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■ Features 

 

 RGB SMD LED (L x W x H) of 3.6 x 3.3 x 1.3 mm 

 AEC-Q102 qualification 

 IC Technology : Inova Tech 

 Qualified according to JEDEC moisture sensitivity Level 2 

 Cu Alloy with Gold plated lead frame 

 Environmental friendly ; RoHS compliance 

 Packing : 500 pcs/reel 

 

■Applications 

 

 Automotive lighting 

 Ambient lighting 

 Switch / dashboard  
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■ Package Dimension  

 

 

 

 

 

 

Unit: mm, Tolerance: ±0.1mm 

■ PAD Function Definition 
Pin 

Number 
Pin Name Description 

1 PRG5 Connect to GND for Normal Operation 
2 SIO1_N Serial Communication Interface Master Side, Negative Polarity 
3 SIO1_P Serial Communication Interface Master Side, Positive Polarity 

4/5 GND Ground 
6 SIO2_P Serial Communication Interface Slave Side, Positive Polarity 

7 SIO2_N Serial Communication Interface Slave Side, Negative Polarity 

8 VCC  Supply Voltage for 5V 

 

■ Recommended Soldering Pad 

 

Unit: mm, Tolerance: ±0.1mm 
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■ Electro-Optical Characteristics (Ta=25℃) 

Parameter Symbol Min.  Typ. Max. Unit Condition 

Luminous  

Intensity [1][2]  

Red IV_R - 382 - mcd (255,0,0) 

Green IV_G - 908 - mcd (0,255,0) 

Blue IV_B - 110 - mcd (0,0,255) 

White IV_W - 1400 - mcd (255,255,255) 

Dominant 

Wavelength [3] 

Red λD 620 -- 625 nm (255,0,0) 

Green λD 525 -- 535 nm (0,255,0) 

Blue λD 465 -- 470 nm (0,0,255) 

Viewing Angle φ - 120 - Deg. (255,255,255) 

Thermal 

Resistance 

(Junction to 

Solder) 

Real Rth JS real - - 140 K/W (255,255,255) 

Electrical Rth JS el - - 120 K/W (255,255,255) 

Notes: 

1. Tolerance of measured luminous intensity: ±8% 

2. Luminous flux measured at thermal pad temperature of 25°C 

3. Tolerance of dominant wavelength：±1nm 

4. Test condition is based on the command digLED_Set_RGB(x,x,x). 
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■ Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

DC Supply voltage  VCC5  4.5 ~ 5.5 V 

Output Current (OUT(R)) IOUT 10 mA 

Output Current (OUT(G)) IOUT 12 mA 

Output Current (OUT(B)) IOUT 9 mA 

Operating Temperature Topr -40~110 °C 

Storage Temperature Tstg -40~110 °C 

ESD Sensitivity 
AEC-Q100-002-E 

ESDHBM 2 kV 

Soldering Temperature Reflow 260°C for 30 seconds °C 

Junction Temperature TJ 125 °C 

 

■ Recommended Operating Condition 

Parameter Symbol Condition Min. Typ. Max. Unit 

Supply Voltage VCC — 4.5 5 5.5 V 

Ambient Temperature Topr — -40 — 110 ℃ 

Output Current  IOUT OUT(R) 0 — 25 
mA 

Output Current IOUT OUT(G,B) 0 — 80 

*1 Note: power dissipation is limited by package type and the temperature of the operating environment. 

■ Serial Interface 

Parameter Description Min. Typ. Max. Units 

VIH,se Single Ended Input High Voltage 1.08 - VCC V 

VIL,se Single Ended Input Low Voltage 0 - 1.04 V 

Vmin.Amp,diff Minimal Differential Input Amplitude - 60 - mV 

Vmax.Amp,diff Maximal Differential Input Amplitude - 250 - mV 

VOH Differential Output High Voltage - 250 - mV 

VOL Differential Output Low Voltage - 0 - mV 
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■ Functional Block Diagram 

 

■ Typical Application Layout 

 

It is recommended to mount the capacitors C1 closely to the Power pin in every smart LED and the 

dimensioning of capacitors are depend on PCB designer 
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■ Chromaticity Coordinates 

 

■ Serial Communication 

 
The attachment to the adjacent devices in the chain is made up by two bidirectional differential serial communication 

lines. The direction towards the controlling microcontroller device is referred to as the “upstream” connection. The 

opposite direction towards the end of the chain is the “downstream” link. Both links are controlled by the Communication 

Unit. Incoming command frames from upstream and responses from downstream are passed to the Main Unit which is 

responsible for command processing and overall device control. Commands always originate from the controlling 

microcontroller. The microcontroller is referred to as the “host” in this document.  

 

The gross data rate on the serial line is 2 Mbit/s, i.e. each bit has a nominal duration of 500 ns. As the on-die oscillator 

has a very limited accuracy, the actual bit time may vary significantly. The whole system is designed for a maximum 

oscillator variance of ±30%. With the nominal oscillator frequency being 16 MHz, the actual frequency range is 

11.2-20.8 MHz.  

 

The device directly attached to the host does not use the differential line mode on the upstream side. Instead a 

single-ended line mode is used. The single-ended mode is intended to allow for an easy attachment to industry 

standard microcontrollers. Both single-ended lines require an external pull-up at the microcontroller to 5V. 
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■ Automatic Detection of the Serial Line mode 

During start-up, the devices automatically detect the mode of the upstream and the downstream link. The upstream link 

may be either single-ended or differential. If a device detects the upstream to be single-ended, it is the first in the chain 

of LEDs. The downstream link may be either differential or unconnected, i.e. the device is the last in the chain of LEDs. 

After power-up, an idle of tINIT Idle = 150μs is recommended before the initialization. If during the initialization, while 

receiving the enumeration command, the master SIO_N pin is single ended high (5V), the device is switched into single 

ended communication mode for this port. The detected mode is stored and used for all following communications until a 

power cycle or a reset command. 

 

Parameter Description Min. Typ Max Units 

tINIT Idle Init Idle directly after power up 150 - - μs 

 

■ Half-Duplex Communication 

The communication operates in a strict master slave manner. I.e. the microcontroller as the master always initiates a 

communication. Depending on the type of command the LED devices may send a response (read access) or just 

silently execute the command (write access). There are three basic types of commands which are described in the 

following. 
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■ Basic Frame Format 

Commands and the response to commands are transmitted with serial frames. A serial frame always consist of a 

frame_sync section, followed by a frequency_sync section, followed by a run length coded command section and finally 

terminated with an optional CRC section. The command and the CRC sections differ in length between downstream 

and upstream frames. 

The chosen bit encoding ensures a maximum number of adjacent zeros of 4 and a maximum number of adjacent ones 

of 5 on the serial line. Some of the bit patterns which cannot occur during regular data transmission are used for special 

purposes. A pattern of 6 or more 1-bits is considered as the bus-idle condition. The bus is idle, when no communication 

is currently ongoing. A pattern of 15 0-bits is recognized as the so-called frame synchronization. This is the sequence to 

begin a new frame. The pattern “10101” is the so-called frequency synchronization pattern. It is used after the frame 

synchronization to determine the transmitter’s gross data rate. 

Downstream communication is defined as data inputs at SIO1 and outputs at SIO2. This is the data flow for write 

commands. Upstream respectively is defined as data inputs at SIO2 and outputs at SIO1. This is the data flow for the 

read response. 
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■ Downstream Command Frame Parameters 

Parameter Description Min. Typ. Max. Units 

tBW_DS Downstream bit width 350 500 650 ns 

tDS_CL 
Downstream 

command 
length 

CRC enabled 
 

86 x tBW_DS 
 ns 

CRC disabled 76 x tBW_DS 

tFrame_S Frame sync  15 x tBW_DS   ns 

tFreq_S Frequency sync  5 x tBW_DS   ns 

tInst Instruction  5 x tBW_DS   ns 

tAddr Address  15 x tBW_DS   ns 

tData_DS Downstream data  30 x tBW_DS  ns 

tCRC_DS CRC downstream  10 x tBW_DS  ns 

tEOC End of command idle  6 x tBW_DS - ns 
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■ Upstream Command Frame Parameters 

Parameter Description Min. Typ. Max. Units 

tBW_US Upstream bit width 350 500 650 ns 

tUS_CL 
Upstream 
command 

length 

CRC enabled 

 

61 x tBW_US 

 ns 

CRC disabled 56 x tBW_US 

tFrame_S Frame sync  15 x tBW_US  ns 

tFreq_S Frequency sync  5 x tBW_US  ns 

tAddr Address  15 x tBW_US  ns 

tData_US Upstream data  15 x tBW_US  ns 

tCRC_US CRC upstream  5 x tBW_US  ns 

tEOC End of command idle  6 x tBW_US  ns 
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■ Bit Retransmission 

To ensure a correct bit-timing, the forwarded data is regenerated with the clock of the device. The retransmission starts 

with its own frame-sync when it can be guaranteed that a valid frame-sync timing can be created. A new frequency 

synchronization is only created after the freq-sync on the reception side has been received (the first four bits). 

Therefore, the minimum propagation delay tpd introduced by the retransmission is four bit widths tbw. 

Name Description Min. Typ. Max. Unit 

tpd 
Propagation 

delay 
2 4 5.2 μs 

To guarantee a correct bit-timing the device uses its own clock as reference and will never transmit faster than its own 

bit-timing defines, but if the received freq-sync was slower, this timing is used for the retransmission. 

The retransmission uses a FIFO to compensate for speed differences between reception and transmission. 

Due to the variance in the oscillator clocks of different devices, after each transmission a pause of 43% of the nominal 

transmission time has to be introduced. If the transmission is created by a chip with ±30% oscillator clock variation the 

time has to be increased to a total of 70% of the transmission duration. 

 

■ Initialization 

The digLED_Init_Strip command initializes a particular ISELED chain by issuing the command on an associated 

ISELED communication channel.  

This command is always the first command to be transmitted after power-up or reset. The command initializes a chain of 

devices by assigning the address of the device and by en- or disabling the phaseshift, the CRC and temperature 

compensation functions. The digLED_Init_Strip command is always executed with a CRC checksum. This is true for 

both, the command and the response frame.  

If any command is received by a device before initialization, the command is always considered as illegal and the error 

status bit for an undefined command is set. This may happen in the chain’s first device only, as a non-initialized device 

does not forward received messages.  

If the first device in the chain receives a digLED_Init_Strip command, it takes the received address as its own device 

address and afterwards transmits another digLED_Init_Strip frame to the next device in the chain. It increments the 

address before the transmission. As the adjacent devices proceed in the same manner, the devices in the chain get 

enumerated with ascending addresses. When the final device in the chain recognizes there is no receiving device at its 

downstream link, it transmits a response frame upstream.  

The response frame to a digLED_Init_Strip command carries the configuration word read from the OTP. It also 

transmits the own devices address just initialized.  

All upstream devices wait for the responses to be received and forward them towards the microcontroller. 

If a frame with an address equal to the adjacent device address (own address plus one) is received, the own response 

to the digLED_Init_Strip command is transmitted thereafter. If the first device has transmitted its response frame, the 

chain is ready to process regular commands (non-Init frames).  

As soon as a device is initialized, it unconditionally forwards incoming correct frames (Frame-Sync, Freq-Sync and the 

RLC coding as well as the frame length are checked) to the adjacent node in the chain.  
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Frames received from upstream are forwarded downstream and vice versa. If an error is detected, the forwarding is 

stopped for this frame.  

Name Description Equation 

tINIT Initialization duration n x (tDS_CL + tUS_CL + 2 x tPD) 

 

■ Write Access 

Most commands of the LED Controller are write-only commands. I.e. the devices receive a command frame and 

execute the appropriate actions without any further communication. A write access command may be directed to a 

single device (unicast), to all devices (broadcast), or to a defined group of devices (multicast).  

As every command frame is forwarded downstream irrespective of its destination address, all stations always receive all 

commands. Only its execution depends on the commands destination address. To avoid communication issues, it is 

recommended to wait 30% of the command length between two consecutive commands. 

 

 

 

 

 

■ Recommended latency between downstream commands 

Parameter Description Min. 

tDS_Lat Latency between two downstream commands 0.3 x tDS_CL 

 

■ Read Access 

A read access consists of two phases, the command and the response phase. The command phase uses downstream 

communication and the response phase uses upstream communication. Commands for read access do not use the 

command address, i.e. these commands may not be directed to a device based on the device address.  

There are two commands for read access, READ and PING. The READ command retrieves a status information from 

all devices and the PING command is used to check the device chain’s integrity. Only the final node in the chain 

responds to a PING command.  

A READ command is first received by all devices via the frame in downstream direction. The last node in the chain then 
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immediately transmits its response frame upstream. The response frame’s data field depends on the actual READ 

command. The response frame’s address field is set according to the own device’s address. All the nodes upstream 

forward all received response frames until a frame with the address of their adjacent node is received. Then the 

respective node transmits its own response frame. This procedure lasts until the chain’s first node has transmitted its 

response frame.  

A PING command is similar to a READ command, but only the last device in the chain responds to a PING. Thus the 

PING command is executed much faster than a regular READ command. 

 
Single ended read command and response 

Down and upstream delay, delay between response 

Name Description Equation 

tDS_US Delay between down- and upstream tDS_CL + tUS_CL + 2 x n x tPD 

tRESP 
Delay between responses 

Oscillator variation of adjacent devices < ±30% 
Oscillator variation of adjacent devices > ±30% 

0.43 x tUS_CL 
0.7 x tUS_CL 
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■ Time out 

The INIT, all the READ, and the PING command initiate upstream data transmission. With the INIT and the read 

commands all nodes are expected to send a response to the host. The PING requires only the last node in the LED 

chain to respond. However, in all cases each node needs to await all responses originating from the nodes downstream. 

Thereafter either the node’s own response is transmitted or new commands are accepted. Only the last node in the LED 

chain may immediately transmit its response.  

In case there is an error with the chain downstream, not all expected responses may arrive. Thus each of the 

commands expecting a response waits for a certain time only and then returns to its previous state without having 

transmitted the node’s response data.  

The lengths of the timeouts depend on the respective command. They are calculated to account for the worst case 

oscillator frequency tolerance. I.e. the waiting node has a high speed clock and all the nodes waited for have a low 

speed clock. The hardware implementation uses an internally divided clock for the timeout counter: 

f[timeout] = f[osc] / 2
14 

With the nominal clock frequency of 16MHz the counter’s resolution results to 1.024ms 

Command 
Max. counter 

value 
Min. timeout Nom. timeout Max. timeout Units 

digLED_Init_Strip 992 780.6 1015.3 1451.2 ms 

digLED_Read_* 427 335.6 436.7 624.6 ms 

digLED_Ping 62 48.0 63.0 90.7 ms 

■ Basic Mode of Operation 

The LED controller device incorporates three independent PWM channels, one for each LED. 

 
The resolution is 12 bit. The supported duty cycles are 1/4095 to 4095/4095. The nominal PWM output frequency is 

16MHz/215 = 488.3Hz. The frequency is reduced to the half or the quarter of this frequency with low duty cycles. This 

ensures a minimum on-time of 2μs for the LEDs. The minimum output frequency is 122Hz. The output frequency is not 

derived from the actual PWM duty cycle but from the RGB value received from the host. As the DIM command also has 

impact to the LED intensity, it is accounted for as well. The actual relationship is given in the following table. 

DIM Parameter RGB Parameter PWM Frequency in Hz 

1 
8…255 488 

4…7 244 
0…3 122 

1/2 
8…255 488 

4…7 244 
0…3 122 

1/4 
8…255 488 

4…7 244 
0…3 122 

1/8 
8…255 488 

4…7 244 
0…3 122 

The output frequency is determined independently for each of the PWM channels. 
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■ Update 

When a new PWM duty cycle has to be applied, this is always done at the end of a PWM cycle. I.e. the PWM always 

completes an output cycle using the previously active duty cycle and starts the next output cycle using the updated duty 

cycle. 

 

■ Phase Shift 

In order to spread the current consumption of the LEDs over time, a phase shift can be set between the three PWM 

channels. This optional function can be enabled/disabled during device initialization. 

If the phase shift is deactivated, the red channel controls all three outputs and thus provides the temperature 

compensation function for all three channels. 

If the phase shift is enabled, it retains even if the output frequency of the channels is different. If a channel is operating 

at a lower frequency, it may be considered to leave out one or three full PWM cycles. When leaving power save mode, 

the channels are restarted appropriately to again obtain the correct phase shift. The fixed phase shift is defined in the 

following table. Please note the absolute phase shift times are nominal values. I.e. they are subject to vary with the 

internal oscillator’s frequency. 

PWM Channel Rel. Phase Shift Abs. Phase Shift Units 
Green 0% 0 μs 
Red 25% 512 μs 
Blue 75% 1536 μs 

 

■ Power Save Mode 

When all LED channels are set to an intensity of 0, the device enters a power save mode for the current sources driving 

the LEDs I.e. the digLED_Set_RGB command must be issued with an RGB value of 0x000000 to enter the power save 

mode. 

Recovering from this mode does not require any particular measures. I.e. the host just needs to issue a 

digLED_Set_RGB command with the data field different from 0x000000 and the current sources are restarted again. 

There is a delay of approx. 1μs before the restart of the green PWM channel (no phase shift applies to the green 

channel). 

PWM Unit Description 
PC36X01 
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This is due to an internal ramp-up required by the analog circuitry. The same procedure is applied after device power-up 

or a hardware reset, as the initial RGB value is 0x000000. I.e. the LEDs are all turned off after power-up or a hardware 

reset. 
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■ Color Spectrum, Brightness Condition (255,255,255) , Ta=25℃ 

 

■ Viewing Angle Distribution, Brightness Condition (255,255,255), Ta=25℃ 

 

■ Luminous intensity vs. Brightness condition(R,G,B) , Ta=25℃ 

 

Characteristics 
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■ Relative Luminous intensity vs. Junction Temp. 

  

           

 

■  Chromaticity Coordinate shift vs. Junction Temp. 

 
 

(R,G,B)=(255,255,255) (R,G,B)=(255,0,0) 

(R,G,B)=(0,255,0) (R,G,B)=(0,0,255) 

(R,G,B)=(255,255,255) (R,G,B)=(255,255,255) 
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■ IV Rank (Ta=25℃,RGB(x,x,x) ) 

Color Rank Min.  Typ. Max. Unit Condition 

Red R1 
 382 - mcd 

(255,0,0) 
 1.16  mlm 

Green G1 
- 908 - mcd 

(0,255,0) 
 2.75  mlm 

Blue B1 
- 110 - mcd 

(0,0,255) 
 0.33  mlm 

White W1 
- 1400 - mcd 

(255,255,255) 
 4.24  mlm 

 

 

 

■ Color Ranks  (Ta=25℃,RGB(x,x,x) ) 

Color Rank Cx Cy Ellipse a. b θ Condition 

White D65 0.3127 0.3290 3 step 0.00669 0.00285 58.57 (255,255,255) 
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■ Reliability test  

No Stress ABV Reference Condition Times 

1 Pre-condition MSL-2 AEC-Q102 Rev-A/JESD22-A113 Baking 125℃@24hrs / TA=85℃ / 60% RH@168hrs 168 hours 

2 

High 

Temperature 

Operating Life 

HTOL AEC-Q102 Rev-A TA=110℃, IF=TJmax 1000 hours 

3 

Wet High 

Temperature 

Operating Life 

WHTOL 
AEC-Q102 Rev-A 

JESD22-A101 
TA=85℃, RH=85%, 1000h, IF=TJmax 1000 hours 

4 
Temperature 

Cycle 
TC 

AEC-Q102 Rev-A 

JESD22-A104 

TA=-40~110℃, IF=TJmax 

Dwell time = 15 mins, /Transfer time =15 mns @ 

Cycles=1,000 times 

1000 hours 

5 

Power and 

Temperature 

Cycle 

PTC 
AEC-Q102 Rev-A 

JESD22-A105 

-40~85℃, IF=TJmax 

Dwell time = 10 mins, /Transfer time =20 mins / 

Pulse time on/off=5min 

Cycles=15,000 times 

15,000 

cycles 

6 Dew Dew AEC-Q102-001 

1.20℃10℃/ RH%=50~100%@15min  2.10℃

/RH=90~100%@30min 

3. 10℃/RH=95~100%@30min 

3.10℃ 70℃/RH=95~100%@3 hours       

  (Heating rate =20℃/hrs) 

4.80℃/RH=95~100%@30min. 

5. 75℃@30min 20℃@75min 

4.Duration=10hrs 

6.5 hours 

7 
Hydrogen 

Sulphide 
H2S 

AEC-Q102 Rev-A 

IEC 60068-2-43 
25°C / 75 %RH / 10 ppm@336hrs 336 hours 

8 
Flowing Mixed 

Gas 
FMG 

AEC-Q102 Rev-A 

IEC 60068-2-60 Test method 4 

25 °C / 75 %RH / 200 ppb SO2, 200 ppb NO2,10 ppb 

Cl2@504hrs 
504 hours 

9 
Electrostatic 

Discharges 
ESD 

AEC-Q102 Rev-A 

ANSI/ESDA/JEDEC JS-001 

HBM 2 KV, 1.5KΩ, 100pF, 3 pulses alternately 

positive or negative  

 

■ Judgment Criteria 

Item Symbol Condition Judgment Criteria 

Forward Voltage Vf (255,255,255) ΔVf < 10 % 

Luminous Flux Iv (255,255,255) ΔIv < 20 % 

Reliability 
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■ Label and Carrier Taping 

     

 
■ Carrier Taping 

TBD 
(Unit：mm) 

 

■ Shield Bag Taping 

 
■ Packing Box 

Type  Large Box Medium Box Small Box 

Dimension 541X511X276mm 385X303X260mm 283X235x70mm 

Maximum Reels 7"X12mm Reel 64/R 7"X12mm Reel 21/R 7"X12mm Reel 4/R 

Minimum Reels 7"X12mm Reel 32/R 7"X12mm Reel 9/R 7"X12mm Reel 1/R 

 

Packing 
PC36X01 

Product Specification 
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■ Small Box 

 
■ Medium Box 

 

 
■ Large Box 
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■Safety Precautions 

 The LED light output is too strong for human eyes without shield. Prevent eye contact directly more than 

seconds. 

 Ensure operating under maximum rating.  

■Storage  

 Before opening the package, the LEDs should storage under 30℃, 60% RH.  

 After opening the package bag, the LEDs should be keep under 30℃, 60% RH. Recommend to use within 

168 hrs. If unused LEDs remain, suggest to store into moisture proof bag or original package bag with 

moisture absorbent material such as silica gel. Reseal well is necessary. 

 If the product exceeded the storage period or the moisture absorbent material faded away, baking treatment 

should be done by following conditions.  

Bake condition: 60℃, 12hours (One time only).  

■Soldering Notice and Conditions 

When soldering LEDs,  

 Do not solder/reflow the same LED over two times. 

 Reflow temperature profile as below: (lead-free solder) 

 

 

 

 

 

 

      

 

 When soldering, don’t put stress on the LEDs  

 After LEDs have been soldered, strongly recommend not to repair to keep the LEDs performance. 

 

■Static Electricity 

 LED package is extremely sensitive to static electricity. It’s recommended that anti-electrostatic glove and 

wrist band is necessary when handling the LEDs. All devices are also be grounded properly as well. 

 Protection devices design should be considered in the LED driving circuit.   

 

■Cleaning  

 If washing is required, recommend to use alcohol as a solvent. 

 Recommend to avoid cleaning the LEDs by ultrasonic. If necessary, pre-test the LED is necessary to 
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confirm whether any damage occur after the process.    
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2022.07.29 Preliminary Version Ben Bemore 

2023.03.27 Revised Circuit Suggestion Diagram Ben Bemore 

2023.03.28 Revised RGB LED driving current(typ.) Ben Bemore 

    

    

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Lextar Electronics Corp. is the leading LED (Light Emitting Diode)  

maker integrating upper stream epitaxial, middle stream chip, and downstream package,  

SMT and LED lighting applications. Founded in May, 2008, Lextar is a subsidiary of AU Optronics,  

the leading TFT-LCD and solar PV manufacturer. Lextar’s product applications include lighting and LCD backlight.  

Lextar’s manufacturing sites include Hsinchu and Chunan in Taiwan, and Suzhou in China.  

The company turnover in 2010 is 266 million USD.  
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