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ISL73847SEH 4-Phase Design Example with Calculations

The purpose of this document is to provide an example of how to calculate supporting components for the
ISL73847SEH 4-phase applications. This document also introduces an Excel design calculator that automatically
calculates all these values.
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ISL73847SEH 4-Phase Design Example with Calculations Application Note

1. 4-Phase Design

1.1 Initial Design Values
List out all the initial design values and any ISL73847SEH required parameters.

- V|N =5V
- VOUT =0.8vV
- VREF =0.6V

* lout(max)= 100A
= n =4 (number of phases)
« fgy = 1000kHz

= Acsa = 8mVimV
* lstep = 50A

* tranpercent = 2%

* Im(EA) = 4MAV
* DRPpercent = 4%
* Iproop = 19.9pA
= tgg=1ms

« lgg = 10pA

1.2 Determining the Frequency Select Resistor
In this 4-phase calculation, use an external 1000kHz clock on SYNC-I. The datasheet recommends setting the
internal oscillator to 85% of the external clock using the Rgg resistor so if the external clock stops, the converter

continues running by switching to the ISL73847SEH internal oscillator. The 15% margin prevents the oscillator
from switching randomly between the external and internal clock. The required internal clock is
85%x1000kHz = 850kHz.

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 have been verified extensively. Use Equation 1 for other frequencies to
calculate Rgg with less than 10%.

56497
(EQ. 1) ReglkQ] = (fsvv[TZ]) —20.96

s = (%0 ) 2090

~Rpg = 45.5kQ

The equation suggests using a 45.5kQ Rgg resistor. A good option is 43.2kQ.

R34ANO0O09EU0100 Rev.1.00

4 om" Page 2
Dec 18, 2023 inters;jl



ISL73847SEH 4-Phase Design Example with Calculations Application Note

1.3 Determining the Output Voltage Feedback Resistors

The required output voltage is 0.8V, 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
_ (08
Ry = (32-1) x4.90k0
"Ry = 1.67kO)

A good option for R, is a 1.67kQ resistor with +0.1% tolerance. Calculating the output voltage with this value gives
an output voltage of 0.801V.

1.4 Determining the Current-Sense Resistor

The target current-sense amplifier input voltage is 50mV, maximum output current is 100A, the number of phases
is four, and the OCP1 sense voltage is 75mV.

V V]xn
(EQ.4)  Rgpy[Q] = VsenlVIxn
louTmax)[A]
R _50x10°x4
SEN 100
.'.RSEN = 2mQ
VoepilVI
(EQ. 5) P (W] = 9CP1- "~
RSEN RSEN[Q]
_32
b _75x10°°
RSEN = — 3
2x10

~PrsgN = 2:8W

R34ANO0O09EU0100 Rev.1.00

4 om" Page 3
Dec 18, 2023 inters;il



ISL73847SEH 4-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 lpHAsE-

(EQ. 6) L (Vin—VoupIVIxDxn

H1 =
rectt kxfgwlHz] x loyrmax)[Al

The input voltage is 5V, the calculated output voltage is 0.801V, the duty cycle is D = 0.8V/5V = 0.16, the output
switching frequency is 1000kHz, the number of phases is 4, the required ripple current (k) is 30% and the max
output current is 100A (4x25A).

_ (5-0.801)x0.16 x4 _

3 90nH
1000 x 10~ x 100

~Lrec
A good option for the inductor is Lgg = 120nH. This value is also close to the recommended value of 100nH. Use
Equation 7 to calculate the actual inductor ripple percentage for the chosen inductor.

(EQ. 7) ripple[%] = (Vin—VoupIVIxDxn

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

=27%

i _ (56-0.801)x0.16 x4
~.ripple 5

(500 x 10%) x 100 x (100 x 10%)

1.6 Determining the Slope Compensation Resistor
Use Equation 8 to calculate the slope compensation resistor. Rggy is 2mQ, Reg is 43.2kQ, Voyr is 0.801V, k is

25kV/s, Lgg is 120nH. If the Rg opg calculated is less than 25kQ), decrease the Lgg| , and vice versa if Rg| opg is
greater than 100kQ.

(EQ.8) Rsiopel®] = Rsen?] Resl€2x VoyrlV]

k x LSEL

-3 3
_2x10 " x43.2x10" x0.801 _ 20.15kQ

25 % 10° x 100 x 102

“RsLopE

The equation suggests a 29.15kQ Rg| opg value, which is between 25kQ and 100kQ. A good option is 30.1kQ.
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1.7 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%%0.801V = 16mV, and Algyt is the
load step which is 50A. With these two known values, use Equation 9 to calculate the equivalent load-line output
impedance Ry .

AV

(EQ.9) R, = _ouTt
Al

ouT

_16x10°°

SR o5 —= 0.32mQ

With the load-line impedance, use Equation 10 to calculate RCOMP, where Vo1 is 0.801V, Rgey is 2mQ, Acgp is
8mV/mV, nis 4, VRer is 0.6V, gm(ea) is 4mS, and Ry is 0.32mQ.

R _ VouTtlVIx RgeN[Q] x AggalmVimV]
COMP "5 VRgp[VIx gpyea) AV xR [Q]

(EQ. 10)

-3
0.801x2x10 " x8
(EQ. 11) Rcomp = = 4.17kQ

2x06x4x10 °x032x10°

A good compensation resistor is a 4.22kQ).

1.8 Determining the Output Capacitance
Use Equation 12 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 = fgw/10 = 1000kHz/10 = 100kHz), Acspa is 8mV/mV, and the calculated output voltage is 0.801V.

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

(EQ. 12)

2x422x10°x4x10 °x 06

3 3 = 5032uF
2nx 100 x 10° x 8 x2x 10 ~ x 0.801

~Coutming =

A good option is paralleling twenty-four 220uF capacitors, or twelve per phase, which gives 5280uF of bulk output
capacitance. Optimizing this value is outside the scope of this paper; however, it is explained in the application
note Selecting Input and Output Capacitors for the ISL73847SEH.

With the actual output capacitor value chosen, recalculate f1 by rearranging Equation 12 to create Equation 13.

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

(EQ.13) f [Hz] =

4%x422x10°x4x10 2% 06
27 x 5280 x 10 0 x 8x 2 x 10 x 0.801

= 95.3kHz

.'.fT[Hz] =
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1.9 Determining the Error-Amplifier Compensation Capacitor

Use Equation 14 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 = 95.3kHz/10 = 9.53kHz), where R¢opp is 4.22kQ.

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

(EQ. 14)
COMP[Q]

1
27 x 9.53 x 10° x 4.22 x 10

“Ccomp = = 3.96nF

A good option for the compensation capacitor is 4.3nF.

1.10 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 15.

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. 15 ESR Q] = /7 ——
( ) TOTALL®] # of capacitors

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

Optimizing this value is outside the scope of this paper; however, it is explained in the application note Selecting
Input and Output Capacitors for the ISL73847SEH.

Lastly, add a pole to the controller loop at the same frequency as the zero formed by the equivalent CoyT and

ESR, using Equation 16.

(EQ. 16) CoutlF1xESRIQ]

Comy c[F] =
POLE
° Rcompl€2]

5280 x 10 °x0.25x 10>
4.22x10°

~CpoLE ~ 313pF

A good option for the pole capacitor is 330pF.

1.11 Determining the Droop Regulation Resistor and Capacitor

Use Equation 17 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 is 19.9uA, the number of phases for this design is 4, and
two ISL73847SEH Controllers.

DRP xV

percent REF[V]

(EQ. 17)
R IprooP[HAT XN

x # of Controllers

proopl] =
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. B 4% x 0.6 B
“Rproop = — 75— x2 = 0.603kQ

(19.9x 10 ) x 4

A good option for Rprgop is 0.604kQ). Use Equation 18 to determine the droop capacitor. The compensation
resistor is 4.22kQ, and the compensation capacitor is 4.3nF.

_ Reompl1 % CeopplF]

ET) Coroopl Rproopl€]

3 -9
. _422x10"x4.3x10 © _
~Cproop = 3 = 30nF
0.604 x 10

A good option for Cprpoop is 30nF.

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

Use Equation 19 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.

(EQ. 19) CsslF] Y N
REF

—6
. _ 0.001x10x10 = _

A good option for Cgg is 22nF.
Use Equation 19 to calculate the expected soft-start time with this Cgg value.

—6
(EQ.20) g [s] = 202210 K 0.6
10x 10"

~tgg = 0.0013s

Use Equation 21 to calculate the in-rush current. The output capacitance is 5280puF, the calculated output voltage
is 0.801V, and the duty cycle is 0.16.

_ DxVoyrlVIxCoyrlF]

(EQ. 21) | [A] =
RUSH tSS[S]
-6
. _ 0.16 x0.801 x 5280 x10 ~ _
"IRUSH[A] 00013 0.513A
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1.13 Summary of all the Calculated Component Values
- Rpg = 45.5kQ = 43.2kQ

L R1
. R2

4.99kQ

= Vout=0.801V

* Rggn =2mQ

= RpL=30.1Q

= Cp = 680pF

= Loyt = 100nH/phase

* RgLope = 29.15kQ = 30.1kQ
* Rcomp = 4.17kQ = 4.22kQ

* Coyt = 220uF %24 = 5280uF (2640pF/phase)
= Ccomp = 3.96nF = 4.3nF
* Rproop = 0.603kQ = 0.604kQ
* Cproop = 30nF

= Cgs=17nF = 22nF
= Cp=330pF

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

values for the 4-phase application design.

1.66kQ = 1.67kQ, with £0.1% tolerance

B © o F G | J 3 L [ H o F
° .
inte r'si I Ewse cells are inpuas
These cells are the output
15L73847x Design Tool (Rev 4.1}
Input Yoltage (V) 5 W Use DROOP? Yes
Output Voltage [V gyr) 08 W Target 8V gyy with DROOP (DRP,,,...) 4 B
Man Load Current ll gurcrazy) 100 A Output Load Step (2l gur) 0 A
Switching Frequency (Fsw) 1000 [k Target 8V gyr During Load Transient (tran,.....| 2 v
Oscillator Frequency (fgsg= 2-Fsy) z000 |kHe
Number of Phases (n) 4 R ded DROOP Resi per Contral 603 o
Number of Controllers 2 Selected DROOP Resistor per Controller (Rgro| 503 a
Duty Cycle (d) BO00 [% DROOP Capacitor (Cgraor) 3008 |oF
Mas ON Time (ton) 60.000 |ns
Maxn OFF Time (tore) 540000 [ne Equivalent Load-Line Output Impedance (R )] 0.320  [m0
ONIOFF Time Problem? Mo Recommended Compensation Resistor (Aggnp| 4157 |k J— y HETHER:
Switching Frequency Problem? [250kHz < fxy [ Seleoted Compensation Resistor (Reone) 422 |ka I ALSS, HPLIED O STATUTORE ICLUD S, BUTHOTLIMITER 0, MPLIED RSzt
SorTHaRE.THE Lo, B URELEFORSFECIAL,
Use External Clock on SYNC- (Fgse-15%17 Ves R ded Ci F (Fy=foyl] 0000 |kHe eiDEHTaL DAAGES, FOR,
Frequency Select Resistor (Res) 455 |\ Minimum Output Capacitance [C gyrgram) 505221 [WF
Bottom Dutput Feedback Resistor [R) 433 |\ Output Capacitance (Cour) 520000 |uF Wiew COUT Netwark Design Tab
Top Feedback Resistor (R,) 1663 |k Crassover Frequency (f;) 353 |kHe
Selected Top Feedback Resistor [R,] 167 |ka Bulk Capacitor ESR Equivalent (ESR rgrad) 025 |mo|Wiew COUT Newark Design Tab
Calculated Dutput Voltage [V gyr) el | Bulk Output COUT/ESR Zero Frequency [F;] 12057 |kHz
Recommended Pole Capacitor (Cpare) 30280 |oF
[Dutput F< on SYNC-O pin? [ 100ka SYME-Ore veC |
|Dutput Fsruca or Fose on SYNC-O pin? | 100ka SYNC-0te GND | Recommended Zero Frequency (fz=f{10] 9.53 kHz
R ded C: ion Capacitor [Cege] 395 |rF
Recommended Current Sense Resistor (R senl] 2 mey Seleoted Compensation Capacitor [C come) 43 nF
Selected Current Sense Resistor (R sen) 2 ma Zera Frequency [f;) 877 |kH:
Aoy Power Dissipation @ OCP1(P ggen) 28l |W
Target In-rush Current (| pysu) 0333 [A
[Target Ripple Current 1al, ) | 30 [ | R ded Soft-Start C. itor [Css) 33.85 oF
|Recommended Inductor Value (L geo) HEEE | Soft-Start Time (tgg) 203 ms
Selected Inductor Value (L see) 100 oH Selected Soft-Start Capacitor (C 55) 22 oF
Inductor (L gg, ) Ripple Current (21;) E-E In-rush Current (lgysn) 053 |a
Inductor (Lge, ) Ripple Current per phase [al,| 6720 |4 Soft-Star Time [tss) 132 ms
Slope Resistor [Rsigre) 2915 |k
Slope Resistor Problem? (25k0 < Ry ope < 1001 Mo

Main DS Parameters

COUT Network Design

CIN MNetwork Design

Capacitor Impedance

Common Resistor Values

Common Capacitor Values Revision History

Figure 1. Automatic Design Results for a 4-Phase ISL73847x 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

1.00 Dec 18, 2023 | Initial release.
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