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Controller vs uModule
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Figure 22. Small Size, Dual Phase 0.9V, 50A Supply, fsy = 400kHz
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Controller Circuit Design : Switching Frequency
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Controller Circuit Design : Inductor Selection
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STANDARD ELECTRICAL SPECIFICATIONS
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+20 % DCR | DCR | RATING SATURATION
AT 100 kHz, | TYP. |MAX.|CURRENT| CURRENT | SRF
0.25V,0A |25°C|25°C| DC TYP. DCTYP. | TYP.
(uH) mQ) [(m)|  (Am (A)@ (MHz)
0.10 27 [ 29 21.0 25.0 266
0.22 4.1 4.5 17.0 13.0 146
0.33 55 | 59 13.0 7.5 108
0.47 71 | 7.7 12.5 8.0 83
1.0 16.8 | 18.1 75 7.0 66
22 34.9 [ 377 5.0 55 41
33 535 | 57.8 4.1 4.7 29
47 753 [ 81.3 3.2 3.0 27
5.6 85.2 | 92.0 3.0 2.2 24
6.8 114.01121.0 2.8 21 21
10.0 169.3[182.8] 2.2 2.0 17
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Controller Circuit Design : Current Sense
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Controller Circuit Design : Loop Stability
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Controller Circuit Design : MOSFET Selection
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Controller Circuit Design : Input & Output Capacitor
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Controller Circuit Design : Soft Start
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Controller Circuit Design : Output Voltage
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To improve the frequency response, a feed-forward ca-
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Controller Circuit Design Simulation Result
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uModule Circuit Operation Sequence
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Figure 12. Relationship Between Oscillator
Frequency and Voltage at the FREQ Pin
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Table 1. Vgg Resistor Table vs Various Qutput Voltages

Vout

0.6V | 1.0V

1.2V

1.5V

1.8V

2.5V

3.3V

5V

Rep

Open | 90.9

60.4k

40.2k

30.2k

19.1k

13.3k
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Input & Output Capacitor

Input Capacitors

The LTM4650A module should be connected to a low
AC-impedance DC source. For the regulator input, two
22F input ceramic capacitors per channel are used for
RMS ripple current. A 47pF to 100pF surface mount alu-
minum electrolytic bulk capacitor can be used for more
input bulk capacitance. This bulk input capacitor is only
needed if the input source impedance is compromised by
long inductive leads, traces or not enough source capaci-
tance. If low impedance power planes are used, then this
bulk capacitor is not needed.

For a buck converter, the switching duty-cycle can be
estimated as:

p - Your
Vin

\Without considering the inductor current ripple, for each
output, the RMS current of the input capacitor can be
estimated as:

louT(mAx) _

D+(1-D
7 (1-0)

leingrms) =
In the above equation, n% is the estimated efficiency of
the power module. The bulk capacitor can be a switcher-
rated electrolytic aluminum capacitor, Polymer capacitor.

PINS NOT USED IN THIS CIRCUIT. CLKOUT,

EXTVge, SW1, W2, Vourss

I:

T 00A
INTVgg
INTV =t
j_cw :: R2
AT 210k
F,- -'E PGOOD
MODE_PLLIN INTVgg PGOOD1
Viv Vourz ] Vour
TEMP Vourt ;\O/A
RUN1 Vourst
RUN2 47p
TRACK1 Vg
T LTM4G50A o RS
COMP1 508
= T0AD
com2 1V AT 50A
ser PGOOD2 = PGOOD
PHASMD =
24
> 75k
SGND  GND  DIFFN  DIFFP  DIFFOUT

Figure 33. LTM4650A 2-Phase, 1V at 50A Design

a6nAR

Qutput Capacitors

The LTM4650A is designed for low output voltage rip-
ple noise and good transient response. The bulk output
capacitors defined as Coyr are chosen with low enough
effective series resistance (ESR) to meet the output volt-
age ripple and transient requirements. Coyr can be a low
ESR tantalum capacitor, the low ESR polymer capacitor
or ceramic capacitor. The typical output capacitance range
for each output is from 300pF to 800yF per output chan-
nel. Additional output filtering may be required by the
system designer, if further reduction of output ripples or
dynamic transient spikes is required. Table 6 shows a
matrix of different output voltages and output capacitors
to minimize the voltage droop and overshoot during a
25% load step. The table optimizes total equivalent ESR
and total bulk capacitance to optimize the transient per-
formance. Stability criteria are considered in the Table 6
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Rail #1 (3.325V) Loop Gain
- o Rail #1 (3.325V) Load Transient
6048 = 1000 mv
i
500mv
Bode Plot e \
0 3 12 K i i
o vin v Foov  (muIEHUMIY ‘ l““““““m»mmn‘lml,u AR AMAY “H““““““ I
e 15 A S W I
Bandwidth | 11.22 | kHz %
$
Phase Margin | 76.86 | deg
Gain @ fsw/2 -8.92 | dB RI. AVo Target & Response
@ 1800 -
Gain @ -180° | 19.63 | dB Target Total AVo + 3 %
Er
Target AVoRipple + 1 %
w020my AVoRipple | 076 | %
oo 1 T e s e - Allowed AVoStep + 224 | % [, P
5 AVoStep + | 211 | %
[ 3004 Total AVo + | 287 | %
10
0deg 2004
100 deg i
H oA wl\”H‘ Il UHHHH REEETTAAAARIAY "‘ HMI “I 'UW\
H 3 [ ‘”\‘H
: i | 1l
-0deg i | i
3. S I’H i i “HH m‘ | ‘UH\‘\‘\‘ i w n”h'l I \‘\
300deg
-100A
-400deg
-200A

« Target Compensation Network
> Bandwidth< § ~ 1io o (= 600kHZ)

o Phase Margin > 45°

> Gain @ <-8dB

o Gain @-180°>10dB
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uModule Artwork Design
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uModule Packge Cross Section

Solder Mask \ /
+ BT Substrate

SnPb (Tin-Lead or
SAC305 (Lead Free))
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uModule Package Evolution

—_—
T

LTMU700Y
Nza4s68180ZMY

pModU‘e

LY LINEAR uModule

L

@ N7903 LT MU636Y 1525MY

LINEAR

pModule

Genb:2022
Gen 4: 2018 Open Frame
Component on Package 1560A in 22mm x 24mm
TR R Gen 3: 2016 125A in 15mm x 22mm 200A in 22mm x 24mm
Component on Package
Gen 2: 2012 40A in 16mm x 16mm

Integrated Heat Sink
26A in 15mm x 15mm

Gen 1: 2006
Standard Mold
10A in 15mm x 15mm

21 ©2026 Analog Devices, Inc. All Rights Reserved.
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Silent Switcher Technology

@ Ultralow EMI &E > 0| = 2|&d Z 4

£2 AN FURUME 52 58

: ) oloa . . Noise Speciral Densi
Silent Switcher X0 2 2 oF H{O|Tj A FHulj A|E{ L& ., Ve Spectal Density
sw = 2MHz (8.5)VRmis)
@ N 5 ot Foar )
pcB B|0|OF= IE & =| &3} g [
= ANALO - i
G 2
Ultralow LF = 0] =(0.1Hz to 100kHz) [ D> [rarraas E v
AL o i3 |
@ —*—-TI—-_.I_ J-I-I'E EI:EI- N 4 Vour =1 lorp =
s i 10 100 1k 10k 100k ™

FREQUENCY (Hz)

HH ALY Y5 By

Silent Switcher’3

SR VXY 0 ok 7 ikl A 22

Silent
Switcher’1
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pModuIe with Silent Switcher

Silent Switcher2| A FI}(10Hz ~ 100kHz) .= O| = & T4t
« IME IAN A LDO Post Filter A2 ] O| & A EXO|X| A S

e 6.25mm x 6.25mm CoP uModule =34
Low Noise

Current Reference
Error Amplifier

Tiny CoP uModule

Silent Switcher

Chip on Package

+

I

Vour
_ v

louT(max)
500mA

LTM4702/4703/4707 J

LT864xS LT3045
Silent Switcher 2 Ultralow Noise LDO 6.25mm x 6.25mm BGA
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LTM4702: 18Vin, 8A Silent Switcher yModule Regulator

FEATURES

24

Complete Solution in <1ecm? (Single-Sided PCB) or

0.5cm? (Dual-Sided PCB)

Low Noise Silent Switcher®3 Architecture
Ultralow EMI Emissions on Any PCB

Ultralow RMS Noise (10Hz to 100kHz): 4pVgyws
Ultralow Spot Noise: 4nV/y/Hz at 10kHz

Input Voltage Range: 2.7V to 18V

Output Voltage Range: 0V to 6V

8A Maximum Continuous Output Current

Fast Minimum Switch On-Time: 15ns
Precision Current Reference: 100pA +0.8% Over
Temperature

Fast Start-Up Capability

Wide Frequency Range: 300kHz to 4MHz
Multiphase Parallel with Current Sharing
Programmable Power Good

Wide Temperature Range: =55°C to 150°C
6.25mm x 6.25mm x 5.02mm BGA Package

©2026 Analog Devices, Inc. All Rights Reserved.
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_T_ ¢—1 VIN
T Of
N

4TUFZ

SET

Vout

o VOUT

VOSNS
PGSET

LTM4702
GND

AGND
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-
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/,/
85
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=== 12V=-3:3V
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8
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220uF x2
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100
Ay
\
10 \ Ay
1 4
Vin=12V Vour =1V #
Cout = 530uF L =150nH 1
RSET =10kQ, CSET =4.7pF 7]
RC =1kQ, CC = 470pF 1
fsw=4MHz
01 LLriinn 1o Lol
10 100 1k 10k 100k
FREQUENCY (Hz)
86255 GO1
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60 | = VERTICAL
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50 -
|

S
=)

w
o

= ™
o o

o

L
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FREQUENCY (MH

LTM4702 DEMO BOARD e M e

NO EMI FILTER

Vi =12V Vour = 1V, lguT = 8A, fgy = 2MHz



ANALOG
DEVICES

Lowest Noise LDO —Recent Technology Innovations

= Discrefe Solution Size = LTMM709 Solution Size
(302mm?) (145mm?)

! TR

Board Level Shielding Package Level Shielding
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L TM8080: Dual-500mA LDO with Switcher & Shield

> s
LTMB080Y
uModule

TYPICAL APPLICATION

Dual 3.3V/500mA from 6V lo 40V Input Noise Spectral Density
—— = 1k
' 7 = — Cser=A47)F
— Tl [ = Cser = 1yF
TVaus - — Cogy = 047yF
INTEGRATED EM Vouts Vour1 100 S Corr=0.0470F
NOISE SHIELD - -
Vin Vin SNEt 500mA =
68V T0 t — | Dot PGER1 ur
vV, L 22]
40v 1F RUN -ll—] ST BUS o =] 10
33.2 = Y e =0
(1.2MHz) RT i < gt A U 5 Viy = 12V
e © 1 |Rger=33.2k
SYM 4 = Vm \3"03L\l;2 Io‘_” = 51000f'2A =
GND Vss2 500mA :30[;7;0 A "
~1 Lbo2 PGFR2 01! . ]
= Vaus 10 100 1% 10k 100k 1M
s SET2 s 104F FREQUENCY (Hz)
e ATUF 332k ———
PINS THAT ARE NOT USED IN THIS CIRCUIT. SS. PG1, PG2 =
Rev. A
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LTM8080: Noise Reduction with Magnetic Shield
(Simulation)

LTM8080EO1 w/o Magnetic Shield LTM8080EO1 w/ Magnetic Shield

B [teslal B [teslal
2. BAEAE-B5 2. BEEAE-AS

. 1.2619E-B85 . 1.2619E-B5
9. 5726E-@6 9. 5726E-B6
7.2616E-B6 7. 2616E-BE
5. SAESE-B6 5. SAESE-B6
4. 17G6E-B6 4. 1786E-B6
3. 1698E-86 3. 1698E-B6
2. 4B4SE-BE 2. 4845E-BE
1.6248E-B6 1. G24@E-BG
1.38537E-B6 1. 3837E-86
1.B496E-86 1.8496E-B6
7.9621E-B7 7.9621E-@87
6.B399E-B7 6.@399E-87
4, 5617E-87 4, 5617E-B7
3. 4756E-B7 3. 4756E-B7
2. 6365E-87 2, G3B0E-B7
2. P2RRE-B7 2. DERRE-BT

-

0 25 5 (mm)

«  Maxwell FEA (Finite Element Analysis) simulation 21}
o Magnetic Shield7} Switcher > LDOE R Y &= AH7|& £O0|=E A ML AlZ
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Package Level Conformal Shielding

Shield CHH| A&

I Vourt

sV
4TF - ypTo 30

(4A PK)

Vourz
33V

UP TO 3A"

(4APK)

ot

Board Level Metal Lid Shielding

Applications: Transmit + TRX Module
Shielding: Stamped Metal Shield
Board real estate: ~301mma2

Total Height: ~1.8mm

Material cost: ~$0.2USD

X-Y Form Factor
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LTM8060F: puModule EMI Shield Advantages

Package Level EMI Shield Advantages vs. Board Level EMI Shield
I} 7| X| 2f| & 2| EMI Shield= 2= 2|2
M A A| Clip&Cage A 30| 22 38HA &0 M= ':._

nModule EMI Shield

SJF
1 | \’//

PP

| 7
CORE
T % v

PP

—

SM

W

Substrate’s L2, L3 are GND planes
Package Level Conformal Shleldmg

Applications: Transmit + TRX Module
Shielding: Conformal Shielding
Board real estate: ~175mm2

Total Height: ~1.2mm

Material cost: ~$0.07USD

42% smaller

>
33% thinner

64% lower

Cost =3
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LTM8060F Near Field Scan and Test Conditions

#¥ Detectus Scanner Software Version: 2.9 = O X

| Donllg] Meas. polnls‘ Meas. EMCI Meas. EMC/Time | View Pre-Scan View Scan |Meas Heall Meas. Heal/Tlmel Calculale! Batch I Help | Conflgl Meas. pomlsl Meas. EMC' Meas. EMC/Time | View Pre-Scan View Scan | Meas. Heall Meas. HeallTlmeI Calculalel Batch ] Help I

EQREG N PQAD | L« Lla |’ 3D Paete:[standard (waves) | ! | Object:[20210729_LT8060_leg0_run01_t v || B3 | @ EQREG X" PQAUD Y| L« s’ 3D Paete:[standard (waves) | @ | Object:[20210729_LT8060_legl_run01_t ~| B3 | @

No Shielding ' Shielding
(LTM8060) va (LTM8060F)

1.0GHz

I Applyto all measurements [ View Limit Line  Adjust limit line level: |0 —3J
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= ™ Detectus Scanner Software Version: 2.9 = O X
Config ] Meas. points | Meas. EMC 1‘ Meas. EMC/Time VYiew Pre-Scan iView Scan ! Meas. Heat : Meas. Heat/Time | Calculate « | » Config ‘ Meas. points ’ Meas. EMC ‘ Meas. EMC/Time View Pre-Scan | View Scan ‘ Meas. Heat | Meas. Heat/Time | Calculate I Batch ‘ Help |
RE xR RIE| [x Q|

Load / Unload active layer 105.0dBuvV Load / Unload active layer

Unload all layers ‘ _ Unload al layers !

— e —em— 95.0dBuV| , i
Active Layer Active Layer
" 20210729_LT8060_legl 20210729_LT8060_legl 178.0dBuv

20210729 _LT8060_legZ 85.0dBuv (" 20210729_LTB060_legz

@ 02 ¢l 158.0dBuV

~ Layer b | ayer b
[ View peaks [™ View peaks
[ View Limit Line ™ View Limit Line
Adjust limit fine level Bdjust limit line lzvel 118.0dBuV
B Al C—
| ~] |0 vl \"a e

98.0dBuV|

78.0dBuv s

45.0dBuwV

35.0dBuwvV
1.0MHz 200.363MHz

e LTM8060F= 1MHz ~ 1GHz T+Z+2| Near-field Electric Field . O| =& 2™ H| A
¢ LTM8060F= 1MHz ~ 1GHz 7 7+2| Near-field Magnetic Field 20| =& CHZE X Z
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LTM8060F Radiated EMI

24Vin, Horizontal iDefauIt demo board with 3A/channel)

A
0.E+00 1.E+08 2E+08 3.E+08 4 E+08 Freqi.:;-ﬂc: . 6.E+08 7.E+08 B.E+08 9.E+08 1.E+09
- LTM8060 LiiH| LTM8060F = AN EMIZE 37| Z2 3t A 2T, £3] 100MHz ~ 500MHz E H Ol A 2 7§ =3} 2ol
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LTM8060F S Probi Noi 100% Red .
cope rroning Noise, o Reduction
Eomes DSO-X 40344, MY57190496, 07.20.2017102615: Thu Jul 01 17:46:03 2021 Kot DSO-X 40344, MY57190496, 07.20.2017102615: Thu Jul 01 17:49:52 2021

B

20/ 500.0ns/ Foo4 13TmY m 100 500.0ns/
H = 2 3 H
16.500m" 70.00ns Stap iy 10B.25mY 70.00ns

'5 4 70GmY m

Stap Favy

?98'5'"\" TAE Cursar 55_ :FSDSMU b i Cursor 55_
[ Manal [ Manial
76.5m ¥y 406m )
-350.000ns -600.000ns
56.5m A2 306m A2
-10.000ns 240.000ns
x4 x4
840.000ns 840.000ns
36-3m 178 aoen Coupled Vsw 178
1.1905MHz 1.1905MHz
16.5n ) Y1 (4):
875 000 133.75mY
Y2 Y2(4):
ey | F92 800 -7.80mY
Y LY
-82 500 -141.28mY
s BYIBX: s BYIBX:
-08 2143k g -168. 155k s
-43.5m —194n
I i
—2.07u -1 .D?Ll{“ _?@ 330n 1.93us —2.07u -1.07u @ —70.0n M2 330n 1.93us
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LTM8060F Efficiency, Loss, Thermal
Efficiency vs Load Current Power Loss vs Load Current
100 12
95 10
90 8
g s
g 85 —12Vin ? 6 —12Vin
2 ——24Vin % ——24Vin
v ———36Vin & ——36Vin
80 4
75 2
70 0
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Load Current (A) Load Current (A)
LTM8060 No Shielding L TM8060F Shielding « 1TM8060F= LTM80601 22 28, M3 &4 HH EM S XY
Thermal
Vin Vout lout Vbias Fsw Runtime
14v 5v 12A None 1.2MHz  ~30mins
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LTM8060F vs. LTM8060 Major Differences
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Size

Height

Package

Electric Field Near Field Noise
Magnetic Field Near Field Noise
External EMI Shield

Efficiency, Thermal, Power Loss

34 ©2026 Analog Devices, Inc. All Rights Reserved.

16mm x 11.9mm

2.9mm

LGA(pre-soldered PSGA micro bump)
0

10dB Lower

No Need

Same as LTM8060

16mm x 11.9mm
3.3mm

BGA

Normal

Normal

Might Need

Normal



ANALOG
DEVICES

Ultra thin: 1.18mm & 1.4mm pModule for Optical Module

LTM4691 Dual 2A

13 REF
COMPONENT FREE AREA
BOTH SIDES
{5 — —— 2201 3"1"“

3, 0.6
f—— — R 03
MIN MAX (2X) l—REF ‘
I

[ T 1.220.1
N ——
T 1
<t'|35°
— 3.720.15 *
1£0.15

521015 8
2X 03 MIN CHAMFER
OR RADIUS 0.6+ 00'5
1£0.,1-
J Trion B-8

0.6£0.05mm
LTM4663 1.5A TEC

1 3mm

9 2.25+0.1mm

<—4mm—>

8.5mm for QSFP
¢ <1.4mm on back side of PC board m us 5mm
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Thinner, Smaller: Embedded Si + Inductor on Top + Overmolded

lastic Mold
Inductor
0.65mm tall inductor inside
icon
A
1.4mm Max . : Substrate

By - L
= wmay

1.3mm

«—4mm—>
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Ultra thin Future: 1.2mm tall

ANALOG
DEVICES LTM4723

Low Vi, Ultrathin Dual 4A or Single 8A Step-Down DC-to-DC uModule Regulator

FEATURES GENERAL DESCRIPTION

» Inputvoltage range: 2.25V to 5.5V . L

> Programmable 0.5V to 3.6V output The LTM4723 is a complete dual 4A OUtpL!t SW|'tch|ng
> Dual 4A or single 8A output current mode step-down dc-to-dc power supply in a tiny _

) 4.25mm % 4.25mm x 1.35mm LGA package. Included in
> +1.5% total output voltage regulation “the package-are th%ﬂtcTng controller, power FETs,
P Current mode control, fast transient inductors, anc 1,20mm -ting components. Operating
» External CLK synchronization IMHz to 3MHz over an input voltage range of 2.25V to 5.5V, the
> 180° out-of-phase operation LTM4723 supports two outputs with a programmable
» Output voltage tracking and soft start output voltage range from 0.5V to 3.6V set by external
P Burst selectable pulse-skipping/Burst Mode/forced resistors. Two outputs can be paralleled for a single 8A

load. Only a few ceramic input and output capacitors
are needed.

continuous mode at light load
Output voltage trackin

v

37 ©2026 Analog Devices, Inc. All Rights Reserved.
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TYPICAL APPLICATION
Vin PV Vourt Vourt
1 —
2.25v 1.2V, 3A
Tosav :l_—WPF LTMA4723 140k —_l_—“vF
- EN1 FB1 -
SSTT 100k
AViy 1
1HF @— MODE/SYNC v,
Vourz ouT1
= $STT2 apr 23
EN2 140k :_E
RT FB2 -
_i_ PV 100k
10pF —
j:__ PoND ~ PINS NOT USED
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A Typical 48V System
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GaN Solution Power Density

LTC3892 (Si MOSFETs) demo board
(48VIN, 12Vout, 15A, 150kHz)

H:18mm

18 mm

- High switching loss

- Low switching frequency
« Bulky inductor!
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LTC7891 (GaN FETs) demo board
(48VIN, 12Vout, 20A, 400kHz)

H:14.5mm

14.5 mm

Lower switching loss

Higher switching frequency
Much smaller inductor!
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Design Challenges/Concerns with Discrete GaN

Assembly: Die on FR4 PCB:
7IAAE A 2ld =X 2 Ots
Underfill 373 2R
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PCB layout requirements:
=2 AN Fi42 QSN2 2 20/0tR /7 £
pcB 7|’ I EHA0f Of 2 BZSHA Ehs

d
Hot Loop B X2 x| A3} 6 Of St= A

Circuit design:
Mot ME I EMO| M2 C|H}O| A Derating

Dead Time % Driver = X|M3} ZQ
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GaN FETs vs. SiMOSFETs in Hard Switching Buck

= Lower switching loss

GaN turn on/off faster
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Higher risk of switching ringing
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Layout Optimization: Minimize ESL in Hot Loop

Decoupling CapacitorS GaN FET HFZ X 0] B X| 2 A.

. MEZO XS A ASISHA.

- ZESHINFOviaE AIEE A.

* AnsysQ3DE A8 FZ s A5 A.
SN
ESL
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%" J Minimize hot loop
~.
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T
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e Gate Driver &I&

e Gate Driver @2

* Ansys Q3DE Af
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zation: Gate Driver Loop Design
S x| A3)8H 74 v V(N002,N004)
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Substrate Power Loss
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80V/20A GaN-Based pModule Regulator (LTM4730)

FEATURES
« Input Voltage Range: 30V to 80V
« Wide Output Voltage Range: 5V to 36V

« Tightly regulated and adjustable Vout
e 97% Efficiency (48VIN, 12VOUT, 20A)

« Scalable: Parallel for higher power

20V to 80V 19V/20A « Current mode control for easy current sharing
VIN " vouT vouT e 13mm x 13mm x 11.7mm BGA Package
__TL_ S __TL_ uFX2L__{RuN EXWoc'—T%wOuF X4
I I ol T APPLICATIONS
cCc
o Telecom, Datacenter, Industrial, and ATE

M MODE FB| . s .
« High-reliability applications
RELLD o « Broad markets
COMPa
FREQ —
75k é COMPb - STATU S
= RS Sample: 02/2026

i GND  PLL/SPREAD *
0.1u x | I o Production: 10/2026
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Package Thermal Verification via lcepak Simulation

LTM Rainier Model
(Trimetric view)

LTM Rainier Model
(Side view)
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Clean Switching Node Waveform

Test under 48Vin, 12Vout@20A, fsw 400kHz

ko DSO-X 40344, Mr55440346, 04.08.2016071800: Wwed Nov 01 16:16:05 202
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LTM4730 Gets High Power Density

=  |TM4730 has X10 power density than Si solution

=  |TM4730 has X3.8 density than discrete GaN solution

Power Density

2500.00

2000.00 " .
2 1500.00 i ;
E E x10 better than © 3.8 better than
;‘g; 1000.00 :'. MOSFETs solution i Discrete GaN solution

500.00 -
Y
0.00 ]

MOSFETs Solution  Discrete GaN solution GaN pModule
(DC2493A) (prototype) (LTM Rainier)
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35 mm

SER2018H-682

LTM Rainier




LTM47350 Gets High Power Efficiency

49 ©2026 Analog Devices, Inc. All Rights Reserved.

98

Efficiency (%)
(o) (o) (o) (o)
D (Op (@)} N

No}
w

o)
N

48Vin, 12Vout Efficiency

LTM4730 (fsw=400kHz)

6

==\ OSFETs Solution _DC2493A

Si solution (fsw=150kHz)

—e—GaN Solution_LTM Rainier

8 10 12
Load Current (A)

14

16

18

20

ANALOG
DEVICES



A Typical 48V System
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48V (54V)

48 -54V g ;s

Bus Converters (48V to 12/5/3.3V): Hybrid Converter
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LTM4660 Hybrid Converter

Switched Capacitor
Q,

Cif Qal Hybrid Converter

vg_ Q,l *
QAE} —Co Vo
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12V, 25A DC/DC pModule Nonisolated Bus Converter

—_ Vin
AUN Vin T 20V TO 60V e e
INTVee Vinsns 10pF ' e
EXT_REF T = BANRS  (.
< < - - PTM?SGO L
<:10k 4;1Dk LTM4660 DEMO CIRCUIT 2879A
<
FAULT FAULT o Cry
PGOOD PGOOD L ;g\l;F
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ANALOG
DEVICES

What is PMBus

52

PMBust M & 22| (Power Management)E ¢
PMBus= SMBUS(System Management BUS)E 2ot AEf =, & 22| 0f
PMBus & 412 2712 M@ M= AHE
o SDA(Serial Data)
o SCL(Serial Clock)
PMBust Z|CH 1MHz2| Interface =& X| R THL| L},
PMBus Data Packet -2
o 7bit address + 1bit Read/Write bit
o 0|2 8bit command Byte(Fdd [ E L3

o 11 5| L} O] A Q| 8bit Data Byte M1

| DATA BYTE 1

le - 2 ;l

S765432107654321076543210.

Master Slave vdd
DATA BYTE 1 ;, DATA BYTEN | OPERATIONAL PEC I
[ - im———— O 2l Data SDA l—¢ l—' : i >

76543210E -------- 76543210076543210pP Clock SCL ,_I ._T_l_l

Read/write bit
ACKOWLEDGE
Start Condition from O “0" =Write . foe STOP Condition from Slave Master

Condition set by the
Host/System 1" = Read ; o y. Host/System
Target slave device.

| ADDRESS BYTE |
<—>~
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PMBus: Less Power Usage and Better Power Control

PMBus= E & Ete2lstl, AZEQO REHE Z0|0H, 2 A|ZHXEF A HO|H =8 7|52 M35t Hj0o|H =& 1 T3 A& 2Z(PUE,
power utilization effectiveness)= 7{f45t=0| ==0| &

PMBus= LSt 22 7|2 NS

53

©2026 Analog Devices, Inc. All Rights Reserved.

Sequence

Turn on managed power suppliesinan order and
with timing defined by the user.

Trim (Servo)and Margin

Servo loop digitally adjusts output voltage to a user-
defined target or setpoint to tight DC accuracy.
Margin-test system by adjusting output voltage.

Monitor Telemetry

Readback voltage, current, power, temperature, status.

Manage Faults

Programmable fault responses protect system, shut
down in orderly fashion, restart automatically if fault is
removed.

Create Fault Log

Black-box recorder, capture events leading up to fault,
stored in NVM.



New PMBus POL Family Preview

LTMA4739
I | 10A
g 90% Eff 12V to 1V/10A
5 mm
6.25x6.25mm
LTM4740
| 15A

5 mm 87% Eff 12V to 1V/15A

6.25x6.25mm

LTM4741

25A

86.5% Eff 12V to 1V/25A
5.4 mm

7.5x7.5mm
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Key Benefits
* PMBus
*  P90(90nm) IC
* High Efficiency (~90%)
* Compact Size (6.25x6.25mm)
e LTM4739, LTM4740 is Common Footprint
TYPICAL APPLICATION
V1O 1‘2\“1‘ m Vi Vour 301k :’\?,U{DA
::E e SENSE* trl__“wouF
—|CLK LTM4739 = =
LTM4742
15x7.5x5.4mm ual OA
Single 40A

86.5% Eff 12V to 1V/40A



uModule vs uSLIC
nModule

LTIMbxxoxxx Integration
A
> farreed
ﬁ Size
0.2A ~ 1000+ A Range
_—‘—__l__wpr
V
NTEGRATEDEMI | Wiy Vour
NOISE SHIELD = 33V
w‘?g _ v = 500mA
40V L1 L I—I FGFB1 Veus
——1F L Run _| SET1 4+ 100F
(1.2MHz) ¢ VY RT j:vv-vr. 4.70F 2 33.2k 1
svmc-l Vourz Vourz
w 3T T =
L | o2 [eer2|
- BUS
LTM8080 ST —1- 10uF

B0 TAD1R

FINS THAT ARE NOT USED IN THIS CIRCUIT. S8, PG1, PG2
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Comparison of Power Solution Size:36Vin/3.3Vout/2A

Total solution area: 209.03 mm2 Total solution area: 142.5 mm2
Power density: 31.57 W/m m? Power density: 46.32 W/m m?
o 4 )
Cljmm N R101 R102
caEai _ L1 31.83% r o
. O ™1 ' total solution
g 5[m '._-,— L area reduction y .
LA IIII'I €
: ﬁr- el | —
L""""’TiEEIR? ) C111 m.UlOllRw|I5
C3imm [mm| |HIC17 e ~N mmC112
R4/|m = m m| R6 0 C114I I-'-Cll3
R3 46.72% AL
) g : : 11.4mm f

13.7mm INncrease |In

Monolithic power IC solution: \_ Power density Y, uSLIC™ power SO/UtIOn
I\/IAX1 /662 MAXM17633
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What is a uSLIC Module?

e USLIC: Micro System Level Integrated Circuit

- TE 1cet AYEH S StLte| 7| X eHofl St 2=

Benefits of uSLIC Modules:

ANALOG
DEVICES

4 N\ 4 )
’ ‘ d Quicker Time To

Smal Solution size High Efficiency Market
\_ /' \_ \_ J
4 N 4 )

O
+ @9 lﬁl uSLIC™ Module

High Power Density Rugged Reduced Eng’g Effort

\_ VAN \_ J

~
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uSLIC Packaging Technology

Multiple Layer Substrate >
Inductor Stacking >
Pick and Place >
Pins on Periphery >

GND ANALOG GNO

O DEVICES O

DEFAULT_EN DEFAULT 1.8V
EXT_EN " DIS

O iy

ol vellalgl BY

. n-s.EE o =il 1.0V
. = H_M1.5Y

‘ MAXM38643A
%'“'5-“ nanoPower
|

| O Buck Module O

{ IN our
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Common Design Challenges

otz Qloff 24 =2H0] Of 2 Mt 2 47

HX2|7] &
> Power Module= At

RO
o

J

A& oHH

=]
=

> 112 = Fully Synchronous Power Module

Ly

o1

8

Hcél-_l_ let

HEA
= O

Voltage Transient/}

)

I = Power Module2 =7}

oS

X|
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uSLIC Usages : Optical Proximity Sensor

PCB Size = 6.5 mm x 30 mm 7y

\ Vineur = 24V (19.2V~30V) SLIC MODULE
: “.”:‘ Voureutr = 5V / 80mA Cj

33V/5V
LIMITING
AMPLIFIER

TRANS-
IMPEDANCE
AMPLIFIER

ADC MICROCONTROLLER 10-LINK® TRANSCEIVER

[T

21 uSLIC™ Module

Device Efficiency Input Powe Power Diss
r ipation
4X more efficient than the LDO MAXM17532 839 482mW 82mwW

LDO 21% 1920mW 1520mW

Ratio: 395% 25% 1/19
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uSLIC Usages : Motor Encoder

Vineut = 24V (19.2v~30v)

Motor inductive ringing ads an extra guard
band requirement to the 7VDC to 36VDC
operating range for the power converter.
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M'ﬂ’ @ MAXM17532

5V/100mA
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INTERFACE

\J

> @ MAXM15462

3.3V/150mA

v
=
>
>
=
S
a
W
N

2.5V/100mA

1.8V/100mA

Yyy Yy

FPGA

BRAKE &

ENCODER SENSORS

Device Efficiency Input Powe Power Diss
r ipation
MAXM15462 85% 583mW 88mW
LDO 54% 917mW 422mW
Ratio: 158% 64% 1/4.8
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uSLIC Usages : ATCA Housekeeping

ATCA BOARD

ﬂ..._ ISOLATED 12V/5A
DC-DC

Y

AMC
] 3.3V/100mA CARD
@ MAXMI15462 -

A MAXM15462 42V/300mA uSLIC power
module would serve this +3.3V requirement
very well while taking very little space, saving * High Efficiency
room for other circuitries.

* Easyto Use

* Flexible Design

* Robust Operation
 Rugged
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uSLIC Usages : Harsh Industrial Environment
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EFFICIENCY (%)

High efficiency ensuring minimal heat output
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uModule & uSLIC Conclusion
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