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Designing Integrated FET Regulators Using iSim v3

Descri ption iSim v3 also enables the designer to look at efficiency

graphs and power loss distribution across components.
In addition, it provides the user actual vendor part
numbers which makes creating the Bill of Materials easy
and ready to order.

Intersil's iSim is a simple, highly interactive and
dynamic web-based tool for selecting and simulating
devices from Intersil's broad portfolio. iSim v3, the new
version of iSim, takes this one step further to include

new advanced capabilities for selecting, simulating and This Application Note describes the newly added features
optimizing current and voltage mode controllers with in iSim v3 and how they can reduce design effort and
integrated FETSs. accelerate time-to-market. It takes the reader through

the flexible and highly intuitive user interface which is
designed to make the tool ready-to-use and multiply
1. Enter design goals such as input and output productivity.

specifications, as well as additional features such . L.

as SYNCH capability, Power-On Reset, Digital Accessmg ISIm v3

Control, etc. The iSim v3 tool can be accessed from the Intersil
2. Select part from among recommended devices. homepage under the "Design Resources and Tools"
section, as shown in Figure 1. Currently, this version of
the tool is being offered only for Integrated FET products.

Using iSim v3 is as simple as:

3. Perform a quick AC/Transient Analysis online. Tweak
compensation components and see closed-loop
response change on the fly.
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Application Note 1599

ISim v3 Design Flow Overview

Figure 2 shows the design flow for the iSim v3 simulation
tool with user inputs and responses from the tool.

The tool simplifies and accelerates the entire custom
design by taking the user through a robust step-by-step
process of selecting discrete parts by providing
recommendations based on the user's design goals.
iSim v3 has been designed for use with Intersil current

USER INPUT

and voltage mode controllers with Integrated FETs. The

tool design flow has four main steps:

1. Requirement Specification
2. Advanced Design Section

3. Analysis and Optimization
4. Design Reports Generation

The “Requirement Specification” on page 3 describes

these steps in detail.

TOOL RESPONSE

iSim v3 Input/Output

Select Application

page opens

Enter Input, Output

List of recommended
power ICs with

requirement, additional
features

parametric data

IC design specific page

Select IC to simulate

with further I/O details

Customize Use default

Choose from among
recommended value,

component values component values

Schematic page opens with options
for: Transient/AC Analysis, Efficiency

vendor parts or a custom
value

Simulate AC/Steady State/

& Power Loss, Compensation
Optimization

Transient Analysis, tune
compensation

Generate design report,
BOM

FIGURE 2. iSim v3 DESIGN FLOW
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Requirement Specification Clicking the Search button, as shown in Figure 3, lists all
Intersil Integrated FET parts that satisfy the user

The user may enter Input and Output requirements for ; o .
requirements, as well as useful parametric information.

their design, as well as additional features they may

require, such as SYNCH capability, Power-On-Reset, The user may select parts from the Device column for
Digital Control, etc. The tool also provides the flexibility further analysis and simulation. iSim models are

to enter requirements for multiple output voltages and available for those parts that are highlighted with a
the option to select between switching power supplies or  hyperlink. Links to the datasheet are available for all
LDOs. parts in the list.

Integrated FET

Input Requirements Output Requirements Features
Input Yoltage 10 Gutput 1 Voltage [ 3.3 |V Curent | 600m| A T svNCH Capability
I 2.5 10 I= T Power &n Reset
r 200rm 2.5 = I wigital Contral

52 Search| [ Resst

FIGURE 3. INPUT/OUTPUT REQUIREMENTS SPECIFICATION

Switching Peal

VIN (V) VouT (¥)  10UT (A) Frequency Efficiency
Device Info Description min  max min  max = max Control Type (MHz) (46 BOM Footprint Package(s)
15La%001 E 14 Standard Buck P'WM Regulatar 5.5 2% (i X 1% 1 Voltage Mode 0.3 94 " 12 Ld QFN
F 5 Dual Cutput Controller with 14 Standard Buck = e Ha L : te
1stesio QR SL D 5 25 0.6 22 1 Voltage Mode 1 35 . 24 Ld QFN
= Triple Qutput Controller with 14 Standard Budk . - . . - w1l
1siesor [ [CRR CUEW AT 5 25 0.6 22 1 0.5 35 24 Ld QFN
ISLeson E 2A Standard Buck P'WM Regulator 55 23 06 1% 2 Voltage Mode (-] 24 . 12 Ld QFN
o = 24 Synchronous Buck Regulakor with z i o volts tods 3 Q
ISLES02 E Integrated MOSFETS 4.5 14 0.6 14 2 oltage Mode 95 . 24 Ld QFN
15L8540 E DC/DC Power Switching Regulator 9 40 1.21 35 2 Voltage Mode :L] . 20 Ld HTSSOP
ISLESED E DCADT Power Switching Ragulator 9 &0 1.21 =11 2 Voltage Made 95 " EFTSSOP,Z0 Ld
QFN
zi2105 [ 34 1ntegrated Digital DC- 45 14 054 5.5 3 Digital 92 . 26 Ld QFN
zizice [F 54 Dloital-DC Synchroncus Step-Down DC-DC o 14 g54  u5 3 Digitsl 57 . 36 Ld QFN
Convearber |
FIGURE 4. PARAMETRIC SEARCH RESULTS
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Advanced Design Section design requirements such as inductor ripple and

The [ Custom Design | button brings up the advanced switching frequency and then choose from recommended
design section shown in Figure 5. The user can enter values, vendor parts and user’s own value. The ,
detailed design specifications and choose the circuit recommended values are calculated based on the user’s

component based on the recommended value. The user Input requirements.

can determine the output inductor, output capacitor,
input capacitor or diode based on different parts. Enter

inters;jl isim

I ccorch | <uexin Wang :: Logout

Home | Application | Part Selection Design |

ISL38502 - 2A Synchronous Buck Regulator with Integrated MOSFETs

T — - e R
Win, Mom: :I‘J Current: l:lA
Vin, Max: "

I Custom Design

Note: RECOMMENDED COMPOMNENT VALUES ARE SOLELY SUGGESTED TO ASSIST SOFTWARE USERS. USE OF COMPOMNENT WVALUES THAT ARE OUTSIDE OF THE RECOMMENDED
RAMNGES 15 UNDESIRABLE.

(v 4 Output Inductance .+ Output Capacitance ‘& Ceramic Input Cap ] Bulk Input Cap

Lir? l:l a Woltage Ripple l:l W Woltage Ripple l:l W “oltage Ripple 40.00m | w
Fsw l:l Hz Max Dewiation l:l W Power Dissipation [1g anm | w
Max Load Step l:lA
Select an Inductor Select a Capacitor Select a Capacitor Select a Capacitor

= Use Recommended i~ Use Recommended = Use Recommended e Use Recommended
Inductance 24.57uH Capacitance 10.48uF Capacitance 14.74uF Capacitance 1.621uF
IP=ak &30, 0mA ESR 183, 3msz ESR 1.364ms52

RMS Current 252.1mA

= Use Vendor Part i~ Use Yendor Part = Use Vendor Part ¢~ Use VYendor Part
Part Lookup
~ Use Your Own ¢ Use Your Own ¢~ Use Your Own ~ Use Your Own
[24 57u ] [1045u ] [14 740 ] 1.621u
[eoor ] e
282.1m
[ Design

FIGURE 5. ADVANCED DESIGN SECTION
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Vendor part selection is for users to look up parts from a
vendor database (DigiKey in this case). The part lookup
icon brings up the vendor part selection interface shown
in Figure 6. The recommended values are shown on the
top as reference. User can specify the limitations of the
component values by tweaking the scroll bar or clicking
the pencil icon on the left and entering the desired limits
manually. User can also choose the manufacturer and
tolerance. Click "APPLY FILTERS" and only the parts
within the range will be shown in the list below. The
applied limitations will be displayed (see Figure 6) by
clicking "View Applied". User can also reset the
limitations to default settings by clicking "Reset" or clear
all limitations by clicking "Clear All*.

¥Yalues used in part lookup:

Once the user selects the component, click “=»" icon next
to the DigiKey part number and the browser will be
directed back to the set-up page. The part number and
component parameters will be displayed under the

[E] Part Lookup ICON, @s shown in Figure 7.

The component value can be entered in “Use Your Own”
section when the user already has the component. Once
the component has been selected, click | continue | and
the user will be directed to next stage. After completing
the setup, click [ Design | and the tool will generate the
design schematic.

RefDes: LOUT
RECOMMENDED @—nd: 24.57uH
VALUE IRating: 690.0mA
[ select C Filters

Inductance (H) DCR {Ohm) Current (A) Manufacturer
=

& o | 40.00hm & o (4154 =
' n I~ ToK Corporation (44) r
& 54.3ul .
ADJUST/EDIT VALUE @&— o & [a300m # 621mA I~ wyurth Electronics Inc (843 r
—
-
# [ 430udhm E 10% (9)
< I I}
APPLY FILTERS Filters: View Applied | Reset | Clear all
Select Digikey Part Number Part Number Descripti Inductance Current DCR Packaging -
SELECT PART @——— =  445-1678-ND PCA14.5/6ER-U035002 TDK Corporation INDUCTOR/XFRMR Z1.6UH MULTIWIND 2.16E-05 1 0.1103  Bulk
“  445-1688-ND PCAISEFD- TDK Corp: INDUCTOR/XFRMR 22.3UH MULTIWIND  2.33E-05  1.07  0.07767 Bulk
LINK TO ® = 435-1698-ND PCAZOEFD- TDK Corp: INDUCTOR/XFRMR 22.3UH MULTIWIND  2.23E-05 1.6 0.0475 Bulk
445-1081-1-ND SLF10145T-220M1R9-PF  TDK Corporation INDUCTOR SHIELD PWR 22UH 10145 2.2E-05 1.9 0.0591 CutTape (CT)
PRODUCT PAGE 445-1981-2-ND SLF10145T-220M1R9-PF  TDK Corporation INDUCTOR SHIELD PWR 22UH 10145 2.2E-05 1.9 0.0591 Tape & Reel (TR}

SLFG6028T-220MR77-PF
SLFG028T-220MR77-PF

445-1992-1-ND
445-1992-2-ND
445-2002-1-ND
445-2002-2-ND

TDK Corporation
TDK Corporation
SLFF032T-220MRO6-2-PF TDK Corporation
SLFFO32T-2 2-PF TDK Corporati

INDUCTOR SHIELD PWR 22UH 6028
INDUCTOR SHIELD PWR 22UH 6028
INDUCTOR SHIELD PWR 22UH 7032

2.2E-05 0.77  0.104  CutTape (CT)
2.2E-05 0.77  0.104 Tape & Reel (TR}
2.2E-05 0.96  0.11 Cut Tape (CT)

445-2019-1-ND
445-2019-2-ND

SLFF045T-220MRO0-PF
SLFF045T-2;

thdddddd

TDK Corporation

INDUCTOR SHIELD PWR 22UH 7032
INDUCTOR SHIELD PWR 22UH 7045

2.2E-05 096 0.11 Tape & Reel (TR)
2.2E-05 0.0 0.061  CutTape (CT)

TDK Corp:

INDUCTOR SHIELD PWR 22UH 7045 2.2E-05 [X] 0.061 Tape & Reel (TR) ﬂ

FIGURE 6. VENDOR PART SELECTION INTERFACE

DESIGN CRITERIA @&— Lir? 30 *

-~
USE RECOMMENDED @&——

PART INFORMATION @——

~
USE YOUR OWN @&——

Output Inductance

Fsw 500k Hz

Select an Inductor

Use Recommended

* Use Vendor Part
Part Lookup

PCAZOEFD-UD3S003
Inductance 22,30uH
DR, 47, 50ms
IR ating 1.6004

Use Your Own

[3 Continue

FIGURE 7. PART SELECTION INTERFACE
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Home | Application | Part Selection |

Setup

EDIT LOAD &——

BOM | Design Summary |

ek

ISL8502 [B Download Schematic | |[E] Device Info | |{=] Buy
CIRCUIT SCHEMATIC o— Configure | |[Z) AC Analysis | |[) Transient Analysis POwERED BY
WebSIM
SIMULATION WAVEFORMS o—. i v
EFFICIENCY CALCULATION @ - E;:; »l lCHFlll Edit LOAD: Current Source |£|
—5mQ 15uF
T 10w T
COMPENSATION TUNING o—. om . Delay Time |4 £
il tama L - Final Current ’ﬁ‘ &
EDIT REQUIREMENTS o——— 3= " cecon -
o . I Rt FGOOD Start Current |z00m A
RPULL v
10.0k 2 EN . Rize Time =000 =
—| 8YNCH BOCT WECOT
T, =13 Il Cancel
Rretes ne = Y F oUT
EhasE T ILOUT ILOAD
] - LouT
I 20.3m £
FVCC 250 H
FEND IDQLS
CF1 €55 W o " ¢ -
TWF T foon F o= cann
[
T — T—o s
== 1
—— . — > IG.0K O
Edit C2: Capacitor % = 402k g{;gk
i : 3gpF P =
EDIT COMPONENTS @ Copacitance [asp |¥ lgﬂ . Vioke G e
P =
| ok Il Cancel | T
SIMLILATI O B
& Y simeus
FIGURE 8. 1SL8502 iSim v3 DESIGN PAGE

Analysis and Optimization

The next stage in the process is the Design Page. This
includes advanced new features for editing the
application schematic, performing AC and Transient
Analysis, Efficiency Calculations, Compensation tuning,
and editing input and output requirements - all in one

simple and easy-to-use interface. Figure 8 illustrates the

Design Page for the ISL8502 as an example.
Transient Analysis

The Transient Analysis can be used to analyze the

circuit’s behavior in response to an output load step. The

3 configure | button is used to set the Simulation Stop

Time and the LOAD can be clicked to set the Delay time,

Final Current, Start Current and Rise Time of the LOAD,
as shown in Figure 8.

Once the settings are configured, click the

[ Transient Analysis | button to start the simulation.
Resulting waveforms can be viewed by clicking the .
tab on the left. Figure 9 shows the I1SL8502 transient
response to the 300mA load step.
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FIGURE 9. TRANSIENT ANALYSIS RESULTS
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AC Analysis

The AC Analysis can be used to view the bode plot of the
small signal response of the circuit in the frequency
domain. The | configure | button can be used to set the
start and stop frequency of the AC Analysis.

Once the settings are configured, click the |[3] AC Analysis
button to start the simulation. Similar to Transient
Analysis, the resulting waveforms can be viewed by
clicking the - tab on the left.

Figure 10 shows the 1SL8502 AC response and also
indicates the Phase Margin and Crossover Frequency.

Efficiency/Power Loss Distribution

iSim v3 enables the user to estimate the efficiency of
their design. The user may click on the tab on the
left to view the efficiency calculation worksheet, as
shown in Figure 11.

The tool also enables the user to study Power Loss across
the primary components of the circuit and also displays
conduction losses and power losses separately. In
addition, the user also has the flexibility to modify circuit
parameters such as switching frequency, output inductor
and capacitor, and view the change in efficiency and
power loss graphs.

WebScope
IF] ) Y| Eepa

@) | Gein (4B | Phase (deq)

50

|
| 0

B ¥ Loop Phase
WV Loop Gain

Freguency (HZ)

1E4 1ES =

Q|
Ql i -200
g
-400
PHASE MARGIN 5 Phase Margin (deg) 67 38
AND CROSSOVER & Foross (Hz) nosEs
FREQUENCY i
100 1E3
F1 F2
bzfioo  Ples

0.9999E6

B ¥ opphase  den 88134 526,113 53T 91E

10322

©B |57.087 -46.133

B ¥ oop Gain

Margin B
Feross || ooses

FIGURE 10. AC ANALYSIS RESULTS

ESTIMATED @ S Rty o1-49%
EFFICIENCY AT lout Estimated Efficiency

Power Loss Distribution

oo B vin(min) o.10 ) Cerdustion
] Losses
90 Bl vin(max)
- Switching
M vintnom) Losses
a0 oog | ||
Fo
E e E oos | ||
- Z
g 50 5
g
S 40 (0,034, 47.9%) E oo4 | |
h= o
i
30
ooz | ||
z0
" | |
0.00
1] Upper Lower Driver  Output Ind.Output CaplDO & Logic
10mA 100mA 14 104 MOSFET  MOSFET DCR ESR
Load Current Converter Component
The settings here will affect the efficiency of the device. As you update the values you will see the changes reflected in the efficiency
and power loss graphs. When you are satisfied with the results, click on 'Apply to Schernatic' to apply the values and wiew the
schematic,
EDIT COMPONENTS @ I S Switching Frequenc
LOUT, DCR [20.3m |e CoUTL, 6o 100 F Faw 1.00MeglHz
LOUT, LI 25u H COUTL, ESR Q
CoUTL, QUANTITY [5.00  |%
2 Reset | [ Apply to Schematic
AN1599.0
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Closed Loop Gain and Phase

CROSSOVER FREQUENCY = 44.7kHz,

A RGN s 7 @ I .. GO

C2=3.9pF

Closed Loop Gain and Phase

Gaia (48]
[

@ CROSSOVER FREQUENCY = 0.1kHz
PHASE MARGIN = 90.3°

Compensation Details..,
I CE O CEN CE I

B, it s

C2 =575pF

FIGURE 12. COMPENSATION TUNING EXAMPLE

Compensation Tuning

The compensation tuning feature on iSim v3 allows the
user to change the values of compensation components
and also view the change in the bode plot to achieve the
desired gain and bandwidth for the system. To tune the
compensation components, click on the 7 tab on the
left.

The slide bars allow the user to intuitively change the
values of the components and then apply them to the
schematic using the |[%J Apply to Schematic button.

Figure 12 illustrates how a change in the value of a
compensation component (C2 in this case) results in a
change in bandwidth and phase margin.

Editing Input, Output Requirements

If the user wishes to change the input and output
requirements for voltage and current, this can be done
using the tab on the left, as shown in Figure 13.
Clicking | pesign | button re-starts the design with the new
requirement specifications.

Win, Min: 9 v Vout, Norm: 3.3 W
Vin, Hern: 10 v Currant: 600m A
Win, Mas: 11 v

[E] Design

FIGURE 13. RE-DESIGN OPTION

Design Reports Generation

Once the user has completed the design, iSim v3 offers
the convenient option to download the following items:

1. BOM: The tool allows the user to view a Bill of
Materials reflecting the design schematic developed
by the user, with actual Manufacturer and Vendor
Part Numbers from Digikey as shown in Figure 14.
It also provides pricing information and the option to

order these parts using the (G554 button. The
Bill of Materials can be viewed using the BOM tab
on the top. The user may download the BOM in
Microsoft Excel format using the_|E Bom | button
under the Design Summary tab on the top.

2. Design Summary: The user may also download a
summary of the entire design including Input,
Output requirements, Schematic and Bill of
Materials using the |~ PDF Download | button under
the Design Summary tab on the top.

3. Schematic for iSim PE: After using iSim to design
the schematic, the user can download the offline
iISim:PE version of the schematic, using the

[F] Download Sehematic | button, to edit schematics, add
or delete components, view waveforms and perform
application analysis on their desktop. iSim:PE is a
complete offline tool and is powered by the
Simplis/Simetrix simulator.

Conclusion

iSim v3 is the new version of Intersil's iSim tool and is
designed specifically for Integrated FET parts. The tool
implements several new features to help designers
quickly select the best components and then simulate
and optimize their design. New features in iSim v3
include efficiency graphs, power loss distribution, bill of
material generation, and dynamic tuning for
compensating closed loop response. The application note
illustrates these features using examples to serve as a
quick manual for designers and prepare them to quickly
evaluate and generate an actual credible design based on
the customer's requirements.
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Ref [ty Digi-Eey Part Kumber Manufacturer Part Mumber

Lid i
ci i
o2 1
(== 1
CEBOOT 1
SEL 1
CHFIN 1
(= 1] 1
SOUTL 1
COUTZ 1
[24-5:] 1
LouT 1
Ri i
R i
RZ 1
RFE 1
RPULL 1
RRET i

Boands

[ELAS0Z IR -TCT-HE
Qa0 CORIKATIAHD

SERLTeARTOACRAHD

2 TZA-H

LT b1 =1-H

LELES0T

GEGF IR FEATIE

EECURCINSMATIY

Tila Fi

£3 Tas

Manufacturer
Inbarail

AE Carparation
AVE Carparatian
AVE Coarparatian
AVE Corparation

AVE Corparation

Murats Blactronice Rorth Amarics

AVE Corparation

AE Corporakion

AV Corparation

AV Corparation

TOH Cosporateon

Wagao

LT

Wiihag B C Compofantd

Tagasd

Vages

Tages

BOM Powered By

Description

I REG SYNC BLUCH 2.5A 240FN

CAD CER BIODF 29V HTR 0402

cAP CER 4.7PF 104 HPYD 0201

Cap CER S400F SOV X7R 0402

CAD CER 10UF 10V KSR 0304

CAR CIR LOUF 10V X7R 0200

CAR CIEL LSUF 25 10 XTR 2320
CAP TANTALLIM 1.30UF 30V 10% SMD
CAP TANT LOWESR 10UF 25V 10% SMO
CaP CER ZIUF §,3V 10% X75 1210
CAR CER. , 10UF 44 10% X5R 0208
INDUCTOR MULTILAYER 1808 1608
RES 14.3HOHM 1/4W 1% METLFLM T/R
RES 3%, 7K OHM 178 1% 0205 SHO
RES 1.1%K OHM 1/8% 1% SMD 1206
RES 576K OHM 1/4%W 1% 1206 SHO
RES MET FILM 100 OkM 3% 1% AX

RES MET FloM 100K OHM 103% 3% ax

FIGURE 14. BILL OF MATERIALS PAGE
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Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time without notice. Accordingly, the
reader is cautioned to verify that the Application Note or Technical Brief is current before proceeding.

For information regarding Intersil Corporation and its products, see www.intersil.com
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