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Features
* Vpp operating voltage: 2.7V~5.5V
« Static operating current: 12pA @ 5V
» LED driver
+ LED_Vbpp operating voltage: 4.5V~5.5V

¢ Driving current: 550mA(MAX) @ 5.0V (Constant current
ratio=48mA, white light, highest brightness)

¢ Drive IC: HT16D33B
* RGB LEDs display function
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+ 16 million colours when the RGB is in full colour
+ Brightness: 256-level adjustment
+ 16-level (3mA~48mA) constant current adjustment
* 64 RGB LEDs: 8x8 matrix layout
* Cascade function: can be cascaded
* Maximum cascading number: 4
» Communication Interface
+ BMCOM interface x 2 (SYNC, SCL, SDA, VDD, GND)
+ Communication mode: I’C (Address: 0x2E+0x64~67 (select 1 of 4))
* Provides Arduino Library application support

e Module size: 79mmx*73mmx*x8mm

General Description

The BM32D2021-1 is a RGB LED 8%8 dot matrix module, which uses the HT16D33B LED driver
chip and supports up to 256 LEDs driver. The design of this module shares 64 RGB LEDs and has a
total of 192 LEDs control.

The module includes an I*C communication interface, which can be configured with up to 4 I’C
addresses to achieve RGB control.

Applications
* Indicator
+ Advertising light
* Dimming light

Rev. 1.00 3 March 12, 2024
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Block Diagram
4 N
w-» o LED_VDD 4T—> LED_VDD ®
® GND I l > GND o
o
| O
[ ] RGB x 64
HT16D33B
-
IIc liC
w» e VDD > VDD e
® GND \ 4 > GND o
® SCL SCL o
® SDA SDA e
® SYNC SYNC e
\ J
Pin Assignment
1-GND 13-GND
2-5V 14-5V
3-SYNC 8-SYNC
4-SCL 9-SCL
5-SDA 10-SDA
6-VDD 11-VDD
7-VSS 12-VSS
Pin Description
Power supply pins:
Pin Function Description
2&14 LED_VDD |LED positive power supply
1&13 GND LED negative power supply, ground
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Communication interface pins:

Pin Function Description
3&8 SYNC —
489 SCL 12C clock line
5&10 SDA I°C data line
6&11 VDD Positive power supply
7&12 VSS Negative power supply, ground

Technical Specifications

Absolute Maximum Ratings

SUPPLY VOIEAZE ...ttt Vss-0.3V~Vss1+6.0V
INPUL VOILAZE ..ovveveiecieceeeeeeee ettt st sttt s s enas Vss-0.3V~Vppt0.3V
Storage TeMPETATUTE. ......c.eiiiuiiieiiiiite ittt -50°C~125°C

Operating (Ambient) TEMPETatUre ..........cceeieiririiieieieeserteeeeeee et -40°C~85°C
Total power cONSUMPLION (IMAX.) ...eeveuiruirieiieieieteeieeet ettt sttt ee 3.025W

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

D.C. Electrical Characteristics

Ta=25°C, Vop=5V

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Voo Operating Voltage — 2.7 5.0 5.5 \Y,
LED_Vop | LED Operating Voltage — 4.5 5.0 5.5 Vv
Constant current ratio=48mA, white
lLeo.vop | Standby Current light, highest brightness — 500 550 mA
Vi Input Low Voltage — 0 — |03V | V
ViH Input High Voltage — 0.7Voo| — 5.0 V
A.C. Electrical Characteristics
System Timing
Ta=25°C, Vop=2.7~5V
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
fsvs System Clock On-chip RC oscillator 2.1 2.4 27 | MHz
fLeo LED Frame Rate Matrix-type 3 (16x16) — 551 — Hz
Vror Vop Start Voltage to Ensure Power-on Reset — 0 — 100 mV
RRvoo | Voo Rise Rate to Ensure Power-on Reset — 0.05 — — V/ms
trom Minimum Time for Vop Stay at Veor to Ensure . 10 o . ms
Power- on reset
Rev. 1.00 5 March 12, 2024
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. { RRypp
1
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é tPOR%:
VPOR
Time
I2C Interface
Ta=25°C, Vpp=5V
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
fscL Clock Frequency — — — 400 kHz
tour Bus Free Time Time in Which_ th_e bus must be free before 13 . . us
a new transmission can start
tiosa | Start Condition Hold Time After this period, the first clock pulse is 06 . o us
generated
tLow SCL Low Time — 1.3 — — us
thicH SCL High Time — 0.6 — — us
tsu:sta | Start Condition Setup Time Only relevant for repeated START condition | 0.6 — — us
tho:par | Data Hold Time — 0 — — ns
tsu:oar | Data Setup Time — 100 — — ns
tr SDA and SCL Rise Time Mo — — — 0.3 us
te SDA and SCL Fall TimeMote) — — — 0.3 us
tsu:sto | Stop Condition Setup Time — 0.6 — — us
taa Output Valid from SCL is Low — — — 0.9 us
tsp I(g%i ';'r:tgrs-gr%"cig)n stant Noise suppression time — — 20 ns

Note: These parameters are periodically sampled but not 100% tested.

X / """ _).\
tsuoar
te = | lei— SU:DAT
F tLow <_'(B_' tio:sTA
—> | le— le— m"—tb «—
g |HDsSDA HD:DAT thicH SUBTA
tan Sr

r

L

Functional Description

System Description

The BM32D2021-1 is a RGB LED 8%x8 module that can be directly connected to the BMduino
BMCOM interface. This module uses the HT16D33B LED driver chip and supports up to 256 LED
drivers. The design of this module shares 64 RGB LEDs and has a total of 192 LEDs control.

I2C Timing Diagram

Rev. 1.00
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Operating Principle

The system controls 64 RGB LEDs on/off. The HT16D33B uses 16 1/O ports to read the 64 LEDs.
The higher 8-bit take turns to output the low level for progressive scanning the matrix LED. When the
lower 8-bit are not all “1”, by which the received data is “0” to determine which light is turned on/off.

s )

y

| Initialisation |

v

| Set brightness Initialisation |

v

| Set current Initialisation |

|
v

| Master and slave devices |

!

| Keys scanning |

y

| Integrated lighting effect treatment

v

| Replace RGB |

BM32D2021-1 System Flow Chart

Initialise Operating Principle

Set binary/gray mode, set lighting effect display, integrated lighting effect function and key scanning
function. Set constant current ratio, to make the output current consistent. Set global brightness control,
integrated PWM signal control lighting effect. Set cascade mode, use the I’C interface for multi-module
cascading. Set LED control on/off, use the integrated key scanning function to control the lighting effect.

[ Power On ]

v

| Set Binary/Gray Mode |

v

| Set Display Mode |

v

| Set Constant Current Ratio |

!

| Set Global Brightness Control |

v

| Set Cascade Mode |

!

| Set LED Control On/Off |

v

| Set System Control |

v

[ Next Processing ]

Initialisation Flow Chart

Rev. 1.00
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Address Selection Operating Principle

Integrated lighting effect function and key scanning function, set the page address, then follows is
the data 00h~0OFh to select the Page No., and then users can configure the display data value and
function in that Page No. Set the display memory address, 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.

| Set page address |

v

| Set display RAM address |
]

v

| Write/Read display RAM data |

Set system control

Next processing

Address Selection Flow Chart

Interface

The BM32D2021-1 provides the ’°C communication mode. In this mode, the Master device sends
address information to the BM32D2021-1. Refer to the I’C interface for details.

I2C Interface

I2C Operation

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

Data Validity

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

Rev. 1.00 8 March 12, 2024
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SDA

Wi
SCL \_i/ M_—\—/—

Data line stable; Change of data allowed
Data valid

START and STOP Conditions
A high to low transition on the SDA line while SCL is high defines a START condition.
* Alow to high transition on the SDA line while SCL is high defines a STOP condition.

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

* The bus remains busy if a repeated START (Sr) is generated instead of a STOP condition. The
START(S) and repeated START (Sr) conditions are functionally identical.
= —} 1
SDA —— -
| | | |
\ |

L__ L__1
START condition STOP condition

Byte Format

Every byte put on the SDA line must be 8-bit 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.

I“]I _ L Fp_r
T s s D O )
r

| or| ACK ACK lor |
Lsr | Lsr !

Acknowledge

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

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

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

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

Rev. 1.00 9 March 12, 2024
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Data Output I
By Transmitter I

Not acknowledge -

|
|
|
| T
| |
Data Output i i
By Receiver I I
| |
| |
|
|

acknowledge

SCL From
Master | :
| S_| 4

START Clock 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 mas-
ter 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 opera-
tion is selected. A “0” selects a write operation.

* When a slave address byte is sent, the device compares the first seven bits after the START condi-
tion. If they match, the device outputs an Acknowledge on the SDA line.

e The address bits are “1, 1, 0,0, 1, A1, A0”.

; .
i¢—— Slave Address ——— P}
MSB LSB :

1
I
|1|1|0|O|1|A1|A0|R/W|

Note: 1. Common address that all devices are responding on the slave address bits are “0, 1,0, 1, 1, 1,
0”. The I>C address is: 0x2E.

2. When the AD pin is connected to VSS (GND), the [A1, A0] bits should be set to [0, 0]. The
I’C address is: 0x64.

3. When the AD pin is connected to the SCL, the [A1, A0] bits should be set to [0, 1]. The I>)C
address is: 0x65.

4. When the AD pin is connected to the SDA, the [A1, A0] bits should be set to [1, 0]. The I*)C
address is: 0x66.

5. When the AD pin is connected to VDD, the [A1, A0] bits should be set to [1, 1]. The I’)C
address is: 0x67.

I)C Communication Protocol

Write Operation
Single Command Byte

Byte write operation requires a START condition, slave address with R/W bit, a command (1st) and
a STOP condition for single command byte.

—— Slave Address »! < Command Byte E—

|
I|s|1|1|0|0|1|A1|A0|0i I|Bit7|Bit$|Bit5|Bit4|Bit3|Bit2|Bit1|BitOI| |P|

1st
Write  ACK ACK

Rev. 1.00 10 March 12, 2024
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Compound Command Byte

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

% Command Byte 4~ wi Register Byte 4&

% Slave Address
| | 1 | 1 | 0 | 0 | 1 | A1 | A0 | 0 | I Bit7 | Bit6 | Bit5 | Bit4 | B\(Sl Bit2 | Bit1 | Bit0 | | Bit7 | Bit6 | Bit5 | EI|4| Bit3 | Bit2 | Bit1 | Bit0 | /
F Tt Pt IR

1st ACK 2nd ACK ACK

Write  ACK

— Register Byte e

i

'l Bit7 | Bit6 | Bits |Bm4| Bit3 | Bit2 | Bit1 | Bit0 i P
e _

3th

ACK
Note: If the input memory location value is greater than limit value, the input memory location value will invalid.
Single Write RAM Data Byte Operation
Following a START condition, the slave address with an R/W bit is placed on the bus. Then follows the
display data address setting command code (1st) and the address point (An) is written to the address
pointer (2nd) and then valid data and a STOP condition for a compound write single data byte.

———  Slave Address 45 ¢ CommandBye ————»i e AddressByte  ————pi

| s | 1 | 1 | 0 | 0 | 1 | A1l | A0 | 0 | I Bit7 | Bit6 | Bit5 | Bit4 | EI|3| EIIZl Bit1 | Bit0 I | Bit7 | Bit6 | Bit5 | Bll4| Bit3 | Bit2 | Bit1 | Bit0 | /
T N S—— L
Wite  ACK ACK ACK ACK

— DATA Byte —_—

'i Bit7 | Bit6 | Bit5 |Bil4| Bit3 | Bit2 | Bit1 | Bit0 i P
- 1

3th
ACK

Note: If the input memory location value is greater than limit value, the input memory location value will invalid.
Page Write RAM Data Operation
Following a START condition, the slave address with a R/W bit is placed on the bus along with the
display data address setting command code (1st) and the address point (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 Address — — Command Byte —————— % Address Byte  ———————1

| | 1 | 1 | 0 | 0 | 1 | A1 | A0| 0 I |BI\7 | Bit6 | BI\5|BI‘4| Blﬁl BI|2| Bit1 | B\(Ol | A7 | AB | A5 | A4 | A3 |A2 | A1l | AOJ /
T j 1)
Write  ACK ACK ACK ACK
e DATAAddress % — DATA Byte 4»‘ — DATA Byte %«
VI D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Iﬁ//LI D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | P
t « Tt R £t
ACK ACK ACK NACK

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

Memory Location Limit Value
Mode Display Data Fade Data LED On/Off Control
Binary 1FH — —
Gray FFH 7FH 1FH

Memory Location Limit Value

Read Operation

In this mode, the master reads the device data after setting the slave address. Following the R/W
bit (=0”), 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). Next come the START
condition and slave address, followed by an R/W bit (=“1”"). The addressed data is then transmitted.
The address pointer is only incremented on reception of an acknowledge clock. The device will

Rev. 1.00 1 March 12, 2024
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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 Operatlon

B i
-~ Slave Address B — 47 Command Byte 4~ ~7 Address Byte ~ ——————P

i S | 1 | 1 | 0 | 0 | 1 | Al | A0 | 0 i | Bit7 | Bit6 | Bit5 | Bitd | Bit3 | Bit2 | Bit1 | Bit0 | | A7 | AB | A5 | A4 | A3 | A2 | A1 | A0 | /
f i 7
Write  ACK ACK ACK  ACK

4—————  Slave Address ———————P ————  DummyByte 4”‘ :‘7 DATAByte ~———P

V|S|1|1|D|D|A1|Aol1i iD7|DS|D5|D4|D3|D2|D1|DD| |D7|D6|D5|D4|D3|D2|D1|D0i P
f f 1 F 1

Dummy byte data nth

Read ACK ACK NACK
Page Read RAM Data Operation
% Slave Address 4>‘ i<7 Command Byte 4>i 347 Address Byte 4>‘}
38 N A N 2 K B 7 2 3 23 ) 2 B P S RS S P S Y
Write  ACK ACK ACK ACK
[ Siave Address ———————»  w—————— DummyByte 4u‘ ‘ﬁi DATA By‘egu

j |1|1|0|0|A1|A0|1| ID7|D6|D5|D4|D3|D2|D1|DO /LID7|DG|D5|D4|D3|D2|D1|D0| P
A — ¥ F

Dummy byte data
Read ACK ACK ACK NACK

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

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

Memory Location Limit Value
Mode Display Data Fade Data LED On/Off Control
Binary 1FH — —
Gray FFH 7FH 1FH

Memory Location Limit Value

Cascade Mode

This command will select master/slave mode and input clock source.

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

Cascade W 0 0 1 1 0 1 0 0 34H
Mode w X X X X X X MS1 | MSO | 00H
MS1 MSO0 SYNC Pin Status Remarks
0 0 High impedance Default value
0 1 Oscillator output mode | Master Mode
1 0 Oscillator input mode Slave Mode
1 1 High impedance

Communication Interface
Communication method: I’C
I2C address: 0x2E+ (0x64, 0x65, 0x66, 0x67 (select 1 of 4))

If the address is not set, only the broadcast address 0x2E can be used. The I°C address format is
shown as follows.

Rev. 1.00 12 March 12, 2024
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I?C address format:

MSB LSB
A6 A5 A4 A3 A2 A1 A0 R/IW
0 1 0 1 1 1 0
|
Slave address(0x2E)

Note: R/W=1: Read direction
=0: Write direction

The address setting can be executed by four addresses on the board. The broadcast address 0x2E is
still supported in any state.

Set Address

I°C address selection:

Jumper
I12C Address
1VDD-AD 2SDA-AD 3SCL-AD 4VSS-AD
Short circuit | Open circuit | Open circuit | Open circuit 0x67
Open circuit | Short circuit | Open circuit | Open circuit 0x66
Open circuit | Open circuit | Short circuit | Open circuit 0x65
Open circuit | Open circuit | Open circuit | Short circuit 0x64

Note:1. The address must be set before using the application, and then power on.

2. The broadcast address of the module is 0x2E. When the address is set according to the
above table, the broadcast address can also be used for communication.

Multi-module Cascading

The modules can be cascaded to form a master and multiple slave communication. Since the jumper
only can be set four I?C addresses, a maximum of four modules can be connected to the same I*C bus.
Jumper 3.3V

Cascading Diagram

Rev. 1.00 13 March 12, 2024
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Application Circuits
Voo
VDD
INT SYNC
SCL SCL
SDA SDA
VDD VvDD  BM32D2021_1
Host
VSS VSS
GND
Dimensions
— ;
<— A > <= E—
y T T ko -
A i
[\ 7% ) [, LV _
é/
D1
U © P I
0 ! : 0
C : : G
R2 ] | | '3
i« D —>! = M —>
1 1 1 1
Dimension Information
Sl mm inch
Symbol
A 20.574 0.81
B 9.271 0.365
C 18.415 0.725
D 19.939 0.785
E 18.796 0.74
F 9.398 0.37
G 19.177 0.755
M 18.796 0.74
K 73.66 2.9
| 78.994 3.1
D1 0.8 0.032
H 8.00 0.32

Dimension List
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declares that it does not authorise the use of these products in life-saving, life-
sustaining or safety critical components. Any use of BEST MODULES’ products in
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damages, claims, suits, or expenses resulting from such use. The information pro-
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