NOVOSENSLE

NSL23716Xx
16-CH Low Side LED Driver

with Differential or UART Interface

Product Overview

The NSL23716 is a 16-channel, 20-V low side LED driver
with 100mA maximum current of each channel, and the
integration with a differential interface, which is
compatible with CAN transceivers, making it a suitable
selection for the automotive exterior dynamic rear
lighting application with differential
Furthermore, devices with UART interface are also
available. In this case, an external CAN physical layer can

interface.

be used for off-board communication with good EMC
performance.

As a constant current regulator, a 12-bit PWM dimming
register for each LED channel is employed in NSL23716,
which can be utilized for brightness control.

To optimize the EMC performance, spread spectrum is
designed in this IC, and phase shift between channels
can be programmed to reduce the pulse power stress as
well.

NSL23716 provides full diagnostics including LED
open/short and over temperature protection with FAULT
indicator. And the retry behavior which can be
programed will release FAULT bus when channel fault is
removed. In addition, two FS (fail safe) modes are
integrated for the application without MCU or
communication loss.

The OTP (one time programmable) for FS is provided to
extend the flexibility in application.

QFN32 (5*6/4*4) packages are available, and both the
devices are AEC-Q100 qualified.

Key Features

e AEC-Q100 Qualified for Automotive Grade 1: Ta from
-40°Cto125°C

* RoHS Compliant

e 3.7Vto20Vwide supply voltage range

* 16-Channel, 100mA/ch max (channels can be paralleled)

* Cascade upto 16 ICs to support up to 256 channels

* Pin-programmable device address

e Maximum dropout: 800 mV at 100 mA

* 2Mbps differential/UART interface

* 12-bit PWM dimming for each channel

* Programmable phase shift

* Frequency spread spectrum (internal clock)

* EN control pin to enable/disable device for low power
operation

* Full protection and diagnostics:

LED open-load detection

LED short-to-GND/Battery detection
ISET pin open/short

Thermal warning and derating

o W

Thermal shutdown
* One-time Programmable Memory (OTP)
* QFN-32(5mmx6mm) /(4mm x 4mm) Wettable Flank

Applications

* Automotive exterior dynamic rear lighting: position light,
fog light, stop light, taillight.

* Automotive miscellaneous exterior lighting: center high
mounted stop lamp, daytime-running lamp, turn
indicator, door handle, blind spot detection indicator.

* Automotive interior lighting: reading lamp, overhead
console.

* Matrix Headlamps

* General-purpose LED driver applications

Typical Application Diagram
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1. Device Comparison Table

PN Interface Failsafe  ADDR Configuration ADDR_OTPBit = Package
NSL23716A-Q1QAMR i i 0

bifferential NO ADDR_OTPbit+ADDR1/2
NSL237161A-Q1QAMR interface

i i QFN32(5mm*6mm)

NSL23716C-Q1QAMR l:)lfferen tial

interface
NSL23716D-Q1QAMR UART interface .

Differential YES ADDR1/2/3 pin /
NSL23716C-Q1QALR .

interface QFN32(4mm*4mm)
NSL23716D-Q1QALR UART interface

2. Pin Configuration and Function

NSL23716(1)A-Q1QAMR
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NSL23716C-Q1QALR
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NSL23716x Pin Configuration and Description

PIN NO. NSL23716A NSL23716C NSL23716D FUNCTION
Internal LDO output from VS. Place a 210pF decoupling capacitor to ground is
1 VvCC .
required close to VCC.
Address setting. Program part address with connecting to VCC/GND. Detail see
2 NC ADDR3 Chip Address section.
Not connected for NSL23716(1)A.
3, 10, 15, GND GND is the reference ground of the power device and requires careful
22 consideration during PCB layout.
4-9, 11-14, OUT1-0UT16 LED current sink pins. Connect the LED channel 1-16 cathode to these pins.
16-21 Connect to GND if LEDx is not used and disable it through the CHx_EN (0x03).
Fail safe input.
23 NC FS
Not connected for NSL23716(1)A.
24 ISET LED current set pin. Connect an external resistor from ISET to ground to set
the LED current, the ILED/Channel (mA) = 600/RISET(kQ).
Differential interface negative for NSL23716A/C.
25 DATA- X
UART Transmit for NSL23716D.
Differential interface positive for NSL23716A/C.
26 DATA+ RX
UART Receive for NSL23716D.
Address setting. Program part address with connecting to VCC/ GND or a 35kQ
27 ADDR2 . " . .
resistor to GND. Detail see Chip Address section.
28 ADDRL Address setting. Program part address with connecting to VCC/ GND or a 35kQ
resistor to GND. Detail see Chip Address section.
Fault output. OFAL (one fails all fail)/OFOO (one fails others on) can be
29 FAULT . . - ;
achieved though connecting FAULT pin together (in FS mode).
30 EN Enable input. Pull pin EN high to enable the part and pull EN pin low to shut
down the part. EN pin can be pulled to VBIAS directly.
31 VS Power supply. Requires capacitor to decouple the input rail.
32 NC Not connected.
Thermal Pad Thermal pad Suggest to connect to GND.

3. Absolute Maximum Ratings

Parameters Symbol Min Max Unit
Supply voltage VS -0.3 24 v
High voltage input DATA+, DATA-, EN, FAULT -0.3 24 \
High voltage output OUTx -0.3 24 \
All other pins VCC, FS, ADDRx, ISET, RX, TX -0.3 55 \
Ambient temperature Ta -40 125 °C
Junction temperature T, -40 150 °C
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Storage temperature Tetg -40 150 °C
4. ESD Ratings
Parameters Symbol Valus Unit
Efg;r:cfzzlc discharge, Human- | |\ @ -1 body model (HBM), per AEC-Q100-002-RevD £2000 v
All pins 500 \Y
Electrostatic discharge, Charged- | Charged device model (CDM),
device model per AEC-Q100-011-RevB Corner pins +750 v
(1,8,9,16,17,24,25,32)
5. Recommended Operating Conditions
Parameters Symbol Min Typ Max Unit
Supply voltage VS 3.7 20 \
High voltage input DATA+, DATA-, EN, FAULT 0 20 \Y
High voltage output OUTXx 0 20 v
All other pins VCC, FS, ADDRX, ISET, RX, TX 0 5 v
6. Thermal Information
QFN32-5%6
Parameters Symbol QFN32-5*6 Unit
IC Junction-to-Air Thermal Resistance 01a 27.8 °C/W
Junction-to-case (top) thermal resistance 0 cror) 15.5 °C/W
Junction-to-case (bottom) thermal resistance 0 csom) 4 °C/W
Junction-to-board thermal resistance 08 10.5 °C/W
Junction-to-top characterization parameter Wt 1.7 °C/W
Junction-to-board characterization parameter U3 10.8 °C/W
QFN32-4*4
Parameters Symbol QFN32-4*4 Unit
IC Junction-to-Air Thermal Resistance 0.a 36.6 °C/W
Junction-to-case (top) thermal resistance B c(ror) 22.1 °C/W
Junction-to-case (bottom) thermal resistance B csom) 6.1 °C/W
Junction-to-board thermal resistance 0.8 14 °C/W
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Parameters Symbol QFN32-4*4 Unit
Junction-to-top characterization parameter (UX 2.7 °C/W
Junction-to-board characterization parameter Wi 14.7 °C/W
7. Specifications
7.1. Electrical Characteristics
(Ws=6.5V, T, =-40°C to +125°C, unless otherwise noted, typical values are at T, = +25°C.)
Parameters Symbol Condition Min Typ Max Unit
Power Supply
Supply voltage VS VCC=3.3V(NSL23716(1)A) 3.7 20 V
Supply voltage VS VCC=5V(NSL23716C/D) 5.5 20 v
Disabled mode, EN pin is low
(Shutdown) 05 25 WA
Enabled, channel off (EN pin is
high, EN_ANA bit=0) (Quiescent), 2.5 3.5 mA
VS Supply Current lvs VS = 6.5V
Enabled, No LED Load, channel
on(EN pin is high, EN_ANA bit=1) 11 13 mA
(Quiescent), VS =6.5V
lvec=0mA,
Internal VCC Regulator Voltage | VCC NSL23716A/NSL237161A 3.1 3.3 3.5 v
Internal VCC Regulator Voltage | VCC Ivee=0mA, NSL23716C/NSL23716D 4.65 5 5.35 v
VCC Current Limit Ivee_max 70 mA
VSrising edge 3.5 3.7 v
VS UVLO Threshold VS_UVLO
VS falling edge 3.2 3.4 Y
Ven_n EN high level logic input 2.2 v
EN Input Threshold
Ven_L EN low level logic input 0.8 v
LED Stage
When the current drop to 95% of
Dropout Voltage set current(100mA) 800 mvV
ISET Voltage Viser Floating 585 600 615 mV
PWM = 0% (a single channel) -
40°C ~125°C 2 WA
Channel Output Leakage |
LKG
Current PWM = 0% (all 16 channels) -40°C 3 A
~125°C .
Channel to Channel Current ERR_CC = (lours-lave) /lavex100% 0
_ ) +E0
Error leee_cc @lout>20mA 5% 5%
Copyright © 2025, NOVOSENSE Page 8
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Parameters Symbol Condition Min Typ Max Unit
. . ERR_DD = (lourx-Iser)/Iserx100% 0
_ i +50
Device to Device Accuracy leer_bD @lout>20mA 5% 5%
PWM
PWM Frequency Frwm Default setting 212 250 286 Hz
PWM Frequency Range Program range 250 1000 Hz
PWM Duty Step® towm 12-bit resolution, Feum = 250Hz 0.8 1 1.2 us
Phase Shift Delay™” toelay PHASE_SHIFT[1:0] =11 16 20 24 us
Diagnosis and Protection
Short LED String Protection 1, LED_SHORT_THR [1:0] = 00 1.8 2 22 v
Threshold
Open LED String Protection LED fully on, real-time monitoring
Threshold Vie.o (cover pin short-to-GND) 250 300 350 mv
i i @250Hz
Short/open LED String Deglitch Tueo.sr0 90 120 150 s
Time Vieox > Vieo_s/Vieox<Viep_o
ISET Current Threshold for Pin
Short liseT_sth 126 180 232 UA
ISET Current Threshold for Pin | | Corresponding to RISET = 120kQ 2 5 7 LA
Open
FAULT & FS PIN
FAULT Logic Input High
Threshold Veaur_in 2 \"
FAULT Logic Input Low
Threshold Veaur_iL 0.7 Y
FAULT Low Output Level VFault_oL Iraut_ot=2MA active 0.15 0.5 v
FAULT Input Current Leakage IF_1ke 1 YA
FS Logic Input High Threshold | Vrs_m 2 v
FS Logic Input Low Threshold Vs it 0.7 v
Driver(VCC=3.3V)
Bus Output Voltage (recessive) | Vo(R) RL=180Q, VCC=3.3V 1.5 1.65 1.8 V
+
Bus Output Voltage (DATAY) Vo(D+) RL = 180Q, VCC=3.3V 2.35 2.7 3.05 v
(dominant)
Bus Output Voltage (DATA-) Vo(D-) RL = 180Q, VCC=3.3V 0.5 0.6 0.7 v
(dominant)
Differential Output Voltage Voo(D) RL = 1800 VCC=3.3V 18 2.1 2.4 v
(dominant)
Output Symmetry (dominant |, VCC=3.3V, VO(DATA+) + VO(DATA-) 3 3.3 3.6 v
or recessive)
Copyright © 2025, NOVOSENSE Page 9
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Parameters Symbol Condition Min Typ Max Unit
?;:’iint'al Output Rising t RL=180Q, CL=50pF, VCC=3.3V. 13 17 26 ns
_'?;;Eint'al Output Falling t RL=1800, CL=50pF, VCC=3.3V. 13 16 26 ns
Propagation Delay Time, low- RL=180Q), CL=50pF, VCC=3.3V.

high level® to(2m)p . 22 28 38 ns
to high leve Refer to figure 1.2
Propagation Delay Time, high- RL=180Q), CL=50pF, VCC=3.3V.

ol BV | oo . 26 32 43 ns
to low leve Refer to figure 1.2
Driver(VCC=5V)
Bus Output Voltage (recessive) | Vo(R) RL =180Q, VCC=5V 2.3 2.5 2.7 V

Vo(D+) RL = 1800, VCC=5V 3 4.1 48 v
Bus Output Voltage (dominant)
Vo(D-) RL =180Q, VCC=5V 0.5 0.7 0.9 \

I()(;grenrﬁ’lr;tr:?:; Output Voltage Voo(D) RL=180Q VCC=5V 2.4 3.4 4 \
gr“:e'c’::sz/rz)metry (dominant VCC=5V, VO(DATA#) + VO(DATA-) 3.8 48 5.5 v
TX Voltage for Recessive Mode | Vou_tx VCC=5V, NSL23716D only 4.5 v
TX Voltage for Dominant Mode | VoL mx VCC=5V, NSL23716D only 0.5 v
?;:’iint'al OutputRising t RL=180Q, CL=50pF, VCC=5V. 16 17 27 ns
?;:’iint'al Output Falling ti RL=180Q, CL=50pF, VCC=5V. 15 17 26 ns
Propagation Delay Time, low- RL=180Q, CL=50pF, VCC=5V.

TN ! 15 18 23 ns
to high leve Refer to figure 1.2
Propagation Delay Time, high- RL=180Q), CL=50pF, VCC=5V.

ol BV | oo ! 27 30 38 ns
to low leve Refer to figure 1.2
Receiver

. VCC=3.3/5V,
+/-
Input Resistance (DATA+/-) Rin RIN=AV(DATA+)/AI(DATA+ ) 14 30 46 kQ
Differential Threshold Voltage
fo'r o Ne'gative Soing 8| Ve VCC=3.3/5V 0.7 11 15 v
Differential Threshold Voltage
fo'r o Po'sitive Soine EA VA VCC=3.3/5V 0.3 0.7 11 v
L:;St?\f’;%\ﬂ?ge for RX Vieex VCC=5V, NSL23716D only 0.7 v
;?,Stsic:go\i/:lgtage for RX Vi g VCC=5V, NSL23716D only 22 v
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Parameters Symbol Condition Min Typ Max Unit
Threshold Voltage for TX VoL VCC=5V, NSL23716D only 0.7 v
Negative Going
Thr?s.hold \(Oltage for TX Von_mx VCC=5V, NSL23716D only 2.2 Vv
Positive Going
Propagation Delay Time, low- RL=180Q, CL=50pF, VCC=3.3/5V.
to high level® tozne Refer to figure 1.3 18 23 30 ns
Propagation Delay Time, high- RL=180Q, CL=50pF, VCC=3.3/5V.
to low level® totaue Refer to figure 1.3 12 16 23 ns
Thermal
Thermal Warning Flag 0
Threshold® T 120 ¢
Thermal Warning Flag

. T 2 °C
Hysteresis"” HARLIS 0
Device thermal shutdown T 170 oc
temperature® *
Thermal Shutdown

. T 2 °C
Hysteresis®" S-S 0
@ Not test covered, guaranteed by design.
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7.2. Communication Interface Timing Diagrams

o\

e\ /

N

Recessive Dominant Recessive

(a)

2-5V \

Recessive

DATA-

Dominant Recessive

(b)

Figurel.l Differential Interface Timing: (a)NSL23716(1)A (b)NSL23716C

TX
tp(L2H)D
V(D+)-V(D-)
Figurel.2 Differential Interface Driver Timing
V(D+)-V(D-) 2.1V:NSL23716(1)A
' 0.7V v/ 0.7V 3.4V:NSL23716C
| |
| |
| |
| |
| |
| N bt b
l ! l
tp(L2H)R [ ———>! —>
] | ]
|
|
|
i
VCC/2 —
|
RX

Figurel.3 Differential Interface Receiver Timing
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7.3. Typical Performance
3 LEDs in series (VLED = 6V), ILED/channel = 100mA, TA = 25°C, unless otherwise noted.
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Figure7.1 Steady State(Vout=1.3V,lout=100mA,no fault) Figure7.2 PWM dimming(duty=1/4095,Fpwm=250Hz)
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Figure7.7 PWM dimming(duty=4094/4095,Fpwm=500Hz) Figure7.8 PWM dimming(duty=1/4095,Fpwm=1000Hz)
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Figure7.9 PWM dimming(duty=50%,Fpwm=1000Hz)
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Figure7.10 PWM dimming(duty=4094/4095,Fpwm=1000Hz)
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Figure7.14 LED open->retry->recover->open

waveform(CH_FAULT_MASK=1)
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Figure7.15 LED normal->short->retry->recover waveform (CH_FAULT_MASK=0)
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7.4. Typical Characteristics
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Figure7.23 ISET open threshold VS. temperature
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8. Function Description

8.1. System Diagram
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Figure8.1 System block diagram
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8.2. Feature Description

8.2.1. Chip Address

There are 16 different addresses totally can be programmed through ADDR1, ADDR2 and ADDR3/ADDR_OTP, which is shown in
table8.1. It means totally 256 channels can be utilized in a communication bus, where a series of dynamic performances and more
pixels can be achieved.

Note that, the IC checks address first as power up, once the address is checked, the address keeps during operation unless EN toggle
or IC POR (power on reset). To distinguish the address accurately of ICs, the resistance utilized in this part should be within the
accuracy of +-10%.

There are 2 part numbers named NSL23716A and NSL237161A for custom to distinguish the ADDR_OTP bit 0 or 1. The default value
of ADDR_OTP is 0 for NSL23716A, and the default value of ADDR_OTP is 1 for NSL237161A

For NSL23716C/D, custom can configure the ADDR3 pin directly to obtain the device address needed.

Table8.1 Device address

ADDR2 ADDRI1 ADDR3/ADDR_OTP ADDR_bit<3:0>
VCC VCC GND/0 0000
VvCC 35k to GND GND/0 0001
VvCC GND GND/0 0010
35kto GND | VCC GND/0 0011
35kto GND | 35k to GND GND/0 0100
35kto GND | GND GND/0 0101
GND VCC GND/0 0110
GND 35k to GND GND/0 0111
GND GND GND/0 1000
GND GND VCC/1 1000
VCC VCC VCC/1 1000
VCC 35k to GND VCC/1 1001
VCC GND VCC/1 1010
35kto GND | VCC VCC/1 1011
35k to GND | 35k to GND VCC/1 1100
35kto GND | GND VCC/1 1101
GND VCC VCC/1 1110
GND 35k to GND VCC/1 1111

8.2.2. Power Supply

The supply voltage input to the device through VS pin can be low to 3.7 V and up to 20 V, and EN pin can be connected to VS pin
through the divider resistor or supplied by external signal such as GP1O of MCU. Once VS voltage and EN voltage is higher than the
rising threshold, IC enter POR mode.
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8.2.3. VCC and Startup

The NSL23716 has an integrated low-drop-out linear regulator to provide power (3.3/5V) supply to external devices. The internal
LDO powered by input voltage Vs provides a stable 3.3/5V output with up to 80-mA constant current capability. Recommends a
ceramic capacitor of 10 uF on the VCC pin. The LDO has an internal current limit Ioo_umm for protection and soft start. The capacitor
charging time must be considered to total start-up period, because the device will work unnormal if the capacitor voltage is not
charged to VCC voltage.

When VS is high, after the EN is high, the VCC is built up, then the internal logic circuits including differential interface are active. The
startup sequence is as follows: VS and EN is high-> VCC ~internal logic circuits are active and provide the output to LEDs.

The delay time between INT state to normal state can be programed by OTP register INIT_TIMER, and customers can select a suitable
initialization time according to the system delay.

8.2.4. Output Current Setting
The NSL23716 uses an external resistor Riser to set the output current.

The 16 channels current sink regulators embedded in the NSL23716 can be configured to provide up to a maximum current of 100mA
each channel. These 16 specialized current sinks are accurate to within +5% for currents at 100mA over the full temperature range,
with a string-to-string difference of +5%. The lux can be calculated with the equation below.

_ Viser
louso = RseT(kQ) )

The nominal voltage of VISET pin is 0.6V. When ISET current higher than short threshold, it will be detected as pin short to ground.
The ISET current threshold for short detection is 180uA (corresponding to 3.33kQ resistor or 180mA ILED). When ISET current lower
than 5pA (corresponding to 120kQ resistor or 5mA ILED), pin open will be detected. Note that, if an ISET open or short fault is
detected, the related flag will be set without FAULT pin pull down.

8.2.5. Spread Spectrum & Phase Shift
To improve EMI performance, the NSL23716 features two EMI reduction schemes.

The first scheme, programming the LED current phase shift function. This function is enabled by setting PHASE_SHIFT [1:0] bits 1 in
the register. When the phase shift function is enabled, channel x+1(x = 1, 2...15) LED current phase shift is 5us/10us/20us after
channel x LED current rising edge. This function also can be utilized to reduce power stage current surge.

Spread spectrum is the second EMI reduction scheme of NSL23716. The spread spectrum function reduces EMI noise around the
internal clock (only for output) frequency and its harmonic frequencies. This scheme deliberately spreads the frequency of the
switching waveform and makes the bandwidth of the switching waveform wider, which ultimately reduces its EMI spectral density.
The spread spectrum function modulates the internal clock frequency +18% from the central frequency with a 15.6kHz modulation
frequency Fm. The spread-spectrum function can be enabled or disabled by SPREAD_SPEC_EN bit.

+-18%

|« >

Figure8.2 Frequency spread spectrum

8.2.6. LED Brightness Dimming

8.2.6.1. PWM Dimming

NSL23716 integrates independent 12-bit PWM generators for each OUTx channel. The current output for each OUTx channel is
turned on and off controlled by the integrated PWM generator. The average current of each OUTx can be adjusted by PWM duty cycle
independently, therefore, to control the brightness for LEDs in each channel.

The 12-bit PWM generator constructs the cyclical PWM output based on a 12-bit digital binary input to control the output current
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ON and OFF. Basically, the PWM generator counts 4095 pulses at base high frequency for PWM output cycle period and counts
number of pulses determined by 12-bit binary input at the same frequency for PWM ON period. The base high frequency is generated
by internal oscillator, which is 4095 times of the frequency programmed by PWM_FREQ. The PWM dimming duty is set by the register
PWM_DIM_X [11:0] (x=1,2...16), and the duty is:

PWMx PWMx
D= ==
2+°-1 4095

(2)

Where, PWMx [11:0] is the PWM dimming duty code for channel x (x=1,2...16). When set the PWMx [11:0] =0x000, the corresponding
LED channel current is 0.

8.2.6.2. Logarithmic Dimming

The NSL23716 can also generate PWM duty-cycle output following logarithmic curve. The integrated lookup table provides a one-
to-one conversion from 8-bit register to 12-bit binary code following logarithmic increment when register PWM_EXPEN is set to 1.
By using logarithmic brightness control, LED brightness change by one LSB is invisible to human eyes especially at low brightness
range.

PWM_EXPEN bit selects the dimming method between linear or exponential. Setting the bit PWM_EXPEN to 1 enables the look-up
table for logarithmic dimming curve. In logarithmic PWM dimming mode, 12-bit register is converted to 8-bit PWM duty cycle by
look-up table automatically. Clear the bit PWM_EXPEN to 0 disables the look-up table. In this case, users must provide relevant 12-
bit PWM duty cycle code for the same brightness to avoid flicker.

To avoid visible brightness flicker for logarithmic dimming, choose PWM frequency as higher as possible (1k Hz). Higher PWM
frequency can also avoid the visible LED flash in video display due to the low beat frequency between digital camera shutter
frequency and PWM frequency for LED dimming.

4000 /
3500 ‘/
3000 /
2500 /
2000 /

1500 J
1000 /

PWM counter

500

0
0 50 100 150 200 250

STEP

Figure8.3 Logarithmic dimming curve

8.2.7. Diagnostic and Fault Indications
The NSL23716 has full diagnostic coverage for supply voltage, LED output, LED current set and junction temperature, such as:
VS UVLO
LED short protection
LED open protection
ISET pin open/short

Thermal warning and shutdown
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The FAULT pin is active low, open drain structure, and no internal pull up circuit is integrated. So, a pull up resistance is needed
during real application. When protection is triggered, the corresponding fault bit in the register is set, and the fault pin state depends
on the faut mask register (OT_WARN_FT_MASK, CH_FAULT_MASK). If the mask register is set, the fault pin will not pull down, otherwise it
will pull down to indicator fault state.

The behavior of the output channel in fault condition depends on the register LATCH_EN. Fault channel should latch off or hiccup
under LED open or short protection (not including VS UVLO, ISET pin open/short protection, thermal warning and shutdown).

If LATCH_EN =1 (latch/interrupt mode), once the fault is triggered, the fault channel keeps off until POR (Power On Reset) or EN off
to reset. While other healthy channels in the IC still work.

If LATCH_EN =0 (hiccup/standard fault mode), the fault channel tries to conduct 32ps in every 1ms to detect if the fault is cleared or
not. Channel will open again and FAULT pin release if fault condition is removed.

8.2.7.1. VSUVLO

Under-voltage lockout (UVLO) protects the chip from operating at an insufficient supply voltage. When VS voltage drops below
respective UVLO threshold, the device enters POR state. Upon voltage recovery, the device automatically switches to INIT state. VS
UVLO will not trigger FAULT pin. When VS UVLO is triggered, IC stops work, and all the registers are reset.

8.2.7.2. LED Open

The NSL23716 device integrates LED open-circuit diagnostics to allow users to monitor LED status. If the voltage drops over the
current sink channel is below the threshold Vieox< Vien_o(300mV) and a filter time of 120us (250Hz) is passed, open load condition
will be detected. If there is an open load on one of the outputs, the output is turned off and the corresponding open fault bit
CHx_OPEN (x=1,2...16) is set, and FAULT pulls low if CH_FAULT_MASK is set to 0. If LATCH_EN= 1 (latch/interrupt mode), the fault
channel keeps off until POR or EN off to reset. Other healthy channels in the IC still work. FAULT is released high when fault bit is
read cleared by MCU. If LATCH_EN=0 (hiccup/standard fault mode), the LED open is not latched, fault channel tries to conduct 32us
in every 1ms to detect if the fault is recovered or not. As soon as the open load condition is no longer present, the channel will be
turned on again. FAULT(CH_FAULT_MASK=0) pin release high if fault condition is removed. The fault bit is still there until read cleared
by MCU, not affected by LATCH_EN.

8.2.7.3. LED Short

The NSL23716 device integrates LED short-circuit diagnostics to allow users to monitor LED status. In LED short condition, the Vieox
pull up to high, when the Vieox (x=1,2...16) is higher than Vieo_s for 120us (250Hz), the LED short protection is triggered, the short
channelis off, the corresponding fault bit CHx_SHORT (x=1,2...16) is set, and FAULT pull low if CH_FAULT_MAK is set to 0.

If LATCH_EN =1 (latch/ interrupt mode), the fault channel keeps off until POR or EN off to reset. Other healthy channels in the IC still
works. FAULT is released high when fault bit is reset by MCU, if LATCH_EN = 0 (hiccup/standard fault mode), in this case, the LED
short is not latched, fault channel tries to conduct 32ps in every 1ms to detect if the fault is recovered or not. As soon as the short
condition is no longer present, the channel will be turned on again. FAULT(CH_FAULT_MASK=0) pin release high if fault condition is
removed.

The LED short protection threshold is programmed by LED_SHORT_THR [1:0] as follows:
LED_SHORT_THR =00, short protection threshold is 2V,
LED_SHORT_THR =01, short protection threshold is 3V;
LED_SHORT_THR =10, short protection threshold is 4V,
LED_SHORT_THR =11, short protection threshold is 5V.

8.2.7.4. ISET Pin Open/Short

NSL23716 implements a current monitor for ISET resistor open-and-short diagnostic and protection. The device monitors the
current flowing out of the ISET pin. If the current is smaller than liser_om(5pA), a reference open condition is asserted. If the resistance
of liser is higher than liser_sn(180uA), a short condition is asserted.
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ISET resistor open or short protection is a no latch protection, when the fault situation of ISET is removed, the IC will enter normal
state. Furthermore, this fault only effect response flag, and the FAULT pin will not be pulled down.

The fault flag can be cleared by either MCU or POR or EN reset.

8.2.7.5. Thermal Derating

To prevent LEDs from flickering because of rapid thermal changes, the device includes a programmable thermal deration feature to
reduce power dissipation at high junction temperatures.

The NSL23716 device reduces the LED current as the silicon junction temperature over the configured thermal threshold of the
NSL23716 device. By mounting the device on the same thermal substrate as the LEDs, this feature can also limit the dissipation of
the LEDs. As the junction temperature of the NSL23716 device increases, the device reduces the regulated current, reducing the
dissipated power in the IC and in the LEDs. The current reduction is from the 100% level at typically 2% of I(setting) per °C until the
point at which the current drops to 50% of the full value.

Changing the register THERMAL_DERATING adjusts the temperature at which the current reduction begins.

A
Ttn
100% :
3 i
- 2%/°C
g :
5 :
O H
: 50%
>
Temperature(°C)

Figure8.4 Thermal derating curve

8.2.7.6. Thermal Pre-waring

The NSL23716 continuously monitors the junction temperature voltage and compares the results with internal threshold for pre-
thermal warning.

When the junction temperature of NSL23716 rises above pre-thermal warning threshold, the device reports pre-thermal warning,
sets the flag register OT_WARN to 1. The FAULT pin will pull down when OT_WARN_FT_MASK register is set to 0 and keeps when
OT_WARN_FT_MASK register is set to 1.

The fault is latched in flag registers. When the junction temperature falls below pre-thermal warning threshold, MCU can clear this
flag.

8.2.7.7. Thermal Shutdown

When the device junction temperature rises above TSD, all output channels are turned off for protection, the OT_TSD bit is set, and
the FAULT pin is pulled down by continuous current to report the fault. FAULT releases high when IC recovers from thermal shutdown.
Fault bit will be there until it is cleared by MCU or POR or EN reset.

The thermal protection is non-latch protection. When the junction temperature falls below Tsp = Tso_uvs, IC recovers and channels
turn on using the previous settings without re-initializing.
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8.2.8. Fail Safe State

NSL23716 supports independent channel brightness control through the interface (CAN or UART). The brightness of each channel
is adjustable according to its PWM duty cycle register PWNM_DIM_x, and channel enable register CHx_EN setting. The brightness of
each channel reflects to its register setting value in next cycle after register successfully updated through the interface by master
unit. However, the master unit loses the control for all current channels if communication fails between master unit and the
NSL23716. For example, the interface cable is broken by accident. Consequently, the brightness for all output channels of the
NSL23716 is stuck and the ON/OFF control for all output channels is missing too. To keep the basic ON/OFF control for each output
channels, the NSL23716 provides a fail-safe state when the communication to master is lost.

When the NSL23716 is entering fail-safe states from normal state, all the registers are reloaded from OTP (FS register). NSL23716
provides two sets of channels enable configuration in fail-safe states, CHX_EN_FS0 and CHX_EN_FSL1. In fail-safe state 0, the channel-
enable register CHx_EN automatically loads code from CHx_EN_FSO; and in fail-safe state 1, the channel-enable register CHx_EN
automatically loads code from CHx_EN_FS1. The fail-safe state is selected by FS pin voltage. The fail-safe state 1 is selected by pulling
the FS pin to high, otherwise the fail-safe state 0 is selected. The flag register FS_Pin_State shows the FS input level at real-time. If
FS pin input voltage is logic high, the FS_Pin_State is set to 1. The device does not reset diagnostics status or FLAG registers when
switching between two fail-safe states.

Setting FORCE_FS to 1 forces the device into fail-safe state from normal state. The NSL23716 can quit from fail-safe state to normal
state by setting CLEAR_FS to 1 with FLAG registers cleared. The CLR_LOCK register is automatically set to 1 when the NSL23716 goes
into the fail-safe state to prevent the modification of configuration register by mistake. To get out of fail-safe states to normal state,
CLR_LOCK register must be cleared to 0 before setting CLEAR_FS to 1.

Note that, THERMAL_DERATING and OFAF_EN registers will be set to 01 and 1 when enter fail safe state if the OTP register is not
written. When quit this state, MCU must configure these registers to the value custom wanted. The global dim function and channel
latch function is disabled in FS mode as well, it means LATCH_EN bit is always set to 0.

The fail-safe states also allow the NSL23716 operating as a standalone device without master controlling in the system. The FAULT
pin is used as fault indicator to achieve one-fails-all-fail or one-fails-others-on diagnostics requirement.

8.2.9. Fault Table
Table8.2 FAULT Table in Normal State

Fault Detection . .
Type Mechanism Action Flag Fault Pin Recovery
VS UVLO VS<VS_UVLO Device switch to / / Device switch to INIT state when voltage rails are good
POR state
Pull down
Thermal . (OT_WARN_FT_MASK=0)
. T,>Twarn No action OT_WARN . Flag cleared by MCU or POR or EN rest
warning no action
(OT_WARN_FT_MASK=1)
Over- Turn off all Automatically recover upon junction temperature falling
temperature T,>TSD channels OT_TSD Pull down below threshold with hysteresis.
protection Flag cleared by MCU or POR or EN rest
Communication T(WDTIMER) overflows Enter fail-safe
(Default disable this FS_Flag / Set CLEAR_FS to 1 to set the device to quit Fail safe state
loss fault . states
function)
Pull down Automatically recover, release FAULT
- i CH_FAULT_MASK=0 LATCH_EN=0 | upon fault removal. Cleared fault flags b
LED open VLEDX <VLED_O Turn off failed CHx_OPEN (CH_ - ) _ p gs by
circuit fault channels no action MCU.
(CH_FAULT_MASK=1) LATCH_EN=1 POR or EN reset
Pull down Automatically recover, release FAULT
- i CH_FAULT_MASK=0 LATCH_EN=0 | upon fault removal. Cleared fault flags b
LED §hoﬂ VLEDX *VLED_S Turn off failed CHx_SHORT (CH_ - ) _ p gs by
circuit fault channels no action MCU.
(CH_FAULT_MASK=1) LATCH_EN=1 POR or EN reset
ISET Pin Open IISET<IISET_oth No action |SET|;:,LN—O No action Automatically recover
ISET Pin Short IISET>IISET_sth No action ISE:|'6|:$_S No action Automatically recover
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Table8.3 FAULT Table in Fail-Safe State

Detection . q
Fault Type Mechanism Action Flag Fault Pin Recovery
VS UVLO VS<VS_UVLO Device switch to / / De?wce switch to INIT state when voltage
POR state rails are good
Thermal warning T Twarn No action OT_WARN / Automatically recover, cleared fault flags
by MCU upon fault removal.
Over-temperature Automatically recover, release FAULT and
P . T,>TSD Turn off all channels OT_TSD Pulldown | cleared fault flags by MCU upon fault
protection
removal.
e P
LED open-circuit (default) (conducts 32y1s in every 1ms) Automatically recover, release FAULT and
p VLEDx <VLED_O - = ry CHx_OPEN Pulldown | cleared fault flags by MCU upon fault
fault Turn off failed channels and removal
OFAF_EN=0 | fault channel retries ’
(conducts 32ps in every 1ms)
or ey | o e an
LED short-circuit (default) (conducts 32y1s in every 1ms) Automatically recover, release FAULT and
VLEDx >VLED_S " = Ly CHx_SHORT Pulldown | cleared fault flags by MCU upon fault
fault Turn off failed channels and removal
OFAF_EN=0 | fault channel retries ’
(conducts 32ps in every 1ms)
ISET Pin Open IISET<IISET_oth No action ISET_PIN_OPEN No action | Automatically recover
ISET Pin Short IISET>IISET_sth No action ISET—PI_:ELSHOR No action | Automatically recover
Automatically recover, failed channels
Depend on fault .
Fault occurs retry when FAULT pin is external release
External fault type External .
Turn off all channels high.
(OFAF_EN=1) pull down -
No fault / Automatically recover, turn on channels
when FAULT pin is release high.

8.2.10. Communication Interface

There are 2 type interfaces in NSL23716 device, which can provide more flexible selection for customers. The one is differential
interface, and the other one is UART interface. The protocol of these 2 interfaces is the same (UART protocol).

Differential interface:

Differential interface for automotive lighting applications is designed in NSL23716. The settings and timings are controlled by the
on board MCU via differential interface through a CAN transceiver. The differential interface is compatible with most of the CAN
transceiver. It can communicate with other CAN transceivers by connecting the DATA+ and DATA- to the CAN bus. It features a high-
speed receiver and transmitter capable of operating up to 2 Mbps and longer communication distance.

The differential interface is supplied from the VCC pin which is transferred from internal LDO (3.3/5V), to maintain driver symmetry;
the typical output common mode voltage is 1.65/2.5V in the dominant state. The internal common mode reference is set to VCC/2 =
1.65/2.5V to match the dominant state output common mode voltage.

The internal transmitter converts a single-ended input (TXD) from the external CAN transceiver to differential outputs for the bus
lines (DATA+, DATA-).

The receiver reads differential inputs from the bus lines (DATA+, DATA-) and transfers this data as a single-ended output (RXD) to
internal digital block. It consists of a comparator that senses the difference VDIFF = (DATA+, DATA-) with respect to an internal
threshold of +1.1V. If this VDIFF is greater than 1.1V, a logic-low is present at RXD. If VDIFF is less than 0.7V, a logic-high is present.

Copyright © 2025, NOVOSENSE Page 24




NSL23716x

Tk Frevu Tria? i — @ Tek E Trig? N - i}

DATA+-DATA- DATA+-DATA-

- MTE C o MTE

Figure8.5 Differential interface communication waveform: (1)Read CMD (2)Write CMD
UART interface:

The NSL23716 device also has UART-based interface supported by most microcontroller units (MCU). The protocol supports master-
slave with star-connected topology. The communication baud rate is the same as differential interface.

Interface reset:

Both Differential and UART interface can be reset by master to avoid slavers loss control or logical error. The reset method is to set
the communication bus as logical 0 last 13 bits, then all the slavers reset their interface and wait for the next valid messages.

Note that, a last 11bits data in the frame is also as an invalid data and this frame will be discarded.

8.2.10.1. Communication Protocol

The NSL23716 device configuration and status can be accessed through the communication bus interface. It uses a CAN/UART-based
protocol supported by most microcontroller units (MCU). The protocol supports master-slave with star-connected topology. The
structure of the frame is shown in Figure 8.6. The communication baud rate can range from 150kbps to 2Mbps.

The device integrates a watchdog timer to monitor communication. Once the slave device receives a communication frame, it firstly
verifies its CRC byte. Only when CRC is verified, the slave device sends out the response frame and clears the watchdog timer. In
addition, if one communication frame is interrupted in the middle without any bus toggling for a period longer than timeout timer,
the device resets the communication and waits for next communication starting from synchronization byte.

If communication CRC check fails, the NSL23716 ignores the message without sending the feedback. The master does not receive
any feedback if the communication is unsuccessful. In this case, communication can be reset by keeping communication bus idle,
which forces the NSL23716 to clear its cache and be ready for new communication.

The interface supports both writing and readback. Both write and readback communication supports single-byte mode and burst
mode. Figure 8.6 describes the frame structure of a typical write action. The master frame consists of SYNC, DEVID, REGADDR,
DATA[0], DATA[n] and CRC bytes. Once CRC is verified, the slave immediately feeds back STATUS and CRC bytes. Figure 8.7 describes
the frame structure of a typical readback action. The master frame consists of SYNC, DEVID, REGADDR and CRC bytes. Once CRC is
verified, the slave immediately feeds back STATUS, DATA[0], DATA[n] and CRC bytes.

ST+8bit+SP ST+8bit+SP ST+8bit+SP ST+8bit+SP ST+8bit+SP | ST+8bit+SP | ST+8bit+SP ST+8bit+SP

SYNC byte DEVICE byte REGADDR byte DATA[0] DFATA[N] CRC byte STATUS byte | CRC byte

1/

rx X swe Y X oevio Y X(recaor Y\ paTalo] YN Y oaam YN ke Y
77
™ \(status Y'Y ke Y

Figure8.6 Write command with feedback
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ST+8bit+SP ST+8bit+SP ST+8bit+SP ST+8bit+SP | ST+8bit+SP ST+8bit+SP | ST+8bit+SP | ST+8bit+SP

SYNC byte DEVICE byte REGADDR byte CRC byte STATUS byte | DATA[O] DATA[N] CRC byte

R X svne }f\( DEVID y_\<REGADDR>/—\< cre Y

1/

> \< STATUS y_\( DATA[0] >/’\< // y_\( DATA[N] )/_\< CRC y_
17

Figure8.7 Read command

8.2.10.2. Frame Structure

The frame starts with the sync field and followed by a few byte fields. Each byte field is transmitted as the byte structure shown in
Figure 8.8. Each byte has 1 start bit, 8 data bits, 1 stop bit, and no parity check. The LSB of the data is sent first and the MSB last.

A A A O A A

Figure 8.8 one data byte structure

8.2.10.3. Synchronization Byte

The SYNC byte is the first byte sent from the master. It is with the data value 0x55. The device detects the sync byte to communicate
with the master at the same baud rate adaptively. Figure 8.9 shows the timing diagram for the sync byte.

e S e e [\ e [

Figure 8.9 SYNC byte

8.2.10.4. Device Address Byte
The device address byte, DEVID, follows the SYNC byte. The definition for each bit in the DEVID byte is described in Table 8.1.
Table8.1 DEVID byte

BIT Field Description
7-4 DEVICE_ADDR Target device address.
Communication mode.
3 BROADCAST 1: Broadcast; 0: Single device only
2 READ/WRITE Select read/write mode. 0: write mode; 1: read mode
00b: Single-byte mode with 1 byte of data; 01b: Bust
1-0 LENGTH mode with 2 bytes of data; 10b: Burst mode with 4

bytes of data; 11b: Burst mode with 8 bytes of data

8.2.10.5. REGISTER Address Byte

The register address byte, REGADDR, follows the device address bye. The 8-bit register address value can be from 0x01 to 0x32 with
a 16-bit width.

8.2.10.6. DATA Byte

The NSL23716 supports single data byte or multiple data bytes writing or reading in one frame. The number of bytes is defined in
DEVID byte. There is total four options including 1, 2, 4, or 8 data bytes.
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8.2.10.7. STATUS Byte

When NSL23716 as a slave device receives a non-broadcast frame, it first verifies the CRC byte. Once CRC check is succeeded, the
device sends out the device status of fault flag and FAULT PIN status. In broadcast mode, the devices do not send out responses.

D7 D6 D5 D4 D3 D2 D1 Do

1 0 CH_short CH_open FAULT _pin 0 0 0

8.2.10.8. CRCByte
The CRC byte follows the data bytes as the final byte in the end of one data transaction to ensure the NSL23716 device correctly
receiving all the data bytes from master controller. The master controller must calculate the CRC value for all byte’s binary code
including DEVID, REGADDR and data bytes and send it to NSL23716 to end the one-time communication. NSL23716 receives all
byte’s data, calculates the CRC and compares the calculated CRC code with the received CRC code. If two CRC codes do not match
each other, the device ignores the data transaction and waits for the next data transaction without reset the watchdog timer. The
CRC code algorithm for multiple bytes of binary data is based on the polynomial, XA8 + XA5 + X*4 + 1. The initial code for CRC is FFh

as well.

8.2.11. OTP program

NSL23716 provides OTP bits for customers to configure many functions in FS mode, where the register address is from 0x2E to 0x32.
The default value of these registers can be obtained in the next section, and the default configuration is suitable for most
applications in general. If customs have special requests, these registers also support programing, but only one time. Figure 8.10
shows the program flowchart of program process.

> OXUZrE)—Ioc'k hosl,ot OTE regis;err]sé OTP programming (Configure OX2E-
(0X2D write 1 byte h93 and h65) HOST_OTP_PROGRAM bit=1)

\4

+ I Waiting 100ms

Configurate host register(0x2F-
0x32)

v

Read 0X2E and check
HOST_OTP_PROGRAM ==07?

Read host register(0x2F-0x32)

Lock host OTP registers
(0X2D write 1 byte hCF)

Check registers value
whether equal

Power off

End
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Figure8.10 OTP program flowchart
8.2.12. Register Map

R;i'::r R/IW ADDR Default D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
DEVICE CONFIG
DEV_REV R 0X00 0X0000 RSV SILICON_INFO
cLomn | SPREA
DEV.CFG_1 | R/MW oXo1 0x0200 | LED_SHORT_THR RSV PHASE_SHIFT PWM_FREQ RSV o | pspe
- C_EN
oT_W
CH_FA _
DEV_CFG_2 | R/MW oX02 oxaosl | urm | WATCH RSV ARN_F RSV EN_AN
_EN T_MAS A
ASK
K
CH16_ | CH15. | CH14_ | CHI3_ | CH12_ | CHLl_ | CH10_ | CH9_E | CH8.E | CH7.E | CH6_E | CH5.E | CH4_E | CH3.E | CH2.E | CHLE
CH_EN R 0x03 0x0000 EN EN EN EN EN EN EN N N N N N N N N N

DIAGNOSTIC AND DEVEICE STATUS

DIAG_STAT_ W/RIC 0X04 0X0000 CH16_ CH15_ CH14_ CH13_ CH12_ CH11_ CH10_ CH9_0 CH8_O CH7_0 CH6_0 CH5_0 CH4_0 CH3_0 CH2_0 CH1_0
1 OPEN OPEN OPEN OPEN OPEN OPEN OPEN PEN PEN PEN PEN PEN PEN PEN PEN PEN

CH16_ CH15_ CH14_ CH13_ CH12_ CH11_ CH10_

DIAG_STAT_ CHO_S CH8_S CH7_S CH6_S CH5_S CH4_S CH3_S CH2_S CHL_S
5 W/R1C 0X05 0x0000 SHOR SHOR SHOR SHOR SHOR SHOR SHOR HORT HORT HORT HORT HORT HORT HORT HORT HORT
T T T T T T T
ISET_ ISET_
DIAG_:TAT_ W/R1C 0X06 0x0000 RSV TE,\“N PIN_S PIN_O RSV OT_SD RSV
HORT PEN

BRIGHTNESS CONTROL

CH1_PWM RIW 0X07 | OXOFFF RSV PWM_DIM _1
CH2_PWM RIW 0X08 | OXOFFF RSV PWM_DIM _2
CH3_PWM RIW 0X09 | OXOFFF RSV PWM_DIM _3
CH4_PWM RW | OXOA | OxOFFF RSV PWM_DIM _4
CH5_PWM RW | OXOB | OxOFFF RSV PWM_DIM _5
CH6_PWM RW | OXoC | OxOFFF RSV PWM_DIM _6
CH7_PWM RW | oXoD | OxOFFF RSV PWM_DIM _7
CH8_PWM RW | OXOE | OxOFFF RSV PWM_DIM _8
CH9_PWM RIW OXOF |  OXOFFF RSV PWM_DIM _9
CHIO_PWM | R/W 0X10 | OXOFFF RSV PWM_DIM_10
CHILPWM | RW OX11 | OxOFFF RSV PWM_DIM_11
CHIZ_PWM | R/W 0X12 | OxOFFF RSV PWM_DIM _12
CHI3PWM | R/W 0X13 | OXOFFF RSV PWM_DIM_13
CHI4A_PWM | R/W 0X14 | OXOFFF RSV PWM_DIM _14
CHIS._PWM | R/W OX15 | OXOFFF RSV PWM_DIM_15
CHI6_PWM | R/W 0X16 | OXOFFF RSV PWM_DIM_16
oevcres | rw | oea | oxsooc ESTSTL- RSy PWM_ | THERMAL_DERATI | STATU | CLRL | CLEAR | FORCE
CFe- ok EXPEN NG s.wic | ock s S
sz/e TSetsz:te RO 0X2B 0x0000 RSV FS-gFla issiclz

FAIL SAFE CONFIG

w 0X2D 0x0000 RSV Host OTP registers password, enter: h93/h65; exit: hcf
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R;gi:eer R/IW ADDR Default D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
HOST_
R/W 0X2E 0x0000 %BPG_; RSV
AM
oTP CHIE_ | CHIS_ | CHIA_ | CHIS_ | CHI2_ | CHLL | CHI0_ |\ g ¢ | cpg E | CH7.E | CH6.E | CHS.E | CH4E | CH3E | CH2E | CHLE
CH_FSO_EN R/W 0X2F (0x0000) EN6FS EN6FS EN6FS EN6FS EN6FS EN6FS EN6FS N_FSO N_FS0 N_FS0 N_FS0 N_FS0 N_FSO N_FSO N_FSO X
CH16_ CH15_ CH14_ CH13_ CH12_ CH11_ CH10_
CH_FS1_EN R/W 0X30 (O:)FT:;F) ENIFS ENIFS ENIFS ENIFS ENIFS ENIFS ENIFS Eﬁgi C??—f E?ng ijf iﬂif (rtégi (rtggi (rt;f CTLE
oTP
PWMin FS R/W 0X31 PWM_DIM _FS
(OXOFFF)
R/W 0X32 orP RSV THERMAL_DERATI CH_EN OFAF_ INIT_TIMER FS_TIMER
/ (0x0140) NG_FS _INIT EN - —
8.2.13. Register Map Description
Address:0X00, Default Value: 0x0000
Bit Name | Access Default Description
D[15:4] RSV 8bit 0 RSV (Reserved)
D[3:0] R 4bit 0 Device silicon information.
Address: 0x01, Default Value: 0x0200
Bit Name | Access Default Description
D[15:14] R/W 2bit 0 LED short threshold:
00: 2V,
01: 3V,
10: 4V;
11:5V.
D[13:12] | RSV 2bit 0 RSV
D[11:10] R/W 2bit 0 PWM dimming phase shift control:
00: No phase shift between channel;
01: 5us, the rising edge of channel x+1 is 5us after channel x;
10: 10us, the rising edge of channel x+1 is 10us after channel x;
11: 20ys, the rising edge of channel x+1 is 20ps after channel x.
D[9:8] R/W 2bit 10 LED channel PWM dimming frequency setting (PWM frequency can be changed on
the fly):
00: 1kHz;
01: 500Hz;
10: 250Hz;
11: 1kHz.
D[7:2] RSV 6bit 0 RSV
D[1] R/W 1bit 0 When global dimming bit is enabled, all channel dimming setting share the same
setting with channel 1, this can use to adjust all the channels LED current at the same
time:
0: Global dimming function is disabled;
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1: Global dimming function is enabled.

D[]

R/W

1bit0

Frequency spread spectrum function enable:
0: Frequency spread spectrum function is disabled;
1: Frequency spread spectrum function is enabled.

Address: 0x02, Default Value: 0xA081

Bit Name

Access

Default

Description

D[15]

R/W

1bit1

LED channel diagnostic enable:

0: if Any channel LED open/short happens, false error flags and FAULT pin is pulled
down;

1: if Any channel LED open/short happens, false error flags but FAULT pin is not
pulled down.

D[14]

R/W

1bit0

LED fault action setting:

Once a channel fault is detected, the related channel will be latched or hiccup
mode while the other channels work normally.

0: Hiccup at fault condition;

1: Latch at fault condition.

D[13]

RSV

1bit1

RSV

D[12:8]

RSV

5bit 0

RSV

D[7]

R/W

1bit1

OT(over temperature) warning diagnostic:
0: OT warning signal pulls down the FAULT pin;
1: OT warning signal doesn’t pull down the FAULT pin.

D[6:1]

RSV

6bit 0

RSV

D[0]

R/W

1bit1

Based analog circuit enable:
0: Analog circuit is disable, when disable, part will shut down;
1: Analog circuit is enabled, when enable, part will turn ON.

Address: 0x03, Default Value: 0x0000

Bit Name | Access Default Description

D[15:0] R/W 16bit 0 Channel x enable bit:
(load OTP 0: Channel is disabled;
CH_EN_INIT | 1:Channelis enabled.

)

Address: 0x04, Default Value: 0x0000

Bit Name

Access

Default

Description

D[15:0]

R1C/
W1C(default)

16bit 0

Channel x open protection false flag:
0: if read 0, no open fault is detected;
1:if read 1, open fault is detected.

Address: 0x05, Default Value: 0x0000

Bit Name

Access

Default

Description

Copyright © 2025, NOVOSENSE

Page 30




NSL23716x

D[15:0] R1C/

W1C(default)

16bit 0

Channel x short protection fault flag:
0: if read 0, no short fault is detected;
1:if read 1, short fault is detected.

Address: 0x06, Default Value: 0x0000

Bit Name | Access Default Description
D[15] RSV 1bit 0 RSV
D[14] R1C/ 1bit 0 Over temperature warning status:
W1cC 0: if read 0, no over temperature warning;
1:if read 1, over temperature warning.
D[13] R1C/ 1bit 0 ISET pin short flag:
Wi1cC 0: if read 0, no short detected at ISET pin;
1:if read 1, short detected at ISET pin.
D[12] R1C/ 1bit 0 ISET pin open flag:
wicC 0:if read 0, no open detected at ISET pin;
1:if read 1, open detected at ISET pin.
D[11] RSV 1bit 0 RSV
D[10] R1C/ 1bit 0 Over temperature shut-down status:
WicC 0: if read 0, no over temperature shut-down;
1:if read 1, over temperature shut-down.
D[9:0] RSV 10bit 0 RSV
Address: 0x07-0x16, Default Value: OXOFFF
Bit Name | Access Default Description
D[15:12] RSV 4bit 0 RSV
D[11:0] W/R 12bit 1 Channel x PWM dimming setting

Address: 0x2A, Default Value: 0x800C

Bit Name | Access Default

Description

D[15] W/R 1bit1

Host extend region write protection:
0: disable write protection for "h2A[6:0]" register;
1: enable write protection for "h2A[6:0]" register.

D[14:7] RSV 8bit 0

RSV

D[6] W/R 1bit 0

Exponential PWM DIM setting value enable.

0: disable exponential pwm dim;
1: enable exponential pwm dim.

D[5:4] W/R 2bit 0

Thermal derating start temperature:
00: disable;

01:110C;

10: 130GC;

11:150C.

D[3] W/R 1bit 1

0: status 0x04-0x06 registers defined as R1C read 1 clear attribute;
1: status 0x04-0x06 registers defined as W1C(write 1 clear) attribute.
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D[2] W/R 1bit1 0: disable write protection for "CLEAR_FS" register;
1: enable write protection for "CLEAR_FS" register;
when enter FS mode, will automatically set "CLR_LOCK" to 1'b1.

D[1] W/R 1bit 0 Write 1 to force device out of Fail-Safe mode to Normal mode;
automatically reset to 0.

D[0] W/R 1bit 0 Write 1 to force the device into Fail-Safe mode from Normal mode;
automatically reset to 0.

Address: 0x2B, Default Value: 0x0000

Bit Name | Access Default Description

D[15:2] RSV 14bit 0 RSV

D[1] RO 1bit 0 0: device works in Normal mode;
1: device works in Fail-Safe mode.

D[0] RO 1bit 0 Fs Pin state report

Address: 0x2D, Default Value: 0x0000

Bit Name | Access Default Description

D[15:8] RSV 8bit 0 RSV

D[7:0] W 8bit 0 Host OTP registers R/W protection password:
1: un-lock: continue execute one byte write command, firstly configurate 8'h93,
secondly configurate 8'h65, can un-lock Host OTP registers Region.
2: lock: execute one byte write command, configurate 8'hcf, lock Host OTP registers
Region again with invalid password, can't access R/W in Host OTP registers.

Address: 0x2E, Default Value: 0x0000

Bit Name | Access Default Description

D[15] W/R 1bit 0 1: Host Region registers execute OTP programming;
automatically reset to 0 after OTP programming finish.

Address: 0x2F, Default Value: 0x0000

Bit Name | Access Default Description

D[15:0] oTP 16bit 0 Channel enable/disable bit in FSO mode.
when enter FSO mode, will automatically update "CHx_EN_FSO0" to host register
"CHx_EN"(0x03)

Address: 0x30, Default Value: OxFFFF

Bit Name | Access Default Description

D[15:0] oTP 16bit 1 Channel enable/disable bit in FS1 mode.
when enter FS1 mode, will automatically update "CHx_EN_FS1" to host register
"CHx_EN"(0x03)

Address: 0x31, Default Value: OxOFFF

Bit Name | Access Default Description

D[15:12] RSV 4bit 0 RSV
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D[11:0] oTP 12bit1

Channel PWM_DIM set in FSO/FS1 mode.

when enter FS0/FS1 mode, will automatically update "PWM_DIM _FS" to host

register "PWM_DIM_x "(0x07-0x16)

Address: 0x32, Default Value: 0x0140

Bit Name | Access Default

Description

D[15:10] RSV 6bit 0

RSV

D[9:8] oTP 2bit 01

Thermal derating start point in FS mode.
00: disable;

01:110°C;

10: 130°C;

11: 150°C.

D[7] OoTP 1bit0

Channel initial station(on/off) after POR

D[6] OoTP 1bit1

One-fail-all-fail enable/disable in FS mode.
0: disable OFAF function, FS pin set to OUTPUT ONLY type;
1: enable OFAF function, FS pin set to 1/0 type.

in normal mode, automatically disable OFAF function, ignore this bit.

D[5:3] oTP 3bit0

Initialization Timer set delay after POR.
000: Oms.

001: 20ms.

010: 10ms.

011: 5ms.

100: 2ms.

101: 1ms.

110: 500ps.

111: 200ps.

D[2:0] oTP 3bit0

Watchdog Timer overflow set enter Fail-Safe mode.

000: disable Watchdog Timer, don't automatically enter FS mode.
001: 2ms.

010: 20ms.

011:100ms.

100: 200ms.

101: 500ms.

110: 1s.

111: enter FS mode immediately.
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8.3. Typical Application Circuit

Battery L1

4
0 M% - e [

I DC/DC

vs LED1  LED16 | Loy vs LED1  LED6 | Lcs

3 R7
3 vee EN vee
3 EN o8
3 FAULT R3...R FAULT R9
XL NSL23716C  FS[WM— R4 = NsLzsriec s L
ADDR1 MWW R5 ADDR1
DATA+ ADDR2 W R6 DATA+ ADDR? (WA
T v v = | —DATA- ADDR3 41 DATA- ADDR3 1
™ — X R15 T&“ L2 Y * 13 c11¥ 7
CAN C16
meu Transceiver | £1HI" Faaal éé MA/ -le—iRl"’
C133R14
RX R16 L 7 T
RX IClS * % ClZI
Control Board = . - = LED Board

Figure8.11 Typical application diagram with differential interface (NSL23716C)
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ControlBoard = = = LED Board

Figure8.12 Typical application diagram with UART interface (NSL23716D)

8.3.1. VS/VCC/OUTx Capacitor Selection
VS pin is the power supply for the total IC. Place 10uF and 0.1uF capacitors as close as possible to stable the VS pin voltage.

TheVCC pinisaninternal LDO output, and it supplies power to the internal control circuit and gate drivers. Place a=10uF decoupling
capacitor to ground is required close to VCC. The capacitor’s location of VCC should be as close as possible.

If the LED channels and LED driver IC are not on the same PCB board, which means the application is off board, the OUTx must
connect a capacitor (10nF recommend) to GND to improve the ESD level. Furthermore, the capacitors connected between OUTx and
GND are necessary for the EMI optimization even though LEDs and driver IC are on the same board application.

8.3.2. Design Consideration for BCI/EMC Test
To pass the BCl and EMC testing, please follow below suggestions:
1. Please place the capacitors as close to power pin including VS, VCC of IC.

2. The GND polygon is necessary since it provides good anti-interference ability, and it can improve the heat dissipation
performance as well. The GND polygon is as large as good.

3. Please place the capacitors as close to OUTx pin of IC.
8.3.3. Typical Application Schematic and Layout
Figure8.13 and Figure8.14 show the typical application schematic and layout.
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Figure8.13 NSL23716C layout
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Figure8.14 Typical application schematic (NSL23716C)
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9. Package Information
9.1. QFN32-5*6mm

. D = | T K COMMON DIMENSIONS
- ~ URSRVAVAVASAVAS (UNITS OF MEASURE=MILLIMETER)
O T h S SYMBOL | MIN NOM | MAX
—7 A 080 | 0.85 | 080
LASER MARK ) 0 Al 0 0.02 | 005
PN 11D - H= e A3 0.20REF
— b 0.20 0.25 0.30
— - D 480 | 500 | 5.10
v E 2.80 6.00 6.10
| ]
o — | O S D2 3.35 340 | 345
] T — T EZ 4,55 4.40 4,45
A L= 0.5085¢C
= - H 0.30REF
- - K 0.20 - —
- D2 L 0.45 0.50 0.55
— [ R 0.09 = —
— SCW 0.01 — 0.09
- p e SCO 0.08 — 018
N nnn 00
By
TOF VIEW BOTTOM VIEW
CETAIL A
1
z’/_ _-!I\
! : ‘ 1 \'. ~ scw—| -1
e T2 <. / = SECTION A—A
- = I NOTES:
l 'l' TE—':El—L ALL DIMENZIONS REFER TO JEDEC STAMDARD MO—220
- \ - DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
SIDE_VIEW T f ;
DETAIL A
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10. Order Information

PN Interface Fail safe | MSL ADDR Configuration ADDR_OTP Bit | Package
NSL23716A-Q1QAMR i i 3 0
bifferential | ADDR_OTP bit+ADDR1/2
NSL237161A-Q1QAMR | interface 3 1
NsL23716C-Q1QamR | Differential 3 QFN32(5mm*6mm)
interface
NSL23716D-Q1QAMR fIART 3
interface 3
Differential YES ADDR1/2/3 pin /
NSL23716C-Q1QALR . 3
interface
UART QFN32(4mm*4mm)
NSL23716D-Q1QALR . 3
interface

11. Documentation Support

Part Number

Product Folder

Datasheet

Technical Documents

LED driver Selection Guide
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12. Tape and Reel Information

QFN32(4*4):5000/reel.

4 3 . 2 1
D
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= SEE DETAIL C
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>
B
<
% % =
¥ d o o
$9¢ s
1 [
[ ! EH L
=10
‘ 9100+2.0—] ‘
330+
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4 3 - 2 1
D 0.30£0.05 4.00%0.10 8.00%0.10 2.00£0.05
= 1.5085 1 [1-75£0.10
~O—0- ﬂ)f D @#@ o D O D01
8
1 =
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S g 8
S -
B o
g LS LJ
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C
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»
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o \
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B :f 3 ‘ \
- e}
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AN /
NOTES: — B(
1. ALL DIMS IN MM R 0.50£0.10
2. MATERIAL: BLACK CONDUCTIVE PS/ABS
] 3. 10 sprocket hole pitch cumulative tolerance £0.20mm
4. Carrier camber is within Tmm in 250mm
5. There must not be foreign body adhesion and the state
of the surface must be excellent
6. Surface resistance 1X10E5<Rs<1X10E9 OHMS/SQ
A 7. 17" PLASTIC—Reel, 60625 pockets (485m)
QFN4 x4
4 3 * 2 1
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QFN32(5%6):4000/reel.
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NOTES
] 1. ALL DIMS IN MM Section C—C' -
2. MATERIAL: BLACK CONDUCTIVE PS
3. The other tolerance not indicated are £0.1mm
4. 10 sprocket hole pitch cumulative tolerance +0.20mm
5. Carrier camber is within Tmm in 250mm
6. There must not be foreign body adhesicn and the state
A of the surface must be excellent A
Q 7. Surface resistance TX10ES5LRs<IX10EQ OHMS
8. 17" PLASTIC—Reel
PDFN8—NT
4 \ 3 * 2 1
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13. Revision History

Revision
1.0

Description
Initial release

Date
2025/03
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IMPORTANT NOTICE

The information given in this document (the “Document”) shallin no event be regarded as any warranty or authorization of, express
orimplied, including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or infringement of
any third party’s intellectual property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE’s products and applications, and for the safety thereof.
Users shall comply with all laws, regulations and requirements related to NOVOSENSE’s products and applications, although
information or support related to any application may still be provided by NOVOSENSE.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with NOVOSENSE’s products.
NOVOSENSE reserves the rights to make corrections, modifications, enhancements, improvements or other changes to the products
and services provided without notice. NOVOSENSE authorizes users to use this Document exclusively for the development of
relevant applications or systems designed to integrate NOVOSENSE’s products. No license to any intellectual property rights of
NOVOSENSE is granted by implication or otherwise. Using this Document for any other purpose, or any unauthorized reproduction
or display of this Document is strictly prohibited. In no event shall NOVOSENSE be liable for any claims, damages, costs, losses or
liabilities arising out of or in connection with this Document or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE (www.novosns.com).

Suzhou NOVOSENSE Microelectronics Co., Ltd
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