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PW M DC/ DC Cont roller  w ith VI D I nputs for  
Por table GPU Core- Voltage Regulator
I SL6 2 8 7 5
The ISL62875 is a Single-Phase Synchronous-Buck 
PWM voltage regulator featuring Intersil’s Robust  Ripple 
Regulator (R3)  Technology™. The wide 3.3V to 25V 
input voltage range is ideal for systems that  run on 
bat tery or AC-adapter power sources. The ISL62875 is a 
low-cost  solut ion for applicat ions requir ing dynamically 
selected slew-rate controlled output  voltages. The 
soft -start  and dynamic setpoint  slew-rates are capacitor 
programmed. Voltage ident ificat ion logic- inputs select  
four resistor-programmed setpoint  reference voltages 
that  direct ly set  the output  voltage of the converter 
between 0.5V to 1.5V, and up to 3.3V using a feedback 
voltage divider. Robust  integrated MOSFET drivers and 
Schot tky bootst rap diode reduce the implementat ion 
area and component  cost .

Intersil’s R3 Technology™ combines the best features of 
both fixed-frequency and hysteret ic PWM control. The 
PWM frequency is 500kHz during stat ic operat ion, 
becoming variable during changes in load, setpoint 
voltage, and input voltage when changing between 
battery and AC-adapter power. The modulators ability to 
change the PWM switching frequency during these 
events in conjunct ion with external loop compensat ion 
produces superior transient response. For maximum 
efficiency, the converter automatically enters diode-
emulat ion mode (DEM) during light- load condit ions such 
as system standby.

Features
• I nput  Voltage Range:  3.3V to 25V

• Output  Voltage Range:  0.5V to 3.3V

• Output  Load up to 30A

• Ext remely Flexible Output  Voltage Programmability
- 2-Bit  VI D Selects Four I ndependent  Setpoint  

Voltages
- Sim ple Resistor Program m ing of Setpoint  Voltages

- Accepts External Setpoint  Reference such as DAC

• ± 0.75%  System Accuracy:  -10°C to + 100°C

• Fixed 500kHz PWM Frequency in Cont inuous 
Conduct ion

• I ntegrated High-current  MOSFET Drivers and 
Schot tky Boot-St rap Diode for Opt imal Efficiency

Applicat ions* ( see page 2 1 )

• Mobile PC GPU Core Power

• Mobile PC I / O Cont roller Hub ( I CH)  VCC Rail

• Tablet  PCs/ Slates and Netbooks

• Hand-Held Portable I nst rum ents

Related Litera ture* ( see page 2 1 )

• TB389 “PCB Land Pat tern Design and Surface Mount  
Guidelines for QFN Packages”

Typica l Applicat ion
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I SL6 2 8 7 5

Applicat ion Schem at ics

FI GURE 1 . I SL6 2 8 7 5  APPLI CATI ON SCHEMATI C W I TH FO UR OUTPUT VOLTAGE SETPOI NTS AND DCR CURRENT 
SENSE

FI GURE 2 . I SL6 2 8 7 5  APPLI CATI ON SCHEMATI C W I TH FOUR OUTPUT VOLTAGE SETPOI NTS AND RESI STOR 
CURRENT SENSE
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FI GURE 3 . I SL6 2 8 7 5  APPLI CATI ON SCHEMATI C W I TH EX TERNAL REFERENCE I NPUT AND DCR CURRENT SENSE

Applicat ion Schem at ics  ( Cont inued)
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Block Diagram
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FI GURE 4 . SI MPLI FI ED FUNCTI ONAL BLOCK DI AGRAM OF I SL 6 2 8 7 5

100kΩ

VCC

INT
GND

IOCSET

10µA

+

−

+

−

+

−

Cr

H
L
IN

VCC

PWM

VW

EN

PWM

RUN

RUN

RUN

FAULTEXT

500mV

gmVO

gm V I N

VR

VCOMP

+

−

EA

FB

PROTECTION
SHOOT-THROUGH

OTP

FAULT

IS
L6

2
8

7
5



5 Septem ber 18, 2009
FN6905.1

Pin Configurat ion
I SL6 2 8 7 5

( 2 0  LD 3 .2 X1 .8  µTQFN)
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I SL6 2 8 7 5  Funct iona l Pin Descr ipt ions
PI N

NUMBER SYMBOL DESCRI PTI ON

1 LGATE Low-side MOSFET gate dr iver output . Connect  to the gate term inal of the low-side MOSFET of 
the converter.

2 PGND Return current path for the LGATE MOSFET driver. Connect to the source of the low-side MOSFET.

3 GND I C ground for bias supply and signal reference. 

4 EN Enable input  for the I C. Pulling EN above the VENTHR r ising threshold voltage init ializes the 
soft- start  sequence.

5 VI D1 Logic input for setpoint  voltage selector. Use in conjunct ion with the VID0 pin to select among four 
setpoint reference voltages.

6 VI D0 Logic input  for setpoint  voltage selector. Use in conjunct ion with the VI D1 pin to select  among 
four setpoint  reference voltages. External reference input  when enabled by connect ing the 
SET0 pin to the VCC pin.

7 SREF Soft-start  and voltage slew- rate program m ing capacitor input . Setpoint  reference voltage 
program m ing resistor input . Connects internally to the invert ing input  of the VSET voltage 
setpoint  am plifier.  

8 SET0 Voltage set-point  program ming resistor input .

9 SET1 Voltage set-point  program ming resistor input .

10 SET2 Voltage set-point  program ming resistor input . 

11 PGOOD Power-good open-drain indicator output . This pin changes to high im pedance when the 
converter is able to supply regulated voltage. The pull-down resistance between the PGOOD 
pin and the GND pin ident ifies which protect ive fault  has shut  down the regulator. 

12 FB Voltage feedback sense input . Connects internally to the invert ing input  of the cont rol- loop 
error am plifier. The converter is in regulat ion when the voltage at  the FB pin equals the voltage 
on the SREF pin. The cont rol loop com pensat ion network connects between the FB pin and the 
converter output . 

13 VO Output  voltage sense input  for the R3 m odulator. The VO pin also serves as the reference input  
for the overcurrent  detect ion circuit .  

I SL6 2 8 7 5
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14 OCSET I nput  for the overcurrent  detect ion circuit . The overcurrent  setpoint  programm ing resistor 
ROCSET connects from  this pin to the sense node. 

15 NC No internal connect ion. Pin 15 should be connected to the GND pin. 

16 PHASE Return current  path for the UGATE high-side MOSFET driver. VI N sense input  for the R3 

m odulator. I nductor current  polar ity detector input . Connect  to junct ion of output  inductor, 
high-side MOSFET, and low-side MOSFET. See Figures 1 and 2 on page 2.

17 UGATE High-side MOSFET gate driver output . Connect  to the gate term inal of the high-side MOSFET 
of the converter.

18 BOOT Posit ive input  supply for the UGATE high-side MOSFET gate dr iver. The BOOT pin is internally 
connected to the cathode of the Schot tky boot-st rap diode. Connect  an MLCC between the 
BOOT pin and the PHASE pin.

19 VCC I nput  for the I C bias voltage. Connect  + 5V to the VCC pin and decouple with at  least  a 1µF 
MLCC to the GND pin. See “Applicat ion Schem at ics”  (Figures 1 and 2)  on page 2.

20 PVCC I nput  for the LGATE and UGATE MOSFET driver circuits. The PVCC pin is internally connected 
to the anode of the Schot tky boot-st rap diode. Connect  + 5V to the PVCC pin and decouple 
with a 10µF MLCC to the PGND pin. See “Applicat ion Schemat ics”  (Figures 1 and 2)  on page 2.

I SL6 2 8 7 5  Funct iona l Pin Descr ipt ions  ( Cont inued)

PI N
NUMBER SYMBOL DESCRI PTI ON

Order ing I nform at ion
PART NUMBER
(Notes 1, 2, 3) PART MARKING

TEMP RANGE
(°C)

PACKAGE
(Pb-Free) PKG. DWG. #

I SL62875HRUZ-T* GAR -10 to + 100 20 Ld 3.2x1.8 µTQFN (Tape and Reel) L20.3.2x1.8

NOTES:

1. Please refer to TB347 for details on reel specificat ions.

2. These I ntersil Pb- free plast ic packaged products em ploy special Pb- free m aterial sets;  m olding com pounds/ die at tach 
m aterials and NiPdAu plate -  e4  term inat ion finish, which is RoHS com pliant  and com pat ible with both SnPb and Pb- free 
soldering operat ions. I ntersil Pb- free products are MSL classified at  Pb- free peak reflow tem peratures that  m eet  or exceed 
the Pb- free requirem ents of I PC/ JEDEC J STD-020.

3. For Moisture Sensit iv ity Level (MSL) , please see device inform at ion page for I SL62875. For m ore inform at ion on MSL please 
see techbrief TB363.

I SL6 2 8 7 5

http://www.intersil.com/data/tb/tb347.pdf
http://www.intersil.com/cda/deviceinfo/0,1477,ISL62875,00.html#data
http://www.intersil.com/data/tb/tb363.pdf
http://www.intersil.com/data/tb/tb363.pdf
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Absolute  Maxim um  Rat ings
VCC, PVCC, PGOOD to GND . . .  . .  . . .  . .  . .  .  -0.3V to + 7.0V
VCC, PVCC to PGND . . .  . .  .  . .  . .  . . .  . .  . .  .  -0.3V to + 7.0V
GND to PGND  . .  . . .  . .  . .  .  . .  . .  . . .  . .  .  .  .  -0.3V to + 0.3V
EN, SET0, SET1, SET2, VO,
VI D0, VI D1, FB, OCSET, SREF . .  .  -0.3V to GND, VCC +  0.3V
BOOT Voltage (VBOOT-GND) .  . .  .  .  .  .  .  .  .  .  .  .  .  . -0.3V to 33V
BOOT To PHASE Voltage (VBOOT-PHASE)  .  . . -0.3V to 7V (DC)

-0.3V to 9V (< 10ns)
PHASE Voltage . .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . GND -  0.3V to 28V

GND -8V (< 20ns Pulse Width, 10µJ)
UGATE Voltage . .  . . .  . .  . .  .  . .  VPHASE -  0.3V (DC)  to VBOOT

VPHASE -  5V (< 20ns Pulse Width, 10µJ)  to VBOOT
LGATE Voltage . .  . . .  . .  . .  .  GND -  0.3V (DC)  to VCC +  0.3V

GND -  2.5V (< 20ns Pulse Width, 5µJ)  to VCC +  0.3V

Therm al I nform at ion
Thermal Resistance (Typical) θJA ( °C/ W)

20 Ld µTQFN Package (Notes 4, 5) . .  .  . .  . .  . 84
Junct ion Tem perature Range  . . .  .  .  .  .  .  .  .  . -55°C to + 150°C
Operat ing Tem perature Range  . .  .  .  .  .  .  .  .  . -10°C to + 100°C
Storage Temperature . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . -65°C to + 150°C
Pb- free Reflow Profile  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . see link below

ht tp: / / www.intersil.com / pbfree/ Pb-FreeReflow.asp

Recom m ended Operat ing Condit ions
Am bient  Tem perature Range  . . .  .  .  .  .  .  .  .  -10°C  to + 100°C
Converter I nput  Voltage to GND . . .  .  .  .  .  .  .  .  .  .  3.3V to 25V
VCC, PVCC to GND  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5V ± 5%

CAUTI ON:  Do not  operate at  or near the m axim um  rat ings listed for extended periods of t im e. Exposure to such condit ions m ay adversely im pact
product  reliabilit y and result  in failures not  covered by warranty.

NOTES:

4. θJA is measured in free air  with the com ponent  mounted on a high effect ive thermal conduct iv ity test  board with “direct  at tach”  
features. See Tech Brief TB379.

5. For θJC, the “ case temp”  locat ion is the center of the exposed m etal pad on the package underside.

Elect r ica l Specif ica t ions These specificat ions apply for TA =  -10°C to + 100°C, unless otherwise stated. 
All typical specificat ions TA =  + 25°C, VCC =  5V. Boldface lim it s apply over  the operat ing 
tem perature range, - 1 0 °C to + 1 0 0 °C.

PARAMETER SYMBOL TEST CONDI TI ONS
MI N

( Note 7 ) TYP
MAX

( Note 7 ) UNI T

VCC and PVCC

VCC I nput  Bias Current I VCC EN =  5V, VCC =  5V, FB =  0.55V, SREF <  FB - 1.1 1 .5 mA

VCC Shutdown Current I VCCoff EN =  GND, VCC =  5V - 0.1 1 .0 µA

PVCC Shutdown Current I PVCCoff EN =  GND, PVCC =  5V - 0.1 1 .0 µA

VCC POR THRESHOLD

Rising VCC POR Threshold Voltage VVCC_THR 4 .4 0 4.49 4 .6 0 V

Falling VCC POR Threshold Voltage V
VCC_THF 4 .1 0 4.22 4 .3 5 V

REGULATI ON

Reference Voltage VREF( int ) - 0.50 - V

System  Accuracy VI D0 =  VI D1 =  GND, PWM Mode =  CCM - 0 .7 5 - + 0 .7 5 %

PW M

Switching Frequency FSW PWM Mode =  CCM 4 5 0 500 5 5 0 kHz

VO

VO I nput  Voltage Range VVO  0 - 3 .6 V

VO I nput  I m pedance RVO EN =  5V - 600 - kΩ

VO Reference Offset  Current I VOSS VENTHR <  EN, SREF =  Soft-Start  Mode - 10 - µA

VO I nput  Leakage Current I VOoff EN =  GND, VO =  3.6V - 0.1 - µA

ERROR AMPLI FI ER

FB I nput  Bias Current I FB EN =  5V, FB =  0.50V - 2 0 - + 5 0 nA

SREF

SREF Operat ing Voltage Range VSREF Nom inal SREF Set t ing with 1%  Resistors 0 .5 - 1 .5 V

Soft-Start  Current I SS SREF =  Soft-Start  Mode 1 0 20 3 0 µA

I SL6 2 8 7 5
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Voltage Step Current I VS SREF =  Setpoint-Stepping Mode ± 6 0 ± 100 ± 1 4 0 µA

EXTERNAL REFERENCE

EXTREF Operat ing Voltage Range VEXT SET0 =  VCC 0 - 1 .5 V

EXTREF Accuracy VEXT_OFS SET0 =  VCC, VI D0 =  0V to 1.5V - 0 .5 - + 0 .5 %

POW ER GOOD 

PGOOD Pull-down I m pedance RPG_SS PGOOD =  5m A Sink 7 5 95 1 5 0 Ω

RPG_UV PGOOD =  5m A Sink 7 5 95 1 5 0 Ω

RPG_OV PGOOD =  5m A Sink 5 0 65 9 0 Ω

RPG_OC PGOOD =  5m A Sink 2 5 35 5 0 Ω

PGOOD Leakage Current I PG PGOOD =  5V - 0.1 1 .0 µA

PGOOD Maxim um  Sink Current  
(Note 6)

I PG_max - 5.0 - mA

GATE DRI VER

UGATE Pull-Up Resistance (Note 6) RUGPU 200mA Source Current - 1.0 1 .5 Ω

UGATE Source Current  (Note 6) I UGSRC UGATE -  PHASE =  2.5V - 2.0 - A

UGATE Sink Resistance (Note 6) RUGPD 250mA Sink Current - 1.0 1 .5 Ω

UGATE Sink Current  (Note 6) I UGSNK UGATE -  PHASE =  2.5V - 2.0 - A

LGATE Pull-Up Resistance (Note 6) RLGPU 250mA Source Current - 1.0 1 .5 Ω

LGATE Source Current  (Note 6) ILGSRC LGATE -  GND =  2.5V - 2.0 - A

LGATE Sink Resistance (Note 6) RLGPD 250mA Sink Current - 0.5 0 .9 Ω

LGATE Sink Current  (Note 6) I LGSNK LGATE -  PGND =  2.5V - 4.0 - A

UGATE to LGATE Deadt im e tUGFLGR UGATE falling to LGATE r ising, no load - 21 - ns

LGATE to UGATE Deadt im e tLGFUGR LGATE falling to UGATE r ising, no load - 21 - ns

PHASE

PHASE I nput  I m pedance RPHASE - 33 - kΩ

BOOTSTRAP DI ODE

Forward Voltage VF PVCC =  5V, IF =  2m A - 0.58 - V

Reverse Leakage I R VR =  25V - 0.2 - µA

CONTROL I NPUTS

EN High Threshold Voltage VENTHR 2 .0 - - V

EN Low Threshold Voltage VENTHF - - 1 .0 V

EN I nput  Bias Current I EN EN =  5V 1 .5 2.0 2 .5 µA

EN Leakage Current I ENoff EN =  GND - 0.1 1 .0 µA

VI D< 0,1>  High Threshold Voltage VVI DTHR 0 .6 - - V

VI D< 0,1>  Low Threshold Voltage VVI DTHF - - 0 .5 V

VI D< 0,1>  I nput  Bias Current I VI D EN =  5V, VVI D =  1V - 0.5 - µA

VI D< 0,1>  Leakage Current IVI Doff - 0 - µA

Elect r ica l Specif ica t ions These specificat ions apply for TA =  -10°C to + 100°C, unless otherwise stated. 
All typical specificat ions TA =  + 25°C, VCC =  5V. Boldface lim it s apply over  the operat ing 
tem perature range, - 1 0 °C to + 1 0 0 °C. ( Cont inued)

PARAMETER SYMBOL TEST CONDI TI ONS
MI N

( Note 7 ) TYP
MAX

( Note 7 ) UNI T

I SL6 2 8 7 5
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PROTECTI ON

OCP Threshold Voltage VOCPTH VOCSET -  VO - 1 .7 5 - 1 .7 5 mV

OCP Reference Current I OCP EN =  5.0V 9 .0 10 1 1 µA

OCSET I nput  Resistance ROCSET EN =  5.0V - 600 - kΩ

OCSET Leakage Current I OCSET EN =  GND - 0 - µA

UVP Threshold Voltage VUVTH VFB =  % VSREF 8 1 84 8 7 %

OTP Rising Threshold Temperature 
(Note 6)

TOTRTH - 150 - °C

OTP Hysteresis (Note 6) TOTHYS - 25 - °C

NOTES:

6. Lim its established by character izat ion and are not  product ion tested.

7. Param eters with MI N and/ or MAX lim its are 100%  tested at  + 25°C, unless otherwise specified. Tem perat ure lim its established 
by character izat ion and are not  product ion tested.

Elect r ica l Specif ica t ions These specificat ions apply for TA =  -10°C to + 100°C, unless otherwise stated. 
All typical specificat ions TA =  + 25°C, VCC =  5V. Boldface lim it s apply over  the operat ing 
tem perature range, - 1 0 °C to + 1 0 0 °C. ( Cont inued)

PARAMETER SYMBOL TEST CONDI TI ONS
MI N

( Note 7 ) TYP
MAX

( Note 7 ) UNI T

I SL6 2 8 7 5
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Theory of Operat ion
The modulator features Intersil’s R3 Robust-Ripple-
Regulator technology, a hybrid of fixed frequency PWM 
control and variable frequency hysteret ic control. The 
PWM frequency is maintained at 500kHz under stat ic 
cont inuous-conduct ion-mode operat ion within the entire 
specified envelope of input voltage, output voltage, and 
output load. I f the applicat ion should experience a rising 
load transient and/ or a falling line transient such that the 
output voltage starts to fall, the modulator will extend 
the on-t ime and/ or reduce the off- t ime of the PWM pulse 
in progress. Conversely, if the applicat ion should 
experience a falling load transient and/ or a rising line 
transient such that the output voltage starts to rise, the 
modulator will t runcate the on-t ime and/ or extend the 
off- t ime of the PWM pulse in progress. The period and 
duty cycle of the ensuing PWM pulses are opt imized by 
the R3 modulator for the remainder of the transient and 
work in concert  with the error amplifier VERR to maintain 
output voltage regulat ion. Once the transient has 
dissipated and the control loop has recovered, the PWM 
frequency returns to the nominal stat ic 500kHz.

Modula tor
The R3 modulator synthesizes an AC signal VR, which is 
an analog representat ion of the output inductor ripple 
current. The duty-cycle of VR is the result  of charge and 
discharge current through a ripple capacitor CR. The 
current through CR is provided by a transconductance 
amplifier gm  that measures the input voltage (VI N)  at  the 
PHASE pin and output voltage (VOUT)  at  the VO pin. The 
posit ive slope of VR can be writ ten as Equation 1:

The negative slope of VR can be writ ten as Equation 2:

Where, gm  is the gain of the transconductance amplifier.

A window voltage VW is referenced with respect to the 
error amplifier output  voltage VCOMP, creat ing an 
envelope into which the ripple voltage VR is compared. 
The amplitude of VW is controlled internally by the IC. 
The VR, VCOMP,  and VW signals feed into a window 
comparator in which VCOMP is the lower threshold 
voltage and VW is the higher threshold voltage. Figure 5 
shows PWM pulses being generated as VR t raverses the 
VW and VCOMP thresholds. The PWM switching frequency 
is proport ional to the slew rates of the posit ive and 
negative slopes of VR;  it  is inversely proport ional to the 
voltage between VW and VCOMP.

Synchronous Rect if ica t ion
A standard DC/ DC buck regulator uses a free-wheeling 
diode to maintain uninterrupted current conduct ion 
through the output inductor when the high-side MOSFET 
switches off for the balance of the PWM switching cycle. 
Low conversion efficiency as a result  of the conduct ion 
loss of the diode makes this an unattract ive opt ion for all 
but the lowest current applicat ions. Efficiency is 
dramatically improved when the free-wheeling diode is 

replaced with a MOSFET that is turned on whenever the 
high-side MOSFET is turned off. This modificat ion to the 
standard DC/ DC buck regulator is referred to as 
synchronous rect ificat ion, the topology implemented by 
the ISL62875 controller.

Diode Em ula t ion
The polarity of the output inductor current is defined as 
posit ive when conduct ing away from the phase node, 
and defined as negat ive when conduct ing towards the 
phase node. The DC component of the inductor current is 
posit ive, but the AC component known as the ripple 
current, can be either posit ive or negat ive. Should the 
sum of the AC and DC components of the inductor 
current remain posit ive for the ent ire switching period, 
the converter is in cont inuous-conduct ion-mode (CCM.) 
However, if the inductor current becomes negative or 
zero, the converter is in discont inuous-conduct ion-mode 
(DCM.) 

Unlike the standard DC/ DC buck regulator, the 
synchronous rect ifier can sink current from the output 
filter inductor during DCM, reducing the light- load 
efficiency with unnecessary conduct ion loss as the low-
side MOSFET sinks the inductor current. The ISL62875 
controller avoids the DCM conduct ion loss by making the 
low-side MOSFET emulate the current-blocking behavior 
of a diode. This smart-diode operat ion called diode-
emulat ion-mode (DEM) is triggered when the negative 
inductor current produces a posit ive voltage drop across 
the rDS(ON)  of the low-side MOSFET for eight consecut ive 
PWM cycles while the LGATE pin is high. The converter 
will exit  DEM on the next PWM pulse after detect ing a 
negative voltage across the rDS(ON)  of the low-side 
MOSFET. 

I t  is characterist ic of the R3 architecture for the PWM 
switching frequency to decrease while in DCM, increasing 
efficiency by reducing unnecessary gate-driver switching 
losses. The extent of the frequency reduct ion is 
proport ional to the reduct ion of load current. Upon 
entering DEM, the PWM frequency is forced to fall 
approximately 30%  by forcing a similar increase of the 

VRPOS gm( ) VIN VOUT–( ) CR⁄⋅= (EQ. 1)

VRNEG gm VOUT CR⁄⋅= (EQ. 2)

FI GURE 5 . MODULATOR W AVEFORMS DURI NG LOAD 
TRANSI ENT

PW M

RI PPLE CAPACI TOR VOLTAGE C R
W I NDOW  VOLTAGE V W

ERROR AMPLI FI ER VOLTAGE V COMP
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window voltage VW. This measure is taken to prevent 
oscillat ing between modes at the boundary between CCM 
and DCM. The 30%  increase of VW is removed upon exit  
of DEM, forcing the PWM switching frequency to jump 
back to the nominal CCM value.

Pow er- On Reset
The IC is disabled unt il the voltage at the VCC pin has 
increased above the rising power-on reset (POR) 
threshold voltage VVCC_THR. The controller will become 
disabled when the voltage at the VCC pin decreases below 
the falling POR threshold voltage VVCC_THF. The POR 
detector has a noise filter of approximately 1µs.

V I N  and PVCC Voltage Sequence
Prior to pulling EN above the VENTHR rising threshold 
voltage, the following criteria must be met:

- VPVCC is at  least  equivalent  to the VCC rising 
power-on reset  voltage VVCC_THR

- VVI N must  be 3.3V or the m inimum required by the 
applicat ion

Star t - Up Tim ing
Once VCC has ramped above VVCC_THR, the controller 
can be enabled by pulling the EN pin voltage above the 
input-high threshold VENTHR. Approximately 20µs later, 
the voltage at the SREF pin begins slewing to the 
designated VID set-point. The converter output voltage 
at the FB feedback pin follows the voltage at the SREF 
pin. During soft-start , The regulator always operates in 
CCM unt il the soft-start  sequence is complete.

PGOOD Monitor
The PGOOD pin indicates when the converter is capable 
of supplying regulated voltage. The PGOOD pin is an 
undefined impedance if the VCC pin has not reached the 
rising POR threshold VVCC_THR, or if the VCC pin is below 
the falling POR threshold VVCC_THF. The PGOOD 
pull-down resistance corresponds to a specific protect ive 
fault , thereby reducing troubleshoot ing t ime and effort . 
Table 1 maps the pull-down resistance of the PGOOD pin 
to the corresponding fault  status of the controller. 

LGATE and UGATE MOSFET Gate- Dr ivers
The LGATE pin and UGATE pins are MOSFET driver 
outputs. The LGATE pin drives the low-side MOSFET of 
the converter while the UGATE pin drives the high-side 
MOSFET of the converter.

The LGATE driver is opt im ized for low duty-cycle 
applicat ions where the low-side MOSFET experiences 
long conduct ion t imes. In this environment, the low-side 
MOSFETs require except ionally low r DS(ON)  and tend to 
have large parasit ic charges that conduct transient 
currents within the devices in response to high dv/ dt 
switching present at  the phase node. The drain-gate 
charge in part icular can conduct sufficient current 
through the driver pull-down resistance that the VGS(th)  
of the device can be exceeded and turned on. For this 
reason the LGATE driver has been designed with low 
pull-down resistance and high sink current capability to 
ensure clamping the MOSFETs gate voltage below 
VGS(th) .

Adapt ive Shoot - Through Protect ion
Adaptive shoot- through protect ion prevents a gate-driver 
output from turning on unt il the opposite gate-driver 
output has fallen below approximately 1V. The dead-t ime 
shown in Figure 6 is extended by the addit ional period 
that the falling gate voltage remains above the 1V 
threshold. The high-side gate-driver output voltage is 
measured across the UGATE and PHASE pins while the 
low-side gate-driver output voltage is measured across 
the LGATE and PGND pins. The power for the LGATE 
gate-driver is sourced direct ly from the PVCC pin. The 
power for the UGATE gate-driver is supplied by a boot-
strap capacitor connected across the BOOT and PHASE 
pins. The capacitor is charged each t ime the phase node 
voltage falls a diode drop below PVCC such as when the 
low-side MOSFET is turned on. 

TABLE 1 . PGOOD PULL- DOW N RESI STANCE

CONDI TI ON PGOOD RESI STANCE

VCC Below POR Undefined

Soft-Start  or Undervoltage 95Ω

Overcurrent 35Ω

FI GURE 6 . GATE DRI VER ADAPTI VE SHOOT- THROUGH 

1V

1V

UGATE

LGATE

1V

1V
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Setpoint  Reference Voltage 
Program m ing 
Voltage ident ificat ion (VID) pins select user-programmed 
setpoint reference voltages that appear at the SREF pin. 
The converter is in regulat ion when the FB pin voltage 
(VFB)  equals the SREF pin voltage (VSREF.)  The IC 
measures VFB and VSREF relat ive to the GND pin, not the 
PGND pin. The setpoint reference voltages use the 
naming convent ion VSET(x)  where (x)  is the first , second, 
third, or fourth setpoint reference voltage where:

- VSET1 <  VSET2 <  VSET3 <  VSET4
- VOUT1 <  VOUT2 <  VOUT3 <  VOUT4

The VSET1 setpoint is fixed at 500mV because it  
corresponds to the closure of internal switch SW0 that 
configures the VSET amplifier as a unity-gain voltage 
follower for the 500mV voltage reference VREF.

A feedback voltage-divider network may be required to 
achieve the desired reference voltages. Using the 
feedback voltage-divider allows the maximum output 
voltage of the converter to be higher than the 1.5V 
maximum setpoint reference voltage that can be 
programmed on the SREF pin. Likewise, the feedback 
voltage-divider allows the minimum output voltage of the 
converter to be higher than the fixed 500mV setpoint 
reference voltage of VSET1. Scale the voltage-divider 
network such that the voltage VFB equals the voltage 
VSREF when the converter output voltage is at the 
desired level. The voltage-divider relat ion is given in 
Equation 3:

Where:

- VFB =  VSREF 

- RFB is the loop-com pensat ion feedback resistor 
that  connects from  the FB pin to the converter 
output

- ROFS is the voltage-scaling program m ing resistor 
that  connects from  the FB pin to the GND pin

The attenuat ion of the feedback voltage divider is writ ten 
as:

Where:

- K is the at tenuat ion factor

- VSREF( lim )  is the VSREF voltage setpoint  of either 
500mV or 1.50V

- VOUT( lim )  is the output  voltage of the converter 
when VSREF =  VSREF( lim )  

Since the voltage-divider network is in the feedback 
path, all output voltage setpoints will be attenuated by K, 
so it  follows that all of the setpoint reference voltages will 
be attenuated by K. I t  will be necessary then to include 

the attenuat ion factor K in all the calculat ions for 
select ing the RSET programming resistors. 

The value of offset  resistor ROFS can be calculated only 
after the value of loop-compensat ion resistor RFB has 
been determ ined. The calculat ion of ROFS is writ ten as 
Equat ion 5:

The setpoint reference voltages are programmed with 
resistors that use the naming convent ion RSET(x)  where 
(x)  is the first , second, third, or fourth programming 
resistor connected in series start ing at the SREF pin and 
ending at the GND pin. When one of the internal switches 
closes, it  connects the invert ing input of the VSET 
amplifier to a specific node among the string of RSET 
programming resistors. All the resistors between that 
node and the SREF pin serve as the feedback impedance 
RF of the VSET amplifier. Likewise, all the resistors 
between that node and the GND pin serve as the input 
impedance RIN of the VSET amplifier. Equat ion 6 gives 
the general form of the gain equat ion for the VSET 
amplifier:

Where:

- VREF is the 500mV internal reference of the I C

- VSET(x)  is the result ing setpoint  reference voltage 
that  appears at  the SREF pin

Calcula t ing Setpoint  Voltage Program m ing 
Resistor  Va lues

First , determine the attenuat ion factor K. Next, assign an 
init ial value to RSET4 of approximately 100kΩ then 
calculate RSET1, RSET2, and RSET3 using Equations 7, 8, 
and 9 respect ively. The equation for the value of RSET1 is 
writ ten as Equation 7:

The equation for the value of RSET2 is writ ten as 
Equat ion 8:

VFB VOUT

ROFS
RFB ROFS+
----------------------------------⋅= (EQ. 3)

K
VSREF l im( )
VOUT l im( )

-------------------------------
ROFS

RFB ROFS+
----------------------------------= = (EQ. 4)

TABLE 2 . I SL6 2 8 7 5  VI D TRUTH TABLE

VI D STATE RESULT

VI D1 VI D0 CLOSE V SREF VOUT

1 1 SW0 VSET1 VOUT1

1 0 SW1 VSET2 VOUT2

0 1 SW2 VSET3 VOUT3

0 0 SW3 VSET4 VOUT4

ROFS

VSET x( ) R⋅
FB

VOUT VSET x( )–
--------------------------------------------= (EQ. 5)

VSET X )( VREF 1
RF
RIN
----------+

⎝ ⎠
⎜ ⎟
⎛ ⎞

⋅= (EQ. 6)

RSET1

RSET4 KVSET4 KVSET2 VREF–( )⋅ ⋅

VREF KVSET2⋅
----------------------------------------------------------------------------------------------------= (EQ. 7)

RSET2

RSET4 KVSET4 KVSET3 KVSET2–( )⋅ ⋅

KVSET2 KVSET3⋅
-----------------------------------------------------------------------------------------------------------= (EQ. 8)
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The equation for the value of RSET3 is writ ten as 
Equation 9:

The sum of all the programming resistors should be 
approximately 300kΩ as shown in Equat ion 10 otherwise 
adjust the value of RSET4 and repeat the calculat ions.

Equations 11, 12, 13 and 14 give the specific VSET gain 
equations for the ISL62875 setpoint reference voltages.

The ISL62875 VSET1 setpoint is writ ten as Equation 11:

The ISL62875 VSET2 setpoint is writ ten as Equation 12:

The ISL62875 VSET3 setpoint is writ ten as Equation 13:

The ISL62875 VSET4 setpoint is writ ten as Equation 14:

Externa l Setpoint  Reference

The IC can use an external setpoint reference voltage as 
an alternat ive to VID-selected, resistor-programmed 
setpoints. This is accomplished by removing all setpoint 
programming resistors, connect ing the SET0 pin to the 
VCC pin, and feeding the external setpoint reference 

voltage to the VID0 pin. When SET0 and VCC are t ied 
together, the following internal reconfigurat ions take 
place:

- VI D0 pin opens its 500nA pull-down current  sink
- Reference source selector switch SW4 m oves from  

I NT posit ion ( internal 500mV)  to EXT posit ion 
(VI D0 pin)

- VI D1 pin is disabled

The converter will now be in regulat ion when the voltage 
on the FB pin equals the voltage on the VID0 pin. As with 
resistor-programmed setpoints, the reference voltage 
range on the VID0 pin is 500mV to 1.5V. Use Equations 
3, 4, and 5 beginning on page 13 should it  become 
necessary to implement an output voltage-divider 
network to make the external setpoint reference voltage 
compatible with the 500mV to 1.5V constraint. 

Soft - Star t  and Voltage- Step 
Delay
Circuit  Descr ipt ion
When the voltage on the VCC pin has ramped above the 
rising power-on reset voltage VVCC_THR, and the voltage 
on the EN pin has increased above the rising enable 
threshold voltage VENTHR, the SREF pin releases its 
discharge clamp and enables the reference amplifier 
VSET. The soft-start  current ISS is lim ited to 20µA and is 
sourced out of the SREF pin into the parallel RC network 
of capacitor CSOFT and resistance RT. The resistance RT 
is the sum of all the series connected RSET programming 
resistors and is writ ten as Equation 15:

The voltage on the SREF pin rises as ISS charges CSOFT 
to the voltage reference setpoint selected by the state of 
the VID inputs at the t ime the EN pin is asserted. The 
regulator controls the PWM such that the voltage on the 
FB pin tracks the rising voltage on the SREF pin. Once 
CSOFT charges to the selected setpoint voltage, the ISS 
current source comes out of the 20µA current lim it  and 
decays to the stat ic value set by VSREF ÷ RT. The elapsed 
t ime from when the EN pin is asserted to when VSREF 
has reached the voltage reference setpoint is the soft-
start  delay tSS which is given by Equat ion 16:

Where:

- I SS is the soft-start  current  source at  the 20µA 
lim it

- VSTART-UP is the setpoint  reference voltage 
selected by the state of the VI D inputs at  the t ime 
EN is asserted

- RT is the sum  of the RSET program m ing resistors

The end of soft-start  is detected by ISS tapering off when 
capacitor CSOFT charges to the designated VSET voltage 

RSET3

RSET4 KVSET4 KVSET3–( )⋅

KVSET3
--------------------------------------------------------------------------------= (EQ. 9)

RSET1 RSET2 RSET3 RSET4+ + + 300kΩ≅ (EQ. 10)

VSET1 VREF= (EQ. 11)

VSET2 VREF 1
RSET1

RSET2 RSET3 RSET4+ +
---------------------------------------------------------------------+

⎝ ⎠
⎜ ⎟
⎛ ⎞

⋅= (EQ. 12)

VSET3 VREF 1
RSET1 RSET2+

RSET3 RSET4+
--------------------------------------------+

⎝ ⎠
⎜ ⎟
⎛ ⎞

⋅= (EQ. 13)

VSET4 VREF 1
RSET1 RSET2 R+

SET3
+

RSET4
---------------------------------------------------------------------+

⎝ ⎠
⎜ ⎟
⎛ ⎞

⋅= (EQ. 14)

FI GURE 7 . VOLTAGE PROGRAMMI NG CI RCUI T
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tSS RT CSOFT⋅( )– LN 1
VSTART-UP

ISS RT⋅
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reference setpoint. The SSOK flag is set, the PGOOD pin 
goes high, and the ISS current source changes over to 
the voltage-step current source IVS which has a current 
lim it  of ± 100µA. Whenever the VID inputs or the 
external setpoint reference, programs a different setpoint 
reference voltage, the IVS current source charges or 
discharges capacitor CSOFT to that new level at  ± 100µA. 
Once CSOFT charges to the selected setpoint voltage, the 
IVS current source comes out of the 100µA current lim it  
and decays to the stat ic value set by VSREF ÷ RT. The 
elapsed t ime to charge CSOFT to the new voltage is 
called the voltage-step delay tVS and is given by 
Equation 17:

Where:

- I VS is the ± 100µA setpoint  voltage-step current

- VNEW is the new setpoint  voltage selected by the 
VI D inputs

- VOLD is the setpoint  voltage that  VNEW is changing 
from

- RT is the sum  of the RSET program m ing resistors

Com ponent  Sele ct ion For  C SOFT Capacitor
Choosing the CSOFT capacitor to meet the requirements 
of a part icular soft-start  delay tSS is calculated with 
Equation 18, which is writ ten as:  

Where:

- t SS is the soft-start  delay

- I SS is the soft-start  current  source at  the 20µA 
lim it

- VSTART-UP is the setpoint  reference voltage 
selected by the state of the VI D inputs at  the t ime 
EN is asserted

- RT is the sum  of the RSET program m ing resistors

Choosing the CSOFT capacitor to meet the requirements 
of a part icular voltage-step delay tVS is calculated with 
Equation 19, which is writ ten as:  

Where:

- t VS is the voltage- step delay
- VNEW is the new setpoint  voltage

- VOLD is the setpoint  voltage that  VNEW is changing 
from

- I VS is the ± 100µA setpoint  voltage-step current ;  
posit ive when VNEW >  VOLD, negat ive when VNEW 
<  VOLD

- RT is the sum  of the RSET program m ing resistors

Com pensat ion Design
Figure 8 shows the recommended Type-I I  compensat ion 
circuit . The FB pin is the invert ing input  of the error 
amplifier. The COMP signal, the output  of the error 
amplifier, is inside the chip and unavailable to users. 
CINT is a 100pF capacitor integrated inside the IC, 
connect ing across the FB pin and the COMP signal. RFB, 
RCOMP, CCOMP and CINT form the Type-I I  compensator. 
The frequency domain t ransfer funct ion is given by 
Equat ion 20:

The LC output filter has a double pole at its resonant 
frequency that causes rapid phase change. The R3 
modulator used in the IC makes the LC output filter 
resemble a first  order system in which the closed loop 
stability can be achieved with the recommended Type-I I  
compensat ion network. Intersil provides a PC-based tool 
that can be used to calculate compensat ion network 
component values and help simulate the loop frequency 
response. 

Fault  Protect ion
Overcurrent
The overcurrent protect ion (OCP) setpoint is 
programmed with resistor ROCSET which is connected 
across the OCSET and PHASE pins. Resistor RO is 
connected between the VO pin and the actual output 
voltage of the converter. During normal operat ion, the 
VO pin is a high impedance path, therefore there is no 
voltage drop across RO. The value of resistor RO should 
always match the value of resistor ROCSET.

tVS RT CSOFT⋅( )– LN 1
VNEW VOLD–( )

IVS RT⋅
-------------------------------------------–( )⋅= (EQ. 17)
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⎝ ⎠
⎜ ⎟
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---------------------------------------------------------------------= (EQ. 18)
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Figure 9 shows the overcurrent set  circuit . The inductor 
consists of inductance L and the DC resistance DCR. The 
inductor DC current IL creates a voltage drop across 
DCR, which is given by Equation 21:

The IOCSET current source sinks 10µA into the OCSET 
pin, creat ing a DC voltage drop across the resistor 
ROCSET, which is given by Equat ion 22:

The DC voltage difference between the OCSET pin and 
the VO pin, which is given by Equation 23:  

The IC monitors the voltage of the OCSET pin and the VO 
pin. When the voltage of the OCSET pin is higher than 
the voltage of the VO pin for more than 10µs, an OCP 
fault  latches the converter off. 

Com ponent  Sele ct ion for  R OCSET and CSEN
The value of ROCSET is calculated with Equation 24, 
which is writ ten as:

Where:

- ROCSET (Ω)  is the resistor used to program  the 
overcurrent  setpoint  

- I OC is the output  DC load current  that  will act ivate 
the OCP fault  detect ion circuit

- DCR is the inductor DC resistance
For example, if IOC is 20A and DCR is 4.5mΩ, the choice 
of ROCSET is =  20A x 4.5mΩ/ 10µA =  9kΩ.

Resistor ROCSET and capacitor CSEN form an R-C 
network to sense the inductor current. To sense the 
inductor current correct ly not only in DC operat ion, but 
also during dynamic operat ion, the R-C network t ime 
constant  ROCSET CSEN needs to match the inductor t ime 
constant  L/ DCR. The value of CSEN is then writ ten as 
Equation 25:

For example, if L is 1.5µH, DCR is 4.5mΩ, and ROCSET is 
9kΩ, the choice of CSEN =  1.5µH/ (9kΩ x 4.5mΩ)  =  
0.037µF.

When an OCP fault  is declared, the PGOOD pin will 
pull-down to 35Ω and latch off the converter. The fault  
will remain latched unt il the EN pin has been pulled below 
the falling EN threshold voltage VENTHF or if VCC has 
decayed below the falling POR threshold voltage 
VVCC_THF.

Overvoltage 
The ISL62875 does not feature overvoltage fault  
protect ion.

Undervoltage
The UVP fault  detect ion circuit  t riggers after the FB pin 
voltage is below the undervoltage threshold VUVTH for 
more than 2µs. For example, if the converter is 
programmed to regulate 1.0V at the FB pin, that voltage 
would have to fall below the typical VUVTH threshold of 
84%  for more than 2µs in order to trip the UVP fault  
latch. In numerical terms, that would be 
84% x 1.0V = 0.84V. When a UVP fault  is declared, the 
PGOOD pin will pull-down to 95Ω and latch-off the 
converter. The fault  will remain latched unt il the EN pin 
has been pulled below the falling EN threshold voltage 
VENTHF or if VCC has decayed below the falling POR 
threshold voltage VVCC_THF. 

Over- Tem perature
When the temperature of the IC increases above the 
rising threshold temperature TOTRTH, it  will enter the OTP 
state that suspends the PWM, forcing the LGATE and 
UGATE gate-driver outputs low. The status of the PGOOD 
pin does not change nor does the converter latch-off. The 
PWM remains suspended unt il the IC temperature falls 
below the hysteresis temperature TOTHYS at  which t ime 
normal PWM operat ion resumes. The OTP state can be 
reset if the EN pin is pulled below the falling EN threshold 
voltage VENTHF or if VCC has decayed below the falling 
POR threshold voltage VVCC_THF. All other protect ion 
circuits remain funct ional while the IC is in the OTP state. 
I t  is likely that  the IC will detect an UVP fault  because in 
the absence of PWM, the output voltage decays below 
the undervoltage threshold VUVTH.

Genera l Applicat ion Design 
Guide
This design guide is intended to provide a high- level 
explanat ion of the steps necessary to design a single-
phase power converter. I t  is assumed that  the reader is 
fam iliar with many of the basic skills and techniques 
referenced in the following. I n addit ion to this guide, 
I ntersil provides complete reference designs that  
include schemat ics, bills of materials, and example 
board layouts.

Select ing the LC Output  Filter
The duty cycle of an ideal buck converter is a funct ion of 
the input and the output voltage. This relat ionship is 
expressed in Equation 26:

The output inductor peak-to-peak ripple current is 
expressed in Equation 27:

VDCR IL DCR⋅= (EQ. 21)

VROCSET 10μA ROCSET⋅= (EQ. 22)

VOCSET V– VO VDCR V– ROCSET IL DCR⋅ IOCSET ROCSET⋅–= =

(EQ. 23)

(EQ. 24)ROCSET

IOC DCR⋅
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----------------------------=

(EQ. 25)CSEN
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D
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(EQ. 27)
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A typical step-down DC/ DC converter will have an IP-P of 
20%  to 40%  of the maximum DC output load current. 
The value of IP-P is selected based upon several criteria, 
such as MOSFET switching loss, inductor core loss, and 
the resist ive loss of the inductor winding. The DC copper 
loss of the inductor can be est imated using Equation 28:

Where, ILOAD is the converter output DC current.

The copper loss can be significant so attent ion has to be 
given to the DCR select ion. Another factor to consider 
when choosing the inductor is its saturat ion 
characterist ics at elevated temperature. A saturated 
inductor could cause destruct ion of circuit  components, 
as well as nuisance OCP faults.

A DC/ DC buck regulator must have output capacitance 
CO into which ripple current IP-P can flow. Current IP-P 
develops a corresponding ripple voltage VP-P across CO, 
which is the sum of the voltage drop across the capacitor 
ESR and of the voltage change stemming from charge 
moved in and out of the capacitor. These two voltages 
are expressed in Equations 29 and 30:

I f the output  of the converter has to support  a load with 
high pulsat ing current , several capacitors will need to be 
paralleled to reduce the total ESR unt il the required VP-P 
is achieved. The inductance of the capacitor can cause a 
brief voltage dip if the load t ransient  has an ext remely 
high slew rate. Low inductance capacitors should be 
considered. A capacitor dissipates heat  as a funct ion of 
RMS current  and frequency. Be sure that  IP-P is shared 
by a sufficient  quant ity of paralleled capacitors so that  
they operate below the maximum rated RMS current  at  
FSW. Take into account that  the rated value of a 
capacitor can fade as much as 50%  as the DC voltage 
across it  increases.

Select ion of the I nput  Capacitor
The important parameters for the bulk input capacitance 
are the voltage rat ing and the RMS current rat ing. For 
reliable operat ion, select bulk capacitors with voltage and 
current rat ings above the maximum input voltage and 
capable of supplying the RMS current  required by the 
switching circuit . Their voltage rat ing should be at least 
1.25x greater than the maximum input voltage, while a 
voltage rat ing of 1.5x is a preferred rat ing. Figure 10 is a 
graph of the input  RMS ripple current , normalized 
relat ive to output  load current , as a funct ion of duty 
cycle that  is adjusted for converter efficiency. The ripple 
current  calculat ion is writ ten as Equation 31:

Where:

- I MAX is the maxim um cont inuous I LOAD of the 
converter

- x is a m ult iplier (0 to 1)  corresponding to the 
inductor peak- to-peak r ipple amplitude expressed 
as a percentage of IMAX (0%  to 100% )

- D is the duty cycle that  is adjusted to take into 
account  the efficiency of the converter

Duty cycle is writ ten as Equation 32:

In addit ion to the bulk capacitance, some low ESL 
ceramic capacitance is recommended to decouple 
between the drain of the high-side MOSFET and the 
source of the low-side MOSFET.

Select ing The Bootst rap Capacitor
Adding an external capacitor across the BOOT and 
PHASE pins completes the bootstrap circuit . We selected 
the bootstrap capacitor breakdown voltage to be at  
least  10V. Although the theoret ical maximum voltage of 
the capacitor is PVCC-VDI ODE (voltage drop across the 
boot  diode) , large excursions below ground by the 
phase node requires we select  a capacitor with at  least  
a breakdown rat ing of 10V. The bootst rap capacitor can 
be chosen from Equat ion 33:

Where:

- QGATE is the am ount  of gate charge required to 
fully charge the gate of the upper MOSFET

- ΔVBOOT is the m axim um  decay across the BOOT 
capacitor

As an example, suppose an upper MOSFET has a gate 
charge, QGATE, of 25nC at 5V and also assume the droop 
in the drive voltage over a PWM cycle is 200mV. One will 
find that  a bootstrap capacitance of at  least 0.125µF is 
required. The next larger standard value capacitance is 
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0.15µF. A good quality ceramic capacitor such as X7R or 
X5R is recommended.

Driver  Pow er D issipat ion
Switching power dissipat ion in the driver is mainly a 
funct ion of the switching frequency and total gate charge 
of the selected MOSFETs. Calculat ing the power 
dissipat ion in the driver for a desired applicat ion is crit ical 
to ensuring safe operat ion. Exceeding the maximum 
allowable power dissipat ion level will push the IC beyond 
the maximum recommended operat ing junct ion 
temperature of + 125°C. When designing the applicat i on, 
it  is recommended that the following calculat ion be 
performed to ensure safe operat ion at the desired 
frequency for the selected MOSFETs. The power 
dissipated by the drivers is approximated as 
Equation 34:  

Where:

- Fsw is the switching frequency of the PWM signal
- VU is the upper gate driver bias supply voltage

- VL is the lower gate driver bias supply voltage

- QU is the charge to be delivered by the upper 
dr iver into the gate of the MOSFET and discrete 
capacitors

- QL is the charge to be delivered by the lower dr iver 
into the gate of the MOSFET and discrete 
capacitors

- PL is the quiescent power consumption of the lower 
driver

- PU is the quiescent power consumption of the upper 
driver

MOSFET Select ion and Considerat ions
Typically, a MOSFET cannot tolerate even brief excursions 
beyond their maximum drain to source voltage rat ing. 
The MOSFETs used in the power stage of the converter 
should have a maximum VDS rat ing that exceeds the 
sum of the upper voltage tolerance of the input power 

source and the voltage spike that occurs when the 
MOSFET switches off.

There are several power MOSFETs readily available that 
are opt im ized for DC/ DC converter applicat ions. The 
preferred high-side MOSFET emphasizes low switch 
charge so that the device spends the least amount of 
t ime dissipat ing power in the linear region. Unlike the 
low-side MOSFET which has the drain-source voltage 
clamped by its body diode during turn-off, the high-side 
MOSFET turns off with VIN - VOUT, plus the spike, across 
it . The preferred low-side MOSFET emphasizes low 
r DS(ON)  when fully saturated to m inim ize conduct ion 
loss.

For the low-side MOSFET, (LS), the power loss can be 
assumed to be conduct ive only and is writ ten as 
Equat ion 35:

For the high-side MOSFET, (HS), its conduct ion loss is 
writ ten as Equat ion 36:

For the high-side MOSFET, its switching loss is writ ten as 
Equat ion 37:

Where:

- I VALLEY is the difference of the DC com ponent  of 
the inductor current  m inus 1/ 2 of the inductor 
r ipple current

- I PEAK is the sum  of the DC com ponent  of the 
inductor current  plus 1/ 2 of the inductor r ipple 
current

- tON is the t ime required to drive the device into 
saturat ion
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- tOFF is the t im e required to dr ive the device into 
cut-off

PCB Layout  Considerat ions
Pow er and Signa l Layers Placem ent  on the 
PCB
As a general rule, power layers should be close together, 
either on the top or bottom of the board, with the weak 
analog or logic signal layers on the opposite side of the 
board. The ground-plane layer should be adjacent to the 
signal layer to provide shielding. The ground plane layer 
should have an island located under the IC, the 
compensation components, and the SREF components. 
The island should be connected to the rest of the ground 
plane layer at one point. 

Com ponent  Placem ent
There are two sets of crit ical components in a DC/ DC 
converter;  the power components and the small signal 
components. The power components are the most crit ical 
because they switch large amount of energy. The small 
signal components connect to sensit ive nodes or supply 
crit ical bypassing current and signal coupling. 

The power components should be placed first  and these 
include MOSFETs, input and output capacitors, and the 
inductor. Keeping the distance between the power train 
and the control IC short helps keep the gate drive traces 
short . These drive signals include the LGATE, UGATE, 
PGND, PHASE and BOOT. 

When placing MOSFETs, try to keep the source of the 
upper MOSFETs and the drain of the lower MOSFETs as 
close as thermally possible (see Figure 13). Input high-
frequency capacitors should be placed close to the drain 
of the upper MOSFETs and the source of the lower 
MOSFETs. Place the output inductor and output 
capacitors between the MOSFETs and the load. High-
frequency output decoupling capacitors (ceramic) should 
be placed as close as possible to the decoupling target 
(GPUor CPU), making use of the shortest connect ion 
paths to any internal planes. Place the components in 
such a way that the area under the IC has less noise 
traces with high dV/ dt and di/ dt , such as gate signals and 
phase node signals.

Signa l Ground and Pow er  Ground
The GND pin is the signal-common also known as analog 
ground of the IC. When laying out the PCB, it  is very 
important that the connect ion of the GND pin to the 
bottom setpoint-reference programming-resistor, bottom 
feedback voltage-divider resistor ( if used), and the 
CSOFT capacitor be made as close as possible to the 
GND pin on a conductor not shared by any other 
components.

In addit ion to the crit ical single point connect ion 
discussed in the previous paragraph, the ground plane 
layer of the PCB should have a single-point-connected 
island located under the area encompassing the IC, 
setpoint reference programming components, feedback 
voltage divider components, compensat ion components, 
CSOFT capacitor, and the interconnect ing traces among 
the components and the IC. The island should be 
connected using several filled vias to the rest of the 
ground plane layer at one point that is not in the path of 
either large stat ic currents or high di/ dt  currents. The 
single connect ion point should also be where the VCC 
decoupling capacitor and the GND pin of the IC are 
connected.

Anywhere not within the analog-ground island is Power 
Ground. Connect the input capacitor(s) , the output 
capacitor(s) , and the source of the lower MOSFET(s) to 
the power ground plane.

Rout ing and Connect ion Deta ils
Specific pins (and the trace rout ing from them), require 
extra attent ion during the layout process. The following 
sub-sect ions out line concerns by pin name.

VCC PI N

For best performance, place the decoupling capacitor 
next to the VCC and GND pins. The VCC decoupling 
capacitor should not share any vias with the PVCC 
decoupling capacitor.

PVCC PI N

For best performance, place the PVCC decoupling 
capacitor next to the PVCC and PGND pins, preferably on 
the same side of the PCB as the ISL62875. The PVCC 
decoupling capacitor should have a very short  and wide 
trace connect ion to the PGND pin. 

EN, PGOOD, VI D0 , AND VI D1  PI NS

These are logic signals that  are referenced to the GND 
pin. Treat as a typical logic signal.

OCSET AND VO PI NS

The current-sensing network consist ing of ROCSET, RO, 
and CSEN must be connnected to the inductor pads for 
accurate measurement of the DCR voltage drop. These 
components however, should be located physically close 
to the OCSET and VO pins with traces leading back to the 
inductor. I t  is crit ical that the traces are shielded by the 
ground plane layer all the way to the inductor pads. The 
procedure is the same for resist ive current sense.

FIGURE 13. TYPICAL POWER COMPONENT PLACEMENT
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FB, SREF, SET0 , SET1 , AND SET2  PI NS

The input impedance of these pins is high, making it  
crit ical to place the loop compensat ion components, 
setpoint reference programming resistors, feedback 
voltage divider resistors, and CSOFT close to the IC, 
keeping the length of the traces short .

LGATE, PGND, UGATE, BOOT, AND PHASE PI NS

The signals going through these traces are boht high 
dv/ dt and di/ dt, with high peak charging and discharging 
current. The PGND pin can only flow current from the 
gate-source charge of the low-side MOSFETs when 
LGATE goes low. Ideally, route the trace from the LGATE 
pin in parallel with the trace from the PGND pin, route 
the trace from the UGATE pin in parallel with the trace 
from the PHASE pin, and route the trace from the BOOT 
pin in parallel with the trace from the PHASE pin. These 
pairs of t races should be short , wide, and away from 
other traces with high input impedance;  weak signal 
t races should not be in proximity with these traces on 
any layer.

Copper Size for  the Phase Node
The parasit ic capacitance and parasit ic inductance of the 
phase node should be kept very low to minimize ringing. 
I t  is best to lim it  the size of the PHASE node copper in 
strict  accordance with the current and thermal 
management of the applicat ion. An MLCC should be 
connected direct ly across the drain of the upper MOSFET 
and the source of the lower MOSFET to suppress the 
turn-off voltage.
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For addit ional products, see www.intersil.com/ product_tree

Products
Intersil Corporat ion is a leader in the design and manufacture of high-performance analog semiconductors. The 
Company's products address some of the industry's fastest growing markets, such as, flat  panel displays, cell phones, 
handheld products, and notebooks. Intersil's product families address power management and analog signal 
processing funct ions.  Go to www.intersil.com/ products  for a complete list  of Intersil product families.

* For a complete list ing of Applicat ions, Related Documentation and Related Parts, please see the respect ive device 
information page on intersil.com:  ISL62875

To report  errors or suggest ions for this datasheet, please go to www.intersil.com/ askourstaff

FITs are available from our website at ht tp: / / rel.intersil.com/ reports/ search.php

Revision History
The revision history provided is for inform at ional purposes only and is believed to be accurate, but  not  warranted. Please go to 
web to m ake sure you have the latest  Rev. 

DATE REVI SI ON CHANGE

8/ 09 FN6905.0 I nit ial Release

9/ 09 FN6905.1 Page 10:  Removed “OVP Rising Threshold Voltage”  and “OVP Falling Threshold Voltage”  lines 
from  the “Elect r ical Specificat ions”  table.
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Package Outline Drawing

L20.3.2x1.8
20 LEAD ULTRA THIN QUAD FLAT NO-LEAD PLASTIC PACKAGE (UTQFN)

Rev 0, 5/08

located within the zone indicated. The pin #1 identifier may be

Unless otherwise specified, tolerance :  Decimal ± 0.05

Tiebar shown (if present) is a non-functional feature.

The configuration of the pin #1 identifier is optional, but must be

between 0.15mm and 0.30mm from the terminal tip.
Dimension b applies to the metallized terminal and is measured 

Dimensions in  (    )  for Reference Only.

Dimensioning and tolerancing conform to AMSE Y14.5m-1994.

6.

either a mold or mark feature.

3.

5.

4.

2.

Dimensions are in millimeters.1.

NOTES:
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