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5G=R#AN FIHR

3D video, UHD screens

— B
5G_j§¢#:‘f—i &Fﬁiﬁa Smart Home/Building

. BEEMS, EINs
__de@ 1) ey
eMMB--1838 BT RN B (VR) AEIBIISE (AR)

IMTC- XM BAESE — Gair BERESURN

Work and play in the cloud

Augmented reality

F_“ZFﬁ — Industry automation
- -y Tz, FT ARSI, Bae ST Drming
_ H‘ [E E - . I )
URLLC--#8 A] SE {FK A ZE 178 { 28 I Smart City Mission critical
application
‘ e.g. e-health
"""" Massive Machine Type s I Uiirareiiciole and Low Latency 3
.......... Communications, ... femmeeeneen e QMMNICtions
Traffic Density Eaineian Latency Mobility Eibelienesd Peak Rate
Density Rate
0.1Mbps/m2 100K/km2 10ms 350km/h 10Mbps 1Gbps
5G 10Mbps/m2 1M/km2 1ms 500km/h 100M~1Gbps 20Gbps
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<1GHz = 3GHz —— 4GHz 5GH3 24-28GHz 37-40GHz —64-71GHz
1
: 24 25-24 45GHz 37-37 6GHz
24 75-25 25GH 37.6-40GH
M  600MHz(235MHz) 25GHz(LTEB41) 35537GHz 3742GH: 159-71GHz 27 598 B5GHz 1248 ;ﬁ o 64-71GHz
()  600MHz (235MHz) i 275-28 35GHz 3;_'5_3,35,4; 64-7T1GHz
A ] — o —
. T00MHz (2x30 MHz) 14-38GHz L 964Gz 245-275GHz
A — }_ R
.-:I.‘. JOOMHz (2x30 MHz) 34-38GHz I 26GHz
“ir — A E— ] ———
@  700MHz (2x30 MHz) 34-38GHz : 26GHz
L] EEE—— I | —
‘ ' T00MHz (2x30 MHz) 346-38GHz : 26GHz
— C—— I o o —
‘ ' F00MHz (2x30 MHz) 35-38GHz I 26 5-27 5GH=
— — 1 —
0 33-16GHz 48-5GHz = 245-275GHz 375-42 5GHz
L J L 2 I — oE—
g’ 34-37GHz | 265-295GHz
e — 1 —
® 36-42GHz 44-49GHz ) 275-295GHz
. ——h : —
e 34-37GHz i 24 25-275GHz 39GHz
k23 I — —

Global snapshot of 5G spectrum

Around the world, these bands have been allocuted or targeted

Sub 6G: 450MHz to 6GHz _ E - mmWave: 24.25GHz to 52.6GHz
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==l
—core—___ bl CN
ﬁﬂj&"——’ o [
up
Massive MIMOD
b4 Tx and 64 Rx

Array Antenna

 Radio Access Network
o 4G: two stage (BBU, RRU)
o 5G: three stages (CU, DU, AAU)
« Antenna: Massive MIMO, integrated with RF BaL
module

2RO
[RR---RVAR

PR QDR
BRe @08

» Lowe real time operation of
cu wireless protocol stack

» Part of Core network function RRU (téi) RF ‘(‘éf) AAU/RRU

4G 5G
» Physcial layer function and

high real time operation of

DU protocol stack BBU: Builcljing Base ban.d Unit
» Meet uRLLC demand RRU: Radio Remote Unit
AAU: Active Antenna Unit
. CU: Central Unit
> Active Ant f RR
AAU ctive Antenna, former RRU, and . histributed Unit

Physical layer of BBU

CN: Core Network
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Macro Cell
Micro Cell
Pico Cell

Femtocell

10 to >50 8~30 >2000
1~10 0.2~2.0 100~2000
0.25~1 0.1~0.2 30~100
0.001~0.25 0.010~0.1 1~30

Suburban

Urban

In-Building

Pico Cell

Outdoor
Indoor/Outdoor
Indoor/Outdoor

Indoor
WWW.QOrvo.com
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n
System Diagram of BBU

i Se encer MCU
5 | et Isolated Multiphase @ = Power - Isolated -48V DCDC
A8l Monitoring Supply Controller Conftroller Stage Converter

S Load MP6005 or isolated module
Digital — Switch power Supply
e - el comerer | 100 _
: POL Pawer (FPGA, ASIC, CPU & Memory Power E FPGA/ASIC hlgh current
Protection Isolated -48Y DC/DC Power Supply  Merchant Si, Clocks, etc.é . (SVID & PMBus) Sennencing s POWGF module
Monitaring .
S o CPU&Memory Multiphase Controller+Drmos/HC
- > || SFP+/ Retimer / [l Switch/ Temp power/POL Power buck/NB687B
QSFF Redriver PHY Sense
Obtical module Buck/Boost/TEC control /EML
* S M/LVDS P Driver/E-fuse
Flash MLVDS B e
R eCPRY/ Interface Isolati
CPU D Front Port nterface Isolation
5oR o TR o il conioter e SelEIeT MPQ27600
Memary ! R ASIC QSFP  |pe—

Shift
 p— N T S PCI-E == o _ acre | LED Control LED Driver

=Tl . .o [ Redanver |l Limit Port e o Wl Redriver REE"?E” SFEe

. MUX Switch ll Control SV Rednver | e . )

SAS = Fan Control Boost, Motor Driver, eFuse Switch

’—‘_ ; : I2C/SPI * x
4—hlr-p1|n| SAS ey | QsFP | -
Redriver Refimer SEP+
e

A Jmac f sPi : 12CHSH SFP+

g FPGA _— asee |5

Baseband and Radio Interface

Sotato -
Boost
Shift : Isolator

Transport and Caontrol

External Ne(wm_t Register Logic
CLE/ Synchronizerf i
GPS Jitter Cleaner
2CISPI
: REF
LED Control £ - Funclions

o o m Ps



System Diagram of RRU

FET

Multi-

Highflow
side driver|

Mulii-

DCIDC DCDC
L oe ] wo [ cone]
el

er

. - channel channel DCinDe
— conere omvert
supply driver | confrofler Lot Swich converter
FeT Digie
sense | isolator] Referencs Analog front end (AFE) Power amplifier (PA)
Protection Isolated -48Y DCIDC power supply power Point of load (FOL) power power
eCPRI RX clock—gs
NTX/nRX"
‘ufnitagg i TCXO antenna
translation OCX0 configuration

WO expander
Clocking conditioner!synchronizer

Logic gates

penisor &
reset control

Glue [ogic

@ A
Curmrent lirmat
switch
e

RF power
detector
17
[ | |
Filter
Txa
RF I
synthesizer Filter
L9

laxadng

TXn
KRN

RF front end and power amplifier

| Optical modulg ASIC
FRGA
* Optical
-
* ? A Digital front end
GPS (DFE}
eCPRI Clock
(from
BB}
Fan/
R ok
DDR
CoM
a5 4* RS232
T - Ethemet PHY Flash IF sampling
E1 analag front
Communication Memory end

Digital On/off keying
RS_HE puienﬁom!ﬁer

AlSG interface




System Diagram of Pico Celi

controller

{I

“I\Digital
isolator

DCMC
converter
DDR
termination

isolator

Power over ethernet FD

DCIDC
B3 =0
M- Muiti-
channel channel
converter LDO

i Load REF
ReF

- Puoint of load (POL) Analog front end (AFE) ) -
AC IR ACIDC power power Sequencing & monitering
——
AC input i
/ h Network [ =
g%};%l I synchronizerf ""1'“’9 "‘t'r]':'m"
\ jitter cleaner coniro
. Temp
Retimer
S : Clock buffer D
PHY
eCPRI . - sense T
D ronggf[?é Antenna
array
il [
GPS :
UART, PPS FA
- ‘ Flher module
JESD204B
—_—
12C level 12C 10 - F L
translator expander Fifter LMA N
Analog front A
Level Buffer Logic end
transiator RF front end & power amplifier
Baseband & transport/control
dud
PCle e
- Diual WiFi front
m band end module .
Biluetooth low L radio 4
RS-232 § RS5-485 energy |

' USE current
g
= fimit switch

Communication

Analog
swilches

WiFi front end

AC/DC input

POE

Isolator

ASIC/Processor

Optical Module

USB port

E-fuse

POL power

AFE Power

Flyback/PFC+LLC

802.3at/bt POE
MP8009/8030

Interface isolation
MP276xx

Power module:
MPM3695-xx/MPM82504

Buck/Boost/TEC control /EML Driver/E-fuse

Port controller & CLS
MP5030, MP5016

Current limiting and monitor MP50xx

LDO:0.3A~2A, high PSRR
Buck converter: Sync
Modules: 1~6A, up to 18Vin

LDO, buck converter, buck modules, boost,
load switch
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System Diagram of % i&i5[ali8%ki+H (MEC)

T | - Wy ke
2-phase AC MutiphaseB  Power - CPLD . Isolated gate driver
Convert DDR AC/DC input
o [ gy N e | KR R ; P 1885
— POL power (FPGA, ASIC, . i ;
N+1PSU merchant Si, clocks, etc.) CPU & memory power Sequencing & monitoring CPU&Memory Multlphase
power/POL Controller+Drmos/HC Buck or
[Hot swa Power(FPGA/ASIC) module/NB687B
FET: eruse DDR DIMM CPUD CPLM DDR DKM o
el R T EPGA/ASIC Power module or high current

modules
q accelerator card buck
switch
Protection
Retimers, MRNe 12c ecr| IES e Td <%  wNicard eFuse MP50xx
redrivers functions

bridges
. |
G 1BV1 : Buck/Boost/TEC control /EML

Cuirent sense / @ Optlcal module Driver/E-fuse

power monitoring
Sensing

Logic | Comparators
gate =

CPU & digital processing

m Cscllatorn
redrivers
Clocking RS.232

redriver
Ethemet Ethemet, relimers, e
PHY redrivers, port Communication intedaces /10

Interface Isolation

Isolator MPQ27600

SASISATA -2~ 2)

Video,
SPI
LTS
controllers

Logic & control Ethemet interface =9 JTAG

FEEE




Small Station Basic Power Architecture

Power

28V Power
Amplifier
Aé_i\gz?ﬂut Power Brick B Power Brick svl-;s'ssv Antenna
~90W Module Module
FPGA/AD/D
A Power
M Transceiver
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FPGA Power For Small Stations

L L L el s L S L LA TSy TN L o
' FPGA ADC/DAC .
12 ' FPGA Core/lO ZYNQ UltraScale+ ...........ccoeceveenieennnnn. . N
MPM82504 : “IlllllIIIIIIIIIIIIIIIIIIIIMESOC and RFS.OC . : .‘0‘ Only for RFSOC
CH1+CH2 O K . vceo[o...] (HDIo s
10 — VCCINT g 99v/0.85/0,9V 11.1-3.3V [0..] (HDI0) —O :
! . - vcColo...] (HPO) , - [ 5 14 12 1Y
L VREFP (Optional] . = 1V-1.8V O . "
O——=i 15y § 0.925v ~0C-AVCC ' —Q ¢ {oe
. . " s - =« Filter
| - O . I = MPM3833C . e
10—e— X vl P 0925V e L )10 Fiter Adding Post Filter for
: VCCAUX_I0 : PL : gy ADCAVCCAUX - 11} Fiter low noise rails
: — 1.8V : . : = . .
: e c DAC_AVCCAUX I c MPM3833C
. VCCADC . = 18V - - : 12 = Filter . e
: 1.8V : s . : without sacrificin
. . S25/3.3v —ACAVIT : - 813 * Filter IS-7 . 9
. . . VMGTAVCC I . MPM3683-7 transient
: VCCINT_AMS " g.85/0.9v : : o VMGTAVCCAUX | I O %
. wo—— : S 1y — : O 7 = MPM3632C, 12V
0.85/0.9v = . VMGTAVTT ) [ = MPM3833C
X s 12V Qs
VCCINT_IO 0.85/00V ° I : O
VCCSDFEC . & A | e oo o S o MPM3632C, 12V
YsgpummEEEEES® lllllllllllllll“" l I MPM3833C
SEEEEEEEEEEEEEEEER IIIIIIIIII..." E . = - | : E
k VCC_PSINTLP B 2 P g ¥ VCCO_PSIO0] :
: 0.85/0.9v 1 9 oo o MPM82504
: VCC_PSINTFP : = 1.8v-3.3v J-YCCO_PSI0 1 :
0.85/0.9v = : 18v.33v QYCCO Psiof2) ! : CHé
VCC_PSINTFP_DDR : T 1.8v-3. , :
= = 0.85/0.9V = P S . ! .
VCC_PSAUX 5 . I .
1.8V C : :
: E : VPS_MGTRAVCC :
VCC_PSDDR_PLL : : - P
e 1.8V = OBV P MGTRAVTT : O
‘..l ----- EEEEEEEEEEE EEEEEEE lllllllllll“’ ”q 1.8v . ".
FPGA DDR

FPGA PS Power

https://www.monolithicpower.com/pub/media/mps_cms_document/m/p/mps-xilinx-artcile-q1-2019-_1.pdf
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FPGA/SoC Power Rails Requirement

Multiple Power Rails (4 to 14+)
o Core power: 0.72V/0.85V/0.9V, 3A to 180A
o 10 Power: 5-30W
o Aux Power: 1W to 7W

o ARM core power rails

Tight Voltage Regulation
o DC accuracy + Ripple + Transient <t3%
o RFSoc Requires <1mV ripple

Power Up and Down Sequencing Needed
High Efficiency
Small Solution Size

| ALVEO_ 1430

ALVEO_1450_U50
ALVEO_U25

| ALVEO U30

| ALVEO_U50C

| ALVEO_U55

| Application_Specific
| Artix_701board

I Artix7

| Automotive RFI
o Multi-Gigabit transceiver, HB memory, User Defined... | foereseeres
I Kintex_USplus

| Kintex7

Customer_Specific_Designs

SmartLyng_DLC21

| Spartant
| . Spartan/_EVB_SP701a

| Spartan7_Lowpower

Spartan/_PMIC

| VERMEO_VARIUM_MFNC
I VERSAL
| VERSAL_Automotive

Virtex_KintexUSplus
Virtex?

| VirtexUSplus_PCle

VU +ExtendedPortfolio
ZUTEG_Automotive
Zynq7000_Industrial_Ethernet

| ZyngUs

ZyngUS_Automotive
ZyngUSplus_RFSoC

. ZyngUSplus_Scalable_High_Power EV

| ZyngUSplus_Scalable_Low_Power_EVE
EE';FPGA Solutions for ZYNQ7020 and Sp
'E:-, RFI_ZUSplus_RFSoC High power - Cof
E" RFI_ZUSplus_RFSoC High power.ppbx
E:?inlinx XCZUZ21DR 5G Acceleration car
3| Xilinx_SP701_reference_design_20190
ﬂ¢ Xilinx_VERSAL_Reference_Design_200
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Transceiver Power For Small Stations

Main Rail 0.9V - DVDD
SV-14V | DC-DC ~2.0A
MPM3632C
e
i
EN 1.2v- ANALOG P2V
MPM3632C I
;o 1p2v OO
LDO (0.5A) I g - —
i
EN 1.8v-ANALOG
| DC-DC (2.0 V) ~2.0A Lt:’t!:n}
MPM3632C
PG
1P8V _—
O LDO (0.5A) FB —t—{  VOOIPEFL )
For multiple Transceiver -
structure, MPM81204 e
can be a good fit 33V LDO (0.34) ——— 8 |——__womsFr )
- LDO .- ~35mA




Power tree for 5G Small Base Station—BBU and RRU

Category Platform or Spec MPS P/N

Power Supply

Application Processor

Baseband modem (+PMU power supply)—(For
BBU, and realized by Processor(FPGA))

RF receiver and transmitter—(For RRU)

CLK Synchronizer

Ethernet Transceiver

Antenna
Fan Control—(For BBU)

Isolator—(for Outdoor base station)

48Vin->28V(PA)/12V/5.5V
Brick module or 60~100W POE module

NXP:LX2080A
Intel: Arria 10
Xilinx: XCZU15EG; Zynq US+ ZU9CG

Qualcomm: FSM100X
Huawei: Balong5000;

Intel: XMM8160;

SAMSUNG: Exynos 5100;
AR : Makalu Ivy510-12nm;
MTK: Helio M70-7nm;

ADI: ADRV9009/9025;

AD9528-3.3V power supply

Broadcom:
Marvell: 88X3310/88E1518
Realtek:

RJ45 isolation

MP8020/MP8030/BT POE module
MP6005/MP9928

MPM3695-100—100A
MPM82504—4*25A
MPM3690-30B—36A
MPM3695-25—20A continue, 25A peak;

MPS Power Module

MPM54504/MPM54304

MP20051 or 2A/3A DCDC

High current module power for core or 2A/3A
Power module

MPS Motor Driver
MP6616/6650/6630H
MPQ27600/MP27631
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SGHT{R BRI FT B Rk

BRHIZEREIRE
B2

Radiated
Emissions

Customized, Soft Saturation Inductor

L by
BB R
_ o

a

Wide Temp Range Passive

Mesh-connect Packaging Technology

—— Monolithic Power Stage




MPS Power Module

Power Module Roadmap

Multi-out Boost &
Buck Buck-
Boost




MPS Power Module Family — Single Output Buck

" lour
<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A 20A 50A 100A
VIN
Wide VIN MPM3570E MPM3530
(ST5V) T S
TN MPm3soea [| MPM3510A § MPM3520E | MPM3593 || MPM3550E J§ MPM3596
3x5x1.6mm MPM3515 10x10x4mm 6x8x1.6mm 12x12x4mm 10x10x4mm
(<45V) 351 Bmm Low EMI 12C, Low EMI Low EMI 12C,Low EMI,
’ Parallel, Telemetry
NEW NEW NEW NEW
MPM3695-10 MPM3695-25 5
MPM3612 MPM3632S il MPM3650 f| MPM3683-7 1T sepcamn o e
3x3x2mm S AT 4x6x1.6mm 7x4x4mm 12C, Parallel, 12C, Parallel, 12C, Parallel,
Medium Low Iq, -33 ccMm Telemetry Telemetry Telemetry
Voltage NEW
(S24V) MPM3630
MPM3606/A [l MPM3610/A | MPM3620/A [l 3xsxt.emm MPM3680 i MPM54502 Wl mPMm3684 | MPM3686
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C 12x12x4mm 8x14x4.4mm 12x15x4mm 12x15x4mm
cCcM 12C, Telemetry
NEW
MPM3804 f wpmsst1 N MPM3s22c | mpm3s3sc MPM3860
2x2x0.9mm 2%2x1.6mm 2.5x3.5x1.6mm 2.5x3.5x1.6mm 4x6x1.6mm
Fixed Vout . CCM CCM CCM
Low Input
(S6V)

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3820

3x5x1.6mm

MPM3830

3x5x1.6mm

MPM3840

3x5x1.6mm




Multiple Output Buck

lout
1A 2A 3A 5A 12A 25A
Vin
. MPM3596
High Voltage 10x10x4.4mm
(545V) 2x3A, 12C, Parallel,
Telemetry
M s =0T MPM54504 MPM81204 Sz o08
X X9. XIoUX9.2mm
Four-Output 2X3AL2X2A, 2C, X i AL PG Fel)
Medium Voltage
< NEW NEW
(s16V) MPM54502 MPM3690-50A
Dua|_outp ut 8x14x4.4mm 16x16x5.2mm
22V, 2x5A, 12C, 2x25A, 12C, Parallel,
Parallel, Telemetry Telemetry
MPM38111 MPM3822
Low Input (s6V) 4x4x1.6mm 4x4x1.6mm

2x1A 2x2A




MPS Power Module Family — Single Output Buck

3A 4-5A

6-8A

10A 15A

IOUT
<0.6A 1-1.2A 2A
VIN
Wide VIN MPM3570E
(ST5V) T
High Voltage B2 EENT M“npp“ﬁgf:
(s45V) Sxx1.6mm 3x5x1.6mm
Medium Low lq, -33
Voltage
(s24V)
MPM3606/A | MPM3610/A
3x5x1.6mm 3x5x1.6mm
MPM3804
MPM3811
i)l(f:g 3':‘:2 2x2x1.6mm
Low Input
(s6V)

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

Features and Benefits

VIN

EN vouT|

33V MPM3612-33
R3 %
100k
PG

vecC

{2

vout.sfp—- —-

» Wide Input Range: 3V to 22V
0.6V to 12V Output Voltage

» Fixed 3.3V output option

Ultra Low 1Q: 5pA

1A Continuous Current

11.5% Total Output Voltage Regulation
Small 3x3x2mm Package

COT Control, Ultra Fast Transient

Max 98% duty cycle

Efficiency vs. Load Current, Vg,;=3.3V

L W\

/H_-___\_‘_-_-__'\

Efficlency(%)
o -4 o o
w w o w

—VIN=4.5V
L —VIN=12V
—VIN=22V

o
a

1 10 100 1000 10000
Load Current{mA)

Applications
» Server PSU
+ MCU and DSP Power

» Space limited Applications

20A

36A

100A

PM3695-25
10x12x4mm

12C, Parallel,
Telemetry

MPM3686

12x15x4mm

NEW
MPM3695-100

15x30x5mm
12C, Parallel,
Telemetry




MPS Power Module Family — Single Output Buck

|0U-|-
AN <0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A 20A 36A 100A
VlN
b VIN VOUT |—¢ A Voo
Wide VIN ME“:I(? 4570E Nf M?;sso m MPM3632S } s A o
(S75V) 75\2 Low EMI 556, Parallel ]T: g OUT;Z :>47k:|=:

—PG

mEZD2596 1 45mm + L
11x15x4mm
Low EMI emm
/

AAA
\AAJ
o
=

MPM3510A § MPM3520E
MPM3515 10x10x4mm

Low EMI

High Voltage BRI EEILTS
(545V) 3x5x1.6mm

3x5x1.6mm

NEW r 3mm NEW
Features and Benefits MPM3695-25 MPM3695-100
R Midas . S psoenn
Medium Low Iq, -33 : * Thin 3x3x1.45mm PaCkage Telemetry A ——
Voltage « ECP (Embedded Chip Package)
(s24v) MPM3650
MPM3606/A | MPM3610/A | MPM3620/A 3x5x1.6mm * Input Range: 4V to 18V MPM3686
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C 12x15x4mm
ccm * 0.6V to 5.5V Output Voltage
e 3A Continuous Current
MPM3804 MPM3822C MPM3833C . itchi
2;2*3-3""‘ I\ILI:*ZI)\(I::zri?““l1 1 2'5"3(';5(’;‘ ;n_smm B e 2.2MHz Switching Frequency
ixed Vout . CcCM H
Low Input Forced CCM, Ultra Fast Transient
(s6V) « +1.5% Total Output Voltage Regulation
MPM3805
MPM3810 MPM3820 MPM3850 MPM38 . :
et g 3x2.5%0.9mm 3x5x1.6mm 3x5x1.6mm 3x5x1.6mn Thin 3x3x1.45mm Package




MPS Power Module Family — Single Output Buck

IOUT
<0.6A 1-1.2A 2A 3A 4-5A
VIN
1
Wide VIN MPM3570E MPM3550
(ST5V) T S
. MPM3510A §| MPM3520E mEZD2596 MPM3550
ngh VOItage MPM3506A MPM3515 10x10x4mm 11x15x4mm 12x12x4mm
(<45V) 3x3x1.6mm el intin Low EMI Low EMI Low EMI
NEW NEW
MPM3612 MPM3632S MPM3650
3x3x2mm 3x3x2mm 4x6x1.6mm
Medium Low Iays3 ‘%
Voltage
(s24V) MPM3650
MPM3606/A § MPM3610/A | MPM3620/A 3x5x1.6mm
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM36320
cCcMm
MPM3804 0 vemss11 N MPM3s22c | mpm3s3sc
2x2x0.9mm 2.5x3.5x1.6mm 2.5x3.5x1.6mm
Fixed Vout g T ccm ccMm
Low Input
(S6V)

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3820

3x5x1.6mm

MPM3850

3x5x1.6mm

MPM380

3x5x1.6mm

275V-17V BST  3W VOUT 100
VIN 1VI5A
c1 vouTt o g5
—-l—— MPM3650 R1 J— c2 =]
= 20kQ I
o——|Pc FB =
R2 =
o——— 1ENABLE 30kQ
ssb—
—lvee
[=] [=}
4 z
&5 &
o <

1

Features and Benefits
* Wide Input Range: 2.75V to 17V
* 0.6V to 1.8V Output Voltage 6A
« 3.3V to 5.5V Output Voltage 5A
» Forced CCM for Low Voltage Ripple

» Fixed 1.2MHz Switching Frequency

+ +1.5% Total Output Voltage Regulation
« Small 4x6x1.6mm Package

« COT Control, Ultra Fast Transient

8838

Vin=12V

Applications
« FPGA/ASIC Power

» Acceleration Card

* Test Equipment

© MRS



MPS Power Module Family — Single Output Buck

-~ lour
Vin

<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A 20A 36A 100A

Interleaved Operation at 1.2V, 36A

4-16Y Input L L VOUT 1.2V/36A

Wide VIN MPM3570E
10x10x4mm

(S75V) 75V, Low EMI

MPM3690-30B

High Voltage IITJVEENTNY [GAGERINAN RoRASos
(=45V) Sxexd.omm 3x5x1.6mm ks o
NEW AGND  GND RAMP1 RAMPZ NEW NEW
MPM3612 ;-7 e . \13690-50B MPM3695-100
3x3x2mm —_— o, Paratiel, 120, Parallel, 120, Paralil,
Medium - Features and Benefits reeme (e [eene
Voltage 95%
(s24V) + 3V to 16V Input Range —
MPM3606/A § MPM3610/A | MPM3620/A = PM3686
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm * 0.6V to 3.3V Output Voltage & . 2x15x4mm
(3}
« Dual 18A or Single 36A g ——V0=0.75V, Fsw=600K
. < ——Vo=1V, Fsw=600K
VIIVELIVRN SRR EVIIVELPPley - Ultra Fast Transient “ ogsw || —vo=t.2v, Fsw=sook
P 2x2x1.6mm SNl  « Ext SS, FREQ pins ——Vo0=1.8V, Fsw=1000K
70% Vo=3.3V, Fsw=1000K
Low Input « 91% Peak Efficiency 12V->1V
(SGV) o 0 10 20 30 40 50
MPM3805 * 16x16x5.18mm BGA Package
3x2.5x0.9mm MPM3810 MPM3820 g Output Current(A)
Fixed Vout 3x2.5x0.9mm 3x5x1.6mm

© MRS



MPS Power Module Family — Single Output Buck

6-8A 10A

15A 20A

50A 100A

Features and Benefits

-~ lour
DN <0.6A 1-1.2A 2A 3A
VIN
Wide VIN MPM3570E MPM3550
10x10x4mm 10x12x4mm
(S75V) 75V, Low EMI 55V, Parallel
GIIRVCIELEN Mpmssoea | TESISSTON | MENISS20E i mEZD2596
(=45V) Sxext omm 3x5x1.6mm ks s
NEW
MPM3612
3x3x2mm
Medium o
Voltage
(S24V) MPM3650
MPM3606/A § MPM3610/A | MPM3620/A 3x5x1.6mm
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM36320
CCM
MPM3804 I vpmast1 I MPM3s22c | mpm3s3sc
2x2x0.9mm 2%2x1.6mm 2.5x3.5x1.6mm 2.5x3.5x1.6mm
Fixed Vout . CCM CCM
Low Input
(<6V)

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3820

3x5x1.6mm

MPM3850

3x5x1.6mm

3V to 16V Input Range

0.5V to 5.5V Output Voltage
Continuous 20A (Peak 25A)
Parallel up to 120A(up to 6Phase)

PMBus 1.3 Compliant
Ultra Fast Transient (COT)

-3 § B°
%E“g‘ N

g

90% Peak Efficiency 12V->1V

10mm*12mm*4mm QFN-59 Package

Videos

MPM3695-25

10x12x4mm
12C, Parallel,
Telemetry

MPM3686

12x15x4mm

NEW
MPM3695-100

15x30x5mm
12C, Parallel,
Telemetry

mes



MPS Power Module Family — Single Output Buck

50A 100A

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3820

3x5x1.6mm

MPM3850

3x5x1.6mm

MPM380

3x5x1.6mm

AN ~ lout
o <0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A 20A
VIN
wide VIN  ILLUER )= MPM3550 . T bt
(<75v) R Joxtzxdnn || e | 27
PG O 1 == 100uFx4
ALT OL VOSNS- —
scL O——
AL mpm3soea || MPM3S10A §f MPM3520E Bl mEZD2596 | MPM3550E || MPM3596 | R Ceey
MPM3515 10x10x4mm 11x15x4mm 12x12x4mm 10x10x4mm N
(545V) 3x3x1.6mm 3x5x1.6mm Low EMI Low EMI Low EMI 12C,Low EMI, orss mon a0
. Parallel, Telemetry T
il = a = Features and Benefits
MPM3612 MPM3632S K
' L:s:vsvﬁnigls sl "’!,';'ﬂigﬁ" Mﬁﬂiﬁ?ﬂ?’ ! « 3V to 16V Input Range
Medium - 0.5V to 3.3V Output Voltage
Voltage
(s24V) MPM3650 » Continuous 100A (60A for 3.3Vqy7)
MPM3606/A § MPM3610/A | MPM3620/A 3x5x1.6mm MPM3680
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C 12x12x4mm + Parallel up to 800A
i * PMBus 1.3 Compliant
NEW
* 4-Phase Power stage in one module
MPM3804 MPM3811 MPM3822C @ MPM3833C MPM3860
P 2x2x1.6mm A S 4x6x, 6mm + Ultra Fast Transient
Low Input + 90% Peak Efficiency 12V->1V
(s6V)

* 15x30x5.18mm BGA Package

* \Videos

NEW

MPM3695-100
15x30x5mm
12C, Parallel,

Telemetry

© MRS



MPM3695-100 Efficiency & Thermal

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

o1 No Forced Airflow, 25°C Ambient
89 g \‘TQ"/
==ang
88 /A/— Y\ 1
S o /4 88% | N\ X
= /
e
§ 86 LL
Q
£ 85 — -
w
84
8 T T —Vin=12V,Vout=0.85V
82 - ~ ——Vin=12V Vout=1V - 1
81 ——Vin=12V, Vout=1.2V |
8o LLL AEENENEEENENNE AEERER L

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




Thermal Test

Test Condition: o 4-Module Picture
12V Input 63.6 QFLIR_

0.85V Output

320A Continuous Current
180°C Ambient Temp
4xMPM3695-100

0.5m/S Air Flow 7Tttt

19-01-10

' 65.9°C $FLIR $FLIR l 65.2°C SFLIR

19-01-10 19-01-10 1
- | -~ ) OCEE

RS

-



Steady State Ripple — Single Phase

12V Input, 1V Output, Achieves >70% output capacitance reduction compared to
COUT = 6x47pF + 1x220uF SP-CAP competing power modules

File ‘ Edit ‘ Wertical | Horiz}Acq| Trg ‘ Display ‘ Cursors | Measure | Mask ‘ Math ‘ MyScope‘ Analyze| Utilities ‘ Help |E| Tak B
i i F\Ia| Edit | Vertical ‘ HnmzfA:q| Trig | D\sp\ay‘ Cursars ‘ Measure ‘ Mask ‘ Math | MyScnpa‘ Ana\yza‘ ummes| Help |E| Tait B
| e =TT P I e =TT T P I i e
P e i 1 O e A s e

v

: Peak to Peak =3.2mV : : + Peak to Peak =B3mV :
L %www,m*wwwﬁm T o Taa Uabe o AN M Moy i At MMM At

=

- 20A Output Current : — 10A Output Current

e ls s e @ 50mvidiv | Byzoom | A @i\ 45.0mv

P T 5 O R 1 i
—— 5.0psidiv  100MS/s 10.0ns/pt

[;'E 50V v N Hy20.0m A @\ 48.0mv S.0us/div  100MS/s 10.0ns/pt Riii —

e Sl Value Mean Min Max StDev  Count Info P

~ s P " Stopped 318 acqs RL:5.0k
Value Mean Min Max t Dev ount  Info 21 acas RL:5.0k & Max 1.6mv 1.620237Tm  [1.4m 2.0m 195.32p 317.0
& Max 1.8mV 1.7096775m [1.6m [2.0m 113.6p  [31.0 o qF . - i '" i @ vin AAmv | 1.2805438m [1.6m BE 4Ty 170 Auto  February 02,2019 11:32:27
i ary 02, 31

@ vin A4mV_ |-1.2709678m |-1.6m 1.0m 1324y [31.0 T @ PkPk [30mV [2.9007808m [2.6m 3.4m 1374 [317.0

@ PPk [32mV [2.9806454m |2.8m [3.2m 149.3p 31.0 @ max [2.4mV 2.7437455m [2.4m 4.8m [847.5p 317.0

@8 Max*  [43mV 3.0193548m (2.7 . [4.8m RS

mes



Load Transient Performance — Single Phase

ot b el s i sl i et R b i i 1 N . & 3
12V Input, 1V Output, 0A-25A Step (25%), 10A/us | |
COUT = 6x47uF + 1x220uF SP-CAP

File‘ Edit | Vertical | Horiza’Acq| Trig | Display | Cursars | Measure | Mask ‘ Math ‘ M’yScope| Analyze| Utilities‘ Help |B
T T L L L G, B L L L L SO L L L P L

.-.._..._’-.--—n...—.u--wu-—-m-.___‘ | B |

T E' ! | | \\'.\_ _’_’_,-;"_"ﬂ—ﬂw‘.-
T P | TRPORL e ! L, et

. AL

Peak to Peak =52mV (<+/-3%) N 7 N [ 72 N N ) O N
WW“\ - | b T A A S \_,MMM : mon [/ oy [ o toowss '.;.a;..;—ﬂ..
: \/r T | - : TS

D]

2 5 N() utp—ut_C urre nt s = 5 ot e R e B e s v r.“ e Ll e 3 0 = @:
/ 7 rparerye e it — i i vhnsrm iy — ._|1.Ihl\ i | | | | | . | .

A VR — i - 4 —— 3 =

0A | B Y

e e 1 o Pl T T T S P A o )y TP T s e L | S T S e

= il L
@ 20.0mVidiv Ny By:20.0m A7) (g ™\ 48.0mV 5.0psidiv  100MS/s 10.0ns/pt
@4 60.0mVidiv T By:20.0M

Praview Single Seq 1 =
= - ; 0acqs RL:5.0k T eSS M S
Val i M D i
s san i e StDav et  hvo Auto February 02,2019 11:23:35
& max 25.6mV  |25.600002m |25.6m 25.6m 0.0 1.0 | \
@ vin -26.4mV  |-26.400002m |26.4m  |-264m 0.0 1.0 | %
@ PrPk  [52.0mV [52.000004m [52.0m 52.0m 0.0 1.0 .:' I I [ o Py ——— e e e e
@ vax* [1272mv  [127.2m 127.2m  [127.2m  [0.0 1.0 |
ipt
]
.
26

Achieves >70% output capacitance reduction compared to
competing power modules
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100A Transient in 1 Micro Second - 2xMPM3695-100

File‘ Edit ‘ Vertical ‘ Horiz.u'Acq| Trig | Display ‘ Cursors‘ Measure‘ Mask‘ I'ufﬁth| I'ufyScope‘ Analyze‘ Utilities‘ Help ‘B Tai B
"_||'||' P L o L. AL R S A | i LS it i P e i L B L it L I P e i L A L PO P i |

VOUT/AC f f\ | { | Number of power 2
(20mV/div) A I V7 et Sy | | modules

-1.84% Maximum output 200A
| - | current

Meets stringent transient requirement for FPGAs and ASICs

_ 1 | Ceramic output 47uFx16 per
100A step | _ : capacitor r6ngsllucl)<?3 05

- | | ! [ ) - 20us/div| | SP-Cap output 220uFx8 total
IOUT - 100A/us | || capacitor

(OSmV/}A)_" T il : ] Input voltage 12V

- L A L o Ll LL L | I L
i) 20.0mVidiv 1MQ By:500M [g‘ﬂ_f‘_;wfzumv ] 20.0us/div 5.0MS/s 200.0ns/pt Output Voltage 078V
@3 20.0mVidiv My Bpy:20.0M Praview Single Seq 1
- 0 acgs RL:1.0k

Value Mean Min Max 5t Dev Count  Info Auto  April 02, 2019 13:19:54
@& 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
& min A44mV  [-14.4m A4.4m -14.4m 0.0 1.0
&L High 49.2mv  [49.200002m [49.2m 49.2m 0.0 1.0
&2y Freq* 975.6kHz  |975.60976k |975.6k 975.6k 0.0 1.0
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Multiple Output Buck

3A

5A

12A

25A

lout
4A ~

g @ 3A :]-> 6A

416V 22uFx2 . I 3A
Lo >0 @>2n
. om O=>2r O

- Vout3
! v @ 3A

]
Features and Benefits

» Ease of Use; Small Size; Sequence
* Quad Output Power Module with [2C
* Only 5 External Components needed
* 4V to 16V Input Range
* 0.55V to 7V Output Voltage
* Dual 3A + Dual 2A

* 6A + 4A Configurable
* Built-in Power On/Off Sequence
* 7x7x2mm LGA Package

:]->6A
:]->4A

MPM3596

10x10x4.4mm
2x3A, 12C, Parallel,
Telemetry

NEW

MPM54304

7X7x5.4mm
2x3A+2x2A, 12C,
Parallel

NEW

MPM54504

9x15x5.4mm
4x5A, 12C, Parallel

NEW

MPM54502

8x14x4.4mm
22V, 2x5A, 12C,
Parallel, Telemetry

NEW

MPM81204

9.5x16x5.4mm
2x12A + 2x5A

NEW

MPM82504

15x30x5.4mm
4x25A, 12C, Parallel,
Telemetry

NEW

MPM3690-30A

16x16x5.4mm
2x25A, 12C, Parallel,
Telemetry




Multiple Output Buck

A A AA 2 A

VIN

High Voltage

(<45V)

Medium Voltac
(s16V)

Low Input (<6\

12V Input Efficiency (Each Channel)

100

[<e]
w

w
(=]

o
o

Efficiency(%)

VOouT=5vV
- - = OUT=3.3V
----- VOUT=1.2v

o
o

0 1 2 3 4 5 (<]
Load Current(A)
@ 5A
Features and Benefits @ sA
+ Quad 5A Power Module @ 5A
@ -

3.3V to 16V Input Range

0.5V to 5V Output Voltage ::ii
Quad 5A Continuous &
 Peak 6A

9x15x5.18mm BGA Package

5A

12A

25A

NEW

MPM54504
9x15x5.2mm

4x5A

NEW

MPM54502

8x14x4.4mm
22V, 2x5A, 12C,
Parallel, Telemetry

NEW

MPM81204

9.5x16x5.2mm
2x12A + 2x5A

NEW

MPM82504

15x30x5.2mm
4x25A, 12C, Parallel,
Telemetry

NEW

MPM3690-50A

16x16x5.2mm
2x25A, 12C, Parallel,
Telemetry




Multiple Output Buck

IOUT
} 1A a2 A 2 A
4-22V v
VlN Input Vi V3 o 1.2VI5A
Cin Vs1 Couto
522uF EN Ve 100pF
- — PG1
High Voltage et MPMs4502
(545V) : f\E‘? \)lsj 1 Cou'rsoWSA
PSEL Veez
GND
%, L
Four-Outg
Medium Voltage Features and Benefits
(s16V) « Dual 5A, Single 10A Power Module
Dual-Out with 12C and Telemetry
H * 4V to 22V Input Range
* 0.5V to 20V Output Voltage
+ PMBus 1.3
V121V kY%  ° Built-in Power On/Off Sequence
Low Input (<6V) VR« 8x14x4.4mm LGA Package

2x1A

5A

12A

25A

NEW

MPM54504

9x15x5.2mm
4x5A

NEW

MPM54502

8x14x4.4mm
22V, 2x5A, 12C,
Parallel, Telemetry

NEW

MPM81204

9.5x16x5.2mm
2x12A + 2x5A

NEW

MPM82504

15x30x5.2mm
4x25A, 12C, Parallel,
Telemetry

NEW

MPM3690-50A

16x16x5.2mm
2x25A, 12C, Parallel,
Telemetry




Multiple Output Buck

lout
h 1A

VIN

2A

2A

High Voltage
(=45V)

4-16V
Input

Vouro
Vi Vouro 1.2V/12A
Cw Vosn : i Coumo
§§”FI ENO Vosnso- Ty
- EN1 FBO
EN2 60.4k 2;7/?&
EN3 N

Vosnsi+ Cours
4TF

PG1 SNS1-
PG2 MPM81204 FB1 v

PG3 Vour2
PG4 Vosnsa+

Vourz
3.3VI12A

Cour2
47yF

TRK/SSO FB2 Vouro
13.3k 1.0V/12A

Four-Output
Medium Voltage

(£16V)
Dual-Output

MPM38111

4x4x1.6mm
2x1A

Low Input (S6V)

I (R S

Cours
100uFx4

TRK/SS1 Vouts
TRK/SS2 Vosnss+
TRL/SS3

0.14F]

i )—I
<

8

m 2
84

I—
—
—
—

GND

Features and Benefits

* Quad Output Power Module
* Dual 12A + Dual 5A

+ 3V to 16V Input Range

* 0.6V to 3.3V Output Voltage for 12A
* 0.6V to 5V Output Voltage for 5A

* Pin Compatible with LTM4671

+ +1.5% Output Voltage Regulation

* 9.5x16x5.18mm BGA Package

54 12A 25A

NEW

MPM81204

9.5x16x5.4mm
2x12A + 2x5A

NEW

MPM82504

15x30x5.4mm
4x25A, 12C, Parallel,
Telemetry

NEW

MPM3690-30A

16x16x5.4mm
2x25A, 12C, Parallel,
Telemetry

© MRS



Multiple Output Buck

2A A

KA

Mediui
(s

Low In

Features and Benefits

* Quad 25A Output Power Module
with 12C and Parallelable

+ 3V to 16V Input Range

* 0.5V to 1.8V Output for 25A
* 1.8V to 3.3V Output for 15A
+ Parallel with MPM3695-100
* PMBus 1.3 Complaint

» Ultra Fast Transient

Efficiency(%)

« Telemetry for V\y, Vout, lout, Temp
* 15x30x5.18mm BGA Package

100%

95%

90%

85%

B80%

75%

0%

65%

@—> 25A 50A 100A
@—> 25A

@—> 250 @—» 25A
@ 2570 @—> 257 .—> 25A

VIN=12V

—=\/0=0.75V, Fsw=600K
—=\o=1V, Fsw=600K
—\/0=1.2V, Fsw=600K
—\o0=1.8V, Fsw=800K
Vo=3.3V, Fsw=1000K

5 10 15
Output Current(A)

20

12A 25A

NEW

MPM82504

15x30x5.2mm
4x25A, 12C, Parallel,

Telemetry

NEW

MPM3690-50A

16x16x5.2mm
2x25A, 12C, Parallel,
Telemetry

Mass Production m New Products in Development

© MRS



MPM82504 Offers More Rail Combinations

Quad output Triple Output Dual Output Single Output Multiple Module
4 x 25A 50A+25A+25A 75A+25A 100A Paralleling

150A
_._>
25A 50A 75A 100A -
I I MPM82504
25A Or MPM3695-100 | _¢
— —@
MPM82504 25A MPM82504 25A MPM82504 MPM82504 ¢
0 L LS ¢
25A 25A 25A
—P —P —P
¢
MPM82504 25A
B N
25A
-
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MEZS84802A 802.3af/at 12V 25W PoE Module

100

FEATURES

« Compatible with 802.3af/at Specifications
* V,y Range: 42V to 53V

* Up to 25W Output Power with 12V Output
« SIP Package 56mm(L)x22mm(H) |
« High Efficiency: 5% higher than competitor 70

0 |-

80 |-

EFFICIENCY (%)

——MPS,VIN=48V VOUT=12V
——— Competitor, VIN=48V,VOUT=12V

0 0.5 1 1.5 2

o 91% @ 24W, 89% @ 12W Samples available now LOAD CURRENT (A)
* Minimum external components needed
* 1500V Isolation
« Hiccup Protection for OLP, SCP, OVP and I l 1 Li e ij G 1

thermal shut down e - T3 g 2

 Meet EN55022 Class B EMI standard MP8009
- Featured by MP8009 2 |y - = é

o Fully-Integrated 802.3at/at Compliant PoE PD T

Interface with Flyback/Forward Controller 1 (1= ' _F’w

* Pin Compatible with PD-1002
« Sampling now, MP in July Inside the module

© MRS



Thank You
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