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PART TEMP RANGE PIN-PACKAGE

DS3994Z+ -40°C to +85°C 28 SO-300
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ABSOLUTE MAXIMUM RATINGS

RECOMMENDED OPERATING CONDITIONS
(TA = -40°C to +85°C.)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Voltage Range on VCC, SDA, and SCL 
Relative to Ground.............................................-0.5V to +6.0V

Voltage Range on Leads Other than VCC, 
SDA, and SCL…………………………..-0.5V to (VCC + 0.5V),

not to exceed +6.0V

Operating Temperature Range ...........................-40°C to +85°C
EEPROM Programming Temperature Range .........0°C to +70°C
Storage Temperature Range .............................-55°C to +125°C
Soldering Temperature...................See J-STD-020 Specification

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Voltage VCC (Note 1) 4.5 5.5 V

Input Logic 1 VIH 2.2
VCC +

0.3
V

Input Logic 0 VIL -0.3 0.8 V

SVM Voltage Range VSVM -0.3
VCC +

0.3
V

BRIGHT Voltage Range VBRIGHT -0.3
VCC +

0.3
V

LCM Voltage Range VLCM (Note 2) -0.3
VCC +

0.3
V

OVD Voltage Range VOVD (Note 2) -0.3
VCC +

0.3
V

Gate-Driver Output Charge
Loading

QG 20 nC

ELECTRICAL CHARACTERISTICS
(VCC = +4.5V to +5.5V, TA = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Current ICC
GA, GB loaded with 600pF,
4 channels active

9 16 mA

Input Leakage (Digital Pins) IL -1.0 +1.0 μA

Output Leakage (SDA, FAULT) ILO High impedance -1.0 +1.0 μA

VOL1 IOL1 = 3mA 0.4Low-Level Output Voltage
(SDA, FAULT) VOL2 IOL2 = 6mA 0.6

V

Low-Level Output Voltage
(PSYNC, LSYNC)

VOL3 IOL3 = 4mA 0.4 V

Low-Level Output Voltage
(GA, GB)

VOL4 IOL4 = 4mA 0.4 V

High-Level Output Voltage
(PSYNC, LSYNC)

VOH1 IOH1 = -1mA VCC - 0.4 V
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ELECTRICAL CHARACTERISTICS (continued)
(VCC = +4.5V to +5.5V, TA = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

High-Level Output Voltage
(GA, GB)

VOH2 IOH2 = -1mA VCC - 0.4 V

UVLO Threshold—VCC Rising VUVLOR 4.3 V

UVLO Threshold—VCC Falling VUVLOF 3.7 V

UVLO Hysteresis VUVLOH 100 mV

SVM Falling Edge Threshold VSVMT 1.95 2.0 2.05 V

SVM Hysteresis VSVMH 150 mV

LCM and OVD Source Current 4 μA

LCM and OVD Sink Current 4 μA

LCM and OVD DC Bias Voltage VDCB 1.35 V

LCM and OVD Input Resistance RDCB 50 kΩ

Lamp Off Threshold VLOT (Note 3) 1.65 1.75 1.85 V

Lamp Overcurrent Threshold VLOC (Note 3) 3.15 3.35 3.55 V

Lamp Regulation Threshold VLRT (Note 3) 2.29 2.35 2.41 V

OVD Threshold VOVDT (Note 3) 2.25 2.35 2.45 V

Lamp Frequency Range fLF:OSC 20 80 kHz

Lamp Frequency Source
Frequency Tolerance

fLFS:TOL LOSC resistor ±0.1% over temperature -2 +2 %

Lamp Frequency Receiver
Duty Cycle

fLFR:DUTY 40 60 %

DPWM Frequency Range fD:OSC 22.5 440.0 Hz

DPWM Source Frequency
Tolerance

fDSR:TOL POSC resistor ±0.1% over temperature -2 +2 %

DPWM Receiver Duty Cycle fDFE:DUTY 40 60 %

DPWM Receiver
Frequency Range

fDR:OSC 22.5 440.0 Hz

DPWM Receiver
Minimum Pulse Width

tDR:MIN (Note 4) 25 μs

BRIGHT Voltage—Minimum
Brightness

VBMIN Positive slope (CR2.7 = 0) 0.5 V

BRIGHT Voltage—Maximum
Brightness

VBMAX Positive slope (CR2.7 = 0) 2.0 V

BRIGHT Voltage—Minimum
Brightness

VBMIN Positive slope (CR2.7 = 1) 0 V

BRIGHT Voltage—Maximum
Brightness

VBMAX Positive slope (CR2.7 = 1) 3.3 V

Gate-Driver Output Rise/Fall Time tR/tF CL = 600pF 50 100 ns

GAn and GBn Duty Cycle (Note 5) 44 %
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I2C AC ELECTRICAL CHARACTERISTICS (See Figure 10)
(VCC = +4.5V to +5.5V, timing referenced to VIL(MAX) and VIH(MIN), TA = -40°C to +85°C.)

Note 1: All voltages are referenced to ground, unless otherwise noted. Currents into the IC are positive, out of the IC negative.
Note 2: During fault conditions, the AC-coupled feedback values are allowed to be outside the Absolute Maximum Rating of the

LCM or OVD pin for up to 1 second.
Note 3: Voltage including the DC offset, VDCB.
Note 4: This is the minimum pulse width guaranteed to generate an output burst, which will generate the DS3994’s minimum burst

duty cycle. This duty cycle may be greater than the duty cycle of the PSYNC input. Once the duty cycle of the PSYNC input
is greater than the DS3994’s minimum duty cycle, the output’s duty cycle will track the PSYNC’s duty cycle. Leaving
PSYNC low (0% duty cycle) disables the GAn and GBn outputs in DPWM Slave mode.

Note 5: This is the maximum lamp frequency duty cycle that will be generated at any of the GAn or GBn outputs.
Note 6: I2C interface timing shown is for fast-mode (400kHz) operation. This device is also backward compatible with I2C stan-

dard-mode timing.
Note 7: After this period, the first clock pulse can be generated.
Note 8: CB—total capacitance allowed on one bus line in picofarads.
Note 9: EEPROM write begins after a stop condition occurs.
Note 10: Guaranteed by design.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCL Clock Frequency fSCL (Note 6) 0 400 kHz

Bus Free Time Between Stop and
Start Conditions

tBUF 1.3 μs

Hold Time (Repeated) Start
Condition

tHD:STA (Note 7) 0.6 μs

Low Period of SCL tLOW 1.3 μs

High Period of SCL tHIGH 0.6 μs

Data Hold Time tHD:DAT 0 0.9 μs

Data Setup Time tSU:DAT 100 ns

Start Setup Time tSU:STA 0.6 μs

SDA and SCL Rise Time tR (Note 8)
20 +

0.1CB
300 ns

SDA and SCL Fall Time tF (Note 8)
20 +

0.1CB
300 ns

Stop Setup Time tSU:STO 0.6 μs

SDA and SCL Capacitive
Loading

CB (Note 8) 400 pF

EEPROM Write Time tW (Note 9) 20 30 ms

NONVOLATILE MEMORY CHARACTERISTICS
(VCC = +4.5V to +5.5V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

EEPROM Write Cycles +70°C (Note 10) 50,000 Cycles
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ACTIVE SUPPLY CURRENT
vs. SUPPLY VOLTAGE

DS
39

94
 to

c0
1

SUPPLY VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

5.35.14.94.7

6

7

8

9

10

5

4.5 5.5
4

DPWM = 10%

DPWM = 50%
DPWM = 100%

GATE QC = 3.5nC

SVM < 2V

fLF:OSC = 64kHz

ACTIVE SUPPLY CURRENT
vs. TEMPERATURE

DS
39

94
 to

c0
2

TEMPERATURE (°C)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

22.5

6.5

7.0

7.5

8.0

9.0

8.5

9.5

10.0

10.5

11.0

6.0
-40.0 85.0

VCC = 5.5VVCC = 5.0V

DPWM = 100%

fLF:OSC = 64kHz

GATE QC = 3.5nC

VCC = 4.5V

INTERNAL FREQUENCY CHANGE
vs. TEMPERATURE

DS
39

94
 to

c0
3

TEMPERATURE (°C)

FR
EQ

UE
NC

Y 
CH

AN
GE

 (%
)

22.5

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

-0.6

-0.8

-1.0
-40.0 85.0

LAMP FREQUENCY

DPWM FREQUENCY

TYPICAL OPERATION AT 12V

DS
39

94
 to

c0
4

10μs
5.0V GA

10μs
5.0V GB

10μs
2.0V LCM

10μs
2.0V OVD

BURST DIMMING AT 150Hz AND 10%

DS
39

94
 to

c0
8

1ms
5.0V GA

1ms
5.0V GB

1ms
2.0V LCM

1ms
2.0V OVD

TYPICAL OPERATION AT 15V
DS

39
94

 to
c0

5

10μs
5.0V GA

10μs
5.0V GB

10μs
2.0V LCM

10μs
2.0V OVD

TYPICAL OPERATION AT 18V

DS
39

94
 to

c0
6

10μs
5.0V GA

10μs
5.0V GB

10μs
2.0V LCM

10μs
2.0V OVD

TYPICAL STARTUP WITH SVM

DS
39

94
 to

c0
7

5ms
2.0V SVM

5ms
5.0V GB

5ms
2.0V LCM

5ms
1.0V OVD

(VCC = +5.0V, TA = +25°C, unless otherwise noted.)
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(VCC = +5.0V, TA = +25°C, unless otherwise noted.)

BURST DIMMING AT 150Hz AND 50%

DS
39

94
 to

c0
9

1ms
5.0V GA

1ms
5.0V GB

1ms
2.0V LCM

1ms
1.0V OVD

SOFT-START AT VINV = 18V

DS
39

94
 to

c1
0

20μs
5.0V GA

20μs
5.0V GB

20μs
2.0V LCM

20μs
1.0V OVD

LAMP STRIKE—EXPANDED VIEW

DS
39

94
 to

c1
1

1ms
5.0V GA

1ms
5.0V GB

1ms
2.0V LCM

1ms
2.0V OVD

LAMP STRIKE WITH OPEN LAMP
AUTORETRY DISABLED

DS
39

94
 to

c1
2

0.55
5.0V GA

0.55
5.0V GB

0.55
2.0V LCM

0.55
1.0V OVD LST0 AND LST1 = 0

BURST DIMMING STAGGER
DS

39
94

 to
c1

3

2.0ms
5.0V GA1

2.0ms
5.0V GA2

2.0ms
5.0V GA3

2.0ms
5.0V GA4

LAMP OUT (LAMP OPENED),
AUTORETRY DISABLED 

DS
39

94
 to

c1
4

0.1s
5.0V GA

0.1s
5.0V GB

0.1s
2.00V LCM

0.1s
2.00V OVD

LAMP OPENED

LAMP STRIKE WITH 0%
FREQUENCY BOOST

DS
39

94
 to

c1
5

2ms
5.0V GA

2ms
2.0V LCM

2ms
0.5V OVD

LAMP STRIKE WITH 33%
FREQUENCY BOOST

DS
39

94
 to

c1
6

2ms
5.0V GA

2ms
2.0V LCM

2ms
0.5V OVD
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CH 1 CH 2 CH 3 CH 4

GAn 7 11 17 21

GBn 8 12 18 22

LCMn 9 13 19 23

OVDn 10 14 20 24

GND 15

VCC 16

BRIGHT 5

SVM 6

SDA 25

SCL 26

FAULT 27

LSYNC 28

LOSC 1

A0 2

PSYNC 3

POSC 4

–
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I2C- 
COMPATIBLE
INTERFACE 3-BYTE USER MEMORY

EEPROM

SYSTEM
ENABLE/POR

FOUR
INDEPENDENT

CCFL
CONTROLLERS

CHANNEL FAULT

CHANNEL ENABLE

[20kHz 
TO 80kHz]

4-PHASE
GENERATOR

x512
PLL

0

1

1

0

0

1

MUX
RGSO BIT
AT CR1.4

RAMP
GENERATOR

MUX
POSCS BIT
AT CR1.1

MUX
DPSS BIT
AT CR1.3

DPWM
SIGNAL

GND

GBn

GAn MOSFET
GATE
DRIVERS

OVDn
OVERVOLTAGE 
DETECTION

LCMn
LAMP CURRENT
MONITOR

FAULT
HANDLING

20kHz TO 80kHz

SDAI2C DEVICE
CONFIGURATION

PORT

LAMP FREQUENCY
INPUT/OUTPUT

EXTERNAL RESISTOR
LAMP FREQUENCY SET

DPWM SIGNAL
INPUT/OUTPUT

ANALOG BRIGHTNESS
CONTROL

EXTERNAL RESISTOR
DPWM FREQUENCY SET/

DPWM CLOCK INPUT

SCL

A0

FAULT

LSYNC

LOSC

PSYNC

BRIGHT

POSC

[10.24MHz TO 40.96MHz]

22.5Hz TO 440Hz

20kHz TO 80kHz
OSCILLATOR  (±2%)

22.5Hz TO 440Hz
OSCILLATOR  (±5%)

LFSS BIT AT
CR1.2

DPSS BIT 
AT CR1.3

UVLO VCC
[4.5V TO 5.5V]

SVM
SUPPLY VOLTAGE
MONITOR

2.0V

CONTROL REGISTERS

DS3994
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GATE
DRIVERS

MOSFET
GATE

DRIVERS

GAn

GBn

DIGITAL
CCFL

CONTROLLER

CHANNEL FAULT

512 x LAMP FREQUENCY
[10.24MHz ~ 40.96MHz]

LAMP FREQUENCY
[20kHz ~ 80kHz]

DIMMING PWM SIGNAL

CHANNEL ENABLE

1.0V

LCMn
LAMP CURRENT
MONITOR

400mV

2.0V

LAMP OVERCURRENT

LAMP STRIKE AND REGULATION

LOC BIT IN CR1.0

LAMP OUT

1.0V

OVDn
OVERVOLTAGE DETECTOR

LAMP MAXIMUM VOLTAGE REGULATION

64 LAMP CYCLE
INTEGRATOR

OVERVOLTAGE
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VARIABLE 
MOSFET
GATE DUTY
CYCLE

1 2 3 4 1 2 3 4 1 2 3 44

GA1

CHANNEL
SEQUENCE

GB1

GA2

GB2

GA3

GB3

GA4

GB4

MOSFET GATE-
DRIVE SIGNALS AT
LAMP FREQUENCY

DIMMING CLOCK (DPWM)
FREQUENCY
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BRIGHT

PSYNC (OUTPUT)

POSC

0.5V
OR
0.0V

2.0V
OR
3.3V

22.5Hz TO 440Hz

RESISTOR TO SET THE
DIMMING FREQUENCY

DPWM
SIGNAL

ANALOG DIMMING
CONTROL VOLTAGE

RESISTOR-SET DIMMING CLOCK

BRIGHT

PSYNC (OUTPUT)

POSC
22.5Hz TO 440Hz

22.5Hz TO 440Hz

DPWM
SIGNAL

EXTERNAL
DIMMING CLOCK

ANALOG DIMMING
CONTROL VOLTAGE

EXTERNAL DIMMING CLOCK

0.5V
OR
0.0V

2.0V
OR
3.3V

BRIGHT

PSYNC (INPUT)

POSC
22.5Hz TO 440Hz

DPWM
SIGNAL

CR2.7 CR3.0 RANGE SLOPE MINIMUM BRIGHTNESS MAXIMUM BRIGHTNESS

0 0 0.5 to 2V Positive 0.5V 2.0V

0 1 0.5 to 2V Negative 2.0V 0.5V

1 0 0 to 3.3V Positive 0V 3.3V

1 1 0 to 3.3V Negative 3.3V 0V
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M, LAMP CYCLE PERIOD MULTIPLICATION FACTOR
POSCR1
(CR2.2)

POSCR0
(CR2.1)

SELECTED PWM
OSCILLATOR RANGE (Hz) LAMP OSCILLATOR = 40

TO 80kHz (LOFS = 0)
LAMP OSCILLATOR = 20

TO 40kHz (LOFS = 1)

0 0 22.5 to 55 8 8

0 1 45 to 110 4 4

1 0 90 to 220 2 2

1 1 180 to 440 1 1

μ

BDS_Delay = BDS_Resolution x BDS_8-Bit_ValueBDS_Resolution 
fLF : OSC

=  
M

CHANNEL 1 

BURST DIMMING CYCLE (167Hz/6ms)  

CHANNEL 2 

CHANNEL 3 

CHANNEL 4 

1.5ms 

3.0ms 

4.5ms 

CHANNEL REGISTER DESIRED STAGGER (ms) STEP RESOLUTION (μs) COUNT PROGRAMMED VALUE

1 BDS1 0 40 0 00h

2 BDS2 1.5 40 38 26h

3 BDS3 3.0 40 75 48h

4 BDS4 4.5 40 113 71h
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BRIGHT

LAMP FREQUENCY SOURCE
DPWM SOURCE

PSYNC

LSYNC

POSC

LOSC

RESISTOR-SET
DIMMING 

FREQUENCY

RESISTOR-SET
LAMP FREQUENCY

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC
POSC

LOSC

DS3994

BRIGHT

LAMP FREQUENCY SOURCE
DPWM SOURCE

PSYNC

LSYNC

POSC

LOSC

ANALOG
BRIGHTNESS

ANALOG
BRIGHTNESS

RESISTOR-SET
LAMP FREQUENCY

DIMMING CLOCK
(22.5Hz TO 440Hz)

DPWM SIGNAL
(22.5Hz TO 440Hz)

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC
POSC

LOSC

DS3994

BRIGHT

LAMP FREQUENCY SOURCE
DPWM RECEIVER

PSYNC

LSYNC

POSC

LOSCRESISTOR-SET
LAMP FREQUENCY

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC
POSC

LOSC

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM SOURCE

PSYNC

LSYNC

POSC

LOSCRESISTOR-SET
DIMMING FREQUENCY

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC
POSC

LOSC

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM SOURCE

PSYNC

LSYNC

POSC

LOSC

ANALOG
BRIGHTNESS

ANALOG
BRIGHTNESS

LAMP CLOCK
(20kHz TO 80kHz)

DIMMING CLOCK
(22.5Hz TO 440Hz)

LAMP CLOCK
(20kHz TO 80kHz)

DPWM SIGNAL
(22.5Hz TO 440Hz)

LAMP CLOCK
(20kHz TO 80kHz)

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC
POSC

LOSC

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC

POSC

LOSC

DS3994

BRIGHT

LAMP FREQUENCY RECEIVER
DPWM RECEIVER

PSYNC

LSYNC
POSC

LOSC

DS3994

0.5V OR 0.0V
2.0V OR 3.3V

0.5V OR 0.0V
2.0V OR 3.3V

0.5V OR 0.0V
2.0V OR 3.3V

0.5V OR 0.0V
2.0V OR 3.3V
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1615141312111098765432

LAMP CURRENT

SOFT-START

SOFT-START (EXPANDED)

22.5Hz TO 440Hz

DPWM SIGNAL

LAMP CURRENT

LAMP CYCLE 
GAn/GBn

MOSFET GATE DRIVERS

SOFT-START PROFILE WITH INCREASING MOSFET PULSE WIDTHS OVER
A 16 LAMP CYCLE PERIOD RESULTS IN A LINEAR RAMP IN LAMP CURRENT.

1
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Ω•
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FAULT
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RTRIP   .  
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kHz
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=
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=
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1600
50

32

4
0 160

25 0

Ω
Ω

Ω
Ω

R
K

fOSC
OSC

  =

VINV

2.0V

SVM

EXAMPLE: R1 = 10kΩ, R2 = 40kΩ SETS AN SVM TRIP POINT OF 10V. 

R2

R1

DS3994
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MOSFET GATE DRIVERS ENABLED

DEVICE AND
INVERTER SUPPLIES
AT PROPER LEVELS?

STRIKE LAMP
[RAMP AND REGULATE TO

OVD THRESHOLD]

FAULT WAIT
[1024 LAMP CYCLES]

LAMP STRIKE TIMEOUT
[SEE REGISTER CR3]

RUN LAMP
[REGULATE LAMP

CURRENT BOUNDED BY
LAMP VOLTAGE]

LAMP OUT TIMEOUT
[SEE REGISTER CR3]

INCREMENT FAULT
COUNTER

FAULT COUNTER = 15?

LAMP OVERCURRENT
[INSTANTANEOUS IF
ENABLED VIA THE
LOC BIT AT CR1.0]

NOYES

AUTO RETRY ENABLED?
[ARD BIT AT CR1.5]

NO YES

YES

OVERVOLTAGE
[64 LAMP CYCLES]

IF LAMP REGULATION
THRESHOLD IS MET

RESET FAULT COUNTER
AND FAULT OUTPUT

FAULT STATE
[ACTIVATE FAULT OUTPUT]
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BYTE
ADDRESS

BYTE
NAME

FACTORY
DEFAULT*

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

F0h Reserved 21h — —

F1h Reserved 43h — —

F2h Reserved 65h — —

F3h Reserved 77h — —

F4h CR1 20h DPD FRS ARD RGSO DPSS LFSS POSCS LOC

F5h CR2 08h BVRS LD1 LD0 0 1 POSCR1 POSCR0 UMWP

F6h Reserved 00h — — — — — — — —

F7h Reserved 00h — — — — — — — —

F8h BDS1 00h Burst dimming stagger for channel 1.

F9h BDS2 00h Burst dimming stagger for channel 2.

FAh BDS3 00h Burst dimming stagger for channel 3.

FBh BDS4 00h Burst dimming stagger for channel 4.

FCh CR3 00h LOFS IGO SB2 SB1 SB0 LST1 LST0 SLOPE

FD-FFh
User

Memory
00h EE EE EE EE EE EE EE EE

*
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BIT NAME FUNCTION

0 LOC
Lamp Overcurrent
0 = Lamp overcurrent detection disabled.
1 = Lamp overcurrent detection enabled.

1 POSCS
POSC Select. See POSCR0 and POSCR1 bits in Control Register 2 to select the oscillator range.
0 = Connect POSC to ground with a resistor to set the dimming frequency.
1 = Connect POSC to an external 22.5Hz to 440Hz dimming clock to set the dimming frequency.

2 LFSS

Lamp Frequency Source Select
0 = Lamp frequency source mode. The lamp frequency is generated internally and sourced at the LSYNC
      output for use by lamp frequency receivers.
1 = Lamp frequency receiver mode. The lamp frequency must be provided at the LSYNC input.

3 DPSS
DPWM Signal Source Select
0 = D P W M  sour ce m od e. D P WM  si g nal  i s g ener ated  i nter nal l y, and  can b e outp ut at P S Y N C  p i n ( see RGS O b i t) .
1 = DPWM receiver mode. DPWM signal is generated externally and supplied at the PSYNC input.

4 RGSO
Ramp Generator Source Option
0 = Sources DPWM at the PSYNC output.
1 = Sources the internal ramp generator at PSYNC output.

5 ARD
Autoretry Disable
0 = Autoretry function enabled.
1 = Autoretry function disabled.

6 FRS
Fault Response Select
0 = Disable only the malfunctioning channel.
1 = Disable all channels upon fault detection at any channel.

7 DPD
DPWM Disable
0 = DPWM function enabled.
1 = DPWM function disabled. DPWM set to 100% duty cycle.
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BIT NAME FUNCTION

0 UMWP
User Memory Write Protect
0 = User Memory Write Access Blocked
1 = User Memory Write Access Permitted

1 POSCR0
DPWM Oscillator Range Select. When using an external source for the dimming clock, these bits must
be set to match the external oscillator’s frequency. When using a resistor to set the dimming
frequency, these bits plus the external resistor control the frequency.

POSCR1 POSCR0
DIMMING CLOCK (DPWM)
FREQUENCY RANGE (Hz)

K
(kΩ-kHz)

0 0 22.5 to 55.0 1

0 1 45 to 110 2

1 0 90 to 220 4

2 POSCR1

1 1 180 to 440 8

3 Reserved Reserved. Should be set to one.

4 Reserved Reserved. Should be set to zero.

Lamp Disable. Used to disable channels if all 4 are not required for an application.

LD1 LD0 CHANNELS DISABLED
NUMBER OF ACTIVE

LAMP CHANNELS

0 0 All Channels Enabled 4

5 LD0

0 1 4 3

1 0 2/4 2
6 LD1

1 1 1/2/4 1

7 BVRS
Bright Voltage Range Select.
0 = 0.5V to 2.0V
1 = 0.0V to 3.3V

–
BIT NAME FUNCTION

0 BDSC0

1 BDSC1

2 BDSC2

3 BDSC3

4 BDSC4

5 BDSC5

6 BDSC6

7 BDSC7

8-Bit Programmable Counter That Staggers the Start of Burst Dimming. 00h = 0ms stagger. Setting
the stagger longer than the burst dimming cycle results in the channel never turning on. See Table 2.
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BIT NAME FUNCTION

0 SLOPE
BRIGHT Analog Dimming Slope Select
0 = Positive Slope
1 = Negative Slope

STRIKE AND LAMP OUT TIMEOUT IN LAMP
FREQUENCY CYCLES

LST1 LST0 LAMP OSCILLATOR =
40kHz TO 80kHz

(LOFS = 0)

LAMP OSCILLATOR =
20kHz TO 40kHz

(LOFS = 1)

EXAMPLE TIME OUT IF
LAMP FREQUENCY IS

25kHz OR 50kHz

0 0 32,768 16,384 0.66 seconds

1 LST0

0 1 65,536 32,768 1.31 seconds

1 0 98,304 49,152 1.97 seconds
2 LST1

1 1 131,072 65,536 2.62 seconds

Note: The strike frequency boost does not affect this timeout.

LAMP STRIKE FREQUENCY BOOST SELECT

SB2 SB1 SB0
LAMP STRIKE

FREQUENCY BOOST
EXAMPLE STRIKE FREQUENCY IF

LAMP FREQUENCY IS 50kHz
3 SB0

0 0 0 0% 50kHz

0 0 1 14% 57kHz

0 1 0 23% 61.5kHz

0 1 1 33% 66.7kHz
4 SB1

1 0 0 46% 73kHz

1 0 1 60% 80kHz

1 1 0 78% 89kHz5 SB2

1 1 1 100% 100kHz

6 IGO
Invert MOSFET Gate A and Gate B Driver Outputs
0 = Do not invert GA and GB outputs.
1 = Invert GA and GB outputs.

7 LOFS
Lamp Oscillator Frequency Select
0 = 40kHz to 80kHz
1 = 20kHz to 40kHz
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SDA

SCL

tHD:STA

tLOW

tHIGH

tR tF

tBUF

tHD:DAT

tSU:DAT REPEATED
START

tSU:STA

tHD:STA

tSU:STO

tSP

STOP

NOTE: TIMING IS REFERENCED TO VIL(MAX) AND VIH(MIN).

START
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W

W
W

W

W
W

7-BIT SLAVE ADDRESS

MOST
SIGNIFICANT BIT

A0 PIN VALUE DETERMINES
READ OR WRITE

R/W1 0 1 0 0 0 A0
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X X X X X X X X

1 0 1 0 A0 000

COMMUNICATIONS KEY

WRITE A SINGLE BYTE

8-BITS ADDRESS OR DATA

WHITE BOXES INDICATE THE MASTER IS 
CONTROLLING SDA

NOTES

2) THE FIRST BYTE SENT AFTER A START CONDITION IS
     ALWAYS THE SLAVE ADDRESS FOLLOWED BY THE
     READ/WRITE BIT.

SHADED BOXES INDICATE THE SLAVE IS 
CONTROLLING SDA

START ACK

NOT
ACK

S

S A A A PDATAMEMORY ADDRESS

1 0 1 0 A0 000 1 0 1 0 A0 100

READ A SINGLE BYTE 

S A A SR A N PDATAMEMORY ADDRESS

A

P N

SR

STOP

REPEATED
START

1) ALL BYTES ARE SENT MOST SIGNIFICANT BIT FIRST.

μ
μ

Ω

-

R
ILAMP RMS

8
1

2
  

  ( )
=

×
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PARAMETER CONDITIONS MIN TYP MAX UNITS

Turns Ratio (Secondary/Primary) (Notes 1, 2, 3) 40

Frequency 40 80 kHz

Output Power 6 W

Output Current 5 8 mA

Primary DCR Center tap to one end 200 mΩ
Secondary DCR 500 Ω
Primary Leakage 12 μH

Secondary Leakage 185 mH

Primary Inductance 70 μH

Secondary Inductance 500 mH

Center Tap Voltage 10.8 12 13.2 V

100ms minimum 2000
Secondary Output Voltage

Continuous 1000
VRMS

DESIGNATOR QTY VALUE
TOLERANCE
(%) AT 25°C

TEMPERATURE
COEFFICIENT

NOTES

R1 1 10kΩ 1 — —

R2 1
12.5kΩ to

105kΩ
1 — See the Setting the SVM Threshold Voltage section.

R3 1
20kΩ to
40kΩ

1 ≤153ppm/°C
2% or less total tolerance. See the Lamp Frequency
Configuration section to determine value.

R4 1
18kΩ to
45kΩ

1 ≤153ppm/°C
2% or less total tolerance. See the Lamp Frequency
Configuration section to determine value.

R5 1 4.7kΩ 5 Any grade —

R6 1 4.7kΩ 5 Any grade —

R7 1 4.7kΩ 5 Any grade —

R8 1/Ch 140Ω 1 — See the Setting the RMS Lamp Current section.

C1 1/Ch 100nF 10 X7R
C ap aci tor  val ue w i l l  al so affect LC M  b i as vol tag e d ur i ng 
p ow er - up . A l ar g er  cap aci tor  m ay cause a l ong er  ti m e
for  V D C B  to r each i ts nor m al  op er ati ng  l evel .

C2 1/Ch 10pF 5 ±1000ppm/°C 2kV to 4kV breakdown voltage required.

C3 1/Ch 27nF 5 X7R
C ap aci tor  val ue w i l l  al so affect LC M  b i as vol tag e d ur i ng 
p ow er - up . A l ar g er  cap aci tor  m ay cause a l ong er  ti m e
for  V D C B  to r each i ts nor m al  op er ati ng  l evel .

C4 1/Ch 33μF 20 Any grade —

C5 1 0.1μF 10 X7R Place close to VCC and GND on DS3994.
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DS3994

BRIGHT VCC

VCC

SVM

GAn

GBn

OVDn

LCMn

C1

LAMP VOLTAGE MONITOR

C3 R8

CCFL LAMP
TRANSFORMER

DUAL POWER
MOSFET

SUPPLY VOLTAGE
(5V ±10% TO
24V ±10%)

VCC = 5V ±10%

C2

R1

R2
C5

C4

LAMP CURRENT MONITOR

NOTE 1: ONLY ONE CHANNEL SHOWN TO SIMPLIFY DRAWING.
NOTE 2: SEE THE COMPONENT SELECTION SECTION FOR RECOMMENDED EXTERNAL COMPONENTS.

GND

PSYNC

LSYNC

LOSC

POSC

R3 R4

R5 R6 R7

CONFIGURATION
PORT

FAULT

SDA

SCL

A0

ANALOG BRIGHTNESS

EXTERNAL DIGITAL PWM INPUT/
INTERNAL DIGITAL PWM OUTPUT

EXTERNAL LAMP FREQUENCY INPUT/
INTERNAL LAMP FREQUENCY OUTPUT
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TRANSISTOR COUNT: 53,000

SUBSTRATE CONNECTED TO GROUND

DS3994

BRIGHT

VCC

GA

GB

OVD

LCM

1 OF 4 CHANNELS

CL
RFB

+12V TO +24V

LM339

+5V

DUAL N-CHANNEL
POWER MOSFET

DEVICE SUPPLY VOLTAGE
(5V ±10%)

INVERTER SUPPLY VOLTAGE
(12V ± 10% TO 24V ± 10%)

BULK POWER
SUPPLY
CAPACITANCE

CH

CCFL
LAMP A

R1

R2

GND

PSYNC

LSYNC

LOSC

POSC

R3 R4

4.7kΩ 4.7kΩ

CONFIGURATION
PORT

FAULT

SDA

SCL

SVM

A0

ANALOG BRIGHTNESS

ON = OPEN
OFF/RESET = CLOSED

DPWM SIGNAL
INPUT/OUTPUT

LAMP FREQUENCY
INPUT/OUTPUT

CL
RFB

CH

CL
RFB

CH

CL
RFB

CH

CCFL
LAMP B

CCFL
LAMP C

CCFL
LAMP D
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