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APPLICATION NOTE 4147

How to Modify the Soft-Start Profile of the DS3994

By: Shoumin Liu
Dec 12, 2007

Abstract: This application note describes the Soft-Start Profile (SSP) used on the DS3994, a 4-channel
cold-cathode fluorescent lamp (CCFL) controller, to gradually ramp up the MOSFET duty cycles at the
beginning of each lamp burst. The article explains how to customize the device's default SSP values to
accommodate the ramping time required in an application.

Introduction

The DS3994 is a 4-channel controller for cold-cathode fluorescent lamps (CCFLs) that backlight liquid
crystal displays (LCDs). When burst dimming is used to dim the lamps, the DS3994 uses a soft-start at
the beginning of each lamp burst to minimize the audible transformer noise. The soft-start profile (SSP) of
the DS3994 is controlled by four Soft-Start Profile registers (SSP1/2/3/4). The SSP registers are factory-
programmed and the default values suit most applications. Users can, however, modify the values of the
SSP registers with the I12C interface to obtain customized SSPs. This application note describes how to do
that modification.

DPWM Soft-Start

The DS3994 uses a digital pulse-width-modulated (DPWM) signal (22.5Hz to 440Hz) to provide efficient
and precise lamp dimming. During the high period of the PWM cycle, the CCFLs are turned on and work
at the lamp frequency. This part of the cycle is called the "burst" period. During the low period of the
PWM cycle, the CCFLs are turned off and no current flows through them. By adjusting the duty cycle of
the PWM pulses, one can increase or decrease CCFL brightness.

At the beginning of each lamp burst, the DS3994 provides a soft-start that slowly increases (i.e., "ramps
up") the MOSFET gate-driver duty cycle. This ramping minimizes the possibility of audible transformer
noise that could result from current surges in the transformer primary. The soft-start ramp profile is
controlled by four SSP registers (SSP1/2/3/4). The SSP registers allow eight different MOSFET gate-duty
cycles to be programmed; each programmed cycle repeats twice to total 16 lamp cycles. Although the
soft-start length is fixed at 16 lamp cycles, the soft-start ramp profile is programmable and can be
modified for an application.

Default Values of the SSP registers

There are eight driver duty cycles to select among when customizing the DS3994's soft-start ramp profile.
Each of the four SSP registers (SSP1/2/3/4) contains two 4-bit codes that determine the MOSFET's duty
cycle (MDC) for two lamp cycles at the beginning of each DPWM burst. Table 1 shows the duty cycles
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that correspond to each code. The soft-start gate cycles are based on a percentage of the most recent
lamp duty cycle.

Table 1. Available MOSFET Duty-Cycle (MDC) Profiles

MDC Code |MOSFET Duty Cycle—Percentage of the Most Recent Control Value (%)

Oh 0

1h 25

2h 375

3h 50

4h 62.5

5h 75

6h 87.5

7h 100
8h-Fh Reserved

Table 2 shows the addresses and default values of the SSP registers.

Table 2. SSP Register Addresses and Default Values

wse [ e |
SSP#|Address |Default
.- 7 o5 [4 321 o |

SSP1 FOh 21h Lamp Cycles 3 and 4 Lamp Cycles 1 and 2
SSP2 Fl1h 43h Lamp Cycles 7 and 8 Lamp Cycles 5 and 6
SSP3 F2h 65h Lamp Cycles 11 and 12 Lamp Cycles 9 and 10

SSP4 F3h 77h Lamp Cycles 15 and 16 Lamp Cycles 13 and 14

Modifying the Soft-Start Profile

The SSP registers determine the 16 MOSFET duty cycles (MDCs) during the soft-start period to ensure
that those MDCs ramp up gradually from 0 to its most recent value (or the nominal value). The time for
the MDC to complete this ramp up is called the ramping time. The ramping time can be set from 0 to 16
lamp cycles in increments of two lamp cycles. The shorter the ramping time, the steeper the slope of the
current envelope.

Table 3 gives the suggested values of the SSP registers for various ramping times. Users can select the
appropriate SSP register values to achieve a desired ramping time. The default SSP of the DS3994 has
12 ramping cycles.

Table 3. Suggested SSP Register Values for Various Ramping Times

. SSP Register Values
Number of Ramping Cycles

SSP1 (FOh)|SSP2 (F1h)|SSP3 (F2h)|ssP4 (F3h)

0 77h 77h 77h 77h
2 73h 77h 77h 77h
4 42h 77h 77h 77h
6 31h 75h 77h 77h
8 21h 54h 77h 77h
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10 21h 43h 76h 77h

12 21h 43h 65h 77h
14 11h 32h 54h 76h
16 11h 32h 43h 65h

The DS3994's software can be used to program the SSP registers. The software is available for
download. The software interface is shown in Figure 1. Users can use the Byte Read/Write section to
adjust the SSP register values.

DS3994 EV Kit Software

12C Address Conftrol Register 1

Slave Address Byte: | A0 (hex) Change [ LOC [0=lamp overcument disabled]

This is the add thatth h [ POSCS [0=POSC res to GNDJ
1515 acaness e software uses

communicate. The LSB is ignored. Defaultis ADh [ LFSS [D=lamp freq master] Rd

[T DPSS [0=DPWM generated. output]

Find [2C Slave Addresses [~ RGSO[=DPWMoutputon PSYNC]  Wr

Eind Search for all I2C addresses presenton the [~ ARD [O=auto retry enabled]

I Ce R e S oo [~ FRS [D=disable only aficted channel]

Byte Read/Write (values in hex) [T DPD [0=DPWM enabled]
el et Operation Control Register 2

FO Fl Read Byte | | Write Byte | [~ UMWP [0=user memory blocked]

[~ POSCRO [0=22 555, 1=45-110]

Memary Map [T POSCR1 [2=80-220, 3=180-440] Rd

Addr. Mame Funclion [¥ Reserved. Setto 1.

F4h CR1 Control Register 1. [T Reserved. Settol Wr

F&h CR2 Conirol Register 2. [~ LDO[0=all channels on, 1=4 off

Féh CHIBDS Channel 1 Burst Dimming Stagger. [T LD [2= 2/4 off. 3=1/2/4 off]

F3h CHZEDS Channel 2 Burst Dimming Stagger. [T BVRS [0=05-20V, 1=0-3.3V]

FAh CH3BDS Channel 3 Burst Dimming Stagger.

FBh CH4BDS Channel 4 Burst Dimming Stagger. Control Register 3

FCh CR3 Conkrol Register 3. [~ SLOPE [D=positive, 1=negative]

FD-FFh  USER General Purpose user EE [ LSTO[0=32768, 1=65536)
[T LST1[2=98304, 3=131072]

S Clear | | [ 5B0[0=0%. 1=14%, 2:23%] i]

[~ SB1[3=33%. 4=46%, S=601%) Wr

[T 5B2[6=73%. 7=100%]
[ 1O [0=do notinvert GAJGE]
[T LOFS [D=40-80kHz. 1=20-40%Hz]

V1.0 =

Figure 1. DS3994 software interface where users can program the SSP registers.

Figures 2, 3 and 4 show the measured CCFL current waveforms during soft-start periods with different
numbers of ramping cycles and using the suggested register values in Table 3. Figure 3 illustrates the
SSP with 12 ramping cycles, the default setting of the DS3994. Figures 2 and 4 correspond to SSPs with
eight and 16 ramping cycles, respectively.
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Figure 2. Lamp current waveform, 8 SSP ramping cycles.
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Figure 3. Lamp current waveform, 12 SSP ramping cycles.
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Figure 4. Lamp current waveform, 16 SSP ramping cycles.

DS3994 4-Channel Cold-Cathode Fluorescent Lamp Controller Free Samples

More Information

For Technical Support: http://www.maximintegrated.com/support

For Samples: http://www.maximintegrated.com/samples

Other Questions and Comments: http://www.maximintegrated.com/contact

Application Note 4147: http://www.maximintegrated.com/an4147
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