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ISL97671A EN7709
6-Channel SMBus/I2C or PWM Dimming LED Driver with Phase Shift Control S va';d?g
ep 14,

The ISL97671A is a 6-Channel 45V dual dimming capable LED
driver that can be used with either SMBus/12C or PWM signal
for dimming control. The ISL97671A can drive six channels of
LEDs from an input of 4.5V~26.5V to an output of up to 45V. It
can also operate from an input as low as 3V to an output of up
to 26.5V in bootstrap configuration (refer to Figure 38 on

page 26).

The ISL97671A features optional channel phase shift control
to minimize the input/output ripple characteristics, and load
transients to improve efficiency and eliminate audible noise.

The device can also be configured for Direct PWM Dimming

Features
* 6 x 50mA channels
e 4.5V to 26.5V input with 45V maximum output

* 3V (see Figure 38 on page 26) to 21V input with 26.5V
maximum output

* PWM dimming with phase shift control
SMBus/12C controlled PWM or DC dimming
Direct PWM dimming

* PWM dimming linearity

with a minimum dimming duty cycle of 0.007% at 200Hz. - PWM dimming with adjustable dimming frequency and
duty cycle linear from 0.4% to 100% <30kHz

- Direct PWM dimming duty cycle linear from 0.007% to
100% at 200Hz

Current matching £0.7%
600kHz/1.2MHz selectable switching frequency

The ISL97671A headroom control circuit monitors the highest
LED forward voltage string for output regulation, to minimize
the voltage headroom and power loss in a typical multi-string
operation.

The ISL97671A is offered in a compact and thermally efficient
20 Ld QFN 4mmx3mm package.

Related Literature

* For a full list of related documents, visit our website
- ISL976741A product page

Dynamic headroom control

Fault protection

- String open/short-circuit, OVP, OTP, and optional output
short-circuit fault protection

¢ 20 Ld 4mmx3mm QFN package
Applications
* Tablet PC to notebook displays LED backlighting

¢ LCD monitor LED backlighting
* Field sequential RGB LED backlighting

Typical Application Circuits
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DIMMING AND ADJUSTABLE

DIMMING FREQUENCY
FIGURE 1. ISL97671A TYPICAL APPLICATION DIAGRAMS
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ISL97671A

Block Diagram
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FIGURE 2. I1SL97671A BLOCK DIAGRAM
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ISL97671A

Ordering Information

Pin Configuration

PACKAGE ISL97671A
PART NUMBER PART (RoHS PKG. (20 LD QFN)
(Notes 1,2, 3) MARKING COMPLIANT) | DWG. # TOP VIEW
o o -
ISL97671AIRZ 671A 20 Ld 3x4 QFN L20.3x4 v 5 E u
J & O
ISL97671AIRZ-EVALZ |Evaluation Board 1207 1191 1181 1171
bmd ke d hmd b=
NOTES: FAULT [ 1 . P—————— + el ovp
1. Add -T” suffix for 6k unit or “-TK” suffix for 1k unit tape and reel - - . : : : -
options. Please refer to TB347 for details on reel specifications. VIN 2! I . :_15 CH5
2. These Intersil Pb-free plastic packaged products employ special EN '5 L 1 r=- CHa
Pb-free material sets, molding compounds/die attach materials, and - : EPAD : 4y
100% matte tin plate plus anneal (e3 termination finish, which is vDC| 4 1 . . [1'3' CH3
RoHS compliant and compatible with both SnPb and Pb-free -~ : 1 el
soldering operations). Intersil Pb-free products are MSL classified at PWM _5 i 1 .r12 CH2
Pb-free peak reflow temperatures that meet or exceed the Pb-free - = - :_ J : -
requirements of IPC/JEDEC J STD-020. SMBDATISDA| 8 3 2. . T .. 1 cH
3. For Moisture Sensitivity Level (MSL), refer to the ISL97671A device tTriglla 0!
information page. For more information about MSL, refer to TB363. 4 s a o
3 £ 2 3
4 w <
-
o
)
=
»n

Pin Descriptions (1= Input, O = Output, S = Supply)

PIN NAME PIN# | TYPE DESCRIPTION
FAULT 1 Fault disconnect switch gate control.
VIN 2 S Input voltage for the device and LED power.
EN 3 | Enable input. The device needs 4ms for the initial power-up enable. It will be disabled if it is not biased for longer
than 30.5ms.
VvDC S Internal LDO output. Connect a decoupling capacitor to ground.
PWM | PWM brightness control pin or DPST control input.
SMBDAT/SDA I/0 |SMBus/I12C serial data input and output. When Pins 6 and 7 are grounded or in logic 0’s for longer than 60ms, the
drivers will be controlled by the external PWM signal.
SMBCLK/SCL 7 | SMBus/I2C serial clock input. When Pins 6 and 7 are grounded or in logic O's for longer than 60ms, the drivers will
be controlled by external PWM signal.

FPWM 8 | Sets the PWM dimming frequency by connecting a resistor between this pin and ground. When FPWM is tied to VDC
and SMBCLK/SMBDAT is tied to ground, the device will be in Direct PWM Dimming where the output follows the
input frequency and duty cycle without any digitization.

AGND 9 S | Analog ground for precision circuits.

CHO, CH1 10,11, | Current source and channel monitoring input for Channels 0-5.
CH2, CH3 12,13,
CH4, CH5 14,15
OovVP 16 | Overvoltage protection input.
RSET 17 | Resistor connection for setting LED current, (see Equation 1 to calculate the I gp(peak))-
COMP 18 (0] Boost compensation pin.
PGND 19 S Power ground.
LX 20 0 Boost switch node.

EPAD No electrical connection, but should be used to connect PGND and AGND. For example, use the top plane as PGND
and the bottom plane as AGND with vias on EPAD to allow heat dissipation and minimum noise coupling from PGND
to AGND operation.

FN7709 Rev.4.00
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ISL97671A

Absolute Maximum Ratings 1, = +25°c)

VIN,EN .o e i i -0.3V to 28V
L VIN - 8.5V to VIN + 0.3V
VDC,COMP, RSET . . ... .ottt ieee s -0.3V to 5.5V
SMBCLK/SCL, SMBDAT/SDA, FPWM,PWM . ............. -0.3V to 5.5V
[0 -0.3Vto 5.5V
CHO-CHS5, LX ...ttt eans -0.3V to 45V
PGND .. s -0.3Vto +0.3V
Above voltage ratings are all with respect to AGND pin
ESD Rating
Human Body Model (Tested per JESD22-A114E)................ 3kV
Machine Model (Tested per JESD22-A115-A)................. 300V
Charged Device Model. ..........cooiiiiiiiiiiiiii i 1kV

Thermal Information

Thermal Resistance (Typical) 0)a (°C/W)  6,c (°C/W)
20 Ld QFN Package (Notes 4,5,7) ...... 40 25
Thermal Characterization (Typical) PSl;r (°C/W)
20 Ld QFN Package (Note 6) ............ccvvunn.. 1
Maximum Continuous Junction Temperature ................. +125°C
Storage Temperature .............coviuivnnennnnns -65°C to +150°C

Operating Conditions
Temperature Range . ...t -40°Cto +85°C

IMPORTANT NOTE: All parameters having Min/Max specifications are guaranteed. Typical values are for information purposes only. Unless otherwise
noted, all tests are at the specified temperature and are pulsed tests, therefore: T =Te = Ty

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product

reliability and result in failures not covered by warranty.

NOTES:

4. 0y, is measured in free air with the component mounted on a high effective thermal conductivity test board with “direct attach” features. Refer to

TB379.

5. For 0)¢, the “case temp” location is the center of the exposed metal pad on the package underside.

6. PSl;ris the PSI junction-to-top thermal characterization parameter. If the package top temperature can be measured with this rating, then the die
junction temperature can be estimated more accurately than the 6,c and 6,¢ thermal resistance ratings.

7. Refer to JESD51-7 high effective thermal conductivity board layout for proper via and plane designs.

Electrical Specifications Vin =12V, EN = 5V, Rget = 20.1KQ, unless otherwise noted. Boldface limits apply across the operating

temperature range, -40°C to +85°C.

PARAMETER SYMBOL CONDITION (ﬂnleri&) TYP (MI\Q‘I_;)_(S) UNIT
GENERAL
Backlight Supply Voltage Vin (Note 9) <13 LEDs per channel 4.5 26.5 \"
(3.2V/20maA type)
VN Shutdown Current lvin_sTBY To=+25°C 5 MA
Vn Active Current luin EN =5V 5 mA
Output Voltage Vout 4.5V <V <26V, 45 v
fsw = 600kHz
8.55V < V) < 26V, a5 v
fsw = 1.2MHz
4.5V < V) £ 8.55V, fgy = 1.2MHz Vin/0.19 | V
Undervoltage Lockout Threshold Vuvro 2.1 2.6 \
Undervoltage Lockout Hysteresis VuvLo_Hys 200 mV
REGULATOR
LDO Output Voltage Vpe Viy 2 6V 4.55 4.8 5 v
Standby Current lvpc_sTaY EN =0V 5 A
VDC LDO Droop Voltage Vipo V|N > 5.5V, 20mA 20 200 mvV
Guaranteed Range for EN Input Low Voltage EN ow 0.5 Vv
Guaranteed Range for EN Input High Voltage ENy, 1.8 v
EN Low Time Before Shut-down tENLow 30.5 ms
FN7709 Rev.4.00 Page 5 of 28
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ISL97671A

Electrical Specifications Vin =12V, EN = 5V, Rger = 20.1KQ, unless otherwise noted. Boldface limits apply across the operating
temperature range, -40°C to +85°C. (Continued)

PARAMETER SYMBOL CONDITION (ﬂr_tlgN_S) TYP (MI\:_;)_(S) UNIT
BOOST
Boost FET Current Limit SW\Limit 15 2.0 2.7 A
Internal Boost Switch ON-resistance TDS(ON) Tp=+25°C 235 300 mQ
Soft-Start SS 100% LED Duty Cycle 7 ms
Peak Efficiency Eff_peak Vin =12V, 72 LEDs, 20mA each, L = 10pH 92.9 %
with DCR 101mQ, T, = +25°C
Vin =12V, 60 LEDs, 20mA each, L = 10uH 90.8 %
with DCR 101mQ, Ty = +25°C
Line Regulation Algyt/AV|N 0.1 %
Boost Maximum Duty Cycle Dmax fsw = 1, 600kHz 20 %
fow = 0, 1.2MHz 81
Boost Minimum Duty Cycle Dvin fsw = 1, 600kHz 9.5 %
fsw =0, 1.2MHz 17
Lx Frequency High fosc_hi fow = 1, 600kHz 475 600 640 | kHz
Lx Frequency Low fosc_to fsw =0, 1.2MHz 0.97 1.14 131 | MHz
LX Pin Leakage Current ILx_leakage LX =45V, EN = 0V 10 A
REFERENCE
FAULT DETECTION
Short Circuit Threshold Accuracy Vsc 7.5 8.2 v
Temperature Shutdown Threshold Temp_shtdwn 150 °C
Temperature Shutdown Hysteresis Temp_Hyst 23 °C
Overvoltage Limit on OVP Pin Vovpio 1.199 1.24 v
CURRENT SOURCES
DC Channel-to-Channel Current Matching ImaTCH Rset = 20.1kQ, Reg0x00 = OxFF, +0.7 +1.0 %
(lout = 20mA)
Current Accuracy lace -1.5 +1.5 %
Dominant Channel Current Sink Headroom VHEADROOM ILep = 20mA 500 mV
Range at CHx Pin To=+25°C (Note 10)
Dominant Channel Current Sink Headroom VHEADROOM_RANGE | ILED = 20mMA 90 mV
Range at CHx Pin Tp=+25°C
Voltage at RSET Pin VRsET Rser = 20.1kQ 1.2 1.22 1.24 vV
Maximum LED Current per Channel ILED(Max) Vin = 12V, Vgur = 45V, fgyy = 1.2MHz, 50 mA
To=+25°C
PWM GENERATOR
Guaranteed Range for PWM Input Low Voltage Vi 0.8 Vv
Guaranteed Range for PWM Input High Voltage ViH 1.5 VDD Vv
PWM Input Frequency Range Fpwmi 200 30,000 | Hz
PWM Dimming Accuracy (Except Direct PWM PWMACC 8 bits
Dimming)
Direct PWM Minimum On Time toIRECTPWM Direct PWM Mode 250 350 ns
PWM Dimming Frequency Range Fpwm 100 30,000 | Hz
FN7709 Rev.4.00 Page 6 of 28
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ISL97671A

Electrical Specifications Vin =12V, EN = 5V, Rger = 20.1KQ, unless otherwise noted. Boldface limits apply across the operating

temperature range, -40°C to +85°C. (Continued)

PARAMETER SYMBOL CONDITION (ﬂr_tlgN_&) TYP (MI\Q‘I_;)_(S) UNIT
FAULT PIN
Fault Pull-down Current IFAuLT Vin =12V 12 21 30 pA
Fault Clamp Voltage with Respect to V|y Veaurr Vin =12, Vin- VRauLT 6 7 8.3 Vv
LX Start-up Threshold LXstart_thres 0.9 1.2 Vv
LX Start-up Current ILXStart-up 1 3.5 5 mA
SMBus/12C INTERFACE
Guaranteed Range for Data, Clock Input Low Vi 0.8 '
Voltage
Guaranteed Range for Data, Clock Input High ViH 1.5 VDD Vv
Voltage
SMBus/I12C Data line Logic Low Voltage VoL lpuLLup = 4MA 0.17 v
Input Leakage On SMBData/SMBClk ILEAk Measured at 4.8V -10 10 WA
SMBus/12C TIMING SPECIFICATIONS
Minimum Time Between EN high and tEN-SMB/Izc 1uF capacitor on VDC 2 ms
SMBus/I12C Enabled
Pulse Width Suppression on SMBCLK/SMBDAT PWS 0.15 0.45 Hs
SMBus/I2C Clock Frequency fsms 400 kHz
Bus Free Time Between Stop and Start teur 1.3 us
Condition
Hold Time After (Repeated) START Condition. tHp-sTA 0.6 us
After this Period, the First Clock is Generated
Repeated Start Condition Setup Time tsu:stA 0.6 us
Stop Condition Setup Time tsu-sTo 0.6 us
Data Hold Time tHD.DAT 300 ns
Data Setup Time tsu.paT 100 ns
Clock Low Period tLow 1.3 us
Clock High Period tHiGH 0.6 us
Clock/data Fall Time te 300 ns
Clock/data Rise Time tp 300 ns

NOTES:

8. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by characterization

and are not production tested.

9. At maximum Vy of 26.5V, minimum Vg is limited 28V.

10. Varies within range specified by Vyeaproom_RANGE-

FN7709 Rev.4.00
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ISL97671A

Typical Performance Curves
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ISL97671A

Typical Performance Curves (continued)
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Typical Performance Curves (continuea)
(g™ 5 0 [T = ) [ = - T =

6P12S, 20mA/CH

[ 6P12S, 20mA/CH

Vo = 1VIDIV %}J\_ Vo = 1VIDIV
] AW | N o

: 1
10.0ms/DIV 10.0ms/DIV

o

ILED = 20mA/DIV

ILED = 20mA/DIV [

¥ ki
FIGURE 15. BOOST OUTPUT VOLTAGE WITH BRIGHTNESS CHANGE FIGURE 16. BOOST OUTPUT VOLTAGE WITH BRIGHTNESS CHANGE
FROM 0% TO 100%, V,y = 12V, 6P12S AT FROM 100% TO 0%, Vjy = 12V, 6P12S AT
20mA,/CHANNEL 20mA/CHANNEL
— 0 0 —0
6 100V [ ( | ‘D @|1Ddelv ||:| @ onivisn |2
4 6P12S, 20mAICH |
Vo = 10VIDIV 0.0030
20.0ms/DI -
0.0025 //
- r/
g
E 0.0020
9 a
E A
ILED = 20mA/DIV ...o.bu L. 2 JADIV L~
- = v 0.0015 ~
H . / -
p Fpwm = 200Hz
e % NO CH CAPS |
00010 ILep = 20mA @ 100% DUTY CYCLE
" 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.014
PWM DIMMING DUTY CYCLE (%)
FIGURE 17. ISL97671A SHUTS DOWN AND STOPS SWITCHING FIGURE 18. DIRECT PWM DIMMING LINEARITY AT VERY LOW DUTY
~30ms AFTER EN GOES LOW CYCLE

FN7709 Rev.4.00 Page 10 of 28

Sep 14, 2017 RRENESANS



ISL97671A

Theory of Operation
PWM Boost Converter

The current mode PWM boost converter produces the minimal
voltage needed to enable the LED stack with the highest forward
voltage drop to run at the programmed current. The ISL97671A
employs current mode control boost architecture that has a fast
current sense loop and a slow voltage feedback loop. Such
architecture achieves a fast transient response that is essential
for notebook backlight applications in which drained batteries
can be instantly changed to an AC/DC adapter without
noticeable visual disturbance. The number of LEDs that can be
driven by ISL97671A depends on the type of LED chosen in the
application. The ISL97671A is capable of boosting up to 45V and
typically driving 13 LEDs in series for each of the 6 channels,
enabling a total of 78 pieces of the 3.2V/20mA type of LEDs.

Enable

The EN pin enables or disables the ISL97671A operation. It is a high
voltage pin that can be tied directly to V,\ up to 26.5V. If EN is pulled
low for longer than 30ms, the device will shut down.

Current Matching and Current Accuracy

Each channel of the LED current is regulated by the current
source circuit, as shown in Figure 19.

The LED peak current is set by translating the Rggy current to the
output with a scaling factor of 410.5/Rggt. The source terminals
of the current source MOSFETs are designed to operate within a
range at about 500mV to optimize power loss versus accuracy
requirements. The sources of the channel-to-channel current
matching errors come from the op amp offset, internal layout,
reference, and current source resistors. These parameters are
optimized for current matching and absolute current accuracy.
On the other hand, the absolute accuracy is additionally
determined by the external Rggy, and therefore, additional
tolerance will be contributed by the current setting resistor. A 1%
tolerance resistor is therefore recommended.

A 4
Y

St

RSET

PWM DIMMING
DC DIMMING

FIGURE 19. SIMPLIFIED CURRENT SOURCE CIRCUIT

Dynamic Headroom Control

The ISL97671A features a proprietary Dynamic Headroom
Control circuit that detects the highest forward voltage string or
effectively the lowest voltage from any of the CHO-CH5 pins.
When this lowest channel voltage is lower than the short-circuit
threshold, Vg, such voltage will be used as the feedback signal
for the boost regulator. The boost makes the output to the correct
level such that the lowest channel pin is at the target headroom
voltage. Since all LED stacks are connected to the same output
voltage, the other channel pins will have a higher voltage, but the
regulated current source circuit on each channel will ensure that
each channel has the same programmed current. The output
voltage will regulate cycle-by-cycle and is always referenced to
the highest forward voltage string in the architecture.

MAXIMUM DC CURRENT SETTING

Set the initial brightness by choosing an appropriate value for
Rgget- This should be chosen to fix the maximum possible LED
current:

410.5

| _
RseT

LEDmax (EQ. 1)
Once Rggy is fixed, the LED DC current can be adjusted through
Register 0x07 (BRTDC) as follows:

ILgp = 1.61x(BRTDC/Rge1) (EQ. 2)
BRTDC can be programmed from O to 255 in decimal and
defaults to 255 (OxFF). If left at the default value, the LED current
will be fixed at I gpmax- BRTDC can be adjusted dynamically on
the fly during operation. BRTDC = O disconnects all channels.

For example, if the maximum required LED current (I epmay)) is
20mA, rearranging Equation 1 yields Equation 3:

Rggr = 410.5/0.02 = 20.52kQ (EQ. 3)
If BRTDC is set to 200, then:
lLgp = 1.61¢200/20100 = 16.02mA (EQ. 4)

PWM DIMMING CONTROL

The ISL97671A provides multiple PWM dimming methods, as
described in the following. Table Figure 1 on page 12
summarizes the dimming mode selection. Each of these
methods results in PWM chopping of the current in the LEDs for
all 6 channels to provide a lower average LED current. During the
On periods, the LED current will be defined by the value of Rggt
and BRTDC, as described in Equations 1 and 2. The source of the
PWM signal can be described as follows:

1. Internally generated - 256 step duty cycle BRT register
programmed through the SMBus/I2C.

2. External - Signal from PWM.

3. DPST mode - Internally generated signal with duty cycle
defined by the product of the PWM input duty cycle and
SMBus/I2C programmed BRT register.

4. Direct PWM mode - The output duty cycle and dimming
frequency follow the input PWM signal.
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ISL97671A

The default PWM dimming mode is in DPST. In all of the
methods, the average LED channel current is controlled by I gp
and the PWM duty cycle in percent, as shown in Equation 5:

ILED(avz—:-) =l gpxPWM (EQ. 5)

Method 1 (SMBus/12C Controlled Dimming)

The average LED channel current is controlled by the internally
generated PWM signal, as shown in Equation 6:

ILED(ave) =l gp x (BRT/255) (EQ. 6)
where BRT is the PWM brightness level programmed in the
Register 0x00. BRT ranges from O to 255 in decimal and defaults
to 255 (OxFF). BRT = 0 disconnects all channels.

To use only the SMBus/12C controlled PWM brightness conttrol,
set Register 0x01 to 0x05. Alternatively, the same operation can
be obtained by leaving Register 0x01 at its default value of 0x01
(DPST mode) and connecting the PWM input to VDC, so that the
dimming level depends only on the BRT register.

The PWM dimming frequency is adjusted by a resistor at the
FPWM pin.

Method 2 (PWM Controlled Dimming with Settable Dimming
Frequency)

The average LED channel current can also be controlled by the duty
cycle of the external PWM signal, as shown in Equation 7:

ILILED(ave) =l gp xPWMI (EQ. 7)

The PWM dimming frequency is adjusted by a resistor at the
FPWM pin. The PWM input cannot be low for more than 30.5ms
or else the driver will enter shutdown.

To use the externally applied PWM signal only for brightness
control, set Register 0x01 to 0x03. Alternatively, the same
operation can be obtained by leaving Register 0x01 at its default
value of 0x01 (DPST mode), and not programming Register BRT,
so that it contains its default value of OxFF. A third way to obtain
this mode of operation is to tie both SCL and SDA to ground.

Method 3 (DPST Mode)

The average LED channel current can also be controlled by the
product of the SMBus/I2C controlled PWM and the external PWM
signals as:

lLED(ave) = 'LED*PWMppsT (EQ. 8)
where:

PPWMppgy = BRT/255 x PWMI (EQ.9)
therefore:

| Ep(ave) ~ 'LeD * BRT/255 x PWMI (EQ. 10)

where BRT is the value held in Register 0x00 (default setting
OXFF) controlled by SMBus/12C and PWMI is the duty cycle of the
incoming PWM signal. In this way, users can change the PWM
current in a ratiometric manner to achieve DPST compliant
backlight dimming. To use the DPST mode, set Register 0x01 to
0x01. The PWM dimming frequency is adjusted by a resistor at
the FPWM pin.

For example, if the SMBus/I2C controlled PWM duty is 80%
dimming at 200Hz (see Equation 11) and the external PWM duty
cycle is 60% dimming at 1kHz, the resultant PWM duty cycle is
48% dimming at 200Hz.

In DPST mode, the ISL97671A features 8-bit dimming resolution;
it calculates the dimming level by taking the eight most
significant bits of the product of the PWMI duty cycle (digitized
with 8-bit resolution) and of the BRT I2C register.

Method 4 (Direct PWM Mode)

Direct PWM Dimming mode is selected when fpyy, is tied to Vp¢
and SMBCLK/SMBDAT are grounded. The current of the

six channels will follow the incoming PWM signal’s frequency
and duty cycle. The minimum duty cycle can be as low as 0.007%
at 200Hz (or an equivalent pulse width of 350ns). This ultra low
duty cycle dimming performance can be achieved if no channel
capacitor is present. Additionally, the Phase Shift function is
disabled in Direct PWM Dimming mode.

TABLE 1. DIMMING MODE SELECTION

SMBCLK/ | SMBDAT/
SCLPIN SDA PIN DIMMING METHOD
SIGNAL SIGNAL | FPWMPIN | 0x01 REGISTER SELECTION
SMBUS SMBUS Resistor to |Set to 0x05, or Method 1
/12C /12C ground set to Ox01 and |(SMBUS/I2C
clock data connect PWM to |controlled
vDC dimming)
SMBUS SMBUS |Resistorto |Set to 0x03, or |Method 2 (PWM
/12C clock |/12C data |ground set to O0x01 and |controlled with
not program settable dimming
register 0x00 frequency)
Grounded |Grounded |Resistorto [N/A Method 2 (PWM
ground controlled with
settable dimming
frequency)
SMBUS SMBUS |Resistorto |Set to 0x01 Method 3 (DPST
/12C clock |/12C data |ground mode)
Grounded |Grounded |Tie to VDC [N/A Method 4 (Direct
PWM dimming)

PWM Dimming Frequency Adjustment

For dimming methods 1-3, the PWM dimming frequency is set by
an external resistor at the FPWM pin as:

_ 6.66x10"

Fewnm = REPWM

(EQ.11)
where fpyy is the PWM dimming frequency and Repyy\y is the
setting resistor.

The maximum PWM dimming frequency is 30kHz when the duty
cycle is from 0.4% to 100%.

Phase Shift Control

For dimming methods 1-3, the ISL97671A is capable of delaying
the phase of each current source to minimize load transients. By
default, phase shifting is disabled as shown in Figure 20 where
the channels PWM currents are switching at the same time.
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tepwm

FIGURE 20. NO DELAY (DEFAULT PHASE SHIFT DISABLED)

When EqualPhase = 1 (Register Ox0A, Bit 7), the phase shift evenly
spreads the channels switching across the PWM cycle, depending on
how many channels are enabled, as shown in Figures 21 and 22.
Equal phase means fixed delays occur between channels. Such delay
can be calculated using Equation 12 and Figures 21 and 22.

tpy = M (259)

(EQ. 12)

Equation 13 shows the phase delay between the last channel of
the current duty cycle and the first channel of the next duty cycle
in Figures 21 and 22.

thy = tFZPS",‘O_’Mx(zss- (N-1)(22))

where (255/N) is rounded down to the nearest integer. For
example, if N = 6, (255/N) = 42, leading to:

(EQ. 13)

tDl = tFPWM X 42/255
tD2 = tFPWM X 45/255

where tgpyyy is the sum of toy and togeg N is the number of LED
channels. The ISL97671A will detect the number of operating
channels automatically.

s T T e o T
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FIGURE 21. 6 EQUAL PHASE CHANNELS PHASE SHIFT ILLUSTRATION
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FIGURE 22. 4 EQUAL PHASE CHANNELS PHASE SHIFT ILLUSTRATION
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FIGURE 23. PHASE SHIFT WITH 7-BIT PROGRAMMABLE DELAY

The ISL97671A allows the user to program the amount of phase
shift degree with 7-bit resolution, as shown in Figure 23. To
enable programmable phase shifting, write to the Phase Shift
Control register with EqualPhase = O and the desirable phase
shift value of PhaseShift[6:0]. The delay between CH5 and the
repeated CHO is the rest of the PWM cycle.

Switching Frequency

The default switching frequency is 600kHz b