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Typical Product Development Cycle
with Discrete Power Solutions

2-12 weeks 1-3 weeks 1-3 weeks
Design Iteration (DI)

Industry gg;ncg%megﬁz Schematic anrd
and Layout Fabrication
Standard Procurement .

and Assembly

1 1 1
0 10 Days 18 Weeks
Product Development Time
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Numerous EMI standards o EIRBVEMENSRK AR
Conducted Emissions o EM I El‘] -I'JEJ -\Lﬁ tt?ﬁzgz—]l(

Frequency Quasi-Peak Limit ] Average Limit
(MHz) (dBu] General Radiated Emission
BB S MIAPCBIEBEUR B
- [ ] ==
Classa| 015-05 7 s TR F1E Z R AAPCBIE LA K 1FiE
&  Standard Description uv/m)
al B 0'& EN50081-1 Generic emissions standard for residential, commercial and light 90
ass 4 industrial environments. 150
-| EN50081-2 Generic emissions standard for industrial environment gég
EN55022 Limits and methods of measurement of radio disturbance 100 L
characteristics of information technology equipment 150 Radiative
(Also known as CISPR-22) 200 <
m EN55011 Industrial, scientific and medical (ISM) radio frequency equipment - 500
Radio disturbance characteristics - Limits and methods of
CE101 Conducte measurement
CE102 Conducte (Also known as CISPR-11) I
CE106 Conduct imnibe and mathade Af masciramant nf eadin dickiirhansn . .
onductel ENS5013 1 4 A thnde nf + b endin dickieh Source _é Victim
CS101 Conducte Standard Description
€S103 | Conducte] EN55014-1 EN61000-4-2 Electrostatic Discharge I
E30°Em| Conducte EN61000-4-3 | Radiated Susceptibility Test
5 Conducte] EN55015 EN61000-4-4 Electrical Fast Transient/Burst Test \_QQQJ
CS109 Conducte A-
EN61000-4-5 Surge Test ’ ~
cs114 Conducte] EN61000-3-2 \ - — .
EN61000-4-6 | Conducted Immunity Test ! i | 'nductive —— Capacitive
CS115 Conducte ~ P
CS116 Conducte] EN61000-3-3 EN61000-4-8 Power Frequency Magnetic Test '
RE101 Radiated gy EN61000-4-11 Voltage Dips and Interruptions Test
RE102 Radiated Emissions, Electric Field,| EN61000-6-1 Immunity for residential, commercial and light-industrial
environments —
RE103 Radiated Emissions, Antenna Spur - - - - — _)
RS101 Radiated Susceptibility, Magnetic | EN61000-6-2 Immunity for industrial environments ;
RS103 | Radiated Susceptibility, Electric Fin| EN61547 E::J?rzs‘:;{gr general lighting purposes — EMC immunity Conductive
RS105 Radiated Susceptibility, Transient X P ~ .
EN12016 Electromagnetic compatibility — Product family standard for lifts,
escalators and passenger conveyors — Immunity
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Hardware Partitioning
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VCCINT

Core logic rail and VCCINT_IO
internal memory
VCCBRAM

Virtex/Kintex VMGTAVTT
VCCAUX _
Auxiliary supply _j] |,,_J ‘ " ’I‘;%
voltage VCCAUX_IO VCC_HBM - e T ’j‘&u . ,_‘__\_\L ﬁi ,_‘_1
VCC 10 HBM High-bandwidth
VCCADC e —— memory rails 1 |]|:'|=|':| —4
VCCAUX_HBM o EE 55 T
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— Customized, Soft Saturation Inductor

Wide Temp Range Passive

Mesh-connect Packaging Technology

—— Monolithic Power Stage
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Typical Product Development Cycle

2-12 weeks 1-3 weeks 1-3 weeks
Design Iteration (DI)

Industry Components Schematic Board
Standard Selection and and Layout Fabrication
andar Procurement and Assembly

6 Months
1 week 1 week 1-3 weeks

Shorten the power supply

Board development time by as

mps Fabrication
and Assembly
Power Module

0 5 Weeks 18 Weeks
Product Development Time
- BFRBREHRTS AXELAY R E
SRENAR FMPCBHIR

- RILRYMERE - RABISMEITTARH

much as 70%
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MPS 100A#&ER 818 7 FY
100AS 3 FZE (Controller+DrMOS) BLEIN F [F]

VCC —‘\/\/\/—J TAKE
SS1 gt - _'_"—-uzzur O . 5V- 2V
Vi

= 1
I LJ
= e o ca o 00T PRASE 4.5-18V
7VT0 14V ’.Dmf u‘:fl:”.4 = et ml- 29 u ¢ TAKE 100A
- it | | g Inpu {] VN vouT
M L
B e TR oD e [T 28m 33uF 10pF _1 47pF
3% as00 [ sex L = e VCIN SWROD CaKD | | = W | + A i
82 53.6k o 1 X BST
'l | 81 >3§§ ; RUN1 Bl oaf L 2of ?ﬂ P ——

WA cowP1 S lg.’y:n_,l—r‘w S Wk 02 " w |
Sun Vour -WM = T Vour HE | —
T = e ‘ch — — vce

VSHSOUT SKS2 :
cowp2 istis2p ——— "I"o.zu f?o’ur i vce> MPM3695-100
Voz ——{FE2 g m—lv_;,- < = 022F nas
= o =5, e v BOOT  PHASE d
a&ggigii lim-| e ’ml- Vin 28 . VDR VSNS+
CLXIN )
= ol BT o .
— 1Q
- o L et B §1m
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als Viu e sCL ISUM
T PHASE
= o - |_:°°r i ” SDA ADDR
= = 16V "9". U“S'B vsnm K 0.47uH
vg:l p- Vi VM o ALT
=" e [ ol B VO o o [T S28m
= J =8 _TLI AMA VEIN caao || =
= o e -
T—f‘ﬁ%gg m "1‘3“2“" :F%@‘_% 022 PASS GND AGND
vSHSH 1SHS1P
s} j_ T
COMP2 ISNS2N
% saND [— = oz g
g miep © "o o | TAKE =
E -l j—'_zz"'zm Vin 287
T _AAA VSWH 4
§| RUNT VWA et X 1 . .
Vi PGHD 1 - - .
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Vin e 1T a Vout
Buck converter -
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O Conventional Design — wire bond 0 MPS Flip-Chip Solution

-3 ;t,/l = / // s
. L WA : g ‘ vis oSS ry/
¢ & o (.’/ T3y o - Vo i 4 7 /A
e s S s . 3%/ S / SIS ’
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Area increased by using bond Copper pillar directly connects
wire interconnects die and lead frame
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O Conventional Design O MPS High-Frequency Solution
24V->5V/3A, 3.3V/3A 24V/->5V/3A, 3.3V/3A
Operate @ 300kHz Operate @ 800kHz — 2MHz

Total area: 510mm? Total area: 225mm?
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3D packaging is to stack inductor to the
|IC and substrate to reduce size by half

O Conventional Design

S "'1111

12mm

| TRy

10mm
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1) EHl. LBV EIE T — DC/ACHI3E

2) SIZAEZR UKL BTEMRKHEE, PE{KizhnEH
3) MK BRI 1% 1t

4) 90nm BCD#lIpk AT LA L 30% FOM

Monolithic die  Customized inductor Thick copper lead frame
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O Conventional Design O MPS Flip-Chip Solution

Mold Compound Mold Compound
Gold Wire

Leadframe Die Attach Epoxy Tin Plating Leadframe Bump (Copper) Bump (Solder)  Tin Plating

Heat directly spreads
from bump to board
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8mm

Inductor legs to help
distribute heat evenly

MPM3695A-10 10A thickness
of 2 mm parallel to 60A
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O Hot Loop in a Buck O MPS Noise-Cancelling Caps

Inside MPM3_596

O—¢ * Y YN * 0 -
1LT
— MPM3596: 45V, Dual 3A
— 1 = —
h ERE
| W/ = |
(m) é I ’ s é 0 lelf e -

Strong noise generated from hot

loop due to pulsating current in Field generated in the hot loop
HS FET, LS FET, and input are cancelled by opposite
capacitors current direction from two sides

mes



BNSWHER, ERERFEE, RAOEMIES

U Hot Loop in a Buck

T
| |
!

Strong noise generated from hot
loop due to pulsating current in
HS FET, LS FET, and input
capacitors

J Reduced SW Area

Inside MPM3596

MPM3596: 45V, 3A

Limit the area of switching node
to reduce EMI emission

mes



S R FT AT LU — B FRREMIBRR =

O Conventional Switching O MPS Solution with Frequency Spectrum

Small margin " Large margin

Az e I A 2

| M | o
| MWJWWL MMUMMM it} e MW il

50w

1) Spread frequency spectrum: allow part to switch in a frequency range instead
of a single frequency point; the range is adjustable around a fixed value

2) dv/dt can also be adjusted to meet EMI requirement
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o B/NRSTHYER B IR ER
o 3A:MPM3632C 3x5x1.6mm
o 5A: MPM3650 4x6x1.6mm
o 8A: MPM3683-7: 7x7x4mm
o 20A: MPM3695-25: 10x12x4mm

« SR T IR ETETIRE AVA RS 61 L BRIRAR R

o MPM54304: 2x3A + 2x2A

5V/12V Input

VCCINT/VCCPINT/

VCCBRAM

MPM54304

VCCAUX/VCCPAUX/
VCCPLL/VCCADC

0.95V/3A
ZYNQ 7020

3-16V, Quad Output
Power Module with
Integrate Inductors and
Power Sequencer,
3A/3AI2A2A,in

VCCO/NCO_MIOO/

1.8V/0.5A

VCC_MIO

Tx7x2mm Package

1.8V/2.5V/I3.3V/1.5A

VCCO_DDR
4

1.35V/1.5VI2A

« &R FZYNQ/Spartan/Artix/CycloneB i (ERRER) BRAR

o MPM54504: 4x5A
o MPM82504: 4x25A

Start-up Sequence

Shut-down Sequence

MP20075

3A DDR Termination Optional
Regulator MSOPSE

Package

vDDQ/2 vDDQ/2

VIT VPP VREFCA
vDDQ
DDR3
VDD

External Memory

mes
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Current-mode Control Constant-On-Time Control

e NSNS

jww

JOA

24A fr\\\ Y ST U Y A A
184 \\JI T | - Td T
124
bA—
0A .
- Multiple Pulse
15V~ reduces delay
1 1] |
V-
v — ot —
1.25V—
1.20V—
—— = L5L

1.00V—+ - : : - : -
TGS 799s B0Zus a05us A08us 811pus aldps




F2xMPM3695-100SEF1100A/uSHI A £ Bk 3T

VOUT/AC

omvidiv) T

IOUT

©5mvia)

File] Edit | Vertical ‘ Hori?JAcql Trig l Displayl Cursors l Measure l Mask l Math ] MyScopel Analyzel Utilitiesl Help "z,
T v T 1 1

Parameter

Value

[T ——

PN i)

/ 5
TSR N | \ 1

PEE I —

P AR

Number of power
modules

- Meets stringent tré

Ansient

require

xment for FPGAs and ASICs ]

Maximum output
current

200A

100A stef

A =4

20us/div

Ceramic output
capacitor

47uFx16 per
module
6.3V 0805

100A/us

SP-Cap output
capacitor

220uFx8 total

Input voltage

12V

! ] ] ] | ! | | 1 ] ]
ATl S 24.8mV

1

&i) 20.0mV/div 1MQ B,:500M

20.0mV/di :20.0M
&y mV/div By

Value Mean Min Max St Dev Count Info

@ Px-Pk  [36.8mV  [36.800003m [36.8m 36.8m  [0.0 1.0
@ Vax 22.4mv  [22.400002m [22.4m 22.4m 0.0 1.0
@ vin 14.4mV  [-14.4m “4.4m  [144m 0.0 1.0
QS High  [49.2mV  [49.200002m [49.2m 49.2m  [o.0 1.0
Q82D Freq"  [975.6kHz [975.60976k [975.6k  [975.6k  [0.0 1.0 = |

20.0pus/div 5.0MS/s 200.0ns/pt
Preview Single Seq ‘
0 acgs RL:1.0k

Auto  April 02, 2019 13:19:51

Output voltage

0.78V
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Wide VIN - BVIZVELAIS
(s75V) 10x10x4.4mm
High
Voltage MPM3506A
(<45V) 3x5x1.6mm
Medium MPM3606/A
\€2|2t4a\gl)e 3x5x1.6mm
MPM3804
Low Input 2x2x0.9mm
<
(s6V) MPM3805
3x2.5x0.9mm

MPM3510A

MPM3515
3x5x1.6mm

MPM3610/A
3x5x1.6mm

MPM3811
2x2x1.6mm

MPM38111
2x1A
4x4x1.6mm

MPM3530
10x12x4mm
MPM3593 mMEZD74003L MPM3596
12C 11x15x4mm PMBus, Parallel
6x8x1.6mm 10x10x4mm
MPM3596
MPM3520E 2x3A, PMBUS MPM3550E
10x10x4mm 10x10x4mm 12x12x4mm
MPM3632C MPM3650
MPM3630 4x6x2mm
MPM3620/A  3x5x1.6mm
3x5x1.6mm MPM54304 MPM54504
2X3A+2x2A, 12C 4x5A, 12C
7X7x2mm
MPM3822C MPM3833C MPM3860
2.5x3.5x1.6mm 2.5x3.5x1.6mm 4x6x1.6mm
MPM38222  \ipm3830  MPM3840
2x2A
3x5x1.6mm 3x5x1.6mm
4x4x1.6mm

MPM3683-7

7X7xX4mm

20A-25A

MPM3695-25
PMBus, Parallel
MPM3695-10 10x12x4mm
PMBus, Parallel
8x8x2mm MPM82504

4x25A, PMBus
15x30x5.3mm

30A-50A

Blue - Released

Gray- Sampling
Orange — Sampling Soon

MPM3690-30 MPM3690-100
PMBus, Parallel
15x30x5.3mm

2x25A, Parallel
15x15x5.3mm
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5G Wireless Al Acceleration Optical Modules

Sensors, Cameras :
Industrial

Test Equipment
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3.15-3.6V MP5087 3.3V MPM3860 0.75V/I4A
4x6x1.6mm
& IVISIVELTEN 1.2viaA sy
4x6x1.6mm 12w
QSFP28
4-Channel
MPMBE22C 1.8V/0.2A chan
2.5x3.5x1.6mm
SFP-DD
MPM3822C 2.5V/0.2A '
2.5%3.5x1.6mm
MPM4106 EEMUE | ROSA
4x6x1.6mm \/csel Driver

Key Advantages

88% @ 3.3V->1.0V/4A <40mm? Solution Size

<7/mV Ripple w/ 2x47ukF

mes




MPM3860 Introduction
FEATURES APPLICATION CIRCUIT &
LAYOUT

* V, Range: 2.75V - 7V « Small Solution Size
* Vg7t Range: 0.6V- 3.3V « <7/mV Voltage Ripple w!j:avmai R e 0UT=Uj5_W6°A
« Continuous 6A Output Current « >90% efficiency o T { . R TCO‘”
. = R3
* Fixed 1100kHz Fg,, N =R2
« High Efficiency: e el
0 3.3Vo LV@ 6A =84% APPLICATIONS (oo}

o 3.3V1io 1lV@ 4A =88%
* EN, PG, SS Functions
« Force CCM for low Vout ripple
QFN24 (Ammx6mmx1.6mm)

» Optical Module
« FPGA/DSP Power Supply
« Space Limited Applications




MPM3860 Key Advantages — High Efficiency

Efficiency vs. Load Current (3.3V,y, 1Vgou7)

[ {s]
4]

[(s}
w
1

w
-
1

o)
w

Q0
=l

MPM3860
4x6x1.6mm

Efficiency (%)
&

o]
w

81 Competitor 1
\ Ax6x2.5mm
79
77 Competitor 3 i \
3x5x1.5mm %‘

75

1 . ’ ‘ > ° Competitor 2

Load Current (A)

8x3.6x1.5mm

mes



MPM3811 (5.5V, 1.2A, In 2x2x1.6mm QFN)

FEATURES " Yot

2.3V1t0 5.5V 1.2VI0.4A
« 2.3V to 5.5V Operating Input Range © J_ J_ °
C2
- High Efficiency Over Full Load Range 0 MPM 3811 o1 :I:lOMF
200kQ
* Only Four External Components = N FB =

* Industry’s Smallest 1.2A Solution

« 100% Duty Cycle Operation
« OCP, SCP, and Thermal Shutdown =

* In Production

Applications

« Sensors, Handheld devices
 FPGA/ASIC POL converters
* Optical Modules

« Space constraint applications




MPM54304 — Industry First PMIC Module

16V, Four Outputs, 3A/3A/2A/2A Module in
x7x2mm LGA




MPM54304 Introduction

Input range: 3V-16V;

Output range: 0.55-5.5V, with
10mV Steps

Output Current: 3A/3A/2A/2A
Rails Can be Combined

Adjustable Power On/Off
Sequence

PG & Enable

Total Loss allowed: 2.75W
MTP (3-time) and I12C Function
QFN package (7x7x2mm)

KEY ADVANTAGES

Small Solution Size
Flexible Configuration
Easy Layout

« Sequencing & Power

Management

FPGA/DSP Power Supply

 Single Chip power solutions

for ZYNQ-7000 series
Multi-rail application
Telecom and Industrial

VOUT3

VIN GND

2A

ie

2A
2A

mes




MPM54304 Applications — FPGA Power

ZYNQ7000 Series

User
Power LED JTAG

wactrorics maosating

: ‘: g Usue{-xaoxﬁ

Pmod™

= S d
Z71e-720x0-AsY~ [l =iz

Switch  Jumpers

- = MPM54304 Total Solution
“!  Save 70% Board space

10x12mm

Ethernet
USB Host

" USB-UART

12v

12v
Input

Input 1VI3A
VCCINT
1.8V/1A
VCCO_1V8
ZYNQ 7020
1V/I3A
VCCINT
1.5V/1A VCCBRAM
MPM54304 1.8V/1A
VCCO_1Vv8
3.3V/0.5A VCCAUX
ZYNQ 7020

mes




MPM54304 Application Circuit & Efficiency

VIN

== CIN

Q)
Zi
@)

4.7uF

.|||—|

VIN

EN/
SYNCI

SCL
SDA

VCC

MPM54304

AGND

VOUT1

FB

SGND1

VOUT2

FB

VOUT3

FB

SGND2

VOUT4

FB

A

(@)
P
@)

=

(9}
Z
@)

9]
P
O

s—— Penp

GND AGND

VOUT1

COuUT1

VOUT2

COouT2

VOUT3

CouT3

VOUT4

COuUT1
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MPM54304 Vs. Competition

Part Number MPM54304 Competitor 1 Competitor 2

# of Outputs 4 2 4

V,y Range (V) 3~16 3.6 ~20 4~ 20

lour (A) 3/3/2/2 2.5/2.5 3/3/3/3

Vour Range (V) 0.5-6 0.6-5.5 0.6-3.3

Package (mm) TXTX2 6.25x6.25%x2.4 9x15x2.4

Area 49 39 135

Parallel Phases Yes Yes Yes

12C & MTP Yes No No

Control Method gg)n;rbintegrated (E:;trrceonr:l'r\:l o E)l:trrceonr;g/mde’
needed needed

85

80

~
(8]

Efficiency(%)
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Efficiency VS. Load Current,Vin=12V
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5% higher

—MPM54304 1.0VOUT

1.5 2 25 3
Load Current(A)




Intelligent Scalable DC-DC Power Module Family

Output: 0.5V -5.5V
Control

On/off
Output voltage

Programmable

System

Frequenc
Manager - y

Protection features
Timing
Operation mode

Monitor

Input: 3.3V-16V
Voltages and currents

Temperature

Fault status

MPM3695-10 3-16V 8x8mm Yes, up to 2
MPM3695-25 25A 1 3-16V 10x12mm 4mm Yes Yes, upto 2

MPM82504 25Ax4 4 3V-16V 15x30mm 5.3mm Yes Yes, upto 8
MPM3695-100 100A 1 3V-16V 15x30mm 5.3mm Yes Yes, upto 8

mes




FEATURES

 Input voltage range: 3V-16V

« Output voltage range: 0.5V-5.5V

« 10A Continuous Output current

« Parallel up to 2-Phases

« Auto-Compensation, Auto Interleaving
» Voltage Remote Sensing

« Programmable via PMBus and MTP
memory

« GUI available
« LGA 8x8x2mm Ultra-thin package

Vin O TAKE  BST out
SWR
MPM3695-10
sw
cTRLO
PG O VOSNS+
VOSNS-
ALTE O
scL O
spa O

2k

MPM3695-10: 16V, 10A Module, Parallel, PMBus, 2mm Height

2k

Vout

10nF

47uFx4
== Ceramic
Capacitors

Application circuit for single phase operation at 1.2V output

mes



MPM3695-25 Features

FEATURES

Parallel for higher current

VIN range: 3.3V-16V

VOUT Range: 0.5V-5.5V
Continuous 20A

Differential Remote Voltage Sensing

Auto Interleaving, Auto
Compensation

Readback:
o VIN, VOUT, IOUT, TEMP, Faults

Programmable via PMBus:

o Current Limit, SS, FSW, OCP, UVP,
OVP, OTP limit

GUI available

QFN 10x12x4mm

1

VIN TAI& BET OUT#}

CTRL

3
=
m
AAA
vV
n||—||—1|
z

Vout

MPM3695-25

PG C

ALT# C©

VOSNS+(>
vce 1

vCceC> VOSNS-

ADDR

IREF

sCL ©
SDA O

ISUM
PASS PGND AGND

Single Phase Operation

mes



MPM82504

Quad 25A Power Module in 15x30x5mm BGA




FEATURES

MPM82504 — First Quad 25A Power Module
FEATURES

EVB sample: Sep 2019

* Input range: 4V-16V; output range: 0.5V-3.3V Production: Q1 2020

* Quad 25A, Rails can be combined
» Peak 90% at 12V input, 1V output
 Parallel for up to 800A

« Up to 70% footprint reduction compared to discrete

solution _
Total Solution

« Ultra-fast transient — requires minimized output for 100A!
capacitance T

 PMBus 1.3 Compliant
 BGA packages (15x30x5.2mm, 1.27mm pitch)
« Low Profile: 5.2mm

APPLICATIONS .

+ FPGAand ASIC core power EFEE @#ced S8RE BIES

* Al Acceleration Card



MPM82504 Offers More Rail Combinations

Quad output Triple Output Dual Output Single Output Multiple Module
4 x 25A S50A+25A+25A 75A+25A 100A Paralleling

150A

MPM82504

25A

25A

25A

25A

MPM82504

S50A

1

25A
—————»

25A
—————»

MPM82504

75A

25A

MPM82504

100A

MPM82504
Or MPM3695-100

——

—o

—o

—¢

MPM82504

25A

25A

mes



MPM82504 Typical Application

Quad 25A Output

0.85V Output
25A

O

4TuFx2

iHHe

" 0.9V Output
25A

O

4TuFx2

o

1V Output
25A

O

4TuFx2

o

1.2V Output
25A

L g O
% 47uFx2

Dual 50A Output

0.85V Output
50A

I 47uFx4

1V Output
50A

I A47uFx4




MPM82504 Pin Out Map
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MPM3695-100

Scalable, 100A Power Module in 15x30x5mm
BGA Package




MPM3695-100
FEATURES

FEATURES

* Input range: 4V-16V, output range: 0.5V-3.3V

« Continuous 100A Output Current
o 60A for 3.3V Output

* Peak 90% at 12V input, 1V output
» Parallel for up to 800A

» Up to 70% footprint reduction compared to discrete
solution

EVB sample: available now
Production: Q4 2019

 Ultra-fast transient — requires minimized output
capacitance

 PMBus 1.3 Compliant
 BGA packages (15x30x5.2mm, 1.27mm pitch)
* Low Profile: 5.2mm

=
APPLICATIONS e ol

-0 -0 S50 ¢
b- 4
& Orl

« FPGA and ASIC core power FEEE BEES

» Telecom / 5G switch power



MPM3695-100 Simple Application and Layout

VCC WTAKE

-

4.5-16V Input TAKE

VIN vouT

33uF 10uF
X2

+
m BST
1 o

- - VCC

vee> MPM3695-100

VDR VSNS+

Og oz 0

® © o o o o o o pger

EOOQ.

VSNS-

CTRL

PG IREF
SCL ISUM

]

2]
0d0
e © o o o o o o o o

mﬁ) SDA ADDR
O ALT
8
> PASS GND AGND
I} ‘! 1
efle o e o E o ofe "|"

TAKE =

Typical Application Circuit




MPM3695-100 Efficiency & Thermal

92 12V Input, 1.0V Output, 80A,

o1 No Forced Airflow, 25°C Ambient
pEEEN 89.5%
90 — — 0070 L S
/ NNy 00,0
89 ///;—--\ 89% L 88/5%
88 / ~.

4 88% | U o.87.3%

[0 0] [o+] (0]
N [4)]
o
2
o~
e

Effeciency(%)
(05]
o
=
//
/

83 ——Vin=12V Vout=0.85V
82 ——Vin=12V Vout=1V
81 ——Vin=12V Vout=1.2V | &
I I | \ \ : .
80 Single module operation

0 10 20 30 40 50 60 70 80 90 100
Load current(A)




Thermal Test

Test Condition:
12V Input
0.85V Output
320A Continuous Current
18°C Ambient Temp
AXMPM3695-100
0.5m/S Air Flow

O FLIR 4-Module Picture

Ly S

' 65.9°C $FLIR

19-01-10
09:58

l 65.2°C $FLIR



Thermal Derating Curves

Thermal Derating

110
100 1ﬂ
90 I N
100A@68deaC \\
\g 1
S 70
>
5 |
S 60 NA/ANQQAA~AAC
2 UAooluegT
3
50
40 Vin=12V,Vout=0.85V,Freq=400KHZ
Vin=12V,Vout=1V,Freq=400KHZ
30
20

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100
Ambient Temperature(degC)

1m/second Airflow




Steady State Ripple — Single Phase

12V Input, 1V Output, Achieves >70% output capacitance reduction compared to
COUT = 6x47uF + 1x220uF SP-CAP competing power modules

Fxle] Edit [ Vertical ] Horiz/Acq] Trig I Displsy[ Cursors‘ Measure l Mask| Msth| MyScnpe| Annlyze' Utilities] Help IB Takk Q
——— —r—— ——— . 7 e T . ——— —— FllelEdn‘vemcallHonz/Acq|Tng|D|spiay]Cursors]Measure]Mnsk[Math|MyScope[Annlyze[Uulltles[Help‘B [ ER¢ Q
7 7 5 [t [ e 0 R /R 4 7 . 5 I 4 [t [t [ 7
N T S S \/ Peak to Peak =3mV
Peak to Peak =3.2mV Feak 1o Feak =smv
.

M A

Ll o Ad A A A e vy Y YUY VU VUT ¥ RIS VR VIR
.”'"W""W LA o 4 T A AT B o B AR RATYA L

S R MY e T T e e L A

—+

: 20A Output Current - 10A Output Curre

L' < wdl s v B Y I — L Il L ! il L L L | |
A S FEIT (g 5.0mviaiv | By200M A @i\ 48.0mv

B L L L L L Il L L L | | L L 1 L L L il L !
= = 5.0ps/div. 100MS/s 10.0ns/pt
[!ﬂ SfnVinv _& _ By:20.0M A @@\ 48.0m/ 5.0ps/div 100MS/s 10.0ns/pt = Run Sample
Ee===s=s====Y = Stopped Value Mean Min Max St Dev Count Info
Value Mean Min Max St Dev Count Info @D Vax 1.6mV 1.620237m  |1.4m 2.0m 95.32 317.0 318 acgs RL:5.0k
31 acgs RL:5.0k . . - - e - F 2,2019  11:32:27
@ vax 1.8mV 1.7096775m [1.6m 2.0m 113.6p  [31.0 4 @D vin .4mv__ |-1.2605438m |1.6m .om 1470 [317.0 Auto. February 02,2019 B
; Auto  Febi 02, 20 11:31:51

@ Vin .4mV_ [1.2709678m |-1.6m 1.om 13244 [31.0 Mto:, Eshruary 92,2019 @ Pr-Pk [3.0mV [2.9007808m [2.6m 3.4m 13744 [317.0

@ PPk [32mV |2.9806454m [2.8m 3.2m 1493y [31.0 @ Max*  [2amv [2.7437455m [2.4m 4.8m 84751 [317.0

@4 Max*  [48mV  [3.0193548m |24~ [4.8m 1nge— 310
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Load Transient Performance — Single Phase

File ‘ Edit ] Vertical ] HarvzlACD‘ Trig ‘ D\smly} Cursors. ‘ Measure ‘ Mask [ Math ‘ MYSCDDE‘ Analyze ‘ Utilities.

12V Input, 1V Output, 0A-25A Step (25%), 10A/us

e e —

T

- T

T

COUT = 6x47uF + 1x220uF SP-CAP

File I Edit | Vertical ‘ HorizlAcq‘ Trig \ Display| Cursors | Measure | Mask | Math ‘ MyScope| Analyze I Utilitiesl Help |E]

e (=)

i

|

B

e pep—

LR, /A Y L L

e i |

Peakto P

eak =

52mV (<+/

@b ran

ey

MW

-3%)

o

I P Al

v

25A

utpu

t Cur

w
EL [ 1 ]
- 0A / \ )
Il ! | Il | ! | (l . Il . | | ! il . | Il L Il Il | ! . L | ! | il {l | | ! . ! il ! . Il L
@ 20.0mVidiv f,  By:20.0M A" @ "\ 48.0mVv 5.0ps/div  100MS/s 10.0ns/pt
@4 60.0mVidiv 1 By:20.0m Preview Single Seq 1
: 0 acgs RL:5.0k
Vall M Mi M. D I
ous an s o Sty Bl =P, Auto February 02,2019  11:23:35
@ Vax 25.6mV  [25.600002m |25.6m 25.6m 0.0 1.0
@ Vin -26.4mV  [-26.400002m (-26.4m -26.4m 0.0 1.0
- Pk-Pk 52.0mV 52.000004m |52.0m 52.0m 0.0 1.0
@ vax*  [127.2mV  [127.2m 127.2m  [127.2m  [0.0 1.0

Achieves >70% output capacitance reduction compared to

competing power modules

Help

[

N By20.0M
N Byi20.0M

@ 20-0mVidiv

@A 60-0mV/div

Value Mean
@ vax  [24mV_ [1.8819015m [1.6m
@ vin [-26.4mV__ [-26.575979m [27.2m
@ PPk [28.457881m [26.4m
@ Max'  [1272mV_[127.37501m [124.8m

@ / 8.0mv

365 acas

2.0ps/div 100MS/s
Stopped

10.0ns/pt

RL:2.0k
Auto February 02,2019 11:20:35

e o | v | e

o | | usors | s | s | i | s | e | v | i [7)

WMW

il

@ 20.0mVidiv T Byi20.0M
@ 60-0mVidiv 1 By20.0M

Value Mean
@ Max [26.4mv_ [24.202105m [13.6m
lin

A" @ "\ 48.0mv 2.0psidiv

Stopped
446 acas

10.0ns/pt

RL:2.0k
Auto  February 02,2019 11:22:26
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100A Transient in 1 Micro Second — 2xMPM3695-100

VOUT/AC

omvidiv) T

IOUT

©5mvia)

File] Edit | Vertical ‘ Hori?JAcql Trig l Displayl Cursors l Measure l Mask l Math ] MyScopel Analyzel Utilitiesl Help "z,
T v T 1 1

Parameter

Value

[T ——

PN i)

/ 5
TSP PP S | \ e

PEE I —

P AR

Number of power
modules

- Meets stringent tré

Ansient

require

xment for FPGAs and ASICs ]

Maximum output
current

200A

100A stef

A =4

20us/div

Ceramic output
capacitor

47uFx16 per
module
6.3V 0805

100A/us

SP-Cap output
capacitor

220uFx8 total

Input voltage

12V

! ] ] ] | ! | | 1 ] ]
ATl S 24.8mV

1

&i) 20.0mV/div 1MQ B,:500M

20.0mV/di :20.0M
&y mV/div By

Value Mean Min Max St Dev Count Info

@ Px-Pk  [36.8mV  [36.800003m [36.8m 36.8m  [0.0 1.0
@ Vax 22.4mv  [22.400002m [22.4m 22.4m 0.0 1.0
@ vin 14.4mV  [-14.4m “4.4m  [144m 0.0 1.0
QS High  [49.2mV  [49.200002m [49.2m 49.2m  [o.0 1.0
Q82D Freq"  [975.6kHz [975.60976k [975.6k  [975.6k  [0.0 1.0 = |

20.0pus/div 5.0MS/s 200.0ns/pt
Preview Single Seq ‘
0 acgs RL:1.0k

Auto  April 02, 2019 13:19:51

Output voltage

0.78V
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MPM3596 Introduction

45V, Dual 3A, Single 6A, Scalable, Digital
Power Module in 10x10x4.4mm LGA

mes

Monolithic Power Systems
MPM3596 Module Demo Board
T-EWM3596—LD—-0CA
www.monolithicpower.com




MPM3596 Introduction
Application Circuit: Dual Output Application Circuit: Paralleling

. Max 45V 5V/3A mgﬁt“w 5V/12A
« Wide VIN Range: 3.5V-45V Inpﬁ VIN VOUTL -+ < - VIN vouT1 _ij <
o VOUT Range: 0.4V-24V T W I_ ENL VOUTLS [-Wi L T I M T E:ll; VOUT1_S L I
 Dual 3A, Single 6A = ENZ - T 7 pel comp [ comP £
» Parallel up to 36A I P cowp1[— £ R [ MPM3596 1
« LGA 10x10x4.4mm —PG2  MPM3596 L 33vsA — s VOUTzw
« Small Solution Size, Minimum Ext Components —sct vour T I . -
- Telemetry Read-back B o voms P e T B s vee |—
) VIN1 VOUT’ IOUT' Temp VFB 1 ? ADDR SYNC
« Change Vg ; on-the-fly (Step: 1.5mV*Divider Ratio) — |5os er 3 AGND_POND
. Low EMI e v T
« Dual Side Input Capacitors AED
+ Dithering /Frequency Spread Spectrum = VIN vouT _«MN—]
* 1% Vg, Over Temp 1 e vouTL_s
« Peak Current Mode Control e | e
« External Clock Synchronization Ueee  wpmasos

[72)
Q
Y

* Programmable MTP Registers including
o Switching Frequency

(2]
O
>

VOUT2
scL
SDA VOUTL_S

ALT

>
b
4

o Protection Threshold & Responses : PO VVCFf, :“'
o PWM/PFM ADDR SYNC
« OTP, OVP, UVP, OCP 30kg AGND__PGND
[

« GPIO can be programmed as ADC input

mes



MPM3596 Advantages

Small Size, High Power Density Ease of Use, Parallelable
e Monolithic Power Stage e Simple Schematic, Simple Layout
e High F,, to Reduce Passive e Parallel up to 36A
e Customized Magnetic Design e Programmability & Monitor

24V, ->3.3V/3A & 5V/3A

MPS — Multi-Topology Module User Interface

WEIDPEZ0SA-Pantsl @ TEZDPRI0GA-Fatsl @

MPM3596 Solution
<225mm?

Discrete Solution
510mm?2

Great EMI Performances

e Double Side Input Cap
e Adjustable Switching Speed

e Spread Frequency Spectrum

CISPR25 Class 5 RE

arity: Horizontal
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