12 Channels 60 mA LED
Linear Current Driver 12C
Controllable for Automotive
Applications

NCV7685

The NCV7685 consists of twelve linear programmable constant
current sources with common reference. The part is designed for use in
the regulation and control of LED for automotive applications. The
NCV7685 allows 128 different duty cycle levels adjustable using
pulse width modulation (PWM) independently for each output
channel programmable via I2C serial interface. PWM frequency can
be chosen in four different configurations up to 1200 Hz. The device
can be used with micro—controller applications using the 12C bus or in
stand—alone applications where a choice could be done in between 2
different static configuration settings. The IC also provides 3.3 V
voltage reference to the application for loads up to 1 mA.

LED brightness level is easily programmed using an external
resistor. Each channel has an internal circuitry to detect open—load
conditions with an optional auto—-recovery mode. If one driver is in
open-load condition, all other channels could be turned off according
to the programmable bit setting.

The device is available in small body size SSOP24-EP package.
Features
12 Common Current Programmable Sources up to 60 mA
Independent PWM Duty Cycle Control for each Channel via PC
Common PWM Duty Cycle Control via I2C
On-Chip 150, 300, 600 and 1200 Hz PWM
Open LED String Diagnostics
Low Dropout Operation for Pre—Regulator Applications
Single Resistor for Current Set Point
Voltage Reference 3.3 V/1 mA
8 Bits I2C Interface with CRCS8 Error Detection
OTP Bank for Stand—Alone Operation (2 Configurations)

Output Enable Pin

Detection and Protection Against Open Load and Under—Voltage
Over Temperature Detection and Protection

Low Emission with Spread Spectrum Oscillator

NCV Prefix for Automotive and Other Applications Requiring

Unique Site and Control Change Requirements; AEC-Q100
Qualified and PPAP Capable

® SSOP24-EP Packaging

Applications

Dashboard Applications

Rear Combination Lamps (RCL)

Daytime Running Lights (DRL)

Fog Lights

Center High Mounted Stop Lamps (CHMSL) Arrays
Turn Signal and Other Externally Modulated Applications
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NCV7685 = Specific Device Code
A = Assembly Location
WL = Wafer Lot
YY = Year
WwWw = Work Week
. = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

Device Package Shippingt
NCV7685DQR2G | SSOP24-EP 2500/
(Pb-Free) Tape & Reel

1For information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

Publication Order Number:
NCV7685/D
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Figure 2. Pinout Diagram
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Figure 4. Application Diagram without Micro-controller (Stand Alone Mode)
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Table 1. PIN FUNCTION DESCRIPTION

NCV7685

Pin # Label Description

1 OUTA Channel 1 Current Output to LED

2 ouT2 Channel 2 Current Output to LED

3 OouT3 Channel 3 Current Output to LED

4 ouT4 Channel 4 Current Output to LED

5 OouT5 Channel 5 Current Output to LED

6 ouTe Channel 6 Current Output to LED

7 ouT7? Channel 7 Current Output to LED

8 ouT8 Channel 8 Current Output to LED

9 ouT9 Channel 9 Current Output to LED

10 OuUT10 Channel 10 Current Output to LED

11 OuUT!1 Channel 11 Current Output to LED

12 OuT12 Channel 12 Current Output to LED

13 GND Ground

14 ISET Current Setting/EoL Enable Pin

15 CONF Stand Alone Mode Selection Bank

16 VCC 3.3 V Voltage Reference Output (Needs External Decoupling Capacitor)

17 VS Supply Voltage Input

18 DIAGEN Diagnostic Voltage Sensing Node for Vstring Via Resistor Divider

19 GND Ground

20 DIAG Open-drain diagnostic input/output.
Reporting Open Circuit and thermal shutdown.
Normal Operation = HIGH

21 OEN Output Enable Input

22 SDA I12C Serial Data

23 SCL I2C Serial Clock

24 VDD Digital Supply Voltage Input

epad epad True Ground

Do NOT Connect to PCB Traces other than GND

Table 2. ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min Max Unit
Vmax_VS Power supply voltage:
Continuous supply voltage -0.3 28 \Y
Transient Voltage (t < 500 ms, “load dump”) -0.3 40 \Y
Vumax_INx Input pin voltage (DIAGEN, DIAG, CONF, OEN) -0.3 40 \%
Vuax_OUTx Continuous Output Pin voltage -0.3 28 \Y
Transient Voltage (t < 500 ms, “load dump”) or during PWM -0.3 40 \Y%
period = OFF
Vmax_VCC Stabilized supply voltage -0.3 3.6 \%
Vmax_VDD Digital input supply voltage -0.3 5.5 \
Vmax_I10 DC voltage at pins (VDD, SCL, SDA) -0.3 5.5 \Y
Vmax_ISET DC voltage at pin ISET -0.3 3.6 \Y
Imax_GND Maximum Ground Current - 750 mA
Tymax Junction Temperature, T -40 150 °C
TA zap OTP Zap Ambient Temperature 10 30 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

1.

Integrated protection functions are designed to prevent IC destruction under fault conditions described in the datasheet. Fault conditions are

considered as outside normal operating range. Protection functions are not designed for continuous repetitive operation.
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NCV7685

Table 3. ATTRIBUTES

Parameter Value Unit

ESD Capability (Note 2)
ESD Voltage, HBM (Human Body Model); (100 pF, 1500 Q)

- All pins +2 kV

- Output pins OUTx to GND +4 kV
ESD according to CDM (Charge Device Model)

- All pins +500 \Y

- Comer pins 1750 \%
ESD according to MM (Machine Mode)

- All pins +150 \%
Moisture sensitivity (SSOP24-EP) (Note 3) MSL2
Storage Temperature -55t0 150 °C
Package Thermal Resistance (SSOP24-EP) (Note 4)

- Junction to Ambient, Rgja 45.8 °C/W

- Junction to Board, Rgyg 8.8 °C/W

- Junction to Case (Top), Rgyc 10.1 °C/W

ESD HBM tested per AEC-Q100-002 (EIA/JESD22-A114)
ESD CDM tested per EIA/JES D22/C101, Field Induced Charge Model

This device series incorporates ESD protection and is tested by the following methods:

ESD MM according to AEC-Q100

and Application Note AND8003/D.

Thermal Conductivity Test Board as specified in JESD51-7, in an environment described in JESD51-2a.

Table 4. ELECTRICAL CHARACTERISTICS
5V<VS<18V,3.15V<VDD<5.5V, R1 =1.82kQ, -40°C < T; < 150°C, unless otherwise specified)

For additional information, see or download ON Semiconductor’s Soldering and Mounting Techniques Reference Manual, SOLDERRM/D,

Values represent thermal resistances under natural convection are obtained in a simulation on a JEDEC-standard, 2S2P; High Effective

| Characteristic I Symbol I Test Conditions Min | Typ Max Unit
GENERAL
Supply Voltage VS_EXT Functional extended range (limited temper- 5 - 28 \%
ature)
VS_OP Parametric operation 5 - 18 \
Supply Under-Voltage VSuUV VS rising 3.8 41 4.4 \'%
Supply range during VS_OTPzap 25V<ISET <33V, 13 - 18 \%
OTP zapping VS current peak capability > 70 mA
Supply Under-Voltage VSUVhys - 200 - mV
hysteresis
Supply Current (Vs) Is(error mode) | all OUTx OFF except channel in open load
SCL=SDA=0
lout_ VCC =0 mA - 1.2 15 mA
lout VCC = 1 mA B 2.2 2.5 mA
Is(active) Active Mode - 7 10 mA
VS =16V, Vcc unloaded
OUTx =1V, R1=2kQ
Digital supply current IDD I2C mode, VS =12V - 0.24 2 mA
VDD Under Voltage VDDUV_R VDD rising - - 2.9 \
detection VDDUV_F | VDD falling 2 - - Vv
CURRENT SOURCE OUTPUTS
Output current IOUThot OUTx =1V, Tj=150°C 50 55 60 mA
IOUTcold OUTx=0.5V, Tj = -40°C 50 55 60 mA
Current Matching from ImatchCold Tj = -40°C (Note 5) -7 7 %
channel to channel Imatch Tj = 25°C (Note 5) 6 6 %
ImatchHot Tj = 150°C (Note 5) -5 5 %
Current Slew Rate ISRx 10% to 90% - 30 - mA/us
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NCV7685

Table 4. ELECTRICAL CHARACTERISTICS (continued)
5V<VS<18V,3.15V<VDD <5.5V, R1 =1.82kQ, -40°C < T, < 150°C, unless otherwise specified)

| Characteristic | symbol | Test Conditions Min | Typ Max Unit
CURRENT SOURCE OUTPUTS
Open Circuit Detection OoLDT IOUTx > 20mA 30 50 70 % of output
Threshold current
Open load recovery in OLR 5 10 15 mA
auto-recovery mode

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
5. Matching formulas:
210UTx(min)
I0UTx(min) + I0OUTx(max)

210UTx(max)
1] x 100 and [IOUTx(min) T+ IOUTX(max)

1] X 100

Table 5. ELECTRICAL CHARACTERISTICS
(5V<VS<18V,3.15V < Vpp <5.5 V, R1 = 1.82 k2, -40°C < T < 150°C, unless otherwise specified)

| Symbol | Parameter | Test Conditions | Min | Typ Max | Unit
VOLTAGE REFERENCE
V_VCC Output Voltage Tolerance I_VCC<1mA 3.20 3.30 3.45 \Y
lout_VCC Output Current - - -1 mA
Cload_VCC Load Capacitor ESR < 200 mQ 0.9 1.0 2.5 nF
INPUTS: OEN, CONF
VinL Input Low Level 0.7 1.0 - \%
VinH Input High Level - 1.25 1.66 \%
Vin_hyst Input Hysteresis 100 250 400 mV
Rin_pd Input Pull-down Resistor 120 200 280 kQ2
INPUTS: SCL, SDA
VinL Input Low Level - - 0.3xVDD \Y
VinH Input High Level 0.7xvDD - - \
Vin_hyst Input Hysteresis 0.05xVDD - - \
lout_SDA Output Current V (SDA) =04V 3 - - mA
DIAGEN PIN
VDiagenTH VS Diagnostic Enable Threshold 1.9 2.0 2.1 \
Rdiagen_pd Input Pull-down Resistor 120 200 280 k€2
DIAG PIN
VoutL Output Low Level Diagnostic Activated, - 0.2 0.4 \'%
Idiag =1 mA
DiagRes Diagnostic Reset Voltage 1.65 1.80 1.95 \
tp_DIAG Filter Time to Set the DIAG Fail Pin in Idiag = 1 mA - 10 20 us
Failure Mode
DIAG_leak DIAG Output Leakage VDIAG=5V - - 10 uA
ISET INPUT PIN
VISET Global Current Setting 0.94 1.0 1.06 \Y
K IOUT ISET Factor - 100 - -
tsetupISET Setup-up Time to 90% of the ISET VS>5V - - 50 us
Regulated Value
INTERNAL PWM CONTROL UNIT (OUT1- OUT12)
Symbol Parameter Test Conditions Min Typ Max Unit
PWMH1 PWM1 Frequency, I2C Mode Configuration Via 12C 132 150 168 Hz
PWM2 PWM?2 Frequency, I2C Mode Configuration Via 12C 264 300 336 Hz
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NCV7685

Table 5. ELECTRICAL CHARACTERISTICS (continued)

5V<VS<18V,3.15V<Vpp <55V, R1=1.82kQ, -40°C < T; <150°C, unless otherwise specified)

INTERNAL PWM CONTROL UNIT (OUT1- OUT12)

Symbol Parameter Test Conditions Min Typ Max Unit
PWM3 PWM3 Frequency, I2C Mode Configuration Via 12C 528 600 672 Hz
PWM4 PWM4 Frequency, I2C Mode Configuration Via 12C 1056 1200 1344 Hz

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

Table 6. THERMAL WARNING AND THERMAL SHUTDOWN PROTECTION

Symbol Parameter Min Typ Max Unit
Tjwar_on Thermal Warning Threshold (Junction Temperature) - TSD-30 - °C
TSD Thermal Shutdown Threshold (Junction Temperature) 160 - 180 °C
T, Increasing
Tjsd_hys Thermal Shutdown Hysteresis 10 - 15 °C
General Output Current Programming (Iset/louTx)

The NCV7685 is a twelve channel LED driver. Each
output can drive currents up to 60 mA/channel and are
programmable via an external resistor. The target
applications for the device are in automotive rear lighting
systems and dashboard applications. The device can be used
with micro—controller applications using the I2C bus or in
stand—alone applications. In both cases it is mandatory to
supply the LED channels by an external ballast transistor, or
by an LDO or a DC/DC to have low voltage drop on the
outputs which will lead to a decrease in power dissipation in
the device. In order to have very low electromagnetic
emission, this device has an embedded spread spectrum
oscillator.

PWM period counter

The maximum current can be defined with the Iset input
pin. The equations below can be used to calculate this
maximum output current:

Iset = 1 V/R1 (eq. 1)
IOUTx = K X Iset (eq. 2)
Example:
R1=2 kQ

using eq. 1 — Iset = 500 pA
and using eq. 2 > IOUTx = 50 mA

To avoid potential disturbances when all drivers are
activated at the same time, a typical activation delay of
400 ns between groups of 2 consecutive outputs is
implemented (see Figure 5).

01234567 8 9101112131415161718192021 222324 252627

PWM signal ] 1
driver1  __ ] ]
driver2 1
driver 3 1
driver 4 1
driver 5 1
driver 6 1
driver7
driver 8
driver 9

driver 10
driver 11 |
driver 12 I

Figure 5.

Power Supply and Voltage Reference (VS, Vcc, Vpp)
VS is the analog power supply input of the device. VS
supply is monitored with respect to the crossing of VSUV
level (typ. 4.1 V). When VS rises above VSUYV, the device
starts the power—up state. When VS is above the VS_OP
minimum level (typ. 5 V), the device can work properly.

VCCiis a voltage reference providing 3.3 V derived from
the VS main supply. It is able to deliver up to 1 mA and is
primarily intended to supply 3.3 V loads. If VCC output
reference is not used, then the VCC capacitor can be omitted.

VDD is the digital power supply input of the device.

www.onsemi.com
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Figure 6. Power-up Sequence

Ground Connections (GND: Pin 13 and Pin 19)

The device ground connection is split to two pins called
GND. Both pins have to be connected on the application
PCB.

Chip Select for OTP Programing (Using IsgT)

The device can be programmed using the I2C bus in End
of Line cases. When the voltage on the ISET pin is pulled
higher than 2.5 V, the device can be set in OTP control mode
via the I2C bus. During normal mode where only an external
ISET resistor is connected to the IsgT pin, the access to the
OTP registers is not possible. Zapping is only possible with
VS above 13 V. The outputs are disabled as soon as 2.5 V is
applied to the ISET pin. After the ID_LOCK OTP 12C
message is properly received, no further OTP zapping is
possible.

Output Enable (OEN)

When the OEN input voltage is high, all output channels
are programmed according to the I2C or SAM
configuration. When OEN voltage is below 0.7 V, all
outputs are disabled in the SAM or I12C mode regardless on
the registers setting. If the OEN pin is left floating, the
internal pull down resistor will cause switching off all
channels. The OEN pin has to be 0 V during the startup for
at least 10 us.

Configuration (CONF)

When the CONF input voltage will be below 0.7 V the
configuration 1 will be selected (One Time Programmable
OTP 1 register called SAM_CONF _1) and when the CONF
input voltage will be above 1.66 V the configuration 2 will
be selected (OTP 2 register called SAM_CONF_2). There
is ability to change the configuration in error mode (either
with CONF in SAM or through I2C in 12C mode).

I2C Bus (SCL, SDA)

The 12C bus consists of two wires, Serial Data (SDA) and
Serial Clock (SCL), carrying information between the
devices connected on the bus. Each device connected to the
bus is recognized by a unique address and operates as either
a transmitter or receiver, depending on the function of the
device. The NCV7685 can both receive and transmit data
with CRCS error detection algorithm. The NCV7685 is a
slave device.

SDA is a bi—directional line connected to a positive supply
voltage via an external pull-up resistor. When the bus is free
both lines are HIGH. The output stages of the devices
connected to the bus must have an open drain to perform the
wired—AND function. Data on the I2C bus can be transferred
up to 400 kb/s.

Diagnostic Enabling (DIAGEN)

The device is capable to detect for each independent
channel an open load condition. Versus the number of LEDs
and the Vstring voltage supply, a wrong open load condition
can be detected if the fault detection is activated when there
is not enough voltage across the LEDs. This threshold can
be programmable thanks to an external divider connected to
the DIAGEN pin. When the divided voltage is below a
typical value of 2 V, the LED diagnostic is disabled. When
the divided voltage is above the typical value of 2 V, the LED
diagnostic is enabled.

Diagnostic Feedback (DIAG)

The DIAG is an open drain output pin who can alert a
microcontroller as soon as one of the outputs is in error mode
(DIAG Low = open load or thermal shut-down or Iggt
shorted). Forcing the DIAG pin below 1.8 V will force a
fault condition if the DIAGEN input pin is above a typical
value of 2 V. If the DIAGEN input pin is below the typical
value of 2 V then forcing the DIAG input pin will not have
any effect.

Parallel Outputs

The maximum rating per output is 60 mA. In order to
increase system level LED string current, parallel
combinations of any number of outputs is allowed.
Combining all 12 outputs will allow for a maximum system
level string current design of 720 mA.

Required Time Delay for OTP Zapping

As soon as the ID_LOCK_OTP message is received, the
I2C acknowledge is immediately sent out to the MCU.
However, the internal circuitries still requires 500 ps time
delay to complete the OTP zapping of one OTP bit.
Therefore, no I2C confirmation is send. The number of OTP
bits that are zapped corresponds with each change from the
default values. It is needed 16.5 ms in total to successfully
finish the zapping sequence of all 32 customer bits + one
internal bit. The verification of the OTP banks can be done
by readout of the ID_READ_OTP I2C message after
zapping delay.

www.onsemi.com
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DIGITAL PART AND I2C REGISTERS

The I2C bus consists of two wires, serial data (SDA) and
serial clock (SCL), carrying information between the
devices connected on the bus. Each device connected to the
bus is recognized by a unique address. The NCV7685 can
both receive and transmit data with CRCS error detection

Table 7. IDENTIFIER ADDRESSING (ID) MESSAGE

algorithm. The NCV7685 is a slave device only. Generation
of the signals on the I2C bus is always the responsibility of
the master device.

They are multiple kinds of message structure possible
versus ID code received.

Name ID Access type Name of Register Addressed
ID_I2C_CONF 00 W 12C_CONF
ID_PWM 01 W PWM_DUTY
ID_PWM_CONF 02 w PWM_CONF, PWM_DUTY_EN
ID_PWM_ALL 03 W PWM_D1, PWM_D2, PWM_D3, PWM_D4, PWM_D5, PWM_D6,
PWM_D7, PWM_D8, PWM_D9, PWM_D10, PWM_D11, PWM_D12
ID_WRITEALL 04 w 12C_CONF, PWM_CONF, PWM_DUTY_EN
ID_STATUS 08 R I12C_STATUS
ID_FAULT 09 R FAULT_STATUS
ID_READALL 0A R 12C_CH_STATUS, 12C_STATUS, FAULT_STATUS
ID_SET_OTP 20 w SAM_CONF_1, SAM_CONF_2, ADD_SAM_SET
ID_LOCK_OTP 21 w SAM_CONF_1, SAM_CONF_2, ADD_SAM_SET
ID_READ_OTP 28 R ID_VERS_1, ID_VERS_2, SAM_CONF_1, SAM_CONF_2, ADD_SAM_SET

There are 3 kinds of registers, Hard Coding, OTP and

volatile registers.

Hard Coding Registers:
ID_VERS 1
ID_VERS 2

OTP Registers:
ADD_SAM_SET

Volatile Registers:
12C_CONF
12C_STATUS
12C_CH_STATUS
FAULT_STATUS
PWM_DUTY
PWM_D1 - PWM_D12
PWM_DUTY_EN

SAM_CONF 1 PWM_CONF
SAM_CONF 2
Format of the 12C frames
| s | Ncvressaddress |0 [ A | Novressadgress |A| o [ A | paa |A| cre | aP]
| L i
‘0’ = Write N bytes +
acknowledge
|:| From master to NCV7685 S = Start condition
P = Stop condition
A = Acknowledge
I:' From NCV7685 to master A* = Not acknowledge
Figure 7. Format of 12C Write Access Frames
NCV7685 NCV7685 NCV7685
S el 0|A aeldliEes A ID A CRC | A*| Sr Sl 1|A| Data | A CRC [A*|P
‘0’ = Write ‘4’ = Read L N bytes +J

|:| From master to NCV7685

I:‘ From NCV7685 to master

acknowledge
S = Start condition

Sr = Repeated start condition
P = Stop condition

A = Acknowledge

A* = Not acknowledge

Figure 8. Format of I12C Read Access Frames

Remark: CRC byte is not transmitted when CRC
protection is turned off (ERREN = 0)
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uonpuod dois = ¢ Jsjsew 0} G89/AON Wol4 D
uoNIPUOD UelS pajeaday = IS
UONIPUOO LIS = §

penwwo aIe sebpsjmounoy G89/ZADN 0} J8jsew woi4 _H_
[a] o) [ 135 wvs aav _[lo:zlz”anoo wvs Je:sHz aNoo mvs ol aNoD Wvs Jeicil aNnoo wvs]  zswanar | 1 "su3a ai |k bsesppe 6892A0NS | OHO ] d10 avay ai [ sseippe 589,A0N ] O Fseippe cgosnoN s |
[a] ) [ 135 wvs aav_[lo:dz 4N0D Wvs [i8:sHz IN0D Wvs]lo:2k INOO WS J8:sH N0 Wvs| dLo 00T al | sseppe 6892A0N | o $sesppe agoznoNs |
[4] OHO [ 135 Wvs aav_ [lo:4dz 4N0D Wvs [I8:5Hz IN0O Wvs]lo:2]r INOO Wvs Ji8:sl N0 Wvs| d1o 13s al [ sseippe 892A0N [0 bseippe sgaznoN's |
uonpuoo doig = d 191seW 0} 689 ADN Woi _H_

uonIpuod Uejs pajeaday = IS
UONIPUCO LEIS = S

PBMLILIO 18 S3BPajMOUs oY G89//\ON ©} JoISEW WOI- _H_

[a] oHD [ o:dsnivis 1inv4 Jigisisnivis iinva]  snuvis oa Jlo:dsnivis HO Ol Jeistisnivis Ho Ozl + [sseippe sgaznoN] s | oHD [ mwavada [ ssewpesgoznon [o Jsseippe sgaznon]s |
[a] oHO [ o:4snuvis 1inv4 Jeisilsnivis ianva] L [sseippe sgaznon s | ) [ 1nvaia [ sseippecsaznoN o [ssesppe sgaznon]s |
[a] ) | snivisoz [ Jsseippe ggaznon]s | oHO [ snivisal [ ssewpesgaznon [o Jsseippe sgaznon]s |
[4] oHO fo:aNa"Aina wmd feisNg Alna wmd]  aNoowmd | foidanoo 0zt | IisilaNoo 0z | Tvauumal | sseippe sg9AON [ o [sseippe sgaznoN]s |

[d] oHO [ ziawmd | wvawmd | oamwmd | eadamd [ sawmd [ awmd [ 3
3 | edwmd [ sawmd [ vawmd [ eawwd [ ezawwd [ +a M [ v wmdar [ ssewpesgoznon o [sseippe sgaznon]s |
[<] oHD Jo:ANT ALna WMd pisHNT ALna wmd [ IN0O Wmd | 3NOO Wmd al | sseippe ggaznoN [ o [ssesppe sg92n0N] s |
[<] oHD [ anawmd [ wmda | sseippe sgoznon [ o [sseippe sgaznon] s |
[«] oHO | Tolanoo oz | [BislaNoo ozl | dNOo ozl al [ ssesppesgaznoN [ o Tssaippe 589./0N s |

Figure 10. Format of 12C OTP Frames

Figure 9. Format of I12C Frames
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There is a safety mechanism implemented by repeating

the address. Since the 12C address is 7 bits long, first bit of

the second address byte starts with a “0” in the repeated byte
(see tables below).

Table 8.
1St byte
7 | 6 | 5 | 4 | 3 | 2 | 1 0
12C device Address R/W Bit
2nd pyte
7 | 6 | 5 | 4 | 3 | 2 | 1 0
12C device Address 0

CRC ERROR DETECTION ALGORITHM
The CRC protection is turned off by default. It can be
enabled by activation of the OTP ERREN bit (ERREN = 1).

The every I12C byte including both addresses with R/W flag
The CRC

are calculated using CRCS8 algorithms.
polynomial is following: x8 + x> + x3 + x2 + x + 1.

HARD CODING REGISTERS

Table 9. HARD CODING REGISTERS

Example of the CRC used in the I2C message with
12C_CONF byte = 0xCFFF and with 12C address 0x60
(0xC0) is 0x2E.

| Bt | 7 | Dpe | s | Dpa | b3 | b2 | b | oo
ID_VERS_1
Access type R | R | R | R | R | R | R | R
Bit name ID1[7:0]
Reset value 0 | 1 | 0 | 0 | 0 | 0 | 1 | 1
ID_VERS_2
Access type R | R | R | R | R | R | R | R
Bit name ID2[7:0]
Reset value 0 | 0 | 0 | 0 | 0 | 1 | 0 | 0
1. ID1[7:0] = 43h (ON Semiconductor device identifier)
ID2[7:0] = 04h (The actual version)
OTP REGISTERS
Table 10. ADD_SAM_SET
Bit D7 D6 D5 D4 D3 D2 D1 DO
Access type R/W R/W R/W R/W R/W R/W R/W R/W
Bit name AUTOR DETONLY ERREN ADDI[4:0]
Reset value 0 1 0 0 0 0 0 0

ADD[4:0] are the programmable BUS address registers
(in I2C mode ADD[6:5] = 11).

AUTOR: When AUTOR=1 (and DIAGEN is high), open
load diagnosis is performed. When a fault is detected, the
DIAG pin is set and LED driver imposes a low current on the
faulty branch alone, switching off the others. When fault is
recovered, LED driver returns to normal operation after
resetting the DIAG pin. If the DIAG pin is triggered
externally, LED driver outputs are switched off and the low
power mode is entered.

DETONLY: When DETONLY=1, open load diagnostic is
performed. When a fault is detected, the DIAG pin is set
without taking any action on the current regulation. When
fault is recovered, DIAG is reset. If the DIAG pin is
triggered externally, no action is taken.

WhenAUTOR = DETONLY = 0, no diagnostic performed

When AUTOR = DETONLY = 1, no change
(same as previously setting).

ERREN: When ERREN = 1, CRC error detection
algorithm is activated for I2C communication.
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Table 11. SAM_CONF

Bit |D15|D14|D13|D12|D11|D10|DQ|D8|D7|D6|D5|D4|D3|D2|D1 |Do|

SAM_CONF_1

Accesstype | R | R | R R R/VV|RNV|RNV|RNV|R/W|R/W|RNV|RNV|RNV|R/W|RNV|RNV

Bit name - - - - SAM1conf[11:0]
Resetvalue | 0 0 0 0 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
SAM_CONF_2

Accesstype | R | R | R R R/\N|R/\N|R/\N|R/\N|R/\N|RNV|R/\N|RNV|R/W|RNV|R/\N|R/\N

Bit name - - - -

SAM2conf[11:0]

Resetvalue | 0 0 0 0 1 | 1 | 1

HEIN EEN I I N I N N

1. SAM1conf[x] = 0 means channel is OFF and SAM1conf[x] = 1 means channel is ON
SAM2conf[x] = 0 means channel is OFF and SAM2conf[x] = 1 means channel is ON

VOLATILE REGISTERS

Table 12. 12C_CONF

Bit D15 D14 D13 D12 | D11 (D10 |D9 |D8 |D7 |D6 D5 [Da [ D3 [ D2 [ D1 | DO
Access type w w w w w w WIWIW|WIW|[W|W]|W|[W]|W
Bit name I2CFLAG | 12CautoR | 12CdOnly | PWMEN 12Cconf[11:0]

Reset value 0 0 0 0 o o fofofofJo]JoJoJo]o|o]o

I2CFLAG: the I2CFLAG should be reset whenever
standalone mode is entered. When I2CFLAG=1 and when
VDD is high, the I2C mode is activated, in all other
conditions the device is in Stand Alone Mode.

I2CautoR: When 12CautoR=1 (and DIAGEN is high),
open load diagnosis is performed. When a fault is detected,
the DIAG pin is set and LED driver imposes a low current
on the faulty branch alone, switching off the others. When
fault is recovered, LED driver returns to normal operation
after resetting the DIAG pin. If the DIAG pin is triggered
externally, LED driver outputs are switched off and the low
power mode is entered. Whenever the device is configured
in autorecovery (AUTOR in standalone mode or I2CautoR
in I2C mode), it is not allowed to put PWMDUTY = 0 or
PWMDx = 0 to a channel which has detected an open load.

Table 13. 12C_STATUS

12CdOnly: When 12CdOnly =1, open load diagnostic is
performed. When a fault is detected, the DIAG pin is set
without taking any action on the current regulation. When
fault is recovered, DIAG is reset. If the DIAG pin is
triggered externally, no action is taken.

When I2CautoR = I12CdOnly = 0, no diagnostic
performed.

When I2CautoR = I2CdOnly = 1, no change (same as
previously setting).

PWMEN: When PWMEN = 1, PWM is activated, when
PWMEN = 0 the content of the complete register
PWM_DUTY_EN is not reset and PWM is disabled.

12Cconf{x] = 0 means channel is OFF and I2Cconf[x] = 1
means channel is ON.

Bit D7 D6 D5 D4 D3 D2 D1 Do
Access type R R R R R R R R
Bit name SC_lset 12Cerr uv diagRange TW TSD DIAGERR oL
Reset value 0 0 0 0 0 0 0 0

SC_Iset: SC_Iset = 1 means there is short—circuit on the
external resistor on IggT pin and drivers are switched OFF
and DIAG pin is set. SC_Iset=0 no short—circuit.

I2Cerr: I2Cerr=1 means an error has been detected during
the I12C communication, 12Cerr=0 means no error during
12C communication has been detected.

UV: the device is in under voltage condition (VS is below
VSUV threshold, all channels OFF).

diagRange: when diagRange = 1 the divided voltage is
above the typical value of 2 V (LED diagnostic is enabled),
diagRange = 0 means the divided voltage is below the
typical value of 2 V (LED diagnostic is disabled).

TW: when TW=1 the device is in the thermal warning
range (typ 140°C), this flag is just a warning no action is
foreseen on the output drivers. TW=0 means the device is
below the thermal warning range.
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TSD: when TSD = 1 the device is in the Thermal shutdown OL: OL = 1 means at least one channel is in Open Load
range, TSD = 0 means the device is below the thermal condition, OL = 0 no Open Load.
shutdown range.

DIAGERR: DIAGERR = 1 means an error is detected by
DIAG pin forced externally.

Table 14.
SC_lset set when a short—circuit on the external resistor on IggT pin, latched if permanent after 10 us.
Reset in case of short—circuit disappear permanently for at least 10us.
12Cerr set if an error has been detected during the I2C communication.
Reset on register reading.
uv set when device is in under voltage condition (VS is below VSUYV, all channels OFF).

diagRange set when divided voltage is above the VDiagenTH threshold.
Reset when the divided voltage is below the VDiagenTH threshold.

™W set when junction temperature is above the Tjwar_on threshold.
Reset on register reading AND temperature is below the (Tjwar_on — Tjsd_hys) threshold

TSD set when junction temperature is above the TSD threshold.
Reset on register reading AND temperature is below the TSD — Tjsd_hys) threshold

DIAGERR set by DIAG pin forced low externally, latched if permanent after 10 ps.
Reset in case DIAG pin is not forced permanently for at least 10 us.

oL set in Open Load condition and DIAGEN is high, latched if permanent after 10 us.
Reset if Open Load disappear permanently for at least 10 us.
Fault information is maintained on falling DIAGEN threshold exceeded

Table 15. 12C_CH_STATUS

Bit D15 D14 D13 D12 D11 (D10 | D9 [ D8 | D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO
Access type R R R R R|R|[R|[R|[R|[R|R|R]|R]|]R]|R]|R
Bit name I2CFLAG | 12CautoR | 12CdOnly | PWMEN 12C_CH_STATUS[11:0]

Reset value 0 0 0 0 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
I2CFLAG: same as I2C_CONF register Remark: When NCV768S5 is configured in I12C mode and
I2CautoR: same as 12C_CONF register output channel OUTx is configured to operate in PWM
I12CdOnly: same as I2C_CONF register mode, [2C_CH_STATUS[x] shall contain value ‘1°.

PWMEN: same as I12C_CONF register

I2C_CH _STATUS[11:0]: same as [2C_CONF[11:0] bits
in I12C mode or same as SAM_CONF _1[11:0],
SAM_CONF_2[11:0] bits in Standalone mode.

Table 16. FAULT_STATUS
Bit D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 Dé D5 D4 D3 D2 D1 Do

Access type R R R R R R R R R R R R R R R R

Bit name - - - - FAULT[11:0]
ResetvalueOO000|0|0|0|0|0|0|0|0|0|0|0

FAULT[11:0]: when FAULT[x] = 1 the OUTx channel is is working properly. The register is reset on each read
in fault mode (Open Load latched when the duration is operation.
longer than 10 us), when FAULT[x] = 0 the OUTx channel
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Table 17. PWM_DUTY

Bit D7 D6 D5 D4 D3 D2 D1 DO
Access type - w w W w w w w
Bit Name - PWMDUTYI6:0]

Reset Value 0 0 | 0 | 0 | 0 0 0 | 0

PWMDUTY[6:0]: logarithmic (or linear) common
dimming for all channels via embedded PWM generator
(128 steps). Following formula applies when logarithmic
dimming is selected: Duty_Cycle Percent = 100 x o™N-)
where o0 = 0.9471 and N = 127 rounded with an accuracy
of 400 ns.

When PWMDUTY = 127 all channels ar fully switched
on.

Table 18. PWM_Dx

When PWMDUTY = 0 all channels are switched off.

Whenever the device is configured in autorecovery
(AUTOR in standalone mode or 12CautoR in I12C mode), it
is not allowed to put PWMDUTY =0 or PWMDx =0to a
channel which has detected an open load.

Transmitting PWM_DUTY via I2C will cause setting the
value to all channels.

Bit D7 D6 D5 D4 D3 D2 D1 DO
Access type - w w w w w w w
Bit Name - PWMDXx[6:0]

Reset Value 0 0 | 0 | 0 | 0 0 0 | 0

PWMDx[6:0]: logarithmic (or linear) independent PWM
dimming for each OUTx channel via embedded PWM
generator (128 steps). Following formula applies when
logarithmic dimming is selected: Duty_Cycle_Percent =
100 x o™ where o = 0.9471 and N = 127 rounded with
an accuracy of 400 ns.

When PWMDx = 127 the OUTx channel is fully switched
on.

When PWMDx = 0 the OUTx channel is switched off.

Table 19. PWM_DUTY_EN

Whenever the device is configured in autorecovery
(AUTOR in standalone mode or I12CautoR in I2C mode), it
is not allowed to put PWMDUTY =0 or PWMDx=0to a
channel which has detected an open load.

To set independent PWM Duty Cycle value to each
channel simultaneously, all twelve PWM_Dx bytes has to be
transferred via I2C bus in ID_PWM_ALL message. If
PWM_DUTY register is updated, all PWM_Dx bytes will
be overwritten by the same value from PWM_DUTY
register.

Bit D15 [ D14 | D13 [ D12 [ D11 | D10 [ Do | D8 | D7 [ D6 | D5 | Da | D3 | D2 | D1 | DO
Access type - - - - w W W W W \W W W W W \W W
Bit name - - - - PWMDUTYen[11:0]

Resetvalue | 0 0 0 0 o [o]Jo oo |ofo]of[o]o|[o]o

PWMDUTYen[11 :0] : when PWMDUTYen[x] = 1,
PWM dimming is enabled for OUTx channel, when
PWMGAINen[x] = 0 means PWM dimming is disabled for

Table 20. PWM_CONF

OUTx channel. When the PWM dimming is disabled, the
output channel is programmed according to the I2Cconf[x]
settings.

Bit D7 D6 D5 D4 D3 D2 D1 DO
Access type w w w w w w w w
Bit Name - - - - - PWMLIN PWMF2 PWMF1
Reset Value 0 0 0 0 0 0 0 0

PWMLIN bit shall select between between logarithmic
(PWMLIN=0) and linear (PWMLIN=1) translation of
PWMDUTY bits to duty cycle of internal PWM signal.

PWMF2 and PWMF1I bits set typical PWM frequency
settings according to the Table 21.
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Table 21. TYPICAL PWM FREQUENCY SETTINGS

PWMF2 PWMF1 typ. PWM frequency [Hz]
0 0 150
0 1 300
1 0 600
1 1 1200

Output Duty Cycle [%]
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Figure 11. Output Duty Cycle vs. Register Setting

ON Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.
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PACKAGE DIMENSIONS

SSOP-24 NB EP
CASE 940AQ
ISSUE O

2X NOTES
NOTE | 020 _ DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

> . CONTROLLING DIMENSION: MILLIMETERS.

NOTE 6 . DIMENSION b DOES NOT INCLUDE DAMBAR
PROTRUSION. DAMBAR PROTRUSION SHALL
BE 0.10 MAX. AT MMC. DAMBAR CANNOT BE

2X 4
LOCATED ON THE LOWER RADIUS OF THE
]0.20|C H H H H H H H H H H FOOT. DIMENSION b APPLIES TO THE FLAT
GAUGE SECTION OF THE LEAD BETWEEN 0.10 TO 0.25
T —PLANE FROM THE LEAD TIP.
4. DIMENSION D DOES NOT INCLUDE MOLD

L + |_ FLASH, PROTRUSIONS OR GATE BURRS. MOLD

NOTE 5 /// A1 FLASH, PROTRUSIONS OR GATE BURRS SHALL
Z DETAIL A [c]? SEAT'NG NOT EXCEED 0.15 PER SIDE. DIMENSION D IS

NOTE 7 DETERMINED AT DATUM PLANE H.

’
PIN H H H H H H H H H H 5. DIMENSION E1 DOES NOT INCLUDE INTERLEAD
REFERENCE J— FLASH OR PROTRUSION. INTERLEAD FLASH

12 E OR PROTRUSION SHALL NOT EXCEED 0.25 PER
@—>| |<— SIDE. DIMENSION E1 IS DETERMINED AT DA-

:I:l_U

[

2X 127TIPS TUM PLANE H.
24x b 6. DATUMS A AND B ARE DETERMINED AT DATUM
NOTE 6 |€B|0.12®|C|A—B|D| PLANE H.
TOP VIEW 7. A11S DEFINED AS THE VERTICAL DISTANCE
DETAIL A FROM THE SEATING PLANE TO THE LOWEST
POINT ON THE PACKAGE BODY.

A A2 h l 8. CONTOURS OF THE THERMAL PAD ARE UN-
21010(C h CONTROLLED WITHIN THE REGION DEFINED
N M BY DIMENSIONS D2 AND E2.
AT ialaiatali =%£r||||n|\_J\ WLLINETERS

| DM [ MIN_ | mAX
™| 010|C — Al -—-[ 175
24X SIDE VIEW PLANE END VIEW Ar. Do) b0
b | 019 [ 030
c | 009 ] 020

|$|015®|C|A—B|D NOTE 8 D 8.64 BSC
< D2 > D2 | 250 [ 270

E 6.00 BSC

AHARAAAAAAAR e w20

| |015®@|c[A-B[D] e |_ussasc
[ | EAZ L | o040 085
L] ¥ vores et
M| oo 8°
noooooooooot
BOTTOM VIEW
RECOMMENDED
SOLDERING FOOTPRINT*
L 3.00->
O0000o0opooo ¥
24X }_
1.15 | X
- 2.+20 6.40

: [IDI]I]IZI[{]‘[}][I[II]I]IZI_‘_

] <065
0.40 PITCH

DIMENSIONS: MILLIMETERS

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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