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: Enhanced Mobile Broadband &

Gigabytes in a second

5GE*4§,§ EFE%% Smart Home/Building
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3D video, UHD screens

Work and play in the cloud

Augmented reality
Industry automation
Self Driving Car
r Mission critical
application
e.g. e-health

Smart City

= Ultra-reliable ond Low Latency =
i Communications .
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. Massive Machine Type
: Communications

0.1Mbps/m2 100K/km2 10ms 350km/h 10Mbps 1Gbps
5G 10Mbps/m2 1M/km?2 1ms 500km/h 100M~1Gbps 20Gbps
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Around the world, these bands have been alloczited or targeted
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Sub 6G: 450MHz to 6GHz {mmm

‘ mmWave:

24.25GHz to 52.6GHz
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 Radio Access Network
o 4G: two stage (BBU, RRU)
o 5G: three stages (CU, DU, AAU)
 Antenna: Massive MIMO, integrated with RF
module

» Lowe real time operation of
cuU wireless protocol stack

> Part of Core network function

» Physcial layer function and
high real time operation of

DU
protocol stack
> Meet uRLLC demand
» Active Antenna, former RRU, and
AAU

Physical layer of BBU

| —<:ﬁ§m13
BBU ==
22RO

L1"L2-RT .
N | i
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' i
((2) R (=)
rRRU (@) F (2) AnURRU
4G 5G

BBU: Building Base band Unit
RRU: Radio Remote Unit
AAU: Active Antenna Unit

CU: Central Unit

DU: Distributed Unit

CN: Core Network

Massive MIMO
64 Tx and 64 Rx

Array Ante
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Macro Cell 10 to >50 8~30 >2000 Outdoor
Micro Cell 1~10 0.2~2.0 100~2000 Indoor/Outdoor
Pico Cell 0.25~1 0.1~0.2 30~100 Indoor/Outdoor
Femtocell 0.001~0.25 0.010~0.1 1~30 Indoor

WWW.(Jorvo.com

Suburban

Urban

In-Building
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12V Hot
Swap & OR

System Diagram of BBU

| FET | — »
Hot Swap High/Low ET ||| Multiphase ™  Power Socket Opportunities
Controller Side Driver er Controller i Stage

i Se uencer MCU
= FET Isolated Multiphase Power . |SO|ated '48V DCDC
AN Monitoring Supply Controller Controller Stage Converter

o
=1

MP6005 or isolated module

. Lo
Logic .
- B e ey MM pover supply
FET e Isolator * Converter LDO DDR Termination .
FOL Power (FPGA, ASIC, CPU & Memaory Power EFPGA/ASIC h|gh current
Protection Isolated -48V DC/DC Power Supply  Merchant Si, Clocks, etc.e . (SVID & PMBus) Sequencing & Power module
Manitaring
- — CPU&Memory Multiphase Controller+Drmos/HC
- || Switch/ power/POL Power buck/NB687B
QSFP Redriver PHY Sense
Expander . Buck/Boost/TEC control /EML
or eFuse Optical module .
* il | M/LVDS P Driver/E-fuse
Flash Line Driver eCPRI/ .
CPU Front Port Interface Isolation
DOR CTRL Sense Controller = JRl sl MPQ27600
Level -—>
Memory snit  [ma—— F.a:'sGléj OSFP
—————1 SFP"'.'I .
[ = use [ Currentll USB.C PCI-E e — ‘ | 0SFF - LED Control LED Driver
—_— Redriver/ [l Limit Port . e llll Redriver SULLE
ol mux [l Switch [l Control i _REIMeT CPU gg;; - _ _
SAS ey — Fan Control Boost, Motor Driver, eFuse Switch
Redriver ] EUMET e v
1= g
— JTAG J§ SPI ] 12CISP SEP+/
== g
Baseband and Radio Interface

Transport and Control

External : Metwork
CLK | { Synchronizer/
cPS b Jitter Cleaner

Digital

: Isolator
ngizlter
eFuse
b IZCJ'S_F'I
LED Contraol Functions

EEEL Fan Caontrol




System Diagram of RRU

Hot swap
controlle

Highflow
Aux bias [ Isolated
driver | controller
sense | isolator] Reference

Power amplifier (PA) | E maaag ‘3 :

Analog front end (AFE)
Protection Isolated -48V DC/DC power supply power FPaint of load (POL) power power i
eCPRIRX clock—pm - ~ — — <
e e LMY ‘s i £
Voltage [ TCHO antenna | J . || - ‘ d
translation OCX0 configuration L—ﬁ—-ﬂ ‘ ! T = -

110 expander
| ==

Clocking conditioner/synchronizer RF power

Supemisor & | l
reset control

Glue logic N I
Filter -
B i Tia
IR¥a
Current limit .
switch RF 7\ =
: synthesizer Filter = .
Optical modulg - ASIC ) ©
FPGA _‘. j?’
Optical Filter
- ;
‘ f A Digital front end I;in
GPS (DFE) n
eCPRI Clock
(from
BBU)
Fan/ )
AC - RS 485 * RF front end and power amplifier
COM v DDR
Fort — e age Digital Onloff keying
T - Ethernet PHY Flash IF sampling potentiometer (00K)
E1 analog front

Communication Memory end AlSG interface




System Diagram of Pico Cell

g PWM

FIELRD controller }E
Current 12C¢ “J*Digital
sense isolator isolator

Power over ethernet FD

ACIn * ACI/IDC
—
AC input
. Temp
RJ45
CPRI *
eCPRI - ASIC/
Optical
> | nodule FPGA
GPS =
UART, PFS
- =

12C level 12C 10
translator expander
Level :
m

Baseband & transport/control

- eso |

] - RS-232 § RS-485
USB current

= =-

- limit switch

Communication

Bluetooth low
energy

DC/DC
DDR
termination

Point of load (FOL)

Multi- Multi-
channel

converter

LDO

Analog front end (AFE)

power power
TCXC;I L
oCx0 _; synchronizer/
y Jitter cleaner
Clock buffer
Clocking

JESD204E
N

Analog front
end

FCle

channel

=]

DC/DC
= oo

- Load REF
ReF

Sequencing & monitoring

Analog monitor
& control

bagrd
Current L
sense T

Antenna
array
faged
M L
Fiter A T
maodule
IR} L
Fifter LMNA N
A
RF front end & power amplifier
dud
> Dual WiFi front
band end module -
radio ]

Analog
swiiches

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 Zi&iplasiitE (MEC)

2-phase AC - CPLD : Isolated gate driver
DDR
— Converter e Sequencer AC/DC InpUt MP188XX

Multiphase Power

oy DCDe IBV] controller stage
—_— I ’ ‘F‘DL power (FPGA, ASIC, :
N+1 PSU merchant Si. clocks, ete) | CPU & memory power Sequencing & monitoring CPU&Memory Multiphase
power/POL Controller+Drmos/HC Buck or
l Byt Power(FPGA/ASIC) module/NB687B
Standby -
eFuse DORDIMM  |ag—pe CPLO CPUA q_.} DDR DIMM .
madules - - madules PCle Hardware FPGA/ASIC Power mOdU|e Or hlgh Current
accelerator card buck
Protection
redrivers functions bridges
T Buck/Boost/TEC control /EML
IBV1 .
K Optical module Driver/E-fuse
power monitoring

Interface Isolation

Isolator MPQ27600

SASISATA 1.5

1]

redriver

Sensing CPU & digital processing
u{x:k um:k
7 B E e (e
redrivers
Buffer Switches Clocking Video,
- RS-232, USE hub SPI
R5-485 MuX

Ethemnet Ethemnet, reimers, * o
Op Level PHY redrivers, port Communication interfaces /10
amp shifter controllers

] E .
Logic & control Ethernet interface [ . JTAG
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Small Station Basic Power Architecture

Power

28V Power
Amplifier
Aé_i\gz?féut Power Brick BV Power Brick SVQSfV Antenna
~90W Module Module
FPGA/AD/D
A Power
M Transceiver




FPGA Power For Small Stations

L Ol bl el oot dndeete 1 v L- DA B3 Lol B Sl Ll ]
- FPGA ADC/DAC .
Bv. : FPGA Core/lOF  ZYNQ UltraScale+ .........c..ccoceveeemeenncnns peenea,
* B -
I guEEEEEEEEEEEEEEEEESE smmmEm 1 *
MPM82504 L 'MP..‘SOC and RFSeC | " Only for RFSoC
L - : Ew 8y vCCo(0...] (HPO) '. OO . B-mv
O . : VREFP [Optional) 1.25V . 0 ADC_AVCC ) 1 . MPM3432C, 12V =
" : : 0.925v ‘ —( 9 & Fitter MPM3833C
fon VCCAUX . . DAC_AV . : .
1O—e— . P oogzey DACAYC L0 i er Adding Post Filter for
. VCCAUX_IO . PL = 1.8V ADC_AVCCAUX I , 11+ Filter MPM3432C, 12V I . I
: - 1.8y : P gy DACAVCCAUX | . I — MPM3833C oW noise ralls
: : : - : r . agn =
1.8v :25/3.3y DACAVIT X : 13 20 Fitter MPM3683-7 ;;/:*/Iaf::]](s)il:n?acnﬁcmg
. . . VMGTAVCC | , . MPM3683-7
. VCCINTAMS |0 cciooy & i 0w 1 . 81
E VCCBRAM g : : : 1.8V VMGTAVCCAUX P : o - E MPM3632C, 12V
: 0.85/0.9V & . VMGTAVTT f | : MPM3833C
: : . 12V Qs
: VCCINT_I0 o ecioy - . , . R
VCCSDFEC | & (LT T PR MPM3632C, 12V
AEEEEEEEEEEEEEEEEESR lllllll“‘ " I MPM3833C
‘-IIIIIIII IIIIIIIIIIIIIII lllllll..
CH3 JOCTE STTTTI T I I IR L IIE | ., 0 1.2v : P .
*
{ VCC PSINTLP K : VCCO_PSIO[0] :
. - 0.85/0.9v = . 1.8v-3.3v = pani !
- VCC_PSINTFP . = 1.8V-3.3V yeco Foin) MBI82504
. 0.85/0.9vV & = 4 av.34v BBVCCO PSIO[2) ! . CH4
: VCC_PSINTFP_DDR . = 1BV-3. T .
: 0.85/0.9V & PS : ' :
2 VCC_PSAUX . . I .
_— 1.8V : : :
= = VPS MGTRAVCC :
VCC _PSDDR_PLL . . = 1 MPM3432C
. 1.8V : s 08V A eS MGTRAVTT +0O
’..- ---------------------- EEEEEEEEESN l“’ "q 1.8V . ".
®spmmnnn SN SN NN NN SN NN EEEEEEEENEEE as®

FPGADDR 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, 3Ato 180A
o 1O Power: 5-30W
o Aux Power: 1W to /W
o Multi-Gigabit transceiver, HB memory, User Defined...
o ARM core power rails

Tight Voltage Regulation
o DC accuracy + Ripple + Transient <£3%
o RFSoc Requires <1mV ripple

Power Up and Down Sequencing Needed
High Efficiency
Small Solution Size

ALVEO_1450
ALVEO_1450_U50
ALVEO_U25
ALVEO_U30
ALVEO_US0C
ALVEO_U55
Application_Specific
Artix_701board

Artix?

Automotive_RFI
Customer_Specific_Designs
EVREF0102-A_RFSoC
Kintex_USplus

Kintex7
SmartLyng_DLC21
Spartan6
Spartan7_EVB_SP701a
Spartan/_Lowpower
Spartan7_PMIC
VERMEO_VARIUM_MFNC
VERSAL
VERSAL_Automotive
Virtex_KintexUSplus
Virtex7
VirtexUSplus_PCle
VU+ExtendedPortfolio
ZUTEG_Automotive
Zyng7000_Industrial_Ethernet
ZyngUs
ZynqUS_Automative
ZyngUSplus_RFSoC

| ZyngUSplus_Scalable_High_Power_EV

| ZyngUSplus_Scalable_Low_Power_EVE
[3°|FPGA Solutions for ZYNQ7020 and Sp
q,_; RFI_ZUSplus_RFSoC High power - Cog
rl RFI_ZUSplus_RFSoC High power.pptx
Er]_'z'}(ilin)( XCZUZ1DR 5G Acceleration car
Ii‘;“' Xilinx_SP701_reference_design_20190
ﬂ"i' Xilinx_VERSAL_Reference_Design_200
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Transceiver Power For Small Stations

]
Main Rail 0.9V - DVDD I‘E e
BV-14V DC-DC ~2.0A . — s S—
- DVDDAR |
MPM3632C l VWA I
PG s FB | —{—vooT SeRDES ]
¥
EN 1.2v- ANALOG P2V
_ DC-DC (1.4V) ~1.7A LDO (2A) 4.@ VDOPZ FX
[ VODIPZ FB______ |
MPM3632C ——
Fa LD;I::“H] ;j FB ,r] r VOOTEZ FLL |
i
EN' 1.8V - ANALOG
X DC-DC (2.0 V) ~2.0A 1p8v E%.
LDO (2A) FB A
MPM3632C _
PG [r8 |+ vooreoro ]
1P8V
oA | PO (05A) | ¥8 [+—{__vooPEPL ]
. . FE — VDDA_SERDES |
For multiple Transceiver
structure, MPM81204 T
can be a good fit 33V LDO (0.3A) (f8 [ voomsrr ]
- LDO - ~35mA




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

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;

RN Makalu lvy510-12nm;
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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Radiated
Emissions

Customized, Soft Saturation Inductor

Wide Temp Range Passive

Mesh-connect Packaging Technology

—— Monolithic Power Stage




MPS Power Module

100+ products POWer MOdUIG Roadmap

B N

I3 Subscribe }

Single Multi-out Boost &
» Buck Buck Buck-
Boost



https://www.monolithicpower.com/support/videos/power-modules.html?utm_medium=email&utm_source=sharpspring&sslid=M7U0NDA1NTA0szQzBgA&sseid=M7Q0NjIztTCzNAQA&jobid=7fd9a945-181b-40ee-9aa2-f15dd26b8193
https://www.youtube.com/channel/UCqOx8jWRKEq4TpfcjCz0Isw

MPS Power Module Family — Single Output Buck

|
ouT
<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A 20A 50A 100A
VIN
wide VIN  IRYERQLE MPM3530
0x10 0x12
(S75V) 75V, Low EMI 55V, Paralle
: MPM3510A | MPM3520E MPM3593 MPM3550E i MPM3596
ngh VOltage MPM3506A MPM3515 10x10x4mm 6x8x1.6mm 12x12x4mm 10x10x4mm
(=45V) SX5x1.6mm 3x5x1 6mm Low EMI 12C. Low EMI Low EMI 12C,Low EMI,
' Parallel, Telemetry
NEW NEW NEW NEW
MPM3695-10 MPM3695-25 5
MPM3612 MPM3632S MPM3650 MPM3683-7 8x8x2mm 10x12x4mm MF;Q/)I(??X%EW“J;OO
3x3x2mm ST 4x6x1.6mm 7x4x4mm 12C, Parallel, 12C, Parallel, 12C, Parallel,
Medium Low Iq, -33 CcCcM Telemetry Telemetry Telemetry
Voltage NEW
(£24V) MPM3630
MPM3606/A | MPM3610/A | MPM3620/A 3x5x1.6mm MPM3680 W MPM54502 M MPMm36s4 | MPM3686
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C 12x12x4mm 8x14x4.4mm 12x15x4mm 12x15x4mm
cCM 12C, Telemetry
NEW
MPM3804 I vipmssii Ml MPM3822C [l MPM3833C 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

1A 2A 3A 5A 12A 25A
Vin
_ MPM3596
High Voltage 10x10x4.4mm
(S45V) 2x3A, 12C, Parallel,
Telemetry
MPIS4304 MPM54504 MPM81204 Hlglte
c XoUXo.ZMmm
Four-Output 2XAT2QA, 126 S e 4x25A, 12C, Parallel
Medium Voltage il
<16V - "
(=16V) MPM54502 MPM3690-50A
Dua|_0utput 8x14x4.4mm 16x16x5.2mm
22V, 2x5A, 12C, 2x25A, 12C, Parallel,
Parallel, Telemetry Telemetry
MPM38111 MPM3822
Low Input (S6V) 4x4x1.6mm 4x4x1.6mm

2X1A 2X2A

© MRS



MPS Power Module Family — Single Output Buck

IOUT

<0.6A 1-1.2A
Vin
Wide VIN MPM3570E
(ST5V) 5 Ly

Features and Benefits

High Voltage BYIZVEE0 MMPPMM33551105A
(545\,) Sxocemm 3x5x1.6mm
3x3x2m
Medium Low lq, -33
Voltage
(S24V)
MPM3606/A | MPM3610/A
3x5x1.6mm 3x5x1.6mm
MPM3804 § nvpm3811
2x2x0.9mm 2%2x1.6mm
Fixed Vout :
Low Input
(<6V)

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

* Wide Input Range: 3V to 22V
* 0.6V to 12V Output Voltage
» Fixed 3.3V output option
« Ultra Low 1Q: 5pA
* 1A Continuous Current

+ +1.5% Total Output Voltage Regulation

* Small 3x3x2mm Package
« COT Control, Ultra Fast Transient
+ Max 98% duty cycle

3A 4-5A 6-8A 10A 15A
322V
VIN VIN Efficiency vs. Load Current, Vy;=3.3V
C1 05
33VIMA
= EN vouT| 0 8 -
MPM | e =
33V 3612-33 - % 25
R3 224F £
100k g
PG — £®
VOUT_Sp—— - —VIN=4.5V
vee 55 —VIN=12V
GND —VIN=22V
l 45 :
L 1 10 100 1000 10000

Load Current(mA)

6.0mm

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

© MRS



MPS Power Module Family — Single Output Buck

IOUT

<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A
VIN
Vin VIN VOuT 9 L 2 Vour
Wwide VIN - RUSNSRIRS S e Lo | wpmasses _% :,M—L our
(S75V) 75V, Low EMI 55V, Parallel L —en OUT;B b3 ]T:
/ —PG _
2 GND sk
- MPM3510A | MPM3520E EZD2596 < 1
High Voltage BYIRVEE m " 1.45mm ¥ = =
<45V) 3x5x1.6mm MPM3515 1OLX1OXél\r;|1|m 11x15x4mm y
(— 3x5x1.6mm oy Low EMI 3mn:\‘ /
3mm
NEW
MPM3612 Features and Benefits
3x3x2mm
Medium Low Iq, -33 * Thin 3x3x1.45mm Package
Voltage « ECP (Embedded Chip Package)
(S24V) MPM3650
MPM3606/A @ MPM3610/A I MPM3620/A 3x5x1.6mm * Input Range: 4V to 18V
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C
ccm * 0.6V to 5.5V Output Voltage
» 3A Continuous Current
MPM3804 MPM3822C MPM3833C . itchi
20 NIZE)Z[\(/IlEEr::l 25535 6 A 2.2MHz Switching Frequency
ixe ou CCM H
Low Input Forced CCM, Ultra Fast Transient
(s6V) + +1.5% Total Output Voltage Regulation

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3820

3x5x1.6mm

MPM3850

3x5x1.6mm

MPM38

3x5x1.6m

* Thin 3x3x1.45mm Package

20A

36A 100A

MPM3695-25

10x12x4mm
12C, Parallel,
Telemetry

MPM3686

12x15x4mm

NEW
MPM3695-100

15x30x5mm
12C, Parallel,
Telemetry

© MRS



MPS Power Module Family —

Single Output Buck

IOUT

<0.6A 1-1.2A 2A 3A 4-5A
VIN
Wide VIN MPM3570E MPM3550
(ST5V) 5 Ly o pele
: MPM3510A | MPMm3520E l mEzD2596 | MPM3550E48
H I g h<VO l tag € M I;I;Q?GSmOmGA M PM3515 10x10x4mm 11x15x4mm 12x12x4mm
(—45V) . 3x5x1.6mm Low EMI Low EMI Lo
NEW NEW
MPM3612 MPM3632S MPM3650
3x3x2mm 3x3x2mm 4x6x1.6mm
Medium Low g, -33 oM
Voltage
(S24V) MPM3650
MPM3606/A § MPM3610/A | MPM3620/A 3x5x1.6mm
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C
CCM
MPM3804 W \ipmasii B MPM3822C W MPM3833C
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

MPM380

3x5x1.6mm

Vin=12V
275V-ATV BST  sW vouT 100
VIN 1VISA
¢l vout o -3
MPM3650 R1 J— c2
= 20kQ I iw
o——— PG FB R2 = 3= 86
o————————ENABLE 30kQ 2 80
ssf— u
= 76
—]vee ™ ”
@
i < 85 ’ - = =VourtsvPiss | 0.2
’ Vout=3.2V Ploss
Ho ok :
= 0 1 2 3 4 5

LOAD CURRENT {A)

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 Applications

+1.5% Total Output Voltage Regulation « EPGA/ASIC Power

» Acceleration Card

Small 4x6x1.6mm Package

COT Control, Ultra Fast Transient - Test Equipment

© MRS



MPS Power Module Family — Single Output Buck

IOUT

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3690-30B v )
High Voltage NVIIVEENON IAENSSURN RURrecs wrb| | e

(S45V) 3x5x1.6mm 3xEx] Bmm Low EMI VFB2 =

NEW AGND  GND RAMP1 RAMP2
MPM3612 =

Medium Features and Benefits 0
Voltage 95%
(s24V) + 3V to 16V Input Range 00%

MPM3606/A | MPM3610/A § MPM3620/A =
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm ¢ 0.6Vto 3.3V Output VOItage °\; 850
%) '0

. c
+ Dual 18A or Single 36A § 50%
MPM3804 MPM3811 VEVkEpled ° Ultra Fast Transient R
Fixed vout SO Bl - Ext SS, FREQ pins .

Low Input - 91% Peak Efficiency 12V->1V

(s6V) 65%

VEVERe ol ° 16x16x5.18mm BGA Package

3x5x1.6mm

20A

36A

100A

<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A
V|N IF
Interleaved Operation at 1.2V, 36A
Wide VIN MPM3570E 1Y ot P P —rs T vour rvees
10x10x4mm »
(S75V) 75V, Low EMI benz ves: %—_RF, /IC“"” :

- oo

=—=V0=0.75V, Fsw=600K
=—\/0=1V, Fsw=600K
=—\/0=1.2V, Fsw=600K
===\/0=1.8V, Fsw=1000K
Vo=3.3V, Fsw=1000K

0x12x4mm

C, Parallel,

Telemetry

PM3686

2x15x4mm

NEW

= \13690-50B
16x16x5mm

12C, Parallel,
Telemetry

NEW

MPM3695-100
15x30x5mm
12C, Parallel,

Telemetry

10 20 30
Output Current(A)

© MRS



MPS Power Module Family — Single Output Buck

IOUT

<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A
V|N IF
. Vin CJ._ch._cm ] ﬁ‘? VN TAKE BST oupil o
Wide VIN MPM3570E MPM3550 Tz To | wemasssas ey
(ST5V) 75V, Low EM sov. parales [ S ——— S S e o 3
‘.:T_(i - s VOSNS- ; 63V 683V 63V
ALTE O— a3V :Z AT .:: . .
AEIRVCIEREN vpvissoca | METISSIOA | MPWSSI0E [l mEZD2596 || et NS
(S45V) SoxLemm 3x5x1.6mm Lo =8 Low EMI © Iﬁ?' -
NEW .
Features and Benefits
MPM3612
3x3x2mm * 3V to 16V Input Range
Medium Low g, -33
Voltage * 0.5V to 5.5V Output Voltage
(s24V) MPM3650 + Continuous 20A (Peak 25A)
MPM3606/A | MPM3610/A § MPM3620/A 3x5x1.6mm
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C * Parallel up to 120A(Up to 6Phase)
CCM
* PMBus 1.3 Compliant
MPm3804 0 iemzsis Il MPM3s22c [l mpmssasc * Ultra Fast Transient (COT)
i 2x2x1.6mm e e « 90% Peak Efficiency 12V->1V
LO("Z;C';’M * 10mm*12mm*4mm QFN-59 Package

MPM3805

3x2.5x0.9mm
Fixed Vout

MPM3810

3x2.5x0.9mm

MPM3820

3x5x1.6mm

MPM3850

3x5x1.6mm

* Videos

20A

S50A

100A

MPM3695-25

10x12x4mm
12C, Parallel,
Telemetry

MPM3686

12x15x4mm

NEW
MPM3695-100

15x30x5mm
12C, Parallel,
Telemetry



https://www.monolithicpower.com/support/videos/new-scalable-100a-power-module.html

MPS Power Module Family — Single Output Buck

IOUT

<0.6A 1-1.2A 2A 3A 4-5A 6-8A 10A 15A 20A
VIN
Wide VIN MPM3570E MPM3550 ':’;Z%ml T 12‘:%M
(S75V) 75V, Low EMi i ||| | 3
PG O I“‘ & HOSKSH xE == 100uFx4
ALT OL ALT VOSNS-
: MPM3510A | MPM3520E [l mEZD2596 | MPMm3ss0E | MPM3596 | RER S
Hig h<VO ltage WY I;';{l(f’?momGA MPM3515 10x10x4mm 11x15x4mm 12x12x4mm 10x10x4mm z: o R"’”‘i
(_45V) . 3x5x1.6mm Lo =8 Low EMI Low EMI Pa:iﬁéll_o'l\q’alimttry PASS RUN GND

NEW

MPM3612

3x3x2mm

NEW

MPM3632S

3x3x2mm

NEW

MPM3650

4x6x1.6mm

MPM3683-7

7x4x4mm

MPM3680

NEW

MPM3860

Medium Low lq, -33 oM
Voltage
(524V) MPM3650
MPM3606/A i MPM3610/A i MPM3620/A 3x5x1.6mm
3x5x1.6mm 3x5x1.6mm 3x5x1.6mm MPM3632C 12x12x4mm
CCM
MPM3804 f vipmssii M MPM3s22c W mpm3s3sc
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

MPM3850

3x5x1.6mm

MPM380

3x5x1.6mm

Features and Benefits
+ 3V to 16V Input Range
* 0.5V to 3.3V Output Voltage
+ Continuous 100A (60A for 3.3Vgyr)
« Parallel up to 800A
* PMBus 1.3 Compliant
* 4-Phase Power stage in one module

+ Ultra Fast Transient

* 90% Peak Efficiency 12V->1V
* 15x30x5.18mm BGA Package
* Videos

100A

NEW

MPM3695-100
15x30x5mm
12C, Parallel,

Telemetry

=

©



https://www.monolithicpower.com/support/videos/new-scalable-100a-power-module.html

MPM3695-100 Efficiency & Thermal

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

o1 No Forced Airflow, 25°C Ambient
pEEEN 89.5%
20 e — . 895% | e
/ mEEay sl Ne]
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 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



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| Math | MyScnpe| Annlyze' Utilities] Help IB Takk Q
——r—r ——r—r ——r—r et ——r— —r—r— i ——r—r ——r—r — FllelEdn‘vemcallHonz/Acq|Tng|D|spiay]Cursors]Measure]Mnsk[Math|MyScope[Annlyze[Uulltles[Help‘B [IERS 9
7 7 5 [t [ e 0 R /R 4 7 . 5 I 4 [t [t [ 7
O Lt DAl e \ 7/ Peak to Peak =23mV
Peak to Peak =3.2mV Fpaxkto-Feak—oity
.

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' <l w s v [ Y I g L Il L ! il L L L | |
t=reem et (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 !
y = 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===cs=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

@& Max*  [48mV  [3.0193548m |24~ [4.8m 1068~ 310

mes




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

omv/div) T

IOUT

(O.5m\//i%\) N

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

mes




Multiple Output Buck

| ouT
- 24 2 3A 5A 12A 25A

"  saore @O 3A 6A
418V . 1 2T H 3A

L, Vo O—>22 @A
o o> 02

MPM3596

s ] N voursy = 10x10x4.4mm
. L 2x3A, 12C, Parallel,
12c { A L_'.' . 33:3 H 3A 3 6A Telemetry
1 Lo @ 3A
! 4A 4A NEW NEW NEW
T :T :T S MPM54504 MPM81204 N MB2o0S
Features and Benefits ; 9x15x5.4mm 9.5x16x5.4mm PRl Ea A I
. 2x3A*2x2A, [2C, 4x5A, 12C, Parallel 2X12A + 2X5A 4x25A, 12C, Parallel,
« Ease of Use; Small Size; Sequence Parallel Telemetry
* Quad Output Power Module with 12C NEW NEW
« Only 5 External Components needed MPM54502 MPM3690-30A

8x14x4.4mm 16x16x5.4mm
4V to 16V Input Range 22V, 2x5A, 12C, 2x25A, 12C, Parallel,
+ 0.55V to 7V Output Voltage \ Parallel, Telemetry Telemetry

* Dual 3A + Dual 2A
* 6A + 4A Configurable

 Built-in Power On/Off Sequence

* 7x7x2mm LGA Package

© MRS



Multiple Output Buck

VIN

1N Lo W)\

D AN

High Voltage
(s45V)

Medium Voltac
(s16V)

Low Input (S6\

0.85V Output
258

100

95

90

85

Efficiency(%)

80

75

Features and Benefits

Quad 5A Power Module
3.3V to 16V Input Range
0.5V to 5V Output Voltage
Quad 5A Continuous

* Peak 6A
9x15x5.18mm BGA Package

12V Input Efficiency (Each Channel) 1

1 2

—\VOUT=5V
- = =VOUT=3.3V
====VOUT=1.2V

3

4

Load Current(A)

@ sA
@ sA
@ sA
@ sa

5

Y

S5A

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

 our

1A p e
V|N Ir;put Vi va
¥ _[ & - 05
High Voltage e’ MPMsas02 L)mm
(s45V) I s " arallel,
{ . MPM54504 MPM81204 IR0
XoUXo.Zmm
FOUF-OUtF 9x1i>)<gp2\mm S;fi(zlgxf;)gx 4x25A, 12C, Parallel,
Medium Voltage Features and Benefits Telemetry
(s16V) - Dual 5A, Single 10A Power Module - N
with 12C and Telemetry MPM54502 MPM3690-50A
Dual-Outg 8x14x4.4mm 16x16x5.2mm

MPM381

Low Input (S6V) 4x4x1.6m!

2X1A

4V to 22V Input Range

0.5V to 20V Output Voltage
PMBus 1.3

Built-in Power On/Off Sequence
8x14x4.4mm LGA Package

22V, 2x5A, 12C, 2x25A, 12C, Parallel,

Telemetry

Parallel, Telemetry

© MRS



Multiple Output Buck

IOUT

1A 2A A 12A 25A
. 4-16V v
- Input outo
VI N ‘ Vi Vouro 1.2Vi12A
Cin Vosnso+ : I Couro
: 224F
xzu :_[ ENO Vosnso- nd 100uFx4
- EN1 FBO - v
oumt
EN2 v, c0.4k 25VI5A
EN3 ouTL
H Vosnsi+ Count
High Voltage v
—pPG1 OSNS1- A 4
FB1
< —PCRMEME 20 o Vourz
(S45V) re

PG4 L/ — Courz
470F
Vosnsz-

J 1_122222 % I s e fg;;:“ NEW NEW
mTRLlSS3 vos:;;
1111 MPM81204 “ffiﬁiif’o“
- + 9.5x16x5.4 x30x5.4mm
Four-Output _ SR1oA  en 4x25A, 12C, Parallel,
: Features and Benefits Telemetry
Medium Voltage
(51 6V) * Quad Output Power Module NEW

MPM3690-30A

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

* 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
MPM3S Pin Compatible with LTM4671

Dual-Output

MPM38111

Low Input (S6V) 4x4x1.6mm
2x1A

evals i  *© £1.5% Output Voltage Regulation
2288 . 9.5x16x5.18mm BGA Package

© MRS



Multiple Output Buck

IOUT

= 14 24 24 5A 12A 25A
Vin | o ! 1. Features and Benefits VIN=12V ‘
T T 7 0.9v Output 100%
— i = « Quad 25A Output Power Module -
i : : I with 12C and Parallelable
ng h ] | 72 = 1V Output _ 90%
< T + 3V to 16V Input Range g .
“ge 0.5V to 1.8V Output for 25A HIM | s s v
o 80% 3 ~—Vo=1V, Fsw=600K
R | T L + 1.8V to 3.3V Output for 15A uw —yl ——Vo=1.2V, Fsw=600K NEW
o i : « Parallel with MPM3695-100 o B b il MPM82504
j , B : 15x30x5.2mm
+ PMBus 1.3 Complaint % 16x5.4mm
Ultra East T .p t o 0 5 10 15 20 25 2A + 2x5A 4X25’§‘_’ :ZC’ Ft’arallel,
. . ra Fast Transien elemetr
Med iutl ) Output Current(A) Yy
(S » Telemetry for V,\, Voum lour, TEMp NEW
« 15x30x5.18mm BGA Package MPM3690-50A
----- 16x16x5.2mm
2x25A, 12C, Parallel,
Telemetry
@ 257 50A 75A 100A
@—> 25A
@ 2570 @—> 25A
Low In O 250 @—>25A @—> 257
A
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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



MEZS84802A 802.3af/at 12V 25W PoE Module

« 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 | — 1| 1|5 2
o 91% @ 24W, 89% @ 12W | |

* Minimum external components needed

e 1500V Isolation
« Hiccup Protection for OLP, SCP, OVP and ) C l T Li m 5 d
thermal shut down 3 et - ;g 2

90 e

80

EFFICIENCY (%)

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

Samples available now LOAD CURRENT (A)

1
LT

« Meet EN55022 Class B EMI standard MP8009

« Featured by MP8009 2 — 1% —

o Fully-Integrated 802.3at/at Compliant PoE PD
Interface with Flyback/Forward Controller ! = :

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

1
LT

r
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