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1 .5 A Low  Quiescent  Current  1 .6 MHz High 
Eff iciency Synchronous Buck Regulator
I SL8 0 0 9 A
The ISL8009A is a high efficiency, monolithic, 
synchronous step-down DC/ DC regulator that can deliver 
up to 1.5A cont inuous output current. I t  is opt im ized for 
generat ing low output voltages down to 0.8V. The supply 
voltage range of 2.7V to 5.5V, allows the use of single 
Li+ cell, three NiMH cells or a regulated 5V input. The 
ISL8009A uses current mode control architecture to 
deliver very low duty cycle operat ion at high frequency 
with fast t ransient response and excellent loop stability. 
I t  has flexible operat ion mode select ion of forced PWM 
mode and automatic PFM/ PWM with as low as 17µA 
quiescent current, achieving high power conversion 
efficiency under light load condit ion, hence maximizing 
battery life. High 1.6MHz pulse-width modulat ion (PWM) 
switching frequency allows the use of small external 
components.

The ISL8009A integrates a pair of low ON-resistance 
P-Channel and N-Channel internal MOSFETs to maximize 
efficiency and minimize external component count. The 
100%  duty-cycle operat ion allows less than 400mV 
dropout voltage at 1.5A output  current. 

The ISL8009A offers a 2ms Power-On-Reset (POR) t imer 
at power-up. The t imer output can be reset by RSI . 
When shutdown, ISL8009A discharges the output 
capacitor through a 100Ω resistor. Other features include 
internal digital soft-start , enable for power sequence, 
overcurrent protect ion, and thermal shutdown.

The ISL8009A is offered in a 2mmx3mm 8 Ld DFN 
package with 1mm maximum height. The complete 
converter occupies less than 1cm2 area.

Features
• High Efficiency Synchronous Buck Regulator with up 

to 95%  Efficiency

• 2m s Reset  Tim er

• 2.7V to 5.5V Supply Voltage

• 3%  Output  Accuracy Over-Tem perature/ Load/ Line

• 1.5A Guaranteed Output  Current

• 17µA Quiescent  Supply Current  in PFM Mode

• Selectable Forced PWM Mode and PFM Mode

• Less Than 1µA Logic Cont rolled Shutdown Current

• 90%  Maxim um  Duty Cycle for Lowest  Dropout  at  
1.5A

• I nternal Current  Mode Com pensat ion

• I nternal Digital Soft-Start

• Peak Current  Lim it ing, Short  Circuit  Protect ion

• Over-Temperature Protect ion

• Enable

• Soft  Discharge Disable

• Small 8 Ld 2mmx3mm DFN

• Pb-Free (RoHS Compliant )

Applicat ions
• DC/ DC POL Modules

• µC/ µP, FPGA and DSP Power

• Plug- in DC/ DC Modules for Routers and Switchers

• Portable I nst ruments

• Test  and Measurement  Systems

Pin Configurat ion
I SL8 0 0 9 A 

( 8  LD DFN)
TOP VI EW

2
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EN

POR

SKI P

LX

GND

VFB

RSI

* EXPOSED PAD MUST BE CONNECTED
TO THE GND PI N*

CAUTI ON:  These devices are sensit ive to elect rostat ic discharge;  follow proper I C Handling Procedures.
1-888- I NTERSIL or 1-888-468-3774 | I ntersil (and design)  is a registered t rademark of I ntersil Americas I nc.

Copyright  I ntersil Am ericas I nc. 2008, 2009. All Rights Reserved
All other t radem arks m ent ioned are the property of their  respect ive owners.
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Order ing I nform at ion
PART NUMBER
( Notes 1 , 2 , 3 )

PART
MARKI NG

TEMP. RANGE
( °C)

PACKAGE
( Pb- free)

PKG.
DW G. #

I SL8009AI RZ-T 09A -40 to + 85 8 Ld 2x3 DFN L8.2x3

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 100%  m at te t in plate plus anneal (e3 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 SL8009A. For m ore inform at ion on MSL please 
see techbrief TB363.

I SL8 0 0 9 A

http://www.intersil.com/data/tb/tb347.pdf
http://www.intersil.com/cda/deviceinfo/0,1477,ISL8009A,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  (Reference to GND) Therm al I nform at ion
Supply Voltage (VI N)  . .  . .  .  . .  . .  . . .  . .  . .  .  . -0.3V to 6.5V
EN, RSI , SKI P, VFB, POR . . .  .  .  .  .  .  .  .  .  . -0.3V to VI N + 0.3V
LX  . . .  . .  .  . .  . .  . . .  . .  . .  .  . .  . .  . . .  . .  . .  .  . -1.5V to 6.5V
VFB  . .  . .  .  . .  . .  . . .  . .  . .  .  . .  . .  . . .  . .  . .  .  . -0.3V to 2.7V

Recom m ended Operat ing Condit ions
VI N Supply Voltage Range . .  . .  . .  . . .  . .  . .  .  . .  2.7V to 5.5V
Load Current  Range . . .  . .  .  . .  . .  . . .  . .  . .  .  . .  . 0A to 1.5A
Am bient  Temperature Range . .  .  .  .  .  .  .  .  .  .  . -40°C to + 85°C

Thermal Resistance (Typical) θJA ( °C/ W) θJC ( °C/ W)

8 Ld 2x3 DFN (Notes 4, 5)  . .  . .  . 55 5.5
Junct ion Tem perature Range  . . .  .  .  .  .  .  .  .  -55° C to + 125°C
Storage Tem perature Range . . .  .  .  .  .  .  .  .  .  -65° C to + 150°C
Pb-Free Reflow Profile  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . see link below

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

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 Typical specificat ions are measured at the following condit ions:  TA =  + 25°C, EN =  VIN, 
RSI = SKIP =  0V, VIN =  5V, L =  2.2µH, C1 =  C2 =  20µF, IOUT =  0A to 1.5A. See “Typical 
Applicat ions”  on page 9. 

PARAMETER SYMBOL TEST CONDI TI ONS
MI N

( Note 7 ) TYP
MAX

( Note 7 ) UNI TS

I NPUT SUPPLY

VI N Undervoltage Lockout  Threshold VUVLO Rising - 2.5 2.7 V

Falling 2.2 2.4 - V

Quiescent  Supply Current I VI N SKI P =  VIN,  no load at  the output - 17 30 µA

SKI P =  VIN,  no load at  the output  and no 
switches switching, design info only

- 15 - µA

SKI P =  GND, no load at  the output - 3.7 6 m A

Shutdown Supply Current I SD VIN =  5.5V, EN =  low - 0.1 2 µA

OUTPUT REGULATI ON

VFB Regulat ion Voltage VVFB 0.784 0.8 0.816 V

VFB Bias Current I VFB VFB =  0.75V - 0.1 - µA

Output  Voltage Accuracy VIN =  VO +  0.5V to 5.5V, I O =  0A to 1A 
(Note 6)

-3 - 3 %

Line Regulat ion VIN =  VO +  0.5V to 5.5V (m inim al 2.7V) - 0.2 - % / V

COMPENSATI ON

Error Amplifier Trans-Conductance Adjustable version, design info only - 20 - µA/ V

LX

P-Channel MOSFET ON-Resistance VIN =  5.5V, I O =  200m A - 0.12 0.22 Ω

VIN =  2.7V, I O =  200m A - 0.16 0.27 Ω

N-Channel MOSFET ON-Resistance VIN =  5.5V, I O =  200m A - 0.11 0.22 Ω

VIN =  2.7V, I O =  200m A - 0.15 0.27 Ω

P-Channel MOSFET Peak Current  Lim it I PK 1.8 2.1 2.6 A

LX Maxim um  Duty Cycle I O =  1.5A 90 - - %

PWM Switching Frequency fS 1.35 1.6 1.75 MHz

LX Minim um  On-Tim e SKI P =  low ( forced PWM m ode) - 70 100 ns

Soft-Start-Up Tim e - 1.1 - m s

Soft-Discharge Resistor Enable =  0 80 100 120 Ω

I SL8 0 0 9 A

http://www.intersil.com/pbfree/Pb-FreeReflow.asp
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Pin Descript ions
VI N
Input supply voltage. Connect a 10µF ceramic 
capacitor to power ground. 

EN
Regulator enable pin. Enable the output when driven to 
high. Shutdown the chip and discharge output 
capacitor when driven to low. Do not leave this pin 
float ing. 

POR
2ms t imer output. At power-up or EN HI , this output is 
a 2ms delayed Power-Good signal for the output 
voltage. This output can be reset by a low RSI  signal. 
2ms starts when RSI  goes to high.

SKI P
Mode Select ion pin. Connect to logic high or input 
voltage VIN for PFM mode;  connect to logic low or 
ground for forced PWM mode. Do not leave this pin 
float ing. 

LX
Switching node connect ion. Connect to one terminal of 
inductor.

GND
System ground. 

VFB
Buck regulator output feedback. Connect to the output 
through a resistor divider for adjustable output voltage 
( ISL8009A-ADJ). For preset output voltage, connect 
this pin to the output.

RSI
This input resets the 2ms t imer. When the output 
voltage is within the PGOOD window, an internal t imer 
is started and generates a POR signal 2ms later when 
RSI  is low. A high RSI  resets POR and RSI  high to low 
transit ion restarts the internal counter if the output 
voltage is within the window, otherwise the counter is 
reset by the output voltage condit ion.

Exposed Pad
The exposed pad must be connected to the GND pin for 
proper electrical performance. The exposed pad must 
also be connected to as much as possible for opt imal 
thermal performance.

POR 

Output  Low Voltage Sinking 1m A, VFB =  0.7V - - 0.3 V

Delay Tim e - 2 - m s

POR Pin Leakage Current POR =  VI N =  3.6V - 0.01 0.1 µA

Minim um  Supply Voltage for Valid POR 
Signal

1.2 - - V

I nternal PGOOD Low Rising Threshold Percentage of nom inal regulat ion voltage 89.5 92 94.5 %

I nternal PGOOD Low Falling Threshold Percentage of nom inal regulat ion voltage 85 88 91 %

I nternal PGOOD High Rising Threshold Percentage of nom inal regulat ion voltage 108 112 114 %

I nternal PGOOD High Falling Threshold Percentage of nom inal regulat ion voltage 104 107 110 %

I nternal PGOOD Delay Tim e - 6.5 - µs

EN, SKI P, RSI

Logic I nput  Low - - 0.4 V

Logic I nput  High 1.4 - - V

Logic I nput  Leakage Current  Pulled up to 5.5V - 0.1 1 µA

Therm al Shutdown - 140 - ° C

Thermal Shutdown Hysteresis - 25 - ° C

NOTES:

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

7. Parameters 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 Typical specificat ions are measured at the following condit ions:  TA =  + 25°C, EN =  VIN, 
RSI = SKIP =  0V, VIN =  5V, L =  2.2µH, C1 =  C2 =  20µF, IOUT =  0A to 1.5A. See “Typical 
Applicat ions”  on page 9.  ( Cont inued)

PARAMETER SYMBOL TEST CONDI TI ONS
MI N

( Note 7 ) TYP
MAX

( Note 7 ) UNI TS

I SL8 0 0 9 A
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Typica l Operat ing Per form ance (Unless otherwise noted, operat ing condit ions are:  TA =  + 25°C, 

VVI N =  5V, EN =  VI N, RSI = SKI P =  0V, L =  2.2µH, C1 =  20µF,

C2 =  20µF, IOUT =  0A)

FI GURE 1 . EFFI CI ENCY vs LOAD, V I N  =  3 .3 V PW M FI GURE 2 . EFFI CI ENCY vs LOAD, V I N  =  3 .3 V PFM

FI GURE 3 . EFFI CI ENCY vs LOAD, V I N  =  5 V PW M FI GURE 4 . EFFI CI ENCY vs LOAD, V I N  =  5 V PFM

FI GURE 5 . VOUT REGULATI ON vs LOAD, V OUT =  1 .2 V FI GURE 6 . VOUT REGULATI ON vs LOAD, V OUT =  1 .5 V
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FI GURE 7 . VOUT REGULATI ON vs LOAD, V OUT =  1 .8 V FI GURE 8 . VOUT REGULATI ON vs LOAD, V OUT =  2 .5 V

FI GURE 9 . VOUT REGULATI ON VS LOAD, V OUT =  3 .3 V FI GURE 1 0 . POW ER DI SSI PATI ON vs LOAD, 1 .6  MHz, 
VOUT = 1 .8 V

FI GURE 1 1 . POW ER DI SSI PATI ON vs V I N  AT NO 
LOAD, V OUT =  1 .8 V

FI GURE 1 2 . OUTPUT VOLTAGE REGULATI ON vs V I N  
PW M MODE

Typica l Operat ing Per form ance (Unless otherwise noted, operat ing condit ions are:  TA =  + 25°C, 

VVI N =  5V, EN =  VI N, RSI = SKI P =  0V, L =  2.2µH, C1 =  20µF,

C2 =  20µF, IOUT =  0A)  ( Cont inued)
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I SL8 0 0 9 A

FI GURE 1 3 . OUTPUT VOLTAGE REGULATI ON vs V I N  
SKI P MODE

FI GURE 1 4 . STEADY STATE OPERATI ON AT NO LOAD 
( PW M) , 1 µs/ DI V

FI GURE 1 5 . STEADY STATE OPERATI ON AT NO LOAD 
( PFM) , 1 µs/ DI V

FI GURE 1 6 . STEADY STATE OPERATI ON W I TH FULL 
LOAD, 1 µs/ DI V

FI GURE 1 7 . LOAD TRANSI ENT ( PW M) , 2 0 0 µs/ DI V FI GURE 1 8 . LOAD TRANSI ENT ( PFM) , 2 0 0 µs/ DI V

Typica l Operat ing Per form ance (Unless otherwise noted, operat ing condit ions are:  TA =  + 25°C, 

VVI N =  5V, EN =  VI N, RSI = SKI P =  0V, L =  2.2µH, C1 =  20µF,

C2 =  20µF, IOUT =  0A)  ( Cont inued)
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FI GURE 1 9 . SOFT- START AT NO LOAD, 5 0 0 µs/ DI V FI GURE 2 0 . SOFT- START W I TH PRE- BI ASED 1 V, 
5 0 0 µs/ DI V

FI GURE 2 1 . SOFT- START AT FULL LOAD, 5 0 0 µs/ DI V FI GURE 2 2 . OUTPUT SHORT CI RCUI T, 1 0 .0 µs/ DI V

FI GURE 2 3 . OUTPUT SHORT CI RCUI T RECOVERY, 5 0 0 µs/ DI V

Typica l Operat ing Per form ance (Unless otherwise noted, operat ing condit ions are:  TA =  + 25°C, 

VVI N =  5V, EN =  VI N, RSI = SKI P =  0V, L =  2.2µH, C1 =  20µF,

C2 =  20µF, IOUT =  0A)  ( Cont inued)

I L 1A/ DI V

VOUT
1V/ DI V

EN 2 V/ DI V

POR 2V/ DI V

I L 1 A/ DI V

EN 2 V/ DI V

VOUT
0 .5 V/ DI V

POR 1V/ DI V

I L 0 .5 A/ DI V

EN 2 V/ DI V

VOUT
0 .5V/ DI V

POR 2V/ DI V

 
I L 1A/ DI V

LX 2V/ DI V

VOUT
1 V/ DI V

POR 5V/ DI V

I L 1 A/ DI V

VOUT 1 V/ DI V  

POR 5V/ DI V

I SL8 0 0 9 A
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Typical Applicat ions

Block Diagram

FI GURE 2 4 . TYPI CAL APPLI CATI ON DI AGRAM

L

LX

GND

VFB

RSI

VI N

EN

POR

SKI P

I NPUT 2 .7V TO 5 .5 V
OUTPUT

1 .8 V TO 1 .5A

C1
2 0µF

R1
10 0k

I SL80 09 A

C2

R2
12 4k

R3
1 00 k

2 .2µH

20 µF

* C3
22 0pF

* C3  I S OPTI ONAL TO I MPROVE 
TRANSI ENT RESPONSE. CHECK 
LOOP BANDW I DTH BEFORE USE. 

FI GURE 2 5 . FUNCTI ONAL BLOCK DI AGRAM

LX

++
CSA1
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+

OCP
0.85V

0.17VSKIP

+

+

+

SLOP
E

COMP
SLOPE
COMP

0.8V EAMP

COMP PWM/PFM
LOGIC

CONTROLLER
PROTECTION

DRIVER

VFB

+

0.736V

0.864V

POR

SKIP

SHUTDOWN

VIN

GND

OSCILLATOR

ZERO - CROSS
SENSING

+

BANDGAP

SCP
+

0.2V

EN

SHUTDOWN

2ms
DELAY

RSI

27pF

390k

SOFT- START

I SL8 0 0 9 A
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Theory of Operat ion
The ISL8009A is a step-down switching regulator 
opt im ized for battery-powered handheld applicat ions. 
The regulator operates at 1.6MHz fixed switching 
frequency under heavy load condit ion to allow small 
external inductor and capacitors to be used for minimal 
printed-circuit  board (PCB) area. At light load, the 
regulator reduces the switching frequency, unless forced 
to the fixed frequency to minimize the switching loss and 
to maximize the battery life. The quiescent current when 
the output is not loaded is typically only 17µA. The 
supply current is typically only 0.1µA when the regulator 
is shutdown. 

PW M Cont rol Schem e
The ISL8009A employes the current-mode pulse-width 
modulat ion (PWM) control scheme for fast t ransient 
response and pulse-by-pulse current lim it ing. Figure 25 
shows the block diagram. The current loop consists of the 
oscillator, the PWM comparator COMP, the current 
sensing circuit , and the slope compensat ion for the 
current loop stability. The current sensing circuit  consists 
of the resistance of the P-Channel MOSFET when it  is 
turned on and the current sense amplifier CSA. The gain 
for the current sensing circuit  is typically 0.4V/ A. The 
control reference for the current loops comes from the 
error amplifier EAMP of the voltage loop. 

The PWM operat ion is init ialized by the clock from the 
oscillator. The P-Channel MOSFET is turned on at  the 
beginning of a PWM cycle and the current  in the 
MOSFET starts to ramp up. When the sum of the current  
amplifier CSA and the compensat ion slope (0.675V/ µs)  
reach the control reference of the current  loop, the PWM 
comparator COMP sends a signal to the PWM logic to 
turn off the P-MOSFET and to turn on the N-Channel 
MOSFET. The N-MOSFET stays on unt il the end of the 
PWM cycle. Figure 26 shows the typical operat ing 
waveforms during the PWM operat ion. The dot ted lines 
illust rate the sum of the compensat ion ramp and the 
current-sense amplifier CSA output . 

The output voltage is regulated by controlling the 
reference voltage to the current loop. The bandgap 
circuit  outputs a 0.8V reference voltage to the voltage 
control loop. The feedback signal comes from the VFB 
pin. The soft-start  block only affects the operat ion during 
the start-up and will be discussed separately. The error 
amplifier is a t ransconductance amplifier that converts 
the voltage error signal to a current output. The voltage 
loop is internally compensated with the 30pF and 300kΩ 
RC network. The maximum EAMP voltage output is 
precisely clamped to the bandgap voltage (1.172V).

SKI P Mode 
The ISL8009A enters a pulse-skipping mode at light load 
to minimize the switching loss by reducing the switching 
frequency. Figure 27 illustrates the skip-mode operat ion. 
A zero-cross sensing circuit  shown in Figure 25 monitors 
the N-MOSFET current for zero crossing. When 8 
consecut ive cycles of the N-MOSFET crossing zero are 
detected, the regulator enters the skip mode. During the 
8 detect ing cycles, the current in the inductor is allowed 
to become negat ive. The counter is reset  to zero when 
the current in any cycle does not cross zero. 

FI GURE 2 6 . PW M OPERATI ON W AVEFORMS
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Once the skip mode is entered, the pulse modulat ion 
starts being controlled by the SKIP comparator shown in 
Figure 25. Each pulse cycle is st ill synchronized by the 
PWM clock. The P-MOSFET is turned on at the clock and 
turned off when its current reaches 20%  of the current 
lim it  value (0.2V at the CSA output) . As the average 
inductor current in each cycle is higher than the average 
current of the load, the output voltage rises cycle over 
cycle. When the output voltage reaches 1.5%  above the 
nominal voltage, the P-MOSFET is turned off immediately 
and the inductor current is fully discharged to zero and 
stays at zero. The output voltage reduces gradually due 
to the load current discharging the output capacitor. 
When the output voltage drops to the nominal voltage, 
the P-MOSFET will be turned on again at the clock, 
repeat ing the previous operat ions. 

The regulator resumes normal PWM mode operat ion 
when the output voltage drops 1.5%  below the nominal 
voltage. 

Mode Cont rol
The ISL8009A has a SKIP pin that controls the operat ion 
mode. When the SKIP pin is driven to low or shorted to 
ground, the regulator operates in a forced PWM mode. 
The forced PWM mode remains the fixed PWM frequency 
at light load instead of entering the skip mode. 

Overcurrent  Protect ion
The overcurrent protect ion is realized by monitoring the 
CSA output with the OCP comparator, as shown in Figure 
25. The current sensing circuit  has a gain of 0.4V/ A, from 
the N-MOSFET current to the CSA output. When the CSA 
output reaches 0.8V, (which is equivalent to 2A for the 
switch current)  the OCP comparator is t ripped to turn off 
the P-MOSFET immediately. 

Shor t - Circuit  Protect ion
A short-circuit  protect ion SCP comparator monitors the 
VFB pin voltage for output  short-circuit  protect ion. When 
the VFB is lower than 0.2V, the SCP comparator forces 
the PWM oscillator frequency to drop to 1/ 3 of the normal 
operat ion value. This comparator is effect ive during start-
up or an output short-circuit  event. 

RSI / POR Funct ion
When powering up, the open-collector Power-On-Reset 
output holds low for about 1ms after VO reaches the 
preset voltage. When the act ive-HI  reset signal RSI  is 
issued, POR goes to low immediately and holds for the 
same period of t ime after RSI  comes back to LOW. The 
output voltage is unaffected (Figure 28). When the 
funct ion is not used, connect RSI  to ground and leave the 
pull-up resistor, R1, open at the POR pin.

The POR output also serves as a 1ms delayed Power-
Good signal when the pull-up resistor, R1, is installed. 
The RSI  pin needs to be direct ly or indirect ly through 
another resistor connected to ground for this to funct ion 
properly.

.

UVLO
When the input voltage is below the undervoltage lock 
out (UVLO) threshold, the regulator is disabled. 

Soft - Star t - Up
The soft  start-up elim inates the in-rush current during 
the start-up. The soft-start  block outputs a ramp 
reference to both the voltage loop and the current loop. 
The two ramps limit  the inductor current rising speed as 
well as the output voltage speed so that the output 
voltage rises in a controlled fashion. At the very 
beginning of the start-up, the output voltage is less than 
0.2V;  hence the PWM operat ing frequency is 1/ 3 of the 
normal frequency. 

Pow er MOSFETs
The power MOSFETs are opt imized for best efficiency. 
The ON-resistance for the P-MOSFET is typically 120mΩ 
and the ON-resistance for the N-MOSFET is typically 
110mΩ. 

Duty Cycle
The ISL8009A features duty cycle operat ion to maximize 
the battery life. When the battery voltage drops to a level 
that the ISL8009A can no longer maintain the regulat ion 
at the output, the regulator completely turns on the P-
MOSFET. The maximum drop out voltage under the duty-
cycle operat ion is the product of the load current and the 
ON-resistance of the P-MOSFET. 

Enable
The Enable (EN) input allows the user to control the 
turning on or off of the regulator for purposes such as 
power-up sequencing. When the regulator is enabled, 
there is typically a 600µs delay for waking up the 
bandgap reference, then the soft-start-up begins. When 
the regulator is disabled, the P-MOSFET and the N-
MOSFET are turned off imm ediately. The 100Ω soft  
discharge resistor from  LX to GDN is act ivated and 
pulls the output  to 0V.

Therm al Shutdow n
The ISL8009A has built- in thermal protect ion. When the 
internal temperature reaches + 140°C, the regulator is 
completely shutdown. As the temperature drops to 
+ 120°C, the ISL8009A resumes operat ion by stepping 
through a soft-start-up. 

2 m s

MI N
2 5 ns

2 m s

POR

RSI

VO

FI GURE 2 8 . RSI  AND POR TI MI NG DI AGRAM
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Applicat ions I nform at ion 
Output  I nductor  and Capacitor  Select ion
To consider steady state and transient operat ion, 
ISL8009A typically uses a 3.3µH output inductor. Higher 
or lower inductor values can be used to opt im ize the total 
converter system performance. For example, for higher 
output voltage 3.3V applicat ion, in order to decrease the 
inductor current ripple and output voltage ripple, the 
output inductor value can be increased. The inductor 
ripple current can be expressed in Equation 1:

The inductor’s saturat ion current rat ing needs be at least 
larger than the peak current. The ISL8009A protects the 
typical peak current 2.1A. The saturat ion current needs 
to be over 2.4A for maximum output current applicat ion.

ISL8009A uses internal compensation network and the 
output capacitor value is dependant on the output 
voltage. The ceramic capacitor is recommended to be 
X5R or X7R. The recommended minimum output 
capacitor values are shown in Table 1. 

In Table 1, the minimum output capacitor value is given 
for different output voltages to make sure the whole 
converter system is stable. 

I nput  Capacitor  Select ion
The main funct ions for the input capacitor are to provide 
decoupling of the parasit ic inductance and to provide 
filtering funct ion to prevent the switching current from 
flowing back to the battery rail. A 10µF, X5R or X7R 
ceramic capacitor is a good start ing point for the input 
capacitor select ion. 

Output  Voltage Set t ing Resistor  Select ion
The resistors R2 and R3 shown in Figure 24 set the 
output voltage for the adjustable version. The output 
voltage can be calculated by Equation 2:

where the 0.8V is the reference voltage. 

The voltage divider consists of R2 and R3 and increases 
the quiescent current by VO/ (R2 +  R3) , so larger 
resistance is desirable. On the other hand, the VFB pin 
has leakage current that will cause error in the output 
voltage sett ing. The leakage current has a typical value 
of 0.1µA. To minimize the accuracy impact on the output 
voltage, select the R3 no larger than 200kΩ. For VO =  
0.8V, it  is recommended to short  R2 and open R3. 

Layout  Recom m endat ion
The layout is a very important converter design step to 
make sure the designed converter works well. For the 
ISL8009A buck converter, the power loop is composed of 
the output inductor L, the output capacitor COUT, the LX 
pin and the GND pin. I t  is necessary to make the power 
loop as small as possible.

The heat of the IC is mainly dissipated through the 
thermal pad. Maximizing the copper area connected to 
the thermal pad is preferable. In addit ion, a solid ground 
plane is helpful for EMI  performance. I t  is recommended 
to add 5 vias under the thermal pad connect ion to the 
solid ground plane.

TABLE 1 . OUTPUT CAPACI TOR VALUE vs V OUT

VOUT ( V) COUT ( µF) L ( µH)

0.8 10 1.0~ 2.2

1.2 10 1.2~ 2.2

1.6 10 1.8~ 2.2

1.8 10 1.8~ 3.3

2.5 10 1.8~ 3.3

3.3 10 1.8~ 4.7

3.6 10 1.8~ 4.7

ΔI

VO 1
VO
VIN
---------–

⎝ ⎠
⎜ ⎟
⎛ ⎞

•

L fS•
---------------------------------------=

(EQ. 1)

VO 0.8 1
R2
R3
-------+

⎝ ⎠
⎜ ⎟
⎛ ⎞

•= (EQ. 2)
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SYMBOL

MI LLI METERS

NOTESMI N
NOMI -

NAL MAX

A 0.80 0.90 1.00 -

A1 - - 0.05 -

A3 0.20 REF -

b 0.20 0.25 0.32 5,8

D 2.00 BSC -

D2 1.50 1.65 1.75 7,8

E 3.00 BSC -

E2 1.65 1.80 1.90 7,8

e 0.50 BSC -

k 0.20 - - -

L 0.30 0.40 0.50 8

N 8 2

Nd 4 3

Rev. 0 6/04
NOTES:

1. Dim ensioning and tolerancing conform  to ASME Y14.5-
1994.

2. N is the num ber of term inals.

3. Nd refers to the num ber of term inals on D. 

4. All dim ensions are in m illimeters. Angles are in degrees. 

5. Dim ension b applies to the m etallized term inal and is 
m easured between 0.25m m and 0.30m m  from the
term inal t ip.

6. The configurat ion of the pin # 1 ident ifier is opt ional,  but  
m ust  be located within the zone indicated. The pin # 1
ident ifier m ay be either a m old or m ark feature.

7. Dim ensions D2 and E2 are for the exposed pads which 
provide im proved elect r ical and therm al perform ance.

8. Nominal dim ensions are provided to assist  with PCB Land 
Pat tern Design efforts, see I ntersil Technical Br ief
TB389.
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