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ISL73847x 2-Phase Design Example with Calculations

The purpose of this document is to provide an example of how to calculate supporting components for the
ISL73847x 2-phase applications. This document also introduces an Excel design calculator that automatically
calculates all these values.
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ISL73847x 2-Phase Design Example with Calculations Application Note

1. 2-Phase Design

1.1 Initial Design Values
List out all the initial design values and any ISL73847x required parameters.
= VN =12V

* Vour =1V

* VRer = 0.6V

* lout(max) = S0A

= n =2 (number of phases)

» fgw = 500kHz

= Acsa = 8mVimV

* lstep = 25A

* tranpercent = 2%

* Im(EA) = 4MAV

* DRPpercent = 4%

* Iproop = 19.9pA

= tgg=1ms

» lgg = 10pA

1.2 Determining the Frequency Select Resistor
The default switching frequency of the ISL73847x is 500kHz. To change the switching frequency, use a pull-down
resistor from the FS pin to GND. Refer to the EC table in the datasheet for the recommended Rgg resistor values

for 250kHz, 500kHz, 1MHz, and 1.5MHz switching frequencies, as these are tested. Use Equation 1 for other
frequencies to calculate Rgg, where fogc is twice the switching frequency (fgyy).

56497

s = (50 ) 2090

~Rpg = 92.03kQ

The equation suggests using a 92kQ Rgg resistor. However, the EC table shows that a 94.2kQ resistor gives a
1MHz internal oscillator frequency (500kHz PWM output switching frequency).
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ISL73847x 2-Phase Design Example with Calculations Application Note

1.3 Determining the Output Voltage Feedback Resistors

The required output voltage is 1V, the internal voltage reference is 0.6V typical, and as a starting point Renesas
suggests making Ry 4.99kQ).

R
_ 2
(EQ.2) Vot = VRer x(’l +R_1]

Rearrange the equation:

\Y
(EQ. 3) R, = [ OUT1] xR,
REF

Ry = (55— 1) x4.99k0

Ry = 3.327kQ

A good option for Ry is a 3.32kQ resistor with +0.1% tolerance. Calculating the output voltage with this value gives
an output voltage of 0.999V.

1.4 Determining the Current-Sense Resistor

The target current-sense amplifier input voltage is 50mV, maximum output current is 50A, the number of phases is
two, and the OCP1 sense voltage is 75mV.

\ V]xn
(EQ.4)  Rgpy[Q] = VsentVixn
louTmax)[A]
R _50x10°x2
SEN 50
.'.RSEN = 2mQ
Voepq V12
(EQ. 5) PrgenIW] = —CP1T__
Rsen[€]
32
b (75x10 )
RSEN = — 3
2x10

~PrggN = 2:813W
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ISL73847x 2-Phase Design Example with Calculations Application Note

1.5 Determining the Output Inductor
Use Equation 6 to calculate a good estimate for the output inductor based on a required ripple current, where
lout =N X lpyase-

(EQ. 6) L (Vin—VoupIVIxDxn

H1 =
rectt kxfgwlHz] x loyrmax)[Al

The input voltage is 12V, the calculated output voltage is 0.999V, the duty cycle is D = 1V/12V = 0.0833, the output
switching frequency is 500kHz, the number of phases is 2, the required ripple current (k) is 30% and the max
output current is 50A (2x25A).

_ (12-0.999) X30-0833 X2 _ 244.5nH
500 x 10° x 50

~Lrec
An available inductor value is Lgg| = 220nH. This value is also close to the recommended value of 244nH. Use
Equation 7 to calculate the actual inductor ripple percentage for the chosen inductor.

(EQ. 7) ripple[%] = (Vin—VoupIVIxDxn

fswlHz] < loyrmax)[Al * Lgg [H]

(12 - 0.999) x 0.0833 x 2

: 5 = 33.3%
(500 x 10°) x 50 x (220 x 10")

~.ripple =
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ISL73847x 2-Phase Design Example with Calculations Application Note

1.6 Determining the Current-Sense Filter

The current-sense ISEN signal must be filtered before going to the ISL73847x ISENXx pins to eliminate
high-frequency switching noise and extract the current signal information. In addition, the parasitic ESL of the
current-sense resistor creates an inductive divider with the output inductor and adds a square wave component to
the current-sense signal, which can prematurely trip overcurrent. To fix this issue, an RC filter must be placed
across the ISENx traces and as close as possible to the ISL73847x device. Use Equation 12 to calculate the zero
formed by the Rgensg parasitic ESL and Loyt Rgensg is the current-sense resistance of 2mQ, V| is the buck
input voltage of 12V, Loyt is the output inductor of 220nH, and Vg, is the voltage amplitude of the parasitic
square wave component created by the parasitic inductance of the Rgensg and Loy, which is 50mV. Vgg is

determined by the specific components used on the board and can be measured with oscilloscope captures of the
current-sense signal without filtering.

R QI xV
(EQ.8) 1, . [Hz] - SENSE[QI XV
2nxLoy[HIx Veg

(EQ. 9) = 347.25kHz

(2x10 %) x 12V
3

fzerolHZ] = o ~
21 x (220 x10 ") x (50 x 10 )

For the ISL73847x, a bit of the ESL square-wave signal must be left to achieve short Tqy because the bandwidth

of the current-sense amplifier itself creates filtering of the current-sense signal. Therefore, to achieve a triangular
signal at the PWM input, the user must relax filtering on the CSA input. Use Equation 10 to calculate the filter
resistor, so the corner-frequency of the RC filter is seven times higher than the ESL zero, where Cf is the filter

capacitor of 680pF.

(EQ.10) R 107 = 1
FLe 27'c><7><fZERO><CF

(EQ.11) Rg[Q] = ! 3 —7 = 96.3Q
2nx 7 x(347.25x107)x (680 x 10 )

For the full possible range of VIN on the ISL73847x buck supply, an Rg of 30.1Q and Cf of 680pF are good
choices for the RC filter.

1.7 Determining the Slope Compensation Resistor

Use Equation 12 to calculate the slope compensation resistor. Rggy is 2mQ, Reg is 94.2kQ, Vot is 0.999V, k is
25kV/s, Lgg| is 220nH. If the Rg opg calculated is less than 25kQ, increase the Lgg , and vice versa if Rg gpg is
greater than 100kQ.

R [Q]x Ro[Q] xV [V]
_ Rsen Fs out
RsLopel@] = L

(EQ. 12)
SEL

-3 3
_(2x10 )x§94-2x10 )Xg-999 — 34.2kQ
(25x107)x (220 x 10 )

“RsLopE

The equation suggests a 34.2kQ Rg| opg value, which is between 25kQ and 100kQ. A good option is 34.8kQ.
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1.8 Determining the Error-Amplifier Compensation Resistor

To calculate the output capacitor and compensation values, AVqyTt and Algyt must be known. AVt is the
amount of output voltage deviation during a load step, in this example it is 2%%0.999V = 19.98mV, and Algyr is
the load step which is 25A. With these two known values, use Equation 13 to calculate the equivalent load-line
output impedance R .

AV

(EQ.13) R, = YT
Al
ouT

_19.98x10°

SR Se——= 0.8mQ

With the load-line impedance, use Equation 14 to calculate RCOMP, where Vo1 is 0.999V, Rgey is 2mQ, Acgp is
8mV/mV, n'is 2, VR is 0.6V, gm(ea) is 4mS, and R is 0.8mQ.

VouTtlVIx RgeN[Q] x AggalmVimV]

= 4.162kQ

0.999 x (2 x 10 ) x 8
3

(EQ. 15) =
2x0.6x(4x10 °)x(0.8x10 )

Rcomp =
A good compensation resistor is a 4.22kQ).

1.9 Determining the Output Capacitance
Use Equation 16 to determine the minimum output capacitance. The compensation resistor is 4.22kQ, the error
amplifier transconductance is 4mA/V or 4mS, the internal voltage reference is 0.6V, ft is the converter unity-gain

frequency, which Renesas recommends setting a decade below the switching frequency
(fr = faw/10 = 500kHz/10 = 50kHz), Acga is 8mV/mV, and the calculated output voltage is 0.999V.

c _ nxReomplQR] x gm(EA)[V/A] xVeEeplV]
OUT(MIN) 27 x - [Hz] x AggalmVImV] x Rgg [Q1 x Vg y7IV]

(EQ. 16)

2% (4.22x10%) x (4 x 10 2) x 0.6

3 3 = 4033uF
21 x (50 x 107) x 8 x (2 x 10 ~) x 0.999

~Coutming =

A good option is paralleling twenty-four 220uF capacitors, or twelve per phase, which gives 5280uF of bulk output
capacitance.

With the actual total output capacitance value chosen, recalculate f1 by rearranging Equation 16 to create
Equation 17.

nxReomplQR] x gm(EA)[V/A] xVeeplV]
27 x COUT[F] x ACSA[mV/mV] xRgen[Q]x Vg ytlV]

(EQ.17)  f[Hz] =

2% (422 x10%) x (4 x 10 2)x 0.6

5 : = 40kHz
21 x (5280 x 10 ") x 8 x(2x10 ) x 0.999

.'.fT[Hz] =
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ISL73847x 2-Phase Design Example with Calculations Application Note

1.10 Determining the Error-Amplifier Compensation Capacitor

Use Equation 18 to determine the error-amplifier compensation capacitor. f; is the zero frequency of the error
amplifier. Renesas recommends setting the zero formed by Rcopmp and Ceomp @ decade smaller than the f+
(fz = f1/10 = 40kHz/10 = 4kHz), where Rcomp is 4.22kQ.

1
c F] =
complFl 2n x f,[Hz] xR

(EQ. 18)
COMP[Q]

1
3 3
2 x (4x107)x (4.22x107)

“Ccomp = = 9.43nF

A good option for the compensation capacitor is 10nF.

1.11 Determining the Pole Capacitor

Adding a pole capacitor is recommended to cancel out the zero formed by the equivalent bulk output capacitance
and ESR. To determine the pole capacitor, first determine the equivalent total ESR of the parallel combination of
output capacitors. The 220uF output capacitors chosen have 6mQ of ESR individually, so the parallel combination
of twenty-four of these output capacitors have an equivalent total ESR of 6mQ/24 = 0.250mQ, as shown in
Equation 19.

Note: This equation and the ones that follow apply only if all capacitors in parallel are identical with equal
capacitance and ESR values.

_ ESR[Q]
EQ. 19 ESR Q] = /7 ——
( ) TOTALL®] # of capacitors

-3
. _6x10 7 _
~ESRrgTAL = 54 0.250mQ

Lastly, add a pole to the controller loop at the same frequency as the zero formed by the equivalent Cqy1 and
ESR, using Equation 20.

_ CourlFIxESR[Q]

(EQ. 20)

C [F]
POLE RCOMP[Q]

-6 -3
, (5280 x 10 ) x (0.25x 10 °)
~CpoLE = = 312.8pF

422 % 10°

A good option for the pole capacitor is 330pF.
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1.12 Determining the Droop Regulation Resistor and Capacitor

Use Equation 21 to determine the droop resistor. The required percentage of droop regulation at full load is 4%,
the internal voltage reference is 0.6V, the droop current at full load is 19.9uA, the number of phases for this design
is 2, and one ISL73847x Controller.

DRP xVreplV]
(EQ-21) R qpl0] = percent” REF._~, 4 of Controllers
IproOPIHAT XN
) _ 4% x 0.6 _
“Rproop = —2x05__ 4 = 6030

(19.9x 10 %) x 2

A good option for Rprpoop is 603kQ. Use Equation 22 to determine the droop capacitor. The compensation
resistor is 4.22kQ, and the compensation capacitor is 10nF.

_ Recompl1 % CeomplF]

(EQ. 22)
Rproopl[€]

Cproor!F]

3 -9
) _(422x107)x(10x10 7) _
~Cproop = 504 = 69.87nF

A good option for Cprpoop is 82nF.

1.13 Determining the Soft-Start Capacitor and In-Rush Current

Use Equation 23 to determine the soft-start capacitor. The required soft-start time is 1ms, the soft-start current is
10pA and the voltage reference is 0.6V.

_ tggls]xIgg[Al

(EQ. 23) CsslF] V N
REF

—6
) ~0.001x(10x10 7) _
~Cgg = 06 = 16.78nF

A good option for Cgg is 22nF.

Use Equation 23 to calculate the expected soft-start time with this Cgg value.

_(22x10 %)% 06

(EQ. 24) tgsls] —
10 x10
~tgg = 1.32ms

Use Equation 25 to calculate the in-rush current. The output capacitance is 5280pF, the calculated output voltage
is 0.999V, and the duty cycle is 0.0833.

_ DxVoyrlVIxCoyrlF]

(EQ. 25) | [A] =
RUSH tSS[S]
-6
. _ 0.0833 x 0.999 x (6280 x 10 ) _
"IRUSH[A] 0.00132 0.333A
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1.14 Summary of all the Calculated Component Values
* Rgg = 92kQ = 94.2kQ) (value pulled from the EC table)
= R4 =3.327kQ = 3.32kQ, with £0.1% tolerance

= R, =4.99kQ

* Vout = 0.999V

* Rggn =2mQ

= RpL=30.1Q

» Cp_ = 680pF

= Loyt =220nH/phase

* Rgopg = 34.23kQ = 34.8kQ

* Rcowmp = 4.17kQ = 4.22kQ

» Cout = 220uFx*24 = 5280uF (2640uF/phase)

= Ccomp = 9.8nF = 10nF

* Rproop = 604Q = 604Q

* Cproop = 70nF = 82nF

= Cgs=17nF = 22nF

* CpoLE = 330pF

Figure 1 shows an image of the ISL73847x Design Tool (Excel file) that automatically calculates all of these

values for the 2-phase application design.

B c D E F G H 1 ] K L M N 0 P
* Py "
I n e'Sl These cells are inputs
These cells are the output
15L73847x Design Tool (Rev 4.0)
Input Voltage (V) 12 v Use DROOP? Yes
Output Voltage Vour) 1 il Target AVour With DROOP (DRPy.reen) 4 * 15.73847SEH, 15L738475LH and ISLT384TM, The rumbers produced by this tocl are 3
Max Load Current (loumuag) 50 A Output Load Step (Alour) 25 A
Switching Frequency (fa) 500 kHz Target AVoyr During Load Transient (tran .cen) 2 % their
Oscillator Frequency (fosc= 2#fsw) 1,000 kHz
Software License Agreement
Number of Phases (n) 2 Recommended DROOP Resistance per Controller (Rosoor) 603 2} i b Ine. the "Company)is
N tended 1, the C foruse solel;
Number of Controllers 1 Selected DROOP Resistor per Controller (Roncor) 603 a i s, e
Duty cycle (d) 8.333 % DROOP Capacitor (Copooe) 78.77 nE Su‘pplwel, a'rvd is protected under applicable copyight laws. Alliights are reserved. iny use in
vielatior o i imi
Max ON Time (tox) 166.667  |ns ble laws, as wel breach cf the deond this
Max OFF Time (toss) 1833333 |ns Load-Line Output Impedance (Ry) 0.799 mo ficenze.
ON/OFF Time Problem? Mo Recommended Compensation Resistor (Rone) 2.669 @ THIS SOFTWARE 1S PROVIDED IN A “AS 15" CONDITION NOWARRANTIES, WHETHER
- - " " EXPRESS, IMPLIED OR STATUTORY, INCLUDIMNG, BUT MOT LIMITED TO, IMPLIED
Switching Frequency Problem? (250kHz < fgy < 1,500kHz) No Selected Compensation Resistor (Reoue) 4.75 k WARRANTIES OF MERCHANTABILITY ANDIFITNESS FOR A PARTICULAR PURFOSE
APPLY TO THIS SOFT'W/ARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE
LIABLE FOR SPECIAL, INCIDENTAL OR CONSECQIUENTIAL DAMAGES, FOR ARY REASON
Use External Clock on SYNC- (fosc-15%]? No Recommended Crossover Frequency (fr=fyu/10) 50.00 kHz \WHATSOEVER:
Frequency Select Resistor (Rs) 94.2 ko Minimum Output Capacitance (Cousum) 405155  |pF
Bottom Output Feedback Resistor (R;) 4.99 k0 Qutput Capacitance (Cour) 5,280.00 WF iew COUT Network Design Tab
Top Feedback Resistor (R:) 3.327 ka Crossover Frequency (f:) 38.4 kHz
Selected Top Feedback Resistor (Ry) 3.32 ka Bulk Capacitor ESR (ESRio) 0.25 mo iew COUT Network Design Tab
Calculated Output Voltage (Vour) 0.959 v Bulk Output COUT/ESR Zero Frequency (f,) 12057 kHz
Recommended Pole Capacitor (Crov) 277.89 pF
[output fo, on SYNC0 pin? 100k0 SYNC-Otovee |
|output fse of fosc on SYNC-0 pin? 100k0 SYNC-Oto GND_| Recommended Zero Frequency (f=f:/10) 3.84 kHz
Recommended Compensation Capacitor (Ccoms) 8.73 nF
Recommended Current Sense Resistor (R} 2 ma Selected Compensation Capacitor (Ccome) 10 nF
Selected Current Sense Resistor (Rsu) 2 ma Zero Frequency (f,) 335 kHz
Rscy Power Dissipation @ OCP1 (Prsc) 2.813 w
Target In-rush Current (lgusa) 0.333 A
[Target Ripple Current (Al 30 [s6 | Recommended Soft-Start Capacitor Cs) 22.00 nF
|Recommended Inductor Value (Lyc) 20446 |H | Soft-Start Time (ts) 132 ms
Selected Inductor Value (L) 220 nH Selected Soft-Start Capacitor (Cs) 2 nF
Inductor (Lsa) Ripple Current (A1) 33.33 % In-rush Current (los.) 0.333 A
Inductor (Lsc.) Ripple Current per phase (Al phae)) 8.333 A Soft-Start Time (ts) 1.32 ms
Slope Resistor (Raore) 34.23 ko
Slope Resistor Problem? (25kQ < Rgpc < 100kQ) No

Main DS Parameters COUT Network Design

CIN Network Design

Capacitor Impedance | Common Resistor Values

Common Capacitor Values

Figure 1. Automatic Design Results for a 2-Phase ISL73847 Application Design
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2. Conclusion

An Excel ISL73847x Design Tool that automatically calculates all the values derived in this document and more is
available. However, it is beneficial to know how they were derived and to hand calculate some of the values.

3. Revision History

Revision Date Description
Added Determining the Current-Sense Filter section.
1.02 Jun 5, 2025 )
Minor text updates throughout.
Updated gpmga) value from 3.57 to 4 throughout.
1.01 Dec 8, 2023 Updated Equations 11, 12, 13, 14, 16, and 18.
Updated Summary of all the Calculated Component Values.
1.00 Nov 15, 2023 | Initial release.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.
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