
PWM Duty (3/64)

A

— - OFF
N

3xT

Brightness Data=04h
PWM Duty (4/64)

\

— - OFF
N

Brightness Data=05h
PWM Duty (5/64)

— - OFF
— - ON

Brightness Data=06h
PWM Duty (6/64)

— - OFF
N

6xT

A

Brightness Data=3Dh
PWM Duty (62/64)

Y

— - OFF
N

— - OFF

Brightness Data=3Eh
PWM Duty (63/64)

|
I
|
|
i
I
T
|
| —-©
1
I
|
|
|
|

— - ON

62xT =|
L | o

63xT >

Brightness Data=4xh
PWM Duty (64/64)

— - ON

— - OFF

— - ON

64xT >

Note: 1. T=64xtsys
2. tgys=1/fsys

L~ — - OFF
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Mode Control

This command is to control the fade function stop/start, group blinking/fade function stop/start, UCOM/USEG
function on/off and thermal shutdown circuit on/off. This command parameter is validated during the Timing 1
period of each frame when the command is set.

Command R/IW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 0 1 1 1 0 0 0 38h
W TSDEN | TSDSL X USEN | MKEN | UCEN | BKEN | FDEN 00h

Mode control

Note: 1. If the TSDSL bit is “1”, the Temperature protection function will force the device to enter the Auto
Control Mode:

* When the chip junction temperatures exceeds 150°C, the entire IC display will be off and all the direct
Brightness PWM SW will be turned off.

* When the chip junction temperatures drops below 125°C, the device will resume operation with a
normal display.

2. If the TSDSL bit is “0”, the Temperature protection function allows the device to remain in the User Con-
trol Mode:

» The TSD flag determines if the IC display is off and if the direct Brightness PWM SW (43h) are turned
off or operate normally with a normal display.

* When the chip junction temperatures exceeds 150°C the TSD flag bit is set to “1”".
* When the chip junction temperatures drops below 125°C the TSD flag bit is cleared to “0”.

TSDEN | TSDSL | lemperature o, ol Mode Remarks
Protection SW
0 X OFF — Default
Read the TSD flag for the display on/off control
! 0 ON User and turn off all direct Brightness PWM SW
1 1 ON Auto Auto control mode
USEN USEG Function SW Remarks
0 OFF Default
1 ON In the Scrolling Mode this function is invalid
Matrix Display Masking
MKEN Function SW Remarks
0 OFF Default
ON In the Binary Mode this function is invalid
UCEN UCOM Function SW Remarks
0 OFF Default
1 ON In the Scrolling Mode this function is invalid
BKEN Group Blinking Function SW Remarks
0 OFF Default
1 ON —
FDEN FADE FUNCTION SW Remarks
0 OFF Default
1 ON In the Binary Mode this function is invalid
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Scrolling Control
This command is used to control the scrolling on/off enable and scrolling type.
Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
) w 0 0 1 0 0 0 0 0 20h
Scrolling Control
w SCEN X VEN HEN X X ub RL 00h

Note: 1. Single row horizontal scrolling.

2. Single row vertical scrolling.

3. When the scrolling mode is enabled, SCEN bit="1", the UCOM and USEG functions are invalid.

4. Tt is not recommended to execute the fade command and cascade mode.

SCEN |Scrolling Function SW Remark
0 OFF Default
1 ON —

VEN HEN Vertical Scrolling SW | Horizontal Scrolling SW Remark
0 0 OFF OFF Default
0 1 OFF ON —

1 0 ON OFF —

1 1 ON ON —

Scrolling Direction
ub RL Remark
Up Down Right Left

0 0 (0] — (0] — Default

0 1 O — — 0} —

1 0 — O o} — —

1 1 — (6] — O —
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Scrolling Speed

This command is used to setup the scrolling speed.

Command RIW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 0 1 0 0 0 0 1 21h
W VSP3 | VSP2 | VSP1 | VSPO | HSP3 | HSP2 | HSP1 | HSPO 00h

Scrolling Speed

VSP3 VSP2 VSP1 VSPO Vertical Scroll Speed Remark

0 0 0 0 16 Frames Default
0 0 0 1 32 Frames —
0 0 1 0 48 Frames —
0 0 1 1 64 Frames —
0 1 0 0 80 Frames —
0 1 0 1 96 Frames —
0 1 1 0 112 Frames —
0 1 1 1 128 Frames —
1 0 0 0 144 Frames —
1 0 0 1 160 Frames —
1 0 1 0 176 Frames —
1 0 1 1 192 Frames —
1 1 0 0 208 Frames —
1 1 0 1 224 Frames —
1 1 1 0 240 Frames —
1 1 1 1 256 Frames —

Note: The time is based on the OSC frequency. (1frame=(scan number) x 4160 X tsys)

HSP3 HSP2 HSP1 HSPO |Horizontal Scroll Speed Remark

0 0 0 0 16 Frames Default
0 0 0 1 32 Frames —
0 0 1 0 48 Frames —
0 0 1 1 64 Frames —
0 1 0 0 80 Frames —
0 1 0 1 96 Frames —
0 1 1 0 112 Frames —
0 1 1 1 128 Frames —
1 0 0 0 144 Frames —
1 0 0 1 160 Frames —
1 0 1 0 176 Frames —
1 0 1 1 192 Frames —
1 1 0 0 208 Frames —
1 1 0 1 224 Frames —
1 1 1 0 240 Frames —
1 1 1 1 256 Frames —

Note: The time is based on the OSC frequency. (1frame=scan number x 4160 X tsys)
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Example 1: Left Scrolling and Right Scrolling

Normal display Operation

Pattern data

Normal display Operation

Pattern data

LZMOY
9ZMOY
SZMOY
YZMOY
£ZMOY
¢ZMOd
LZMOY
0ZMOYd
6LMOY
8LMOY
LIMOY
9LMOY
SILMOY
7LMOY
€LMOY
¢LMOY
L LMOY
0LMOY
6MOY
8MOY
LMOY
9IMOY
SMOY
YMOY
EMOY
[4ex]
LMOY
0MOY

LZMOY
9ZMOY
SZMOY
YZMOY
£ZMOY
¢ZMOd
1ZMOY
0ZMOd
6LMOY
8LMOY
LIMOY
9LMOY
SIMOY
7LMOY
€LMOY
¢LMOY
L LMOY
0LMOY
6MOY
8MOY
LMOY
9IMOY
SMOY
7MOY
EMOY
e
LMOY
oMmod

<

Right Scrolling

<

Left Scrolling

July 12, 2017

30

Rev. 1.00



HT16D35A/HT16D35B

HOLTEK

Example 2: Up Scrolling and Down Scrolling

Normal display Operation

Pattern data

Normal display Operation

Pattern data

LZMOY
9ZMOY
SZMOY
ZMOY
£CMOY
2ZMOY
LZMOd
0ZMOY
61MOY
8LMOY
LIMOY
9LMOY
SIMOY
7IMOY
€LMOY
CLMOY
LLMOY
0LMOY
6MOY
8MOY
LMOY
IMOY
SMOY
YMOY
EMOY
ZMOY
LMOY
0MOY

LZMOY
9ZMOY
SZMOY
YZMOY
£2MOY
2ZMOY
LZMOY
0ZMOY
61MOY
8LMOY
LIMOY
9LMOY
SLMOY
7LMOY
€LMOY
ZLMOY
LLMOY
0LMOY
6MOY
8MOY
LMOY
IMOY
SMOY
7MOY
EMOY
ZMOY
LMOY
0MOY

&

Down Scrolling

Up Scrolling
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COM Pin Control

This command is used to setup the COM pin output on/off status. This command parameter is validated during the
Timing 1 period of each frame when the command is set.

Command RIW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 1 0 0 0 0 0 1 41h
W C7 C6 C5 C4 C3 C2 C1 CO 00h

COM pin control

Note: 1. CO~C7=“0": COM pin outputs are off.
2. CO~C7=*1": COM pin outputs are on.
3. The COM scan function is not affected.

ROW Pin Control

This command consists of four consecutive bytes to set up the ROW pin output on/off status. This command
parameter is validated during the Timing 1 period of each frame when the command is set.

Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 0 1 0 0 0 0 1 0 42h

W R27 R26 R25 R24 R23 R22 R21 R20 00h

ROW pin control W R19 R18 R17 R16 R15 R14 R13 R12 00h
W R11 R10 R9 R8 R7 R6 R5 R4 00h

W X X X X R3 R2 R1 RO 00h

Note: 1. RO~R27=*0": ROW pin outputs are off.
2. RO~R27=*1": ROW pin outputs are on.
3. The display RAM contents are not changed.

Example: The setup conditions are shown as follows.

Command Setup Value Notes
COM pin control (41h) 00111100b | Display window range (X-axis) set: COM2~COM5
00001111b
. 11111111b . . .
ROW pin control (42h) 111D Display window range (Y-axis) set: ROW4~ROW23
00000000b
ROW
Output
0/ 1|2 3|4 |5 6|7 ,8|9|9 1] ... — (20| 21|22 |23 |24 | 25|26 | 27
COMO
com1
COM2
COM3 . .
Display window
COM4
COM5
COM®6
COM7
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Original display data Set display window range (Enable COM2~COMS5 outputs and SEG4~SEG23 outputs)
comMmo|ojojofojojojojofofojojojojofojojojojojojojojojojojojojo
comtjofofojofojojojojofojojojojofofojojojofojojojojofofojojo
comMz|ojojofof ) tfrft i frftptrajrjrjtjrjrjrjojojojo
comajofofojoftftf it frprpaptpfrfrpajtprfryt)rjtj1fofojojo
comMa |ojofofof i tfrfrp i frfrprprprprjtjtfrfrjrjofjofofo
CoMs |ojofofof T tfrfty) i ifrftytyryrj1fjrjt1j1j1jrjojojojo
come|ofjofojofojojojojofojojojojofojojojojofojojojojofofojojo
comMm7 |ofjofojofojojojojofojojojojofofjojojojofojojojojofofojojo

oI NI e 2SS NRTE8E
R R R R R B it i i e i
DHODDNDDDNDDDNNDDNDNDND DN
CoMo T T T T I T T T I TITIT]
Ccom1
COoM2
COoM3
Com4
COM5
COMé6
com [T I T T I T I T I T I T T 1]
OC-TNOMITOVONOROTNDTOONDDO —Nm OO
DODNDODDNDDNDDDNDGONNONDNDAD

Direct Pin Control

This command is used to setup the output ROW24~ROW?27 pin status. It is can be used to setup a direct pin or a
ROW pin. It is a SW on / off function when these pins are set to be direct pins.

The ROW24~ROW27 port has an NMOS output structure. Data is written to the ROW port with the direct output
set command, starting from the most significant bit. In user applications, the internal NMOS device is connected to
an external LED as follows:

Viep_vop

ROW24~27

HT16D35A/HT16D35B

—
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The command format is as follows:

Command R/W Bit7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Def.
. . w 0 1 0 0 0 0 1 1 43h
Direct pin control
w PW24 | PW25 | PW26 | PW27 | DR24 | DR25 | DR26 | DR27 11h
) w 0 1 0 0 0 1 0 0 44h
Direct ROW27 PWM data
w X D6 D5 D4 D3 D2 D1 DO 00h
. w 0 1 0 0 0 1 0 1 45h
Direct ROW26 PWM data
w X D6 D5 D4 D3 D2 D1 DO 00h
) w 0 1 0 0 0 1 1 0 46h
Direct ROW25 PWM data
w X D6 D5 D4 D3 D2 D1 DO 00h
. w 0 1 0 0 0 1 1 1 47h
Direct ROW24 PWM data
w X D6 D5 D4 D3 D2 D1 DO 00h
ROW Pin Output Type Select
DR24 | DR25 | DR26 | DR27 Remarks
ROW24 Pin | ROW25 Pin | ROW26 Pin | ROW27 Pin
0 0 0 0 ROW pin ROW pin ROW pin ROW pin Default
0 0 0 1 ROW pin ROW pin ROW pin Direct pin —
0 0 1 X ROW pin ROW pin Direct pin Direct pin —
0 1 X X ROW pin Direct pin Direct pin Direct pin —
1 X X X Direct pin Direct pin Direct pin Direct pin —
Direct Function SW
PW24 | PW25 | PW 26 | PW 27 Remarks
ROW24 Pin | ROW25 Pin | ROW26 Pin | ROW27 Pin
0 0 0 0 OFF OFF OFF OFF Default
0 0 0 1 OFF OFF OFF ON —
0 0 1 X OFF OFF ON ON —
0 1 X X OFF ON ON ON —
1 X X X ON ON ON ON —

Note: The condition here is when the ROW24~ROW?27 pins are set to be direct pins.
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PWM data set for each direct row pin

The relationship between the brightness digital dimming duty times and the PWM data of the direct pins is as
follows.

D6 D5 D4 D3 D2 D1 DO Brightness PWM duty | Remarks
0 0 0 0 0 0 0 0/64 Default
0 0 0 0 0 0 1 1/64
0 0 0 0 0 1 0 2/64
0 0 1 0 0 0 0 16/64
0 0 1 0 0 0 1 17/64
0 0 1 0 0 1 0 18/64

1 0 0 0 0 0 32/64
0 1 0 0 0 0 1 33/64
0 1 0 0 0 1 0 34/64
0 1 1 1 1 0 1 6164
0 1 1 1 1 1 0 62/64
0 1 1 1 1 1 1 63/64
1 X X X X X X 64/64
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The relationship between the PWM data width and the brightness digital dimming duty times is shown in the
accompanying diagram.

|
8xtsys 8xtgys |
COMn > —>I
B64xTxtsy >|
— - OFF

'A_T T

PWM Duty (0/64)

| gy
Brightness Data=01h
PWM Duty (1/64) | — - OFF
— - ON
Brightness Data=02h oxT |
PWM Duty (2/64) — - OFF
. | —-on
Brightness Data=03h 3IxT
PWM Duty (3/64) | — - o
T
— - ON
Brightness Data=04h AxT |
PWM Duty (4/64) — - OFF
) | — - ON
Brightness Data=05h 5xT
PWM Duty (5/64) — — - OFF
| [t
Brightness Data=06h 6xT
PWM Duty (6/64) ‘ | — - OFF
| |
| | | |
[
i | | |
| ! |
Brightness Data=3Dh P 62xT ;l oN
PWM Duty (62/64) I~ - | _. OFF
Brightness Data=3Eh P 63xT ;l | on
PWM Duty (63/64) = L — -
Brightness Data=4xh . 64xT - ON
PWM Duty (64/64) - T OFF

Note: 1. T=64xtsys

- tsys=1/fsys

. When the LED ON bit is set to “1”, in the direct output mode setting a ROW number change is prohibited
. 6-bit PWM data input for each detect ROW

. Not controlled by a COM scan

. Not controlled by a scrolling function — Horizontal Scrolling or Vertical Scrolling

. Not controlled by a Matrix display masking control command

. Not controlled by a COM/ROW output pin control command

. Not controlled by a UCOM control command

— O 0 N N W kA W N

0. Not controlled by a fade function control command

Example 1: Only the direct output is set

The setup conditions are as follows.

Command Setup Value Note
Direct pin control (43H) FFH ROW24~ROW27 are set to be direct outputs
PWM data for direct ROW27 (44H) 40h ROW27 PWM DATA=40H
PWM data for direct ROW26 (45H) 00h ROW26 PWM DATA=00H
PWM data for direct ROW25 (46H) 40h ROW25 PWM DATA=40H
PWM data for direct ROW24 (47H) 00h ROW24 PWM DATA=00H
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Direct mode on

Operation at direct output mode

Pattern data

LZMOd
9ZMOY
GZMOY
YZMOd
€2MOY
¢ZMOY
1ZMOY
0ZMOd
6LMOY
8LMOY
LILMOY
9LMOY
SILMOY
71MOY
€LMOY
¢LMOY
LIMOY
0LMOY
6MOY
8MOY
LMOH
9MOH
SMOY
YMOY
EMOY
¢MOY
LMOY
0MOH

Example 2: Direct output and scrolling are set together.

g

g and Right Scrollin

¢ Left Scrollin

Direct mode on

Direct mode on
0101

0101

Operation at direct output mode

Pattern data

Operation at direct output mode

Pattern data
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€LMOY
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EMOY
ZMOY
LMOY
0MOY
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LLMOY
9L MOY
S1MOY
71MOY
€LMOY
¢LMOY
L LMOY
0LMOY
6MOY
8MOY
LMOY
9MOH
SMOY
YMOY
EMOY
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Right Scrolling

Left Scrolling
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Direct mode on
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Direct mode on

* Up Scrolling and Down Scrolling

HOLTEK

1ZTMOY
9ZMOY
SZMOY
YZMOY
£ZMOY
2ZMOY
LZMOY
0ZMOY
6LMOY
8LMOY
LLMOY
9LMOY
SLMOY _HV
7LMOY
€LMOY
ZLMOY
LLMOY
0LMOY
6MOY
8MOY
LMOY
9MOY
SMOY
yMOY
£MOY
ZMOY
LMOY
0MOY

Operation at direct output mode
Down Scrolling

Pattern data

1ZTMOY
9ZMOY
GZTMOY
yZMOY
£ZMOY
2ZMON
LZMOY
0ZMOY
6LMOY
8LMOY
LLMOY
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SLMOY
7LMOY _HV
£LMOY
ZLMOY
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0LMOY
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8MOY
LMOY
9MOY
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ZMOY
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0101

Operation at direct output mode
Up Scrolling

Pattern data
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Read Flag
The read register status flag format is shown as follows.
Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
w 0 1 1 1 0 0 0 1 70h
Read Flag R 0 0 0 0 0 0 0 0 00h
R X X X X X X COMo TSb 00h
flag flag
COMO Flag COM Scanning Location Remarks
0 Other COM —
1 COMO —
TSD Flag | Chip Junction Temperature Remarks
Default
0 <125°C When the chip junction temperatures drops below 125°C.
The TSD flag bit is cleared to “0”.
1 >150°C When the chip junction temperatures exceeds 150°C.
The TSD flag bit is set to “1”.

The relationship between the COM scanning location and the COMO flag is shown is as follows.

1 Frame |

»
>

r

COM1

]

-

Ccom2

COM3

COmM4

COM5

come |

CcCom7 _|_
COMO FLAG |

|
I:
COMo
1
|
I
|
I
t
I
|
|
|

:
I
: 1
|
:

h
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Read Status

Indicates the device internal status. The read register status format is as follows.

Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
w 0 1 1 1 0 0 0 1 71h
Read Status R 0 0 0 0 0 0 0 0 00h
R Read Data —
Byte | Bit7 Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Description Def.
1st 0 1 1 1 0 0 0 1 Read Status Command —
2nd 0 0 0 0 0 0 0 0 |Read Dummy Data 00h
3rd X X X X X X X BGS |Binary/Gray Mode 00h
4th | CNS X X X X CN2 | CN1 | CNO |Scan Output Type 07h
5th | BFS X X X X X BF1 | BFO |Blanking Time 80h
6th X X X X X MS2 | MS1 | MSO |Master or Slave Mode 00h
7th | X X | x | x | x | x |FoN | DON dclgglt;‘;'so :}gﬁsé’f;teurg oscillatorand | 55,
8th X X X X 0 CC2 | CC1 | CCO |Constant Current Ratio 00h
9th X BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO |Luminance — 64 steps 40h
10th |TSDEN | TSDSL| X |USEN |MKEN | UCEN |BKEN | FDEN | Function Mode on/off control 00h

Read scrolling status
1st| SCEN | X |VCEN| HEN | X | X | up | RL |SetScroll Direction 00h
Horizontal Scroll on/off

Vertical Scroll on/off

12nd | VSP3 | VSP2 | VSP1 | VSPO | HSP3 | HSP2 | HSP1 | HSPO | Set Scrolling Speed. 00h
13rd C7 C6 C5 C4 C3 Cc2 C1 CO | COMO~7 Output on/off Status 00h
14th | R27 R26 R25 | R24 | R23 | R22 | R21 | R20 |ROW27~20 Output on/off Status 00h
15th | R19 R18 R17 | R16 | R15 | R14 | R13 | R12 |ROW19~13 Output on/off Status 00h
16th | RM R10 R9 R8 R7 R6 R5 R4 |ROW12~4 Output on/off Status 00h
17th X X X X R3 R2 R1 RO |ROW3~0 Output on/off Status 00h

ROW24~ROW?27 direct port set and
18th | PW24 | PW25 | PW26 | PW27 | DR24 | DR25 | DR26 | DR27 | direct Brightness PWM SW on/off 00h
control

19th X D6 D5 D4 D3 D2 D1 D0 |ROW27 PWM Data for Direct output | 00h
20th X D6 D5 D4 D3 D2 D1 DO |ROW26 PWM Data for Direct Output | 00h
21st X D6 D5 D4 D3 D2 D1 DO |ROW25 PWM Data for Direct Output | 00h
22nd X D6 D5 D4 D3 D2 D1 DO |ROW24 PWM Data for Direct Output | 00h

Rev. 1.00 40 July 12, 2017



HOLTEK i ’ HT16D35A/HT16D35B

Write Display Data

This command programs the display status of the LED panel. Binary 64-step or Gray Scale Mode is selectable
using command control. There is a one-to-one correspondence between the display memory addresses and the
ROW outputs, and between the individual bits of a RAM word and the column outputs. The following shows the
mapping from the RAM to the LED pattern.

Command R/W Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 1 0 0 0 0 0 0 0 80h
Write Display RAM w A7 A6 A5 A4 A3 A2 A1 A0 00h
w D7 D6 D5 D4 D3 D2 D1 DO —
1. Binary Mode
The setup condition is shown as follows: Write RAM data: SNOW
D7 D6 D5 D4 D3 D2 DI DO Address COMO COM1 COM2 COM3 COM4 COMS COMS COM?
1stbyte | 1 O |1 |o|1]o]1]o]| oon »-{ ROWO
2ndbyte [0 | 1]of1Jo]1]o]1]| oth »| ROW1
3rdbyte [ 1 [0 1]of1fo]1]0]| o2n »-{ ROW2
sthbyte [ O | 1]of|1[o]1]o]1]| 03n »| ROW3
Sthbyte | 1] O 1fo]1]o]1]o]| 04n »-{ ROW4
6thbyte | 0 | 1o f1]o]1]o|1] 05h »| ROW5
7thoyte | 1] o1 fo]1]o]1]o]| o6h »-{ ROW6
sthbyte[ 0 |1 o1 ]of1]o]|1]| orn »| ROW7
othbyte | 1]Oof1fo]1]o]1]o]| o8h »-{ ROW8
10thbyte | O | 1 ]of1]of1]o] 1| oon »-| ROW9
; :
: :
\ \
RAM to LED data transfer for Binary mode LED Display

2. Gray Mode

The device provides 6-bit PWM data to control the length of the section. Therefore a max. of 64 gray scales are
generated by the 6-bit binary PWM data. The max. of 64 sections can be programmed to suit a satisfactory gray
scale in every level. The relationship between PWM data and Gray scale is as follows.

8 bit PWM Data Input PWM Duty i
Valle gitz | Bite | Bits | Bita | Bit3 | Bitz | Bit1 | Bito | (onwidth) |2y Scale PWMWdn
0 X | x ] o] o] o o] o] o 0/64 Oxtsys
! !
10 | x | x [ o] o | 1][o ] 1] o] 1084 | | 10xtsys
! ! !
20 | x [ x [ o] 1] o] 1] o] o] 2064 | | 20%tevs
! ! !
30 [ x [ x [ o[ 1+ [ 1] 1] 1] o] 3zom4 | | 30xtsvs
! ! |
0 [ x T x [ 1[0 1 [ o[ oo oo NN
! ! !
s [ x [ x [ 1 [ 1o o] 1 o soo NN e
! ! !

63 [ x [ x [ a1 T 11 [ 1] evs [N 63t |
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The relationship between the PWM data and digital PWM duty times is shown in the accompanying diagram.

—- ON
Brightness ‘ -
PWM Duty=1/64 < 64xTxtov >
— L _ OFF
System OSC 11 12| |3] 4] |s] |s 61| |62 |63 |64
e — - OFF
PWM Data=00h | | -~ ON
(0/64) - orF
PWM Data=01h 1xT | -
(1/64) -> | - grF
PWM Data=02h oxT -
(2164) < £ |  ofF
PWM Data=03h -~ ON
(3/64) «— T, |
- OFF
PWM Data=04h o I ON
(4/64) - = > o
' - OFF
[ —-on
PWM Data=05h B 5xT -~
(5/64) | | - oFF
PWM Data=06h T
(6/64) = ExT = |
— - OFF
| | | |
| |
| | | |
| |
[ | | |
PWM Data=3Eh -~ ON
(62/64) = 62xT - |
— - OFF
— - ON
PWM Data=3Fh | ©
(63/64) | 63xT SR
Note: 1. T=1xtsys
2. tsys=1/fsys
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Example:
The setup condition is shown as follows.

Write RAM data: FFh — 00h — 30h — 00h — FFh — 28h — 30h — 30h — FFh — 00h

D7 D6 D5 D4 D3 D2 D1 DO Address COMo

1st byte X X 1 1 1 1 1 1 00h f—————p ROWO

:

2nd byte X X 0 0 0 0 0 0 01h | ROW1

3rd byte X X 1 0 0 1 0 0 02h | ROW2

:

4th byte X X 0 0 0 0 0 0 03h f————9 ROW3

Sthbyte | X [ X 1 1 1 1 1 1 04h »-{ ROW4

:

6thbyte | X [ X 1 0 1 0 0 0 05h »{ ROW5

7thbyte | X [ X 1 1 1 0 0 0 06h |-l ROW6

8thbyte | X | X 1 1 0 0 0 0 07h »| ROW7

Sthbyte | X [ X 1 1 1 1 1 1 08h » ROWS

10th byte | X X 0 0 0 0 0 0 09h f—————p ROW9

\

RAM to LED data transfer for Gray mode LED Display

Write Fade Data

The device contains a versatile fade function, otherwise known as slope function. The whole display can be
made to fade and also blink selected for each dot using the FADE control command. This command parameter is
validated using the Timing 1 period of each frame when the command is set. This command is used to control the
delay and cycle time for both the fade or blink operations.

Command R/IW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.
W 1 0 0 0 0 0 1 0 82h

Write Fade Data W A7 A6 A5 Ad A3 A2 A1 AQ 00h
W X X FSS X SD1 SDO SC1 SCO —

Note: The function is suitable for the Gray Mode only.

FSS Select Remarks
0 Blink —
1 Slope —

The delay time is setup as follows.

SD1 SDO Delay time Remarks
0 0 No delay time Default
0 1 1/4 x slope cycle time —

1 0 2/4 x slope cycle time —
1 1 3/4 x slope cycle time —
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The fade cycle time set is setup as follows.

Set Scan Number (dut
SC1 | SCo SIOp? Lycle (duty) Remarks
Time 11 1/2 1/3 1/4 1/5 1/6 117 1/8

0 0 off — — — — — — — — Default
1024 512 512 256 256 256 128 128

0 1 =~1sec —
frame | frame | frame | frame | frame | frame | frame | frame
2048 | 1024 | 1024 512 512 512 256 256

1 0 =2sec —
frame | frame | frame | frame | frame | frame | frame | frame
4096 | 2048 | 2048 | 1024 | 1024 | 1024 512 512

1 1 ~4sec —
frame | frame | frame | frame | frame | frame | frame | frame

Note: 1. The setup time is based on the OSC frequency (fsys=4.92MHz, 1frame=(scan number)x4160xtsys).
2. In the Cascade Mode, it is not recommended to change the delay time function and fade cycle time set-
tings.

The Fade (slope) Mode function waveforms is shown as follows.

PWM Duty
A ! [ | ! !
I I I I I
| 1/4ofslope | 1/4ofslope | 1/4ofslope | 1/4 of slope |
| cycletime | cycletime | cycletime | cycletime |
100% _—— —t — —

0% » Time

Repeat Slope 1-4

o

Slope1
< > < > >

|
I Delay time

Start

A
\é

Slope cycle time

I
|
»l
=
|

The Blink Mode function waveform is shown as follows.

PWM Duty
A [ ! 1 | '
[ | [ [ '
| 1/4 ofslope | 1/4ofslope | 1/4ofslope | 1/4 ofslope |
| cycletime | cycletime | cycletime | cycletime |
100% — — — T _—— 4 — —
| |
I |
| |
I |
| |
0% | : : » Time
| | Slope1 | Slope2 | Slope3 | Slope4 | Repeat Slope 1-4
Start <—>|<—><—><—><—>—>
Delay time Slope time : l :

|
Slope cycle time

»l
>

<
<
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When SLPEN=1 and SCLEN=0, the FADE function operation will be initiated.

After delay time slopel~4 the operation repeats.

Period Mode Description

Slopef Slope |1 step is 1/64 of the global brightness PWM duty — the duty is incremented in 1.587% steps
Blink Max. global brightness PWM duty set — 100%

Slope2 Slope |Max. global brightness PWM duty set — 100%
Blink Max. global brightness PWM duty set — 100%

Slope3 Slope |1 step is 1/64 of the global brightness PWM duty — the duty is decrement in 1.587% steps
Blink Duty is fixed at 0%
Slope |Duty is fixed at 0%

Slope4 - e
Blink Duty is fixed at 0%

Example: firefly lighting
The following command set is an example for LED matrix firefly lighting.

It can control the turn on/off time in detail using the fade setting registers.

The setup condition is shown as follows.

Command Setup Value Note
COM pin control (41h) FFh Enable COMO~COM?7 outputs
ROW pin control (42h) FFh — FFh — FFh — FFh Enable ROW0~ROW27 outputs
Binary/Gray select (31h) 00h Gray Mode
Number of COM output (32h) |07h COMO~COM?7, Scan High type
Global Brightness (37h) 40h Brightness PWM duty=64/64
Write Display RAM (80h) 00h Start display RAM Address point=00h
Write PWM data 3Fh (repeat 224 times) for each dot | Write same data to display RAM
System control (34h) 03h Oscillator on and display on
Write Fade data 00h Start fade RAM Address point=00h
Write Slope data 25h (repeat 224 times) for each dot \I:/)ver:;eyst?;qeezgéztgstgcfestlS;Lc;psytclg‘atime= 1560
Mode control (38h) 01h Start FADE function — firefly lighting
Mode control (38h) 00h Stop FADE function — firefly lighting
System control (34h) 00h Oscillator off and display off — extinguish

The output waveform of each ROW is shown as follows.

PWM Duty
A

Brightness PWM
duty=64/64 (100%)

0%

» Time

0.25sec

Repeat

If only the setup condition is changed then see as follows.

Command Setting Value Note
Write Display RAM (80h) |00h Start display RAM Address point=00h
Write display data 1Fh (repeat 216 times) | Write same data to display RAM
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The output waveform of each ROW is shown as follows.
PWM Duty
A
I I | | |
4 I | | | |
(100%) I I | | |
Brightness PWM | | | | |
duty=31/64 (50%) F— — — — } ~ — —— — -4 —
| | | | I
I I | | |
0% I : I : : » Time
0.25sec 0.25sec | 0.25sec 0.25sec | 0.25sec | Repeat
T | |

Fade Start ::

Write UCOM Data

I
»le
>

The device contains a versatile UCOM control function. This command is used to setup universal data on the
COM outputs. The command format is shown as follows.

Command RIW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.

w 1 0 0 0 0 0 1 0 84h

Write UCOM Data w X X X X X A2 A1 A0 00h
w Write Universal COM Data 00h

Note: It is not recommended to execute the UCOM command and a scrolling command at the same time.

A2 A1 A0 Duty Time Remark
0 0 0 TO —
0 0 1 T1 —
0 1 0 T2 —
0 1 1 T3 —
1 0 0 T4 —
1 0 1 T5 —
1 1 0 T6 —
1 1 1 T7 —

Note: TO~T7 remap to the COM0O~COM7 scan sequence before enabling the UCOM functions.

The relationship between the duty time (T0~T7) and the COM output SW on/off control after enabling UCOM
function is shown as follows.

Name comMo com1 com2 com3 com4 COM5 COoMé6 com7
TO ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T1 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T2 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T3 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T4 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T5 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T6 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
T7 ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF ON/OFF
Bits D7 D6 D5 D4 D3 D2 D1 DO
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Example:
1. When the UCOM function is enabled — UCOM display
The setup conditions for the UCOM RAM data control and the UCOM enable function is shown as follows.

Original display RAM data Set UCOM RAM data UCOM Display Result
ro[1]JoJof oo o] o]0
il of 1] of o] o] o] 0]0
como r2[ o o[ 1] oo o] 0] 0
comt sl ofofof1]o0]o]o0]o0
[ ofofof o[ 1] 0] o]0
comz s[ofofo]ofof1]ofo0
Ccom3 Te|0fo0jojojofojT]oO o pa TN T RO OO N oON
T7{0j0|l0)OJO|O]Of1 BoOBIBEBEAROOHHHHOONHAGAADDOG
coms —— R
2 2 =2 2 2 2 =z =2
0O 0 0O 0 0 QO O O
COM5 O 0O 0O 0O 0O O O O
come mo[oJoJoJoJofofo]1
comr m|o]o]o]o]ofof1]0
n[o[ofo]o]of1] o]0
erNesnerpeENRYLOOor2ag S N8 EN
OO0 00000 VLOUOUVLUOVLOLOLULLOLOLOLOLOLLOLUOVLOOOOLVOOO T300001000
Pl R02202 2020000008222 2220¢8%
HH 6888888880800 80888886666888 w[ololol lolololo
[ S s o e o
o] 1] o] o] ofofo]o
oram N @oeOor
| 1fojofojojofojo BoBBBEEEB3HNNOODHHHAAOOBOAD
DR AR AP PPPDAD AR AR
D o o % o o o DD BAOAOAHDHDHAD
2 2 2 2 2 2 2 2
Set UCOM RAM data UCOM Display Result 38888888
ro[ofJoJofo]1]ofo]o Tojojfjojojofofojo
mfololololol ol o m[1]o]o]o]ofofof0
n[ofo]ofo]ofo1]0 T2]0]0joJ1]ofofojo
wfofo]o]o]ofofo]1 Tsjofojifojojofojo
n]olofof1]ofo]o]o Tfo]ojojojojifofo
s[ofo]1]o]o]ofo]0 Tsj0jojojojifofojo
wlolilolololololo w[o[o]o]o]ofofof1
[ 1Tolololololofo T7{0l0jojofofOf1]0 OBBOO OOOOOOOOO!
S = N M ¥ L © ~ DDNDDNDDDNDNNDDNDBNNDDNDNDNDNNDNDND
T ¥ 2 I 2 e 2 2 =2 2 2 2 =2 =2
2 2 =2 2 2 2 =z =2 O O O o0 o o o o
8888888838 SERS AR AR AR ARSI

2. When the UCOM function is disabled — Normal display

The relationship between the duty time (T0~T7) and the COM output SW on/off control is shown as follows.

Duty Time COMO COoM1 CcomM2 COoM3 COoM4 COM5 COM6 com7
TO ON OFF OFF OFF OFF OFF OFF OFF
T OFF ON OFF OFF OFF OFF OFF OFF
T2 OFF OFF ON OFF OFF OFF OFF OFF
T3 OFF OFF OFF ON OFF OFF OFF OFF
T4 OFF OFF OFF OFF ON OFF OFF OFF
T5 OFF OFF OFF OFF OFF ON OFF OFF
T6 OFF OFF OFF OFF OFF OFF ON OFF
T7 OFF OFF OFF OFF OFF OFF OFF ON
Bits D7 D6 D5 D4 D3 D2 D1 DO

UCEN bit="1" UCEN bit ='0'

Normal display Set UCOM RAM data UCOM display Normal display
ro[ofofoJo]1]o]o]0 + +
m[ofofofo]of7]0]0
o] of oo ofo]1]0 : :
ws[ofofofo]ofo]o]
n[ofofo[1]ofo]o]0
s[ofo[1]o]ofo]o0] | I

P ——— o[ 1] oJo]ofofo]o] ! |
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Write USEG Data

The device contains a versatile USEG control function. This command is used to set the USEG address and results
in directs ROW outputs. The command format is as follows.

Command R/IW Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Def.

w 1 0 0 0 0 1 1 0 86h

Write USEG Data w X X X A4 A3 A2 A1 A0 00h
w X X X us4 uS3 us2 US1 US1 00h

Note: At the same time it is not recommended to executed USEG command and scrolling command.
Example:

1. When USEG function is enabled — USEG display

The setup condition for the USEG RAM data control and the Enable USEG function is shown as follows.
The current ROW display is remapped to the new ROW output using the USEG control command.

The following diagram shows the relationship between the driving ROW outputs and USEG.

Normal display %SAEMG USEG Display
3{;%’;?' e COoMo Universal | USEN bit="1" [ oo, COmo
RAM output ! ad_dress output !
sellEes com? point set ¢ com7
00h | ROWO 09h . »| ROWO
01h | ROW1 0Ah : » ROW1
02h | ROW2 0Bh ' »| ROW2
03h | ROW3 och : >
04h | ROW4 0Dh : >
05h | ROW5 OEh ; >
06h | ROW6 OFh : >
07h | ROW7 10h : >
08h | ROWS 11h : >
09" | ROW9 12h : >
0Ah |ROW10 13h ; >
0Bh |ROW11 14h : >
0Ch |ROW12 15h ; >
0Dh |ROW13 16h : >
0Eh |ROW14 17h : >
OFh |ROW15 18h : >
10h |ROW16 19h : >
11h | ROWA7 1Ah : >
12h  [ROW18 00h : >
13h |ROW19 01h : >
14h  |ROW20 02h : >
15h | ROW21 03h : >
16h | ROW22 04h : >
17h |ROW23 05h : >
18h |ROW24 06h . >
19h  |ROW25 07h : >
1Ah  |ROW26 08h : >
18h _ [Row27 [ 1Bh : =

I
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2. When USEG function is disabled — Normal display
The setup condition for the USEG RAM data control and for disabling the USEG function is shown as follows.
The relationship between the driving ROW and the USEG RAM is as follows.

USEG

Normal display RAM USEG Display Normal display
3;5'%{;3' Row. | SOMO Universal [ USEN bit="1" [ oo | GOMO | yseN bit =o' ey |0 3{;%:’:'
RAM output ! adldress output ! output ! RAM
address com? point set com? COM7 | address

ROWO 09h | ROWO ROWO 00h
ROW1 0AR L » ROW1 ROW1 01h
ROW2 0Bh : | ROW2 ROW2 02h
ROW3 och . | ROWS ROW3 03h
ROWA4 0Dh I »| ROW4 ROW4 04h
ROWS5 OEh L »{ ROWS ROWS5 05h
ROW6 X OFh : »| ROWG h ROW6 06h
ROW7 ¢ 10n ' | ROW? { ROW7 07h
ROWS () \‘ 11h } »[ ROws { " ROWS 08h
ROWS 12h : »| ROWY ' ROWS 05h
ROW10 13h : »{ ROW10 ROW10 0Ah
ROW11 Tah t »{ ROW11 ' ROW11 0Bh
ROW12 15h ! »[ ROWT2 W ROW12 och
| >
ROW13 \“ W 16h i »[ ROW13 % ROW13 0Dh
ROW14 o 17h . »{ ROW14 ROW14 OEh
ROW15 \:‘Q‘ 18h ! »| ROW15 J ROW15 OFh
ROW16 ““ 19h 1 »-| ROW16 ROW16 10n
ROW17 ‘:“ 1Ah : | ROW17 ‘ % ROW17 11h
ROW18 " 00n " »| ROW18 ﬁ OO ROW18 2h
3h | ROW19 ‘:‘“ 0th } » ROWT9 'O:I ROW19 13h
ROW20 02h : p| ROW20 ROW20 14h
ROW21 03h - » ROW21 ROW21 15h
ROW22 04h ' »| ROW22 ROW22 16h
ROW23 05h } »| Row23 ROW23 17h
ROW24 o6h : »|{ Row24 ROW24 18h
19h | Row25 07h : » ROW25 ROW25 19h
TAh | ROW26 08h } » ROW26 ROW26 AR
ROW27 < 1Bh L | ROW27 p{ Rowz7 [N en

Write Matrix Masking Data

The device contains a versatile Matrix display masking control function. The whole display can be made to display
a masking range for each dot by the Matrix display masking command. This command parameter is validated
during the Timing 1 period of each frame when the command is set.

This command is used to setup the Matrix display masking address and control the on/off state of the COM and
ROW pins. The command format is as follows.

Command R/W Bit7 Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Def.

W 1 0 0 0 1 0 0 0 88h

Write Matrix Masking Data| W 0 0 0 A4 A3 A2 A1 AO 00h
W Write Matrix Masking Data 00h

Note: The function is suitable for the Gray Mode only.
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Note

00h

Matrix display masking

AAh—55h—AAh—55h—AAh—55h—AAh—55h—AAh—55h—

AAh—55h—AAh—55h—AAh—55h—AAh—55h—AAh—55h—
AAh—55h—AAh—55h—AAh—55h—AAh—55h

Start Address point

Setting Value
00h

3Fh)

Command
Write Matrix Masking Data (88h)
Write Masking Data

Original display data (output All high, PWM data

The setup conditions are as follows.

HOLTEK

Example 1:
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ol-lo[<]ol=[o[=] szoas N —[o]=|o]=[ol=]o] szoas
eS| reoas ﬁM “lo[=[o[=[ol=]e] reoas
ol-lo[=lel=lo]=] zo3s % — o= [o]=[ol=]=] czo3s
ool o~ |of ¢zo3s Oﬁ —[o]=|ol=|ol+]o] zzoas
BEEEEEEEESED 15 —[ol-lol-[o]-lo] 12o3s
—[el— el |ef—|o| 0293s %M —|lo|—|ol~|e]+]|o| 0zo3s
ol—|o]—|ol—|o]—] 61 EHEEEEEEE
6193 L7 6193s
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of—|o]—|o|—|o]—] L1D93S %ﬁh olo|olo|o|o|o|o| L193S
“lol=lol=lo|=|o| o193s @ hhM === oro3s [ zo3s
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SPI 3-wire Serial Interface

The HT16D35A device includes a SPI 3-wire serial interface.

.

The CSB pin is used to identify the transmitted data. The transmission is controlled by the active low signal
CSB. After the CSB falls to a low level, the data can start to be transferred.

The data is transferred from the MSB of each byte — MSB First — the data are shifted into a register at the rising
edge of CLK.

The input data is automatically loaded into a register for every 8-bits of input data. The sequence starts from the
falling edge of the CSB signal.

For the read mode, when CSB is low the DIO pin will change into an output mode after sending a read
command code and read the start address setup value. If the MCU sets the CSB signal to a high level after
receiving the output data, the DIO pin will be changed into an input mode and the read mode cycle will
terminate.

For the read mode the data will be output on the DIO pin at the falling edge of CLK.

Write Operation

Command Byte Transfer
1. Single Command Byte

CSB

CLK

| |
|«——Command byte——— |

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

2. Compound Command Byte

P 0 1

CcsB

Command byt | | Register byt > le Register byt |

DIO BIT7|BIT6|BIT5(BIT4|BIT3|BIT2|BIT1|BITO BIT7|BIT6|BIT5|BIT4(BIT3|BIT2|BIT1(BITO BIT7|BIT6|BIT5|BIT4|BIT3(BIT2|BIT1(BITO

//

r/

Rev. 1.00 51 July 12, 2017



HOLTEK i ‘ HT16D35A/HT16D35B

» Data Byte Transfer
1. Single Write RAM Data Operation

CsB
' ! ! !
[«2us>| |*2pss|
| | | | |
[<¢————————Command byt | I Address byt | t Data byts |
DIO BIT7|BIT6 |BIT5|BIT4|BIT3(BIT2|BIT1|BITO A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Note: If the input memory location has a value greater than the limit value the input memory location value will be
invalid.

2. Page Write RAM Data Operation

cs8
a2y fe2psmi fe2psmm] fe2psmi fe2ps
e e T i R B R R e H U U U U U U H H
| [ [ [ |
d e—Data Data
|

mmmmm Address

Bi77|BT6|BITs|BIT4|BIT3 [BIT2(BIT1|BITO A7 | a6 | as [As|A3| a2 |at]a0 o7 D6 | D5 D4 | D3| D2 | D1 | DO o7 |06 | D5 D4 | D3| D2 | D1 | DO o7| —————

LmJ o LMJ«L
data

data

bio ) 7 D6 | Ds | D4 | D3| D2 |D1 | DO

Note: If the memory location exceeds the limit value, the memory pointer will return to 00H. The memory location
limit values are shown as follows.

Memory Location Limit Value
Mode Duty
Display Data Fade Data UCOM Data | USEG Data | Matrix Display Masking

Binary 1/1~1/8 1Bh No support function 07h 1Bh No support function

11 1Bh 1Bh 07h 1Bh 1Bh

1/2 3Bh 3Bh 07h 1Bh 1Bh

1/3 5Bh 5Bh 07h 1Bh 1Bh

1/4 7Bh 7Bh 07h 1Bh 1Bh
Gray

1/5 9Bh 9Bh 07h 1Bh 1Bh

1/6 BBh BBh 07h 1Bh 1Bh

117 DBh DBh 07h 1Bh 1Bh

1/8 FBh FBh 07h 1Bh 1Bh
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Read Operation
1. The data must be read in byte units.

2. It is recommended that the host controller should read in the data from the DIO line between the rising edge of
the CLK line and the falling edge of the next CLK line.

* Single Read RAM Data Operation

. B

' ' ' ' ' '
|e2ps e *2ps>| *2ps |

le——Read RAM data command byte——! L Address byt . Dummy byt L Data byt |
pio  |BIT7[BIT6|BITS(BIT4|BIT3(BIT2|BIT1|BITO AT | A6 | A5 [ A4 | A3 | A2 | AT | AD ofof|oflofo|o|o]o D7 | D6 | D5 | D4 | D3 [ D2 | D1 | DO

Note: If the input memory location value is greater than the limit value, the input memory location value will be
invalid.

* Page Read RAM Data Operation

= —

fe2psm te2psm fe2psm

N NN 7=

fe2psml

l«—Read RAM byte—»l |

I o}
plo  [BIT7|BITe|BITS|BIT4|BIT3|BIT2[BIT1|BITO| a7 | a6 | as | as | a3 |az|a1|a0 oflo|oflofofo|ofo

e Data L |

o7 D6 |Ds|D4|D3[D2|D1|DO| |D7| —==—— 0o 07 |06 | D5 D4 | 03|02 |01 | DO

o7
Lzmj o Lan
data data

Note: If the memory location exceeds the limit value, the memory pointer will return to 00H. The memory location
limit values are shown below.

Memory Location Limit Value
Mode Duty
Display Data Fade Data UCOM Data | USEG Data | Matrix Display Masking

Binary 1/1~1/8 1Bh No support function 07h 1Bh No support function

17 1Bh 1Bh 07h 1Bh 1Bh

12 3Bh 3Bh 07h 1Bh 1Bh

113 5Bh 5Bh 07h 1Bh 1Bh

1/4 7Bh 7Bh 07h 1Bh 1Bh
Gray

1/5 9Bh 9Bh 07h 1Bh 1Bh

1/6 BBh BBh 07h 1Bh 1Bh

117 DBh DBh 07h 1Bh 1Bh

1/8 FBh FBh 07h 1Bh 1Bh

1. Read register status format is as follows

R

[-«——Read Register command b J | Dummy by | F Data by l———Data by | F -Data by
/
DIO 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 D7 | D6 |D5| D4 | D3| D2 | D1 | DO 7| ————— DO D7 | D6 |D5| D4 | D3| D2 |D1| D0
)

Note: 1. The display data must be read in byte units.

2. If the register location exceeds the limit value, the register pointer will return to the first one. The register
location has a limit value of 20.
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2. Read flag status format is as follows

0

I12C Serial Interface
The HT16D35B device includes an IC 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, typically a value of 10kQ for a frequency of 100kHz. 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 state when the clock signal on the SCL line is low as shown in the accompanying diagram.

ML C \/

Data line stable;
Data valid

IChange of data allowed

START and STOP Conditions
* Ahigh 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~ 77 [

—_— | _—— | - =
SDA I | § -/ | SDA
I - I
SCL__W___W__SCL
I [ | I

IS P

START condition STOP condition
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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.

P e PP
son TNG [ X X:X:DC
A . \ / \ _______ \
' ' 1 Sr!
| ' 1 '
d T T ) I
SCL 1 g 1 2\ 7 8 9 1 2 3-8 9 'poi
| ! ' |
y Or y or
D ar i ACK ACK D or E

.

Acknowledge

» Each byte 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.

» Aslave 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.

i----

] . L -
Data Output ' ‘
By Transmiter H !
] - - T=====
! not acknowledge
L ge —¢
] \ ,
]
]
]
]
]
]
]
]
]
]
]
]

Data Output

1
1
y
1

By Receiver !
1
! acknowledge —

SCL From ,
Master ! 1 2\ 7 8 9
1S
STA_RT CLK pulse for
condition acknowledgement

Slave Addressing

» The device requires an 8-bit slave address word following a start condition to enable the device for a write
operation. The device address word consist of a mandatory one, zero sequence for the first four most significant
bits. Refer to the diagram showing the slave Address. This is common to all LED devices.

» 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.

e The address bits are “1, 1, 0, 1, 0, 0, AO”. 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.

< Slave Address: >
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Write Operation

* Single Command Byte
A byte write operation requires a START condition, a slave address with a R/W bit, a command (Ist) and a
STOP condition for a single command byte.

| |
l«————Slave Address > | Command byte———»>|

S 1 1 0 1 0 0 |A0| O BIT7 | BIT6 [ BIT5 [ BIT4 [ BIT3 [ BIT2 | BIT1|BITO P
* A A +
Write ACK 1t ACK

Single Command Byte

e Compound Command Byte
A byte write operation requires a START condition, a slave address with a R/W bit, a command (1st), one or
more register byte commands (2nd~nth) and a STOP condition for a compound command byte.

1 | ddi | ommand byt | Register byt | L Reg

CTT T TeTe] e

BIT4

BITS[ B\TZ[ BIT1 [ BITO BIT7[ BITG[ BITS [BIT4 [BITz [ BIT2 [ BIT1 [ BITO /] BIT7 [BITB‘ BITS‘ B\TA‘ BIT3 {BITQ ‘BI‘M ‘BITO P

LYZARS
Cl

K ACK " ACK

Write ACK ; ACK » A

Compound Command Byte

» Single Write RAM Data Byte Operation
If the input memory location value is greater than the limit value, the input memory location value will be
invalid.

Following a START condition, the slave address and R/W bit is placed on the bus. Then follows the display
data address setup command code (1st). The address pointer (An) is then written to the address pointer (2nd)
and then valid data and a STOP condition for a compound write single data byte.

ommand by i ddress by | DATA by
1 )
l s [ 1 [ 1 [ 0 [ 1 [ 0 [ 0 [AO[ 0 ‘ B\T7|B\T6|B\T5|B\T4 B\Talal‘rzlamlal‘ro A7[Ae[A5[A4[A3[A2[A1 [AD Do[m[nz[m[no[m[nz[ns P
Write ACK N ACK . ACK . ACK

Note: If the input memory location value is greater than the limit value, the input memory location value will be
invalid.

* Page Write RAM Data Operation
Following a START condition the slave address along with the R/W bit is placed on the bus along with the
display data address setup command code (1st) and the address pointer, An, (2nd). The data to be written to
the memory is next, after which the internal address pointer is incremented to the next address location on the
reception of an acknowledge clock.

| Slave Add | | ommand byt | L Address byt |

| | | |
| s | 1 | 1 | 0 | 100 | 0 |A0| 0 BIT7|BIT6|BIT5|BIT4 BIT3|BIT2|BIT1|BITO| |A7 | A6 | A5 | A4 | A3 | A2 | A1 |A0|
Write T T T
ACK ACK ACK
L Data byt | L Data byt | L Data byt |
D7|DG|05|D4 D3|D2|D1|D0 D7|D6|D5|D4 DS|DZ|D1|D0 /] D7|D6|D5|D4|D3|DZ|D1|DO P
1st byte dat: 2nd byte dat: 1th byte dat: T
ACK ACK ACK ACK
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If memory location exceeds limit value, the memory pointer will return to 00H. The limit value of Memory
location is shown as below:

Memory Location Limit Value
Mode Duty
Display Data Fade Data UCOM Data | USEG Data | Matrix Display Masking

Binary 1/1~1/8 1Bh No support function 07h 1Bh No support function

17 1Bh 1Bh 07h 1Bh 1Bh

1/2 3Bh 3Bh 07h 1Bh 1Bh

113 5Bh 5Bh 07h 1Bh 1Bh

1/4 7Bh 7Bh 07h 1Bh 1Bh
Gray

1/5 9Bh 9Bh 07h 1Bh 1Bh

1/6 BBh BBh 07h 1Bh 1Bh

117 DBh DBh 07h 1Bh 1Bh

1/8 FBh FBh 07h 1Bh 1Bh

Read Operation

In this mode, the master reads the device data after setting the slave address. Following the R/W bit, which is zero,
and the acknowledge bit, then follows the address setting command code (1st). After this is the address pointer (An)
which is written to the address pointer (2nd). Following this is the START condition and slave address, followed
by a R/W bit which is high. The addressed data is then transmitted. The address pointer is only incremented on
reception of an acknowledge clock. The device will place the data at address An+1 onto the bus. The master reads
and acknowledges the new byte and the address pointer is incremented to “An+2”. If only a read command is sent
to the I’C interface, then dummy data is transmitted. This cycle for reading consecutive addresses will continue
until the master sends a NACK and STOP condition.

* Single Read RAM Data Operation

BT e oo frppeprprrpr [l s [w]m[elwlo] ST o] Lo o] ] [o]oe oo ]oe [we[or]oo] [or[oe oo os oo oo or]oo | K] 7
Wiite T Read T Dummy T
e e e s e

aaaaa d ! L
) P

* Page Read RAM Data Operation

L | dab 1L ommand by 1 ddress b |
1 T I

|
B\T3|BIT2|BIT1|BITD| I A7 [ A6 [ A5 [ A4 [ A3 [ A2 [ Al [ A0 l

l S [ 1 [ 1 [ 0 [ 1 [ 0 [ 0 [AO[ 0 [ |BIT7|BIT6|B\T5 BIT4
L] T T
rite
ACK ACK ACK
; e A Do oaie Do pata by j ‘ - ;
l51111111[1[0[0[/&()[11 D7[D6[D5[D4 D3[D2[D1[DO D7[D6[D5[DA D3[D2[D1[DO // D7[D6[D5[D4[D3[D2[D1[DD u
Read T Dummy byte T 1st byte d h byte d
ACK ACK ACK ACK NACK

Note: 1. The cycle to read consecutive addresses will continue until the master sends a NACK and STOP condition.

2. If a memory location exceeds the limit value, the memory pointer will return to 00H. The memory loca-
tion limit values are shown as follows.
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Memory Location Limit Value
Mode Duty
Display Data Fade Data UCOM Data | USEG Data | Matrix Display Masking

Binary 1/1~1/8 1Bh No support function 07h 1Bh No support function

17 1Bh 1Bh 07h 1Bh 1Bh

1/2 3Bh 3Bh 07h 1Bh 1Bh

113 5Bh 5Bh 07h 1Bh 1Bh

1/4 7Bh 7Bh 07h 1Bh 1Bh
Gray

1/5 9Bh 9Bh 07h 1Bh 1Bh

1/6 BBh BBh 07h 1Bh 1Bh

117 DBh DBh 07h 1Bh 1Bh

1/8 FBh FBh 07h 1Bh 1Bh

Read Register Status

In this mode, the master reads the device data after setting the slave address. Following the R/W bit, which is zero,
and the acknowledge bit, then follows the read status setup command code. Next is the START condition and slave

address, followed by a R/W bit which is high. The addressed data is then transmitted.

1. Read register status format is as follows

ommand by

]

Bnnnnooonlone

T[] PO LDl

Write T
ACK

T

ACK

Read T
ACK

Data b 1L

Data b,

Data b

S00E

oa [ oz [or [ oo

o7 [ os Jos [ os

oa [ oz [or [ oo

o7 [ os [os [ s

o3 [ o2 [ ot [ oo

-]

T 1t byte dat T

/]
11

Dummy byte dats

ACK

ACK

d byte dat

ACK

ACK

20th byte dat

NACK

Note: If the register location exceeds the limit value, the register pointer will return to the 1st value. The register
location limit value is 20th address. The cycle for reading consecutive addresses will continue until the
master sends a NACK and STOP condition.

2. Read flag status format is as follows

Command by
L

((((((

|
0 0 0 0 0 0 0 0 X X X X X x [coMgTSD P
flag | flag

\s\‘\‘\n\‘\a\a\m\%\ DEERDERD \s\‘\‘\a\‘\u\a\m;
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Power Supply Sequence

« If the power is individually supplied on the LED VDD and VDD pins, it is strongly recommended to follow the
Holtek power supply sequence requirement.

« If the power supply sequence requirement is not followed, it may result in malfunctions.
Holtek Power Supply Sequence Requirement.
1. Power-on sequence:
Turn on the logic power supply Vop first and then turn on the LED driver power supply LED_Vpp.
2. Power-off sequence:
Turn off the LED driver power supply LED Vpp first and then turn off the logic power supply Vop.
3. The Holtek Power Supply Sequence Requirement must be followed no matter whether the LED Vpp voltage is
higher than the Vpp voltage or not.

* When the LED Vpp voltage is smaller than or is equal to the Vpp voltage application
Voltage

A

Vop ——

LED_ Voo
LED_Vpp ——

—_— — s — — — —

|
|
|
I
I
I
|
|

P Time
1us 1us
> ] < » 1
* When the LED Vpp voltage is greater than the Vpp voltage application
Voltage
A
LED_Vop
LED_Vpp ——

[ Voo (I

Vo —f— | | } |

(. (.

[ 1

(I 1

Il (I

[ [

l I
| — P Time

1us L 1us bl

— ! e — e
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Operation Flow Chart

Access procedures are illustrated below by means of flowcharts.

¢ Initialisation

C Power On

A\

Set COM output Control

Y

Set ROW output Control

Y

Set Binary/Gray mode

Y

Set number of COM output

Y

Set constant current ratio

Y

Set global brightness control

Y

Set system control
(System oscillator on)

Y

C Next processing

)
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* Display Data Read/Write — Address Setting

(

Start

A

Set display RAM address

3

/

Write/Read display RAM data

Write/Read display
data Complete ?

Set system control
(Dispaly on)

\

Next processing

C
C

¢ UCOM RAM Data Write

start

Y

Mode control
(UCEN bit is set to1)

A 4

Read
COMO flag=17?
(70h, read flag)

Write UCOM RAM data

:

Next processing

C
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Application Circuits
LED Matrix Circuit

X AN

COMO

COM1

COM2

i

A

COM3

COM4

COM5

A

COMé6

com7

ROWO

Single LED IC Application

o
o

2l

A ! AN ' A
ROW1 W —— — — — —- ROW26

LED Display — 28 ROW x 8 COM

* 28 ROW x 8 COM Example: P-MOS Open Drain Output
1. Disable direct port function

PortA

PortB

csB

LED_VDD,
CLK

como

Port C

DIO J)—F

com?
DD ’—‘

LEDiij

470 47k
=
Port A
o

scL >—‘
Port B SDA

como LED Matrix

v
com?

MO | e

com?

ROW 0
vss
HT16D35A

ROW 27

Port C. A0

ROW O

'
ROW 27

ROW 0

'
ROW 27

0.1uF

RUEXT

LED VDD —
so0e 0.1pF
s vss %

I%C Serial bus.
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2. Enable direct port function

PortA

csB

LED)/D}D_T

LED Matrix

X

PortB Lk como como

PortC oio — | )
M| oo com?

vop

01uF HT16D35A ROW 0 ROW 0

) '
vss } vss ROW 23 ROW 23

mcu =
ROW 24
A

¢

REXT =
- LED_VDD

3-Wire Serial bus

““0
Vvss {T

® LED VDD

LED_VDD,
4.7KQ. 4.7kQ como COM 0
o !
Port A 1 scL '—‘ com? com? LED Matrix
Port B SDA
Port C A0
HT16D358 ROW 0 ROW 0
I VoD . .
o1 ROW 23 ROW 23 Y
mcu VSS
vss 1 ROV'V 24
ROW 27
I e Leovop
R_EXT = -
LED_VDD
5000 o1F
vss vss {

FC Serial bus

* 28 ROW x 8 COM Example: N-MOS Open Drain Output and COM with Transistor Buffer
1. Disable direct port function

PortA
PortB
PortC
0.14F L
vss}
Mcu L

LED_VDD

como

PNP COM7

ROW O

'
ROW 27

cse

&k como

S Hr1eDasA

VoD

vss { ROW 0
| rower

REXT | ep vop )

0.1F

vss {

3-Wire Serial bus

LED_VDD

como LED Matrix

pNp COM7

ROW 0
.
ROw 27 Y

VoD
como
LED Matrix 47k, 47kQ) HT160358 i R
Port A scL com?
Port B SDA
PortC A0
VoD ROW 0
? mcu o1uF L :
by vss ROW 27
vss T
RET e vop
5000 o1F
vss vss 4

Note: The R resistor values depend upon the LED power consumption.

2. Enable direct port function

Port A
Port B
PortC
0.AyF I
vss}
mcu =

LED Matrix

)

LED_vDD
HT16D35A
como
o Mok como
)
pio enp COMT
VoD == | rowo
l X ROW O
L |rowzs '
vss ROW 23
ROW 24
}
ROW 27
4“—- LED_VDD
»
REXTL =+
LED_VDD )
vss {

3-Wire Serial bus

F°C Serial bus

LED Matrix

LED_VDD
VoD
HT16D35B
como R
4740 4760 ' como
com? :
Port A scL pNp COM7
Port B SDA
Port C A0 ROW 0
. ROW 0
voD ROW 23 !
oo oMF ROW 23 Y
P ves ROW 24
vss I N
ROW 27
4“—. LED_VDD
»w
REXT= =
LED_VDD
5000
vss. vss —}
I°C Serial bus

Note: The R resistor values depend upon the LED power consumption.
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Cascade Function

LED Application — P-MOS Open Drain Output

Example 1: SPI 3-wire serial bus

LED Matrix

_Ni
COMO~ COM7 ROWO ~ ROW27

VDD A LED_VDD
COMO ~ COM7 ROWO ~ ROW27
VDD LED_VDD
0.1uFl Io.wF
= HT16D35A (Master) =
R_EXT
5000
vss LED_VSS
CSB CLK DIO  OSC SYNC

A A A

—

LED Matrix

V. .4
COMO ~ COM7 ' ROWO0 ~ ROW27

VDD LED_VDD
COMoO ~ cCoOmM7 ROWO ~ ROW27
VDD LED_VDD
0.1pF 0.1pF
:I_: HT16D35A :I_:
- (Slave) -

R_EXT

vss LED_VSS
CSB CLK DIO  OSC SYNC

500Q

VDD
y
< m O 0
VDD T T ot o€
gce e
0.1pF MCU
VSS

3-Wire Serial bus

Note: Cascading can also be implemented using software. Users must set the master in the master mode and the
slave in the slave mode using commands. The CSB pin must be connected to the MCU individually for

independent read and write.

Rev. 1.00

64

July 12, 2017



HOLTEK HT16D35A/HT16D35B

Example 2: IC serial bus

LED Matrix LED Matrix

' ol ' o
COMO ~ COM7 ROWO0 ~ ROW27 COMO ~ COM7 ROWO0 ~ ROW27

A

VDD ' LED_VDD VDD LED_VDD
COMO ~ COM7 ROWO ~ ROW27 COMO ~ COM7 ROWO ~ ROW27
VDD LED_VDD VDD LED_VDD
0.1uFI Io,mF 0.1uFI Io,mF
= HT16D358 = = HT16D358 =
R_EXT (Master) R_EXT (Slave)
5000 5000
vss LED_VSS vss LED_VSS
A0 SCL SDA OSC SYNC AO SCL SDA OSC SYNC
J_ A A L
= = = VDD
VDD
y
47kQ
4.7kQ Y
< o
+— VDD £ £
o o
0. 1pFF Mcu
b vss

I°C Serial bus

Note: Cascading can also be implemented using software. Users must set the master in the master mode and the
slave in the slave mode using commands. The CSB pin must be connected to the MCU individually for
independent read and write.
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LED Application —

N-MOS Open Drain Output

Example 1: COM with transistor buffer for SPI 3-wire serial bus

LED Matrix

.4
’ ROWO ~ ROW27

COMO ~ COM7
LED_VDD
PNPx8
Rx8
Rx8
VDD
COMO ~ COM7 ROWO ~ ROW27
VDD LED_VDD
0.1pF T
= HT16D35A (Master)
R_EXT
5000
vss

CSB

LED_VSS
CLK DIO  0SC SYNC
Y

LED Matrix

>

COMO ~ COM7 ROWO ~ ROW27
LED_VDD
PNPx8
Rx8
Rx8
VDD ' LED_VDD
COMO ~ COM7 ROWO0 ~ ROW27
VDD LED_VDD
0.1uF 0.1uF
I HT16D35A I
- (Slave) -
R_EXT
500Q
vss LED_VSS

CSB CLK DIO

OSC SYNC

A A A

—

VDD

Port A
Port B
Port C
Port D

0.1pF

=
[2]
(=

VSS

|||—T—| |—T—o

3-Wire Serial bus

Note: 1. Cascading can also be implemented using software. Users must set the master in the master mode and the
slave in the slave mode using commands. The CSB pin must be connected to the MCU individually for
independent read and write.

2. The R resistor values depend upon the LED power consumption.
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Example 2: COM with transistor buffer for I>C serial bus

LED Matrix LED Matrix
S 'V
COMO ~ COM7 ROWO0 ~ROW27 COMO ~ COM7 ROWO0 ~ROW27
LED_VDD LED_VDD
PNPx8 PNPx8
Rx8 Rx8
Rx8 Rx8
VDD A LED_VDD VDD y LED_VDD
COMO ~ COM7 ROWO0 ~ROW27 COMo ~ cCoOmM7 ROWO ~ ROW27
VDD LED_VDD VDD LED_VDD
0-1uFI Io.mF 0.1uFI IO.1|.1F
= HT16D35B = = HT16D35B =
R_EXT (Master) R_EXT (Slave)
500Q 500Q
VSS LED_VSS VSss LED_VSS
A0 SCL SDA OSC SYNC A0 SCL SDA OSC SYNC
1t ! f <
= = = = VDD
VDD
4.7kQ
N
4.7kQ
< s}
—— VDD € =
o S
a a
0.1pF = MCU
—— VSS
I°C Serial bus

Note: 1. Cascading can also be implemented using software. Users must set the master in the master mode and the
slave in the slave mode using commands. The CSB pin must be connected to the MCU individually for
independent read and write.

2. The R resistor values depend upon the LED power consumption.
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Cascade Control Flow

Access procedures are illustrated below using flowcharts.

Binary mode

( Power On )
v

Set COM output Control
(Master, Slave)

!

Set ROW output Control
(Master, Slave)

!

Binary mode
(Master, Slave)

!

Set number of COM output
(Master, Slave)

!

Set constant current ratio
(Master, Slave)

!

Set Group Brightness Control
(Master, Slave)

!

Cascade mode control
(Slave)

!

Cascade mode control
(Master)

!

Set system control
(System oscillator on)
(Master, Slave)

!

Set system control
(Display on)
(Master, Slave)

!

Display RAM address set
(Master, Slave)

!

Write display RAM data
(Master, Slave)

!

Update RAM Data
(Master, Slave)

Gary mode

C Power On )

!

Set COM output Control
(Master, Slave)

!

Set ROW output Control
(Master, Slave)

!

Gary mode
(Master, Slave)

Y

Set number of COM output
(Master, Slave)

!

Set constant current ratio
(Master, Slave)

!

Set Group Brightness Control
(Master, Slave)

Y

Cascade mode control
(Slave)

!

Cascade mode control
(Master)

Y

Set system control
(System oscillator on)
(Master, Slave)

Y

Set system control
(Display on)
(Master, Slave)

!

Display RAM address set
(Master, Slave)

!

Write display RAM data
(Master, Slave)

!

Update RAM Data
(Master, Slave)
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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/
Carton 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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48-pin LQFP (7mmx7mm) Outline Dimensions (Exposed Pad)

D2

—25

E2

—
—
—
—
—
—
—
—
—
—
—

36

48

37

THERMALLY ENHANCED VARIATIONS ONLY

Dimensions in inch
Symbol -
Min. Nom. Max.
A — 0.354 BSC —
B — 0.276 BSC —
C — 0.354 BSC —
D — 0.276 BSC —
D2 0.170 — 0.205
E — 0.020 BSC —
E2 0.079 — —
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 — 9.00 BSC —
B — 7.00 BSC —
C — 9.00 BSC —
D — 7.00 BSC —
D2 4.31 — 5.21
E — 0.50 BSC —
E2 2.00 — —
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
o 0° — 7°
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Copyright® 2017 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.
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