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LTpowerPlanner-
System Level Power Architecture Design Tool

AT LTpowerPlanner Il 3.6.8 [ADI] - [example_PD.ltp3]
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LTpowerPlanner-
System Level Power Architecture Design Tool

IVEHE Sle BORE 880 O=EM:® £~ [AE=~ MGl =] 0] &

o LT8642S (3

12V 3.16A
[

Loss1=042W Eff1=95%

0.8V 104

12V 1.4A

Loss1=042W Eff1=95%

Summary Report Loss2=042W Eff2=95%
Total Pin = 37.89W

Total Pout = 36W

Total Ploss = 1.89W

Total Efficiency = 95%

Total Size = 634.7mm?
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Comparing Different Power Tree Architectures

Load
28 7

Option A

Option B
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Summary Report
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LTpowerPlanner: LTpowerCAD and LTSPICE

Converter
Name: LT8642S Color: E
IC Part # LT8642S Solution Size (x): | 126.1 | mm
Vin Min: 3 \'} Solution Size (y): 1 mm
Vin Max: 18 Vv Solution Height: 1 mm
Frequency: kHz Solution Area: 126.1 | mm 2
Topology: | Buck v Converter Type:| Monolithic v
OQutput 1 | +
Vout: 1.19 \" Vout Min: 0.6 Vv
lout Max: 10 A Vout Max: 18 \
Manually Enter Efficiency v @ Eff Nom: 90 %
O Eff Peak: 95 %
LTPowerCAD File: LT8642S_example.ltpc Clear
. . [ LTspice - [LT86425_example.asc] - a X
LTSpICG File: LT864ZS_exampIe.asc i, File Edit Hierarchy View Simulate Tools Window Help B
. N, A\ U [
i ‘ ) Visual: Presentation v Label SiZ : CADHESSP I T=BQAQAG
P e e e Comments
INTVcc
. Vin BST
vi L 1
EN/UV SwW
12 UL 0.3p
Bias FB
L S
Mode Ve
11k 150p
R1 LT8642S
Output Rail 1 Rt Clkout
Vout? - 1194 v 17.8k
o 2
- Trrss PG
in @ND. 100k
E .tran 1m startup

Ready
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LTpowerCAD: Power Supply Design in 5 Easy Steps

86425 Supply Design Summary

Rail #1 (1.492V) Power Loss Breakdown (Full Load) Project Inf
roject Info:

Steady State :
S Rail # VinM
IntVee i 3 : A ‘ “

Efficiency and Loop :

Ilim

Recommendations and Warnings :

Mode/PLLIN
U1
Run
L7 Power Components Bill Of Materials:  |Export BOV
TKISS R D
LTC3851A

U [1 Jic RTEQ
Freq/PLLFLTR T o CONCRAFT
1
= Control Fet Conduction (0.479W,24.2%)
= Control Fet Turn On (0.056W,2.83%) m@
L et Tul . AR e

Product ~ Schematic Optimize Optimize Design
Selection (warnings, suggest) Efficiency Transient, Loop Summary

Free download @ www.analog.com/LTpowerCAD

TI ©2025 Analog Devices, Inc. All Rights Reserved.
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LTpowerCAD - Supply Design

T TpowerCAD 11 V2.7.6

powerCAD
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LTpowerCAD Il Design Tool V2.7.6

LTpowerCAD®@analog.com
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Product Selection Page

Converter Topology | Buck ©
Converter Type | uModule s

Monolithic: Top and Bottom MOSFET are integrated in the part. ﬁ’_?
uModule: Top and Bottom MOSFET, inductor, and in some cases CIN/COUT are integrated. I

+R/Cs =

Design Options

LTpowerCAD Part Search

earch Options Datasheet Schematic Pin Configuration
TOP VIEW

nverter Specification ptional Features
Converter Topology | Buck - Synchronous

Converter Type  Monolithic v £5
output 1 Run / Enable 0.280H v e og s g
Input Vout1 | 12|V (] Parallel Outputs Vin .28} ouT = > 4 & O
Vinmin. | 108 v Power ‘o foutt | 10/ A [ Silent Switcher / Low EMI [ Keep Search Page Open 2.8V T0 18V Vin SWH—YYY 1.2v 23]
Vinnom | IV I 01 psM g2/ PhBus) ’ 9e O g 10A BiAs
us)
Vinmax. 132 V Supp Y 7 Int, & Ext. C - 10pF EN/UV t INVeg,
O oot = P LT86425 47pF 100K e
#Outputs [ one ~ P Ve PF S Ve
Max. Paralleled 1 Controller [J MP Temp. Grade Find Part (####) L 220|JF v
[] Ext. Clock RT FB s — 0
Enter Fsw. Recommended 150pF 9 x2 Vix
] Output Tracking <
Frequency Fsw. kHz 217.8k GND
] Remote Sensing >
e g [ e SRS — P
" sw = iz — LOFN PACKAGE
Search Parts g A"'°’_"°“" 24-LEAD (4mm x 4mm x 0.94mm)
] Margining JEDEC BOARD: 84 = 38°C/W, 0,c(pAp) = 7°C/W (NOTE 3)
@ Isolated o 'DEMO BOARD: 6,4 = 24°CW
< >
IM Converters LDOs Protection Controllers Switch-Cap Converters \
fsearch For Parts Search For Solutions \
() Design Tool (Click to Open)
P ) 1 1 @rart# (®) Topology @ Type (®) pescription (R Tot. IC Pkg. Area (mm2) (2 Year Released Product Weblink () Part Isw Max. () (A) Total Eff. @ 500kHz or min. (%) (%) Total Eff. @ 2MHz ormax. (%) (A) Part Tj-Ta (C) [1st Order] (&) Part # Outputs  (2) Part # Phases (2 Part Min. Vin (V)  (#) Part Max. Vin (v) (2 Part Min

LT86425 Monolithic 18V, 10A Sync Step-Down Silent Switcher 2

LT8627SP Monolithic 18V, 16A Sync Step-Down Silent Switcher with Ultra Low Noise

LTC7151S Monolithic  20VIN, 15A Synchronous Step-Down Regulator

LT86385 Monolithic 42V, 10A Sync Step-Down Silent Switcher 2

@ Monolithic 42V, 15A Sync Step-Down Silent Switcher 2
@ LTC71505 Monolithic | 20VIN, 20A Synchronous Step-Down Regulator 0
a7170 Buck Monolithic 20 A, 16V, Single Phase, Silent Switcher Step-Down Regulator with |14 2024 20 94.58 88.32 24.46 1 1 29 16 04
ﬁg; @ Digital Power System Management @
TN Buck Monolithic | 20 A, 16 V, Single Phase, Silent Switcher Step-Down Regulator with | 14 2024 20 9427 88.05 2536 1 1 29 16 04
ﬁ‘ @ Digital Power System Management @

13  ©2025 Analog Devices, Inc. All Rights Reserved.
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LT8642S Silent Switcher 2 Step Down Reqgulator

vV 0.28pH Vour
o+ Vin 1.2V
2.8V TO 18V | | 10A
10pF EN/UV
L 1k
= —MWWA—]\y  LT8642S
220F
—_— RT
150pF —— x2
17.8k GND
86425 TAD1a
few = 2MHz —

DC2560A: 18V, 10A Evaluation Kit featuring the LT8642S Silent Switcher 2 step down
requlator

Evaluation Kits

DC2560A

18V, 10A Synchronous Step-Down Silent Switcher 2

w" LTpowerAnalyzer

EVAL-LTPA-KIT | Low-cost, High Performance, Compact Laboratory Tool for
Evaluating and Characterizing Power Supply Designs

14 ©2025 Analog Devices, Inc. All Rights Reserved.

Silent Switcher
-High efficiency
-High frequency
-Low EMI

Silent Switcher 2
-Lower EMI
-Decrease PCB layout sensitivity
-Smaller solution size

Silent Switcher 3
-Ultralow LF Noise (0.1to 100kHz)
-Ultrafast Transient Response



https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/dc2560a.html
https://www.analog.com/en/products/lt8642s.html
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LTpowerCAD: Power Supply Design in 5 Easy Steps

Rail #1 (1.492V) Power Loss Breakdown (Full Load)

IntVee
Ilim

Mode/PLLIN
U1
Run

Ly

~ C3613 Buck
l- TK/SS
LT7170-1 Buck . LTC3851A

co L}

0|

= Control Fet Conduction (0.479W,24.2%)
= Control Fet Turn On (0.056W,2.83%)

Product
Selection

Optimize
Efficiency

Schematic
(warnings, suggest)

Free download @ www.analog.com/LTpowerCAD

Optimize
Transient, Loop

15 ©2025 Analog Devices, Inc. All Rights Reserved.

86425 Supply Design Summary

Project Info:

Steady State :

Rail # n Mir

Vin M Vin Nom
e[

Efficiency and Loop :

Design
Summary


http://www.analog.com/LTpowerCAD

LTpowerCAD Power Stage Desi

Power Stage Design

Loss Estimate & Break Down : Loop Comp. & Load Transient | = Power Design Summary

gn Overview

16
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Key -~ = ) = =
([ Vg @ e O E S B = O (>
M S8 58 \[= L] L [= O L P> TOOL
Calculated : S’ =4 AL .
Part Specs ——————————————— Proi N
MaxVin:| 18]V roject Name:
Min Vin : 28 V
MaxVout:| 18V Date:
Sugg. Maxlout: 10 A . . Designer:
MinSw.Freq.. 200 ke LT8642S - 18V, 10A Synchronous Step-down Silent Switcher 2 gner:
Max Sw. Freq.: 3000/ kHz
Design Specs
Vinmin: 108 v
Vin nom : 12 v
Vinmax:| 132/v Inductor
Switching Freq:| 201 kHz [ \ Desired iL Ripple 50 %
T 25 °C i I
- :t Cin Total IRMS  2.993 A Sug. L1 107 uH
ax. Height : mm Cin Total PLoss  0.043 W 1 1M
Output Rail 1 U1
Vout1:| 1.194 Vv VI N VI N 1 \'INZ DCR  255mQ
\ fout1:| 10 A ) | Input Bulk Input Ceramic _ . MFR.  COILCRAFT  * A 10-100% inductor gerefe
Cin B |—— MFR. MFR. wurtH CinC1’ CinC2 Part # XAL7070-102 ripple relative to
I Part# Part# 88501210701 suggested max glirrent rating is
C Nom uF C Nom 22 uF Desired AiL/(IC lout Max) 53% recommended fb ensure Output Voltage
| s ) ) )
= c oF ¢ BEGr GND1 GND2 iL Peat @ nom Vin 12675A adequate curreft sense signal. Vout Pkrog:(. 1.194V
ESR ma ESR 483 mQ — iLPeak @ min Vin 1264 A Vout Ripple (pk-pk) 14.664 mV
K 4 Cap #Cap ; [7 L1 AVoripple/Vo +/- 0614 %
) SW —— Y AN—e ! ! —
______¥Y¥V_ .
Duty & Ton Sw. Freq. Oygput Ceramic CoC outputBulk CoB
) il 508 .
Vout Duty 9.95%  Desired Fsw 200 kHz RT BIAS % Vbias sV MFR. MURATA . MFR. h :
Ton @ Vin Max 450 ns Rosc Sug. 226 kQ . Part# GRM31CR60C e Part# e
(For Vout>3.3V, tie BIAS to Vo)
Toff @ Vin Min ~ 4425.1ns Rosc 226 kQ — Rosc CNom 220 pF C Nom WF
Act. Fsw 201 kHz C 177.35uF - C WF -
** When Ton min. or Toff min. is violated \ ESR 32mQ ESR mQ
the LT8642S will begin skipping cycles ) FB Feedback Rt ‘ ESL  001nH ESL nH
# Cap 2 # Cap
Sug.Rt  100kQ cfft
Compensation Cth1 Rth1 VC\ Rt 100 kQ \
1 cff F
Rth  681kQ GND p
Cth 2700 pF | | Cthp1 Sug.Rb  100k2  Rhb{ Cfitd
Cthp. 110 pF 11 Rb 100 kQ Parallel Operation (Opt.)
) ) Cflt pF # Paralleled Phases 1
See Loop Comp & Load Transient Tab For Details lout / Phase 10A

ANALOG
DEVICES
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LTpowerCAD Power Stage Design Overview

Inductor
Desired AiL/IC lout Mazx) A0 95
A2eLl _O23pH

Part#

iL Ripple % (R %

iLPeak | 5.221[A
iL Valley @ 0A, Vin Max (CCM) | -0.315 A

Strong Warning

Enter Inductance close to suggested value.
Then search for an inductor (inside LTpowerCAD or on

vendor website)

17 ©2025 Analog Devices, Inc. All Rights Reserved.

)

Inductor

Desired AIL/IC lout Max) A0 95
Sug. L 0,73 |uH

e \
L 1|pH |
P e Ly -
DCR 4 mO
Vendaor
Part#
iL Ripple % 29 %
iL Peak | 5,728 A

iL Valley @ 0A, Vin Max (CCM) | -1,038 A

[ “Soft” Warning J

4 )
Warning levels are set by
application experts for

different products.
t O
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Select Inductor (Component Library)

INDUCTOR Library B
Options Search Settings
® Show All O Show Suggested O Show Suggested w/ AC Loss Info Key: Built-in Parts : User Parts : [) Show Only AEC-Q Parts |Clear Search Entries|

* Loss values calculated at Vin nom. and lout max.

All Parts User Parts

() vendor (%) Name (&) L) () LTol(®) @ ockmo) (R 0CRToI%)  (A)15at(a) (A ipec (R iHeat)  (A)TRise() (*) Core () Limm) (=) W(mm) (&) Himm) @vMaxy) (@D TMax(© (R AECG200 (&) Coupling Factor
wurth | |Clear| Clear, Clear, Clear Clear, Clear, (Clear (Clear (Clear (Clear, ear,
WURTH 744340300030  |0.03 15 027 15 44 30 529 40 MnZn 4.1 31 3 125 True
WURTH 744340300055  |0.055 15 027 15 24 30 529 40 MnZn 4.1 31 3 125 True
WURTH 744028000056 | 0.056 30 15 30 6 35 45 40 NiZn 28 28 1.1 125 False
WURTH 744300006 0.06 20 022 10 63 30 808 40 MnZn 8.64 635 45 125 True
WURTH 744029000068 | 0.068 30 105 43 55 35 45 40 NiZn 28 28 135 125 False
WURTH 74431012007  |0.07 15 0.125 10 125 30 843 40 MnZn 10 B 121 125 True
WURTH 74434035007 0.07 20 042 8 17 30 a4 40 MnZn 4.15 31 35 125 True
WURTH 744302007 0.072 20 024 6 60 20 30 50 ManganZn 6.95 68 45 125 False
WURTH 744340300075  |0.075 15 0.27 15 20 30 52.9 40 MnZn 4.1 31 8] 125 True
WURTH 744300008 0.08 20 0.22 10 51 30 8038 40 MnZn 8.64 6.35 45 125 True
WUR 74430820108 |0.1 10 0.114 5 100 30 826 40 MnZn 10.2 82 8.5 125 False
74431012010 |01 15 0.125 10 125 30 843 40 MnZn 10 6 121 125 True
744304010 0.1 20 0.17 7 52 20 26 50 ManganZn 15 18 38 125 False
Inductor Reference C URTH 7443082010 0.1 10 0.18 5 100 30 60 40 MnZn 102 8 8.1 80 125 True
Desired iL Ripple  30% WURTH 744300010 0.1 20 022 10 42 30 808 40 MnZn 8.64 635 45 125 True
Sug. L1 018pH ey EYVEPVEY v aa ana aa an By aca = v aner o Y =
8} 03pH
VIN2 DR 28mn
1 . MFR. | COILCRAFT A 10-1003id r # Parts in Lib 2748
Clncz Part ¢ ‘XEL4030-3011 :Tﬂlr "IN“::“"J & * So far only Wurth and Coilcraft provide AC loss estimations. Comparing AC loss between vendors may not be ac te due to di imiatis hod:
Desired AILAIC lout Max)  18% tn ensure Vendor Search Tools
GND2 iL Peak @ nom Vin 10,6854 e current sense signal. -—
o
= : == Cerak VISHAY. Panasonic muRata Pulse @ sumida
- N v A
—_ INNOVATOR IN ELECTRONICS Electronics
Outpl
BIAS | s sv M
(For Vout> 1.3V, tie BIAS 1o Vo) Parts &
€ hom
c
ESR
FB ESL
Feedback Rt Cff1 reap
Sug Rt 100KD
Rt M00kD
Cif  ATpF

T
- sug.Rb 100k Rbq .
Bome g fow Note* You can add your own inductor manually.

18  ®2025 Analog Devices, Inc. All Rights Reserved. LTpOWQrCAD File: ADIPowerSeminar_LT8642S_Inductor_Feb2025
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LTpowerCAD: Power Supply Design in 5 Easy Steps

86425 Supply Design Summary

Rail #1 (1.492V) Power Loss Breakdown (Full Load) Project Inf
roject Info:

Steady State :
Rail ¢ Vin Mir
| [

IntVee
Efficiency and Loop :

Ilim

Mode/PLLIN
U1
Run
3613 ye 4

TK/ISS

[L7 l,Tl 3613 Buck
H = LT7170-1 Buck LTC3851A
-L 7l F . Freq/PLLFLTR

mas) h

= Control Fet Conduction (0.479W,24.2%)
= Control Fet Turn On (0.056W,2.83%)

Product ~ Schematic Optimize Optimize Design
Selection (warnings, suggest) Efficiency Transient, Loop Summary

Free download @ www.analog.com/LTpowerCAD

19 ©2025 Analog Devices, Inc. All Rights Reserved.
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Design Specs
Vin min : 3\v
Vin nom : 12V
Vin max : 18|V

Sw. Freq: 2022 kHz
Vout:| 1194V

lout : 10/A
Ta: 25/°C
Inductor

L:

Inductor Loss
Tw:| 25 |ec

DCR@Tw:| 28 |mQ
DCRLoss:| 028 |w

AC Loss : w
Total Loss: | 028 |w
Buck
Vin
a
L Vour
9,

vin|  9v

Loss Estimate & Break Down

i Loop Comp. & Load Transient

\E Power Design Summary ‘

Rail Total Power Loss @ Full Load
pin:| 13863 |w
Pout:| 1194 |w
Ploss:| 1923 |w
n:| 8613 %
Cursors
lout A
Eff. %
Ploss w
IC Thermal Estimation @ Full Load
oa:| 24 |cow
(TTa):| 39093 |°C
Tj:| 64093 |°C

20 ©2025 Analog Devices, Inc. All Rights Reserved.
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For CCM Mode On| Wlctor AC Loss Entered by User)

Freeze Plots
Rail #1 (1.194V) Efficiency & Power L4

60 %

Efficiency (%)
u‘
g
®

40 %

Power Loss

204 304 404 504 604 704 504 904
Load Current (A)
[ Logarithmic x-axis [ gport Import | |Clear Imported|

100A

500.0 mwW

Power Loss (W)

Rail #1 (1.194V) Power Loss Breakdown (Full Load)

= Total IC Losses (1.629W,84.84%)
= Inductor DCR (0.281W,14.64%)
= Cin Losses (0.01W,0.52%)
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LTpowerCAD: Power Supply Design in 5 Easy Steps

C3613

[47 l,T. 3613 Buck
. = LT7170-1 Buck
A2 F

i

Product
Selection

21 ©2025 Analog Devices, Inc. All Rights Reserved.

IntVee
Ilim

Mode/PLLIN
U1
Run

L
TKISS
LTC3851A
Freg/PLLFLTR

Schematic
(warnings, suggest)

Free download @ www.analog.com/LTpowerCAD

Rail #1 (1.492V) Power Loss Breakdown (Full Load)

= Control Fet Conduction (0.479W,24.2%)
= Control Fet Turn On (0.056W,2.83%)

Optimize
Efficiency

Optimize
Transient, Loop

86425 Supply Design Summary

Project Info:

Steady State :
Rail ¢ Vin Mir
| [

Efficiency and Loop :

Design
Summary
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LTpowerCAD Loop Comp & Load Transient Overview

T s

=
Loss Estimate & Break Down Loop Comp. & Load Transient Power Design Summary

—
g )ruesign Specs Loop Gain * For CCM Mode Only * Estimation Based On LTpowerCAD Average Model (CCM Mode Only)
3 \:{m min:| 1 : : Fendback Bivider Loop Gain | Feedback | Control To Output | Compensator | Control To Inductor Current | Output 2 Load Transient | Nyquist
< in nom =1
2 “ o M Desired Bandwidth | 20 kiz — — 55
in max 4
3 s proe IR Max. Phase Boost | 19.471| deg = = v "
w. Freq : z ¥ . 2 Zout B Time-Base
Vout. [Ty Phs. Boost Desired 10| deg Rail #1 (1.194V) Loop Gain
ot TG Cifsug 91 pF & - Rail #1 (1.194V) Load Transient
— cff PF E3 £
Ta 25|°C pe—
Cfit Sug 130| pF
Inductor e oF
L 02/uH Desired Phs. Margin 60| deg
DCR: 2.15 mQ
Compensation
CthSug | 1000 pF 0d8
Cout cth 2700 pF g 2048 s 200mv
Bulk Capacitors. 3 s
€ (actual): i RthSug| 681 kQ 3 3
3
ESR: mo ] 408 500‘/
§
EsL: nH Rth 681 ko s ‘i
#: pes 60d8 H v
Cthp Sug 3| pF 3§ 200m
80 dB
Cthp 110 pF -40.0 mv/
Ceramic Capacitors
Cactual): | 177.351| uF ("] Use Suggested Compensation 10048
ESR: 32 mQ (Based On LTpowerCAD Model) 60.0 mV'
ESL: | 001 nH
120 dB
2 pes 80.0mV
100 Hz 1kHz 10 kHz 100 kHz 1MHz
00s 20.0 us 400us 60.0 us 80.0us 100.0 us 120.0 us 140.0 us
Bode Plot . s st Time (s)
Feedback Network 12
ee avour l Vin = v 200 deg =
lo ) A 1404
Ry of Bandwidth | 19.95 | kHz
Veg Phase Margin 7616 | deg
- o Gain @ fsw/2 |-33.44 | dB 700 deg
It
¢ I ain @ -180° dB 120A
I itk |
e HHH“HI il
W ] | AR
COMP/ITH k 0d | AR AR AN
. Low [ 15| A i o il LIt A
I I 111 ‘”\H"HH\HH‘\IIHU ‘HH
ast| 10 Aps L
Ry e AVo Target & Response |
Cny TargetTotal AVo + = 3 % P 700deg = |
O g 3 Ra0a I
Target AVoRipple = | 1 | % < 3
AVoRipple + % $ s
g 3 I
Allowed AVoStep + % 200 deg = f
AVoStep + | 664 % 894 \\ \ i | 1|
T - R UMM
i
o (AR
4 leg 40A !
400 deg .
1kHz 10 kHz 100 kHz 1MHz 00s 200 us 40.0 us 60.0 us 80.0us 100.0 us 120.0 us 140.0 us
Frequency (Hz) Time (s)
Import Export | |Clear Imported

22  ©2025 Analog Devices, Inc. All Rights Reserved.



Loop Compensation(and Load Transient)

23 ©2025 Analog Devices,

Loop gain: T\(s)= CV(S)KREF(S)A(S)

Inc. All Rights

Power|Stage G,(s) {----------j-----7

i, feedback

A(s) i

i

Comparator  ~ ITH
Ve

th J_
Compensation Cthp % Error
Network Op-Amp

ref

ANALOG
DEVICES
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Buck Reqgulator: Design of Compensation Network

= High loop DC Gain (by default).

Target #1) Fast Transient Response. (High BW) m
— Loop BW =10%~ 20% fgy
- Ry 6.81 ki
Target #2) Stability. (across operating range) c. 10 pF
— PM >45 degree. (>60 degree preferred.) Crip 2700  pF
— GM < -10dB Cer none pF

Target #3) Attenuate switching noises.
— Gain @ fg,,/2 <-8dB.

Initial values for LT8642S example
Fsw =1MHz
Inductor = XEL4030-201MEB

Target #4)Meet transient Vpkpk spec.
— AVgy7 < +3%.



Step 1: Set Loop Gain & Load Transient

(" )
1 Gain
~1
ITH/Vc/Comp |*
R
T R ==CT,_IP * fpy
C f NN
I gn'Rmn o freq.
\ N J
* Higher R, increases gain between
Fzland Fp2
* Reduces AV, during load
transients

* Reduces phase margin at
higher frequency

25 ©2025 Analog Devices, Inc. All Rights Reserved.

Rail #1 (1.194V) Loop Gain

Frequency (Hz)
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Step 1: Set Loop Gain & Load Transient

Rth =6.81K to 30.1K
CTH =2700pF and CTHP = 110pF

Stability = = = = = = = Effects of
Metric . . . . increasing Rth

ANALOG
DEVICES

Rail #1 (1.194V) Loop Gain

Bandwidth -

(kHz) -

Phase Margin s S e

(Deg) e Rth=6.81K to 30.1K

Gain@fSW/2 -33.46  -33.08  -32.88 -32.81  -32.78  -32.76  -32.74  DecreasesMargin el i

(dB) iy

Gain Margin -33.46 -31.05 -28.91 -28.8 -26.92 -26.88  -26.86  Decreases Margin ! R

(dB) T
D LOOp BW:10%~ 200/0 fSW D AVOUT<i3O/O EI PM > 600 \/ GM <-10dB ‘/ Gain@fsw/2<-8dB

26  ©2025 Analog Devices, Inc. All Rights Reserved.



Step 2: HF Gain Attenuation(C+,p)

* Higher C;yp reduces HF gain, improve HF noise immunity
* Lower C;yp may increases transient AV ¢
* fp, movesto a higher frequency and will affect PM and GM
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a
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a
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Rail #1 (1.194V) Loop Gain

10 kHz
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Cryp = 4.70F
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Step 2: HF Gain Attenuation (C;,p) cont.

CTHP: 110pF to 4.7pF
RTH=30.1Kand CTH =2700pF

Stability CTHP= CTHP= CTHP= Effects decreasing CTHP

Metric 1OpF 47pF 22pF

Bandwidth 56.3 56.23 70.79 79.43 79.43 89.13 Increases

(kHz)

Phase Margin 51.22 63.3 74.64 82.87 85.69 Increases Margin at higher “

(Deg) bandwidth

Gain @ -32.76 -31.98 -26.07 -20.99 -17.3 -15.42 Decreases Margin e, CTHP: 110pF 10 4.7pF

fSWlZ (dB) Rail #1 (1.194V) Load Transient

Gain Margin -26.88 -26.11 -24.01 -20.99 -19.31 -19.48 Decreases Margin )
(dB) g

upled] (V)

AV oy (%) --- 2.99 2.94 2.91 Improves

i Ay ANAAAY
il
o

Time (5)

O Loop BW=10%~20% fq v AVgyr <*3% v" PM>60° v" GM<-10dB v Gain @ fg,/2 <-8dB
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Step 3: Adjust Settling Time

-

Magnitude (dB)

* Lower C;, reduces settling time because of the High Gain in low frequency.
» Potentially reducing Phase Margin if BW is around Fz1
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Cyyy = 2700pF

Cyy = 100pF




Step 3: Adjust Settling Time cont.

CTH: 2700pF to 100pF
RTH=30.1K and CTHP = 4.7pF

Stability

Metric

Bandwidth 89.13 89.13

(kHz)

Phase 85.69 85.45
Margin (Deg)

Gain @ -15.42 -15.42
fSW/2(dB)

Gain Margin -19.48 -19.48
(dB)

AVgyr (%) 2.91 2.85

O Loop BW=10%~20% fg
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CTH= Effects decreasing CTHP
1500pF
89.13 89.13 89.13 No Effect
84.83 73.9 60.79 Decreases
-15.43 =557 -15.75 Slight effect
-19.49 -19.61 -19.76 Slight effect
2.81 2.49 2.33 Improves
v AVgyr <%3% v PM>60°
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Rail #1 (1.194V) Loop Gain

200
N ‘\

3

2

Frequency h2)

CTH: 2700pF to 100pF

Rail #1 (1.194V) Load Transient

[ Zout Based ™! Time-Based

200mv

100mv

Vout[AC Coupled] (V)
3 S
<

S
3
<

200 mv

300 mv

00s 200us 400 us 600 us 800 us 1000 us 1200us 1400 us
Time (s)

v GM<-10dB v Gain @ fg,/2 <-8dB
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Step 4 Optimize the best you can

Repeat Step 1- 3 in any order depending on what is
needed.

« Need more phase in Low frequency? Increase CTH

Need more phase in High Frequency? Decrease CTHP *Bonus: Aim for the top of the “phase peak”
in phase plot for more robust design.
Increase RTH from 30.1K to 45.3K

Need more Gain Margin? Increase CTHP or Decrease RTH

Need more BW? Increase RTH or decrease CTHP

Rail #1 (1.194V) Loop Gain

Itis an iterative process A\

O Loop BW =10%~ 20% fg, 89 13KHz - \

Rail #1 (1.194V) Loop Gain

|

300 deg

400deg
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Final Step: Confirm Design Targets

40d8
Compensation
Cth Sug 1000 pF S
Value p=—E
8
- Rth Sug 6.81 kQ § S
s
CTH 100pF
Rth 453 kQ § -40 dB
Cthp S 3| pF
RTH 453K ™" " =
.
Cthp 4.7 pF 80 dB
C T H P 4 7 F [] Use Suggested Compensation
> p (Based On LTpowerCAD Model) ~100.48,
Bode Plot
Vin 132 v
S P
Bandwidth 1122 | kHz
Phase Margin |66.6 deg 100 deg
Gain @ fsw/2 |-14.1 dB
Gain @ -180° -16.05 ' dB
0deg
Load Step
High 10 A
Low 5A g’ 100 deg
Al/At 10 Alps 3
AVo Target & Response S -
-200 de
Target Total AVo + 3 % &
Target AVoRipple + 1 %
AVoRipple £ | 037 | % -300 deg
Allowed AVoStep + = 263 | %
AVoStep + | 186 | % y
-400
Total Vo + | 223 | % <
500 deg

112KHz

v" Loop BW <=10%~ 20% fg,
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100 Hz

100 Hz

1kHz

1kHz

Rail #1 (1.194V) Loop Gain

<
10 kHz 100 kHz
Frequency (Hz)
®
3
10 kHz 100 kHz
Frequency (Hz)

2.23%

AV gy <+3%

1 MHz

1MHz

v

PM>60°

L Zout Based ! [ime-Based

15.0mv

10.0 mv

50mv

S
S
<

-5.0mv

Vout[AC Coupled] (V)

10.0mv

-15.0mv

-20.0 mV

-25.0mv

140A

120A

100A

lout, iL (A)
®
S
b

6.0A

ANALOG
DEVICES

Rail #1 (1.194V) Load Transient

AR R AR AN RN AR

40.0 us 60.0 us 80.0 us 100.0 us 120.0 us 140.0 us
Time (s)
A AT ARG A
L A
]
I AHAUALAKRRAY
Il e
40.0 us 60.0 us 80.0 us 100.0 us 120.0 us 140.0 us
Time (s)

-16.05dB
v GM<-10dB

-14.1dB

LTpowerCAD File:ADIPowerSeminar_LT8642S_RL1221_Feb2025
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S F B ° * For C§M Mode Only
° Loop Ghin | Feedback | Cohtrol To Output | Compensator | Control To Inductor Current | Output Z
tep A(Opt.): FB Capacitors Sh=
@ Loop Gain
V Feedback Divider Rail #1 (1.7194V) Feedback Divider Network
OUT Desired Bandwidth 20.1 kHz 2 ¥

f _ 1 Max. Phase Boost | 19.471 deg o

z—CFF — 2 5T (RTOP *CFF) Phs. Boost Disirred ;I‘E) dig o

RTO CFF o 22 pF »
f 1 Cflt Sug 110 pF 3
- cfit pF N

P_CFF 'E 3d8
FB — K (s) 2*7-[*(R’['0P| IRBOT)*CFF Desired Phs. Margin 60 deg zg‘

ref 4dB

1 5dB

R Cei+ JP—cFiLT =

Bot FLT 2n(Rrop|IRBOT)*CFILT ‘

Frequency (Hz)

ma
s}

20 deg

* Only add if necessary to provide additional BW and PM
» Set phase boost peak fzgr around fgy,
* Recommended: leave Ci footprints on PCB

S 10deg

ase (deg)

Ph

100 Hz 1kHz 10 kHz 100 kHz 1MHz

Frequency (Hz)
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Feedback Loop

Rail #1 (1.194V) Feedback Divider Network

" »
S0y

Stability Metric ww Effects decreasing CTHP i

Bandwidth (kHz) 89.13

Phase Margin (Deg) 60.79
Gain @ fSW/2(dB) -15.75
Gain Margin (dB) -19.76
AV g7 (%) 2.33

v" Loop BW <=10%~ 20% fg,
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Rail #1 (1.194V) Feedback Divider Network

Magnitude 48)

Phase (deg)

//

141.25
82.4
-9.98
-16.8
2.23

v AV <*3%

Increases

oS

Increases Margin

Decreases Margin

Decreases Margin

Improves

v

Near
FBW

PM>60°

ANALOG

Rail #1 (1.194V) Loop Gain
= o
= S
40 dB
20d8
0ds + + 1= "
g 20d8
3
£
£
E -40 d&
60 dB
-80 dB
100 dB
100 Hz 1 kHz 10 kHz 180 kH] 1 MHz
Frequency (Hz)
200 deg 2
.-? 100 deg
2
2
g
T
-200 deg
300 deg : - A

GM <-10dB v Gain @ fg,/2 <-8dB
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Summary of Compensation Design
1 few
A |
1. Set Bandwidth and Transient Response 1 : fp2
1. Adjust RTH(higher RTH increases BW, decreases PM) l 1
. l
2. Check for transient response target R, -C,, : R, - Cop
2. Check for HF Attenuation : 4
a) Adjust CTHP (higher CTHP improves noise immunity at the expense of BW) |
. . I
3. Set Settling Time RT|-|
' Crvp
1. Adjust CTH (lower CTH reduces settling time at the expense of PM) I
4. Optional: Feedforward Capacitor
1. Checkif phase boost is needed by looking at the PM and transient response to increase to set BW to
5. Close the loop LF (DC) Gain attenuate
1. Go backto Step 1and re-check HF attenuation ‘l’ HF noise
Reduce settle
time Reduce
under/over-

shoot Vi,
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LTpowerCAD: Power Supply Design in 5 Easy Steps

Rail #1 (1.492V) Power Loss Breakdown (Full Load)

IntVee
Ilim

Mode/PLLIN
U1

Run

3613 L7

TK/ISS

[L7 l,Tl 3613 Buck
H = LT7170-1 Buck LTC3851A
-L 7l F . Freq/PLLFLTR

mas) h

= Control Fet Conduction (0.479W,24.2%)
= Control Fet Turn On (0.056W,2.83%)

Product ~ Schematic Optimize Optimize Design
Selection (warnings, suggest) Efficiency Transient, Loop Summary

Free download @ www.analog.com/LTpowerCAD
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Design Summary

LT8642S Supply Design Summary
Project Info: LT86425/DC2560, 3/2018
Design Specifications

ANALOG
DEVICES

LA,

Steady State :
Rail # Vin Min. Vin Nom. Vin Max. Fsw Vo AVo AVo% lo Max AiLp-p AiL% iLpk Duty Ton min. Toff min.
1 | |3v |1zv |18V |2022kHz | |1.19v |4.35 mv |0.18% | |10A |1.77A |18% |10.89A | |9.95% 33ns 298 ns
Efficiency and Loop :
Rail # Vo lomax Eff @lomax  PLoss@lomax Loop BW Loop PM Step Low Step High Step Slew AVo@Step  AVo@Step %
1 |1.19v |10A |85.05% |2.1 w | |79.43 kHz |67.03 deg | |5A |10A |1o Alps |24 mv |+/-2.01 % |

Recommendations and Warnings :

Message
Power Components
Power Components Bill Of Materials : Export BOM
Ref. Des. Value Quantity Description  Mfr. Name Mfr. Part # Pkg. (Imperial) L(mm) W(mm) H(mm) User Note
u1 1 IC LINEAR TECH | LT8642S 4 4 0.94
Lo1 0.3uH 1 IND COILCRAFT [ XEL4030-301MEB 43 43 3.2
Cinb1 22uF 1 CAP MURATA GRM32ER71E226KE15 1210 v 3.2 25 2.7
Cinc1 Cinc2 10pF 2 CAP MURATA GRM188R61E106MA73 0603 v |16 0.8 1
Coc1 Coc2 220pF 2 CAP MURATA GRM31CR60G227ME11 1206 v (32 1.6 19

Power Components Footprint :

# Components 7
Max. Height 3.2 mm
Component Clearance (d) 1.5 mm
95.8 mmA2

* Power Components Area (Excludes ICs) X
0.148 inA2
126.1 mmA2

* Power Components Area (Includes ICs) .
0.195 inA2
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Toolbox

LTpowerCAD Design Toolbox

Copyright ©@ 2021, Analog Devices Inc. All rights reserved.

Tool Winn

LTpowerCAD Il Quick Start Guide

User Guide for LTpowerCAD Il

LTpowerPlanner 1l Quick Start Guide

User Guide for L TpowerPlanner Ill New Features

LTpowerAnalyzer Quick Start Guide for LTpowerCAD Intraduction Guide for LTpowerAnalyzer features for LTpowerCAD

LTpowerAnalyzer

A Powerful Portable Power Supply Analyzer Lab Tool (by Bob Reay)

Ideal Diode MOSFET Calculator

ldeal Diode Controller MOSFET Calculator for LTC435x & [TC437x \

Resistor Divider

Excel tool to select standard resistor values with minimum matching error

Copper R L Calculator

Excel tool for calculating copper trace and via resistance and inductance

UV OV Hysteresis Calculator

Calculator for Adding Hysteresis for Smooth Undervoltage and Qvervoltage Lockout

LTM4650-2 AVP Calculator

Active Voltage Positioning Calculator for LTM4650-2

LTC7106 Design Tool

7-Bit Current DAC with PMBus Interface !

Y @ el

Automotive Products List

Signal Chain Power Configurator Tool User Guide

Automotive Products List (AECQ- 100 Qualified)

The SCP Configurator is an intuitive, easy to use software tool that allows nearly any sig
evaluation. No power supply topology expertise necessary.

J
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Solutions Library

S WA

i
I

- a
. -
u a4
\ /4
Project Name:
Date:
Designer:

LT8642S - 18V, 10A Synchronous Step-down Silent Switcher 2

Solutions Library

 Built-In Solutions

@ Part Name @ Solution Name

‘ Clear

‘ Clear

(®) Vin Min. () (%) Vin Nom. (v)

‘ Clear

@ Vin Max. (V) @ Output Voltages (V) @ Output Currents (A)

‘ Clear

@ Solution Description

Clear ‘ Clear ‘

Clear

New Solution Name : I

|
VI| \re642s |Demo Board DC2560A |3 |12 |18 |voutt = 1.2v J1out1 = 10A [3-18in to 1.2v/108, 2MHz
< >
 User's Solutions
Part Name Solution Name Vin [min] (V) Vin [nom] (V) Vin [max] (V) Rail Voltage(s) (V) Output Currents (A) Description
~Add This Project As A New Solution
I [] Bench Verified Designer Name : |

New Solution Description : I

I [] ADI Internal Only
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Save New Solution

Import Solution

I Overwrite Selected Solution ‘

Cancel / Exit
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Check C,yand Cy7

LT8642S - 18V, 10A Synchronous Step-down Silent Switcher 2

Ut

GND

VIN2

GND2

SW
BIAS

FB

——CinC2

E:

Desired AiL/(IC lout Max)
iL Peak @ nom Vin 1
iL Peak @ min Vin

Inductor
Desired iL Ripple 50 %
Sug. L1 0.21 uH
L1 0.2 uH
1 DCR  215mQ
MFR.  COILCRAFT

Part # XEL4030-201!

54 %
2.683A
1265A

ANALOG
DEVICES

Date:

Designer:

* A 10-100% inductor current
ripple relative to the part's

suggested max current T
recommended to engfffe
adequate current seffse signal.

Output Voltage

Vout Prog.

1194V

0371 %

oYLl (K R, P LI
AVoripple/Vo +/-
- -

~N

VOUT

=>> Vbias 5V

(For Vout>3.3V, tie BIAS to Vo)

Cin Total IRMS 2993 A
?n'r’otal-PLo? mzlﬁ\l
I VIN1
Input Bulk Input Ceramic
CInB' MFR. wurtd CinC1 ™
I Part# Part# 88501210701
C Nom Wk C Nom 22 uF
- uF C 5547 pF GND1
ESR mQ ESR 4.83 mQ
# Cap # Cap 1
Duty & Ton Sw. Freq.
Vout Duty 9.95%  Desired Fsw 1002 kHz RT
Ton @ Vin Max 90 ns Rosc Sug. 412 kO I
Toff @ Vin Min  887.67ns Rosc  412kQ — Rosc
Act. Fsw 1002 kHz
** When Ton min. or Toff min. is violated
the LT8642S will begin skipping cycles
Compensation Cth1 Rth1
i esika M VC
Cth 2700 pF I I Cthp‘l
Cthp 110 pF I I

See Loop Comp & Load Transient Tab For Details
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Feedback Rt1
Sug.Rt 100k
Rt 100 kQ
Cff pF

Sug. Rb 100kQ  Rp1
Rb 100 kQ
Cflt pF

Output Ceramic

CoCl

Output Bulk COBl
MFR. =

MFR. MURATA
Part# GRM31CR60C [ ! Parts# = S
CNom 220 pF C Nom uF
C 177.354F - C WF -
ESR 32mQ ESR mQ
ESL  0.01nH ESL nH
Gff1 Qp 2 #Cap

J

Cfit1

Parallel Operation (Opt.)
# Paralleled Phases
lout / Phase

1
10A
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Capacitor Derating: Tips & Tricks
( . . )
Capacitance Derating: DC vs AC
250.00
LI | TpowerCAD Settings %mn \ 200.00
(Y FouEs 8y : A=-18.5% at 1.2V
Oline. | : SN

Capacitors  MOSFETs  Inductors Resistors Limits (FAE Only) él:ﬂ \ 150.00

Estimate Actual MLCC Capacitance at DC Bias ° a0 S —
gnore ESL Effect on Output Ripple and Transient x ]OOOO
DC EBias[V] 50.00

I ;P23 LCREDGZZTMELL C-DC bias capacitance, 25.0degC, ACO.S5Vrms
OK Exit 0.00
0 1 2 3 4 5
m Derating (uF) Focanstis e \. S copaciiancelurAC y
Derating (uF
ing (uF) Performance characteristic curves obtained from Murata’s Simsurfing Tool.
GRM31CR60G227MEN 177.35 168.51 136.34
GRM21BD70J226ME44 22 21.125 20.65 16.58

*LTpowerCAD uses a 3-point interpolation and does not derate capacitance based on AC voltage or
temperature

*LTpowerCAD only derates when selecting a capacitor from library.

Additional Information:

« Murata: The voltage characteristics of electrostatic capacitance | Murata Manufacturing Articles
* Kemet: Here's What Makes MLCC Dielectrics Different
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https://ds.murata.co.jp/simsurfing/index.html?lcid=en-us&md5=c7f7615417ca7e73ba8304a0d39e9030
https://article.murata.com/en-global/article/voltage-characteristics-of-electrostatic-capacitance
https://www.kemet.com/en/us/technical-resources/heres-what-makes-mlcc-dielectrics-different.html
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