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Our key figures

©

REVENUE RANKING

10% CAGR Top 5%
CUSTOMERS UNITS SOLD

300 > 100 million

* For power supplies manufacturers/ Source: MTC 2020

Q"0 0

0.0
e
EMPLOYEES
> 400

PATENTS REGISTERED
> 150

DESIGNERS AND ENGINEERS
45

DESIGN CENTERS
2
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Flex Power
Modules
Shanghai, China

“Our goal is to deliver products with high
quality and on time. We support our
customers during the whole journey from
product design, development,

production and through to maintenance.

Rachel Wang
General Manager, Flex Power Modules
@lgligle

Site overview

Legal company: Flex Electronics Shanghai

Established: 1996
Headcount: >300
Footprint: 69750 sft

Multi-disciplinary site

« E2E Supply Chain - Order desk,
Planning, Sourcing

« Manufacturing, NPI, Test
Development

« R&D, Product Management, Sales

* Quality Management and Customer
Service

Special capabilites

« Supply of 50 families -1500 variances
of Board Mounted Products DC/DC
and RF Modules

« R&D and Manufacturing of 7.5x7.5
mm analog Pol to 1500 W digital
brick and PSB

« Long experience of building
technologies including heavy
copper PCB and customized burn-in
and test

Ceriifications
 |EC/EN/UL 60950-1
 |EC/EN/UL 62368-1

Cﬁ’RT | FI&O
TR
ISO
NSl
9001:2015
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Product &
application
overview
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DC/DC converter solutions that ensure
maximum reliability, performance and
cost effectiveness for the most
demanding applications.

IP Routers & Datacenters &
Switches Cloud Industrial Transportation
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Evolution of mobile networks

1G 2G 3G 4G 5G

Era 1980s 1990s 2000s 2010s 2020s
i : .. : WB Voice Voice, Video :
Services Analog Voice Digital Voice Packet Data internet, Apps Everything

Devices
Data Rate 0 100 kbps (GPRS)  10Mbps (HSPA) (]L(%(;L”?Etﬁs) ‘O(SISDS
Delay 500 ms 100 ms 102 ms 5 ms




5G will enable many new use cases
... and the best ones have yet fo be imagined

Enhanced Mobile Ultra-Reliable

Broadband & Low Latency Massive lol
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Autonomous vehicles Smart cities
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Virtual reality Industrial automation




5G Deployment Status
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465 operators in 139 countries are investing in 5G

180+ operators have commercially launched 5G
600+ commercially available 5G devices

580M 5G subscribers by end of 2021

3.5B 5G subscribers by end of 2026

Source: GSA (Sept 2021)

B 5G deployed in network, services launched m 5G deployed in network, soft launch
B 5G deployed in network, precommercial m Deploying

M Planning m Evaluating/testing/trialing

flex



5G deployment in China
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During pandemic, mobile data traffic
increased by 40 % (comparing March 2019
with March 2020)

In 2019 & 2020 operators invested a sum of $78
billion USD ( equals 1/5 of revenue) in network
rollouts

— Aggressive 5G rollout

— 200 million new 5G connections

— 600 000 new 5G base stations

Mobile operators play a key role in achieving
sustainability development goals by

— Delivering connectivity and access 1o life-
enhancing services

— Sustainable development with focus on
energy saving solutions and reduce
emission supporting transition to zero-
carbon economy

-2 8888888 8

2019-20354F 1 [H 5G L wk % =2 fii #
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20195F 20204F 20214FE 20224FE 20234FE 20244FE 20254FE 20304FE 20354FE
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Source: A& LA 7T B B
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Powering 5G radio network applications

Traditional -48V from battery
or high voltage DC (HVDC)

13

Wireless Infrastucture: A Heterogeneous Network

Massive MIMO LTE-Pro and 5G Outdoor Small Cell

g

Metro Core Network
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Macro-base stations
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Marco-base stations e« BBU & RRU applications
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Requirements from operators and equipment vendors

«  The maximum power consumption increase
68% vs 4G (single station).

« Overall high efficiency including base station,
air-conditioning energy consumption etc.

« RFPA designers are increasingly moving from
LDMOS to Gallium Nitride, (GaN), transistors

« Envelope Tracking/Restoration (ET/ER) has
emerged as a key RFPA design technique
— very efficient DC/DC converter required

« DC/DC converter needs to handle
broadband RFPA output bias voltage in

synchronization with the amplitude variation
of the modulated RF input signal

« Operators vs equipment vendors, Open-RAN.

16



RFPA

REQUIREMENTS:

Load at TDD application o - o
X RX X

17

TDD mode load: better fransient response
and higher OCP setpoint(<10ms time slot)

Height tolerance < 0.5mm

Baseplate OTP on all kinds of conductions
>100°C, perhaps increase to 110 °C in
future

-40 °C to 100° C operating temperature
Power density

Digital function

Inrush current

TDD period
10mS

technical requirements & challenges

CHALLENGES:

DD load

Time to market (TTM)
Efficiency

Cost

Reliability

Cold/high temperature performance

flex



Mounting requirements

Thermal performance plays an important role

[ HEATSINK (QC/DC)

RRH Cover
HEATSINK)

<~ Tharmal Pad---,
1 [

_——SCREW

'—DC/DC PART [ex, Coll, Connector, FET,,,.)
Thermal Source. ..

- DGDG PCE

flex
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Typical thermal solution

Radio Unit Heatsink

Normally, there is no
airflow inside radio

Thermal Interface Material

units

Baseplate

Thermal Interface Material

Power Module PCBA

Pin

Radio unit diagrammatic sketch

Mother board

flex

19



Thermal: ideas for thermal resistance reduction

« Baseplate and TIM between PCBA and baseplate

are removed 1o reduce total thermal resistance
o aftach power module to RRU heatsink through TIM
directly

« Dual cool MOSFET is selected to increase heat
dissipation capability towards upside

* Pinisremoved, connect power module to mother
board by dozens of PCB pads to reduce thermal
resistance towards downside

Result: The output power
capabillity is increased

when thermal performance
Improved.

20
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5G/RFPA DC/DC portfolio

half brick
PKJ4716A PKJ4716H BMRé485
halfbrick half brick Digital / half brick
14-35 VL 70 W = 25-55'V s / 700 W.._25-39 V oW

quarter brick

PKM4516AD P
quarfer brick g
14-35 V,; / 500 W 25-5

eighth brick

PKB42146C PKB4216HD
eighth brick eighth brick
% 15-33 Vo, /200 W 40-55 Vi / 250 W

sixteenth brick pku.p 100w PKU4116C 100W PKU4114HD 110W

36-75 V. 36-75 V., 36-60 V.,
12 Vi 10-33 Vs 55V,
100 W 200 W 500 W /00 W 1300 W
'.
FalV/
T- L e ¥ S



BMR685

First digital half brick for RFPA up to
1300 W P

Designed for high power GaN and
LDMOS RFPA applications

flex




Product overview ¢« BMR685

MEFREERE R S 61mm*57.9mm*12.7mm
R, 473W/in3

o N LR Y [ 36V~75V

far - 50V/1300W

e HH R TR YO [ 25V ~55V

WM. 97.2% , 48Vinki \F3k
m P RSTAERE: 0.2mm

DL B 7R s

A B = L k. 2250Vdce
FERPMBuUSIE TR PR Y

F s, B AR I 3

fan PR s A R B

HelE (Snapshot) IhEe

VV VYV V VY YV VVYVYY
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BMR685 1300W vs PKJ4716H 700W 50V

PR S

Al

TR
NREFE (W/iNA3)

FE S

NEW
BMR685

Efficiency

[%]
100
98

95 P el P

94

92 ; —_—— 53V

Nt+—T""T""T"TT1TT1T 1T 7T 11| ===-=-- 75V
&8 E
86

0 2 4 6 8 10 12 14 16 18 20 22 24 26 [a]

Efficiency vs. load current and input voltage at Tpy = +25°C

PKJ4716H

/00W
256

Efficiency

[%]

100

a7

o = :___'f__,:.z__-.__f?__f BV
/{,’:' T 1 — — —48V

91 AL — . — 53V
s L L

58 [‘;,! 75V
i

85 N

0 2 4 6 8 10 12 14 [A]

Efficiency vs. load current and input voltage at Tpq = +25°C.
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Output Current Derating — Cold wall sealed box

[A] Tamb 85°C
30

25 S

20

15
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5

0

0 20 40 60 80 100 [

Available load current vs Base plate temperature.
Vi=48 V. See Thermal Consideration section.
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FIIHE

PREDOSAE v FLJRE 2 (AT M5

>

{88 FAm tfEPMBuUSIE L X

S BT A E RN R s

SEIEPMBuUsEZ M BUR R AR IREAE B

s P T ST IR A 5 B, 7 6 A R L T

PRIGTRE- PN B, HBIIC S R BCIRAS R B BB N BRI N A i e B, 0 % Je S B o0 iy

Configuration

STATUS_VOUT (0x00)

VOUT_OV_FAULT

VOUT_OV_WARNING

VOUT_UV_WARNING

VOUT_UV_FAULT

VOUT_MAX_WARNING

N w s |lulo |~

TON_MAX_FAULT

TOFF_MAX_WARNING

VOUT Tracking Error

STATUS_IOUT (0x00)

1OUT_OC_FAULT

IOUT_OC_LV_FAULT

IOUT_OC_WARNING

10UT_UC_FAULT

Current Share Fault

In Power Limiting Mode

POUT_OP_FAULT

POUT_OP_WARNING

STATUS_TEMPERATURE (0x00)

OT_FAULT

OT_WARNING

UT_WARNING

UT_FAULT

Reserved

vlw|s|lo|loe |~

Reserved

Reserved

Reserved

N

]
J
4—L STATUS_WORD (0x20) STATUS_INPUT (0xCO)
—_— @ | 15| vour @ | 7 | vinovrauT
@ | 14 | 1out_POUT @ 5 | vinov.warNING
@ | 13| npuT @/ 5 | viN UV WARNING
@ | 12 | MrR_sPECIFIC — — (@] 4 |vinuvraur
@ | 11 | Power_GooD @) 3 | INSUFFICIENT_VIN
@ 10| rans — @ | 2 | inocFaur
@ 9 | oHer “— @] 1 | IN.OC.WARNING
@ | 8 | unknowN @ | o | PIN.oP.WARNING
STATUS_BYTE (0x41) STATUS_MFR_SPECIFIC (0x00)
@) 7 | Busy @ | 7 | Manufacturer Defined
@6 |oFF @ | 6 | Manufacturer Defined
L, |@]| 5 |vourovraur @ | 5 | Manufacturer Defined
L |@)]| 4 |ourocrauLt @ | 4 | Manufacturer Defined
@) 3 | viNuv_FAULT @)| 3 | Manufacturer Defined
@ | 2 | TEMPERATURE @ | 2 | Manufacturer Defined
@M @ )| 1 | Manufacturer Defined
@ | 0 | NONE_OF _THE_ABOVE @ | 0 | Manufacturer Defined
e STATUS_FANS_1_2 (0x00)
. 7 | Fan 1 Fault
. 6 [ Fan 2 Fault
. 5 | Fan 1 Warning
. 4 | Fan 2 Warning
‘ 3 | Fan 1 Speed Override
. 2 | Fan 2 Speed Override
. 1 | Air Flow Fault
. 0 | Air Flow Warning

TR &

AR ftad s, mA R AR
Flex Power Designer (FPD) {4 1] 3L FFBMR685 KL B AR R
FPD ) i ] T e

J .

A EE

flex 530FPD.epd - Flex Power Designer 3.2.0
File Edit View Function Tools Actions Help

10 & Gl

8 Project

Configuration Overview L

QB w

21 Configuration

AT doh T AR 2R T B B P )

s ][
JL

Monitor Settings
Select Rails to monitor

>

1# Efficiency Parameters
8 & Menitor Name Decimals
8 [ rlots o ) Vout B:]
8 X B -
O Rail 1 (03F) 3
2 lout [
O Rail 1(0x30) O S
in )
) Operations =
# supplies O veap 28
# Loads V) Temperature 1 [
8 @ rais s ty Cycle
B8 0O Rrail1 = Frequency [0 [El)
" £ 100
IT output Filter > @ More
¥ BMR 530 XX00/200 (0x3F) 80
Jfx Functions Reading Interval
Q scanned Devices , Rail 1 (OX3F): 00 A I -
z Status
S Status Registers
3 Select bits to monitor
Alarm Legend
@ Noalarm
50
g @® Alarm
< 3 Read Failure/
LIS Unsupported
é’ 3 Plot Range
(st Erorsin configuation x| 5
. . . 30
Rail 1 Vin Overvoltage Warn Limi | A Limits
T T T T T
Rail 1 Vin Overvoltage Fault Lt s s T s 15 o5 0 over Fauit
Rail 1 Power Good On Threshold ' . me (i : 3 over Warning
i E Time [minutes] (7] Under Warnin d
Output from: [IEEISEIN PMBus Transactions (1984))

ReadRegisterAsync Failure: Received NACK x38
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I8 T Re

Snapshot — i & FrE RS &

E'g/flil VA

LTS LN I

Vin_off(R]Ac &),

PEHLC SR T

IREAE B AN e 1) AR [al45 8

RIS L QR W

Configuration

8 Project

€ Scanned Devices

D Configuration Overview
;E Efficiency
8 G Monitor
l__+ Plots
@ Rail 1 (0x3F)
O Operations
’ Supplies
# Loads
8 Rails
e o
T Output Filter
¥ BMR 530 XX00/200 (0x3F)
fx Functions

| Rail Definition " Basic || Current Sharing ” Data Sheet ” Dynamic Bus Voltage ” Hybrid Regulated Ratio lﬁ

Display mode

O'l | Import to configurati

Filter, matches 1 of 117

@ Filter Text { snapshot

[ ctear |

[Select/Type Filter Name u

Name Code “

BMR 530 XX00/200 (0x3F)

Rail 1 Vin Overvoltage Warn Limi
Rail 1 Vin Overvoltage Fault Limit
Rail 1 Power Good On Threshold

® @ oor

[ 0x040040000000C800004 141 200(}(]

-

Snapshot Cycles [255:240]

Manufacturer Specific Status Byte [239:232]
Status Other [231:224]

Status CML [223:216]

Status Temperature [215:208]

Status Vin [207:200]

Status lout [199:192]

Status Vout [191:184]

Status Byte [183:176]

Status Word [175:160]

(TIMe Tn operation [158:144]

Temperature 2 [143:128]
Temperature 1 [127:112]
Load Current [111:96]

Output Voltage [95:80]

Input Voltage [79:64]

(4 | Times
[ox40 ]
[ox00 ]
[ox00 ]
[ox00 ]
[oxcs ]
[ox00 ]
[ox00 ]
[oxa1 ]
[0x2041 ]
34625 | >
3075 | >
o | A
023535 |v
[50.25 |v
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Comparison
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Mechanical
Dimensions

Electrical

Input voltage range
Output voltage
Output voltage range

QOutput power
QOutput current
Efficiency

Switching frequency

Ripple and noise
Isolation

BMR685

Half brick | digital

36-75V
50V
25-55 'V

1300 W
26 A
97.2% half load

120 kHz

40 mvp_p
2250 V

key features

PKJ4716H

Half brick | analog

36-75V
50V
25-55V

700 W
14 A
95.7 % half load

200 kHz

60 mvp-p
1500 V

Competitor A

Half brick | digital

36-60 V
50V
50 V

1300 W
26 A
96.4% half load

140 kHz

200 mvp_p
2250 V

flex



PKU-D & PKU-C

DC/DC converter in sixteenth brick
format

Designed for low power radio
applications such as microwave,
small cells and indoor wireless

coverage
flex



Product overview ¢ PKU-D

« Low profile sixteenth brick — available with
baseplate

« Wide output trim range for low-power radio
designs

« Excellent price/performance ratio

« Efficiency up to 95% half load

« Extremely good thermal performance
« Qutput power: 100-260 W

* Input: 36-75V

« Qutput:2.6-13.2V

Dimensions:

33x229x11.3mm
1.3x0.9x0.44 in

flex
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Product overview ¢ PKU4116HD

 Isolated DC/DC

 Qutput power:up to 110 W
* |Input: 36-60 V

« Qutput: 55V

 |solation 2250Vdc

Dimensions:

33x22.9x9.8 mmMm
1.3x0.9x0.38in

flex
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Product overview ¢ PKU4116C

34

Low profile sixteenth brick
Isolated DC/DC

Output power: up to 100 W
Input: 36-75V

Output: 10-33 V

Isolation 1500 V

Dimensions:

33x22.9x9.6 mm
1.3x0.9x0.38in

flex



Key features

35

Mechanical

Dimensions
Electrical

Input voltage range
Output voltage
Output power
QOutput current

Efficiency

Switching
frequency

Ramp-up time

Isolation

PKU4116C

33x22.9x9.6 mm

36-60 V
5-6 'V
60 W
12 A
93%

300 kHz

10 ms

1500 V

PKU-D

33x229x11.3mm

36-75V
2.6-13.2V
100 - 260 W
8.3-33 A
96%

500 kHz

12 ms

2250 V

PKU4116HD

33x22.9x9.8 mm

36-60 V
55V
110 W
2A
92.4%

500 kHz

19 ms

2250 V

flex



DC/DC solutions for 5G applications

B FovEAS Rl A A e

R SIS AR

100 W (PKU-C)

30V «  Antenna
Surge
: E_qu 12V 260 W (PKB-D/PKU-D)
protection « Board control
Fuse Polarity
protection 12V 300 W (PKB-D), 400 W (PKB-D)
600 W (PKM-NH)
- BBU & DU
EMI filter Soft start
32/50 V 500 W (PKM4516) 700 W (PKJ4716)

1300 W (BMRé685)
* RF amplifier

flex
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Case Study 1

« Customer — a new player in the O-RAN
Alliance HW infrastructure development

* Project — Massive MIMO 5G 32T32R
reference design using ADI & Marvell

« Design consists of 2 sections:
« Power Amplifier
« Baseband

Power Amplifier DC/DC requirements

« 28V with frim capability at up to 1000W. Needed
digital intferface for monitoring

Baseband DC/DC requirements

« 12V atup to 200 W. Needed digital interface for
monitoring

Thermal — sealed box conduction cooling.
Max case temperature of +100°C.

37

 Power Amplifier
BMR4830300/200 — 500 W 18-32 V Digital Quarter

Brick
Radio

BMR4560104/001 — 420 W 12 V Digital Quarter Brick

Iﬁl MARVELL

Essential technology, done right ™

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

flex


https://flexpowermodules.com/resources/fpm-techspec-bmr683
https://flexpowermodules.com/resources/fpm-techspec-bmr456

Case Study 2

Customer — a key player in the O-RAN
Alliance

Design consists of 2 sections:

« Power Amplifier
« Radio

Power Amplifier DC/DC requirements
« 50V with trim capability at up to 700 W * 2pcs

Radio DC/DC requirements
« 12V atup to 450W
« 30W up to 60W

Max ambient temperature of +95°C.

38

Thermal — sealed box conduction cooling.

 Power Amplifier

PKJ4716HD — 700 W 50 V Half Brick with
25-55 V trim range
Radio

PKB4413D — 450 W 12 V Eighth Brick
PKU4116C — 100 W 10~30V Sixteenth Brick

flex


https://flexpowermodules.com/resources/fpm-techspec-pkj4716h
https://flexpowermodules.com/resources/fpm-techspec-pkb4413d-450w
https://flexpowermodules.com/resources/fpm-techspec-pku4116c
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Q&A

visit our website:
flexpowermodules.com
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