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volution of mobile communication tech
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5G launches worldwide

« 5G launches confinue worldwide

* By mid-Aug 2021,176 operatorsin 72
countries/territories had launched one or more
3GPP-compliant 5G services.

« By 2025, 5G networks are likely to cover one-
third of the world’s population.

« 5G devices captured more than two-thirds
(69%) of global smartphone revenue in Q1
2021, with their shipments reaching 39% of the
global total for the quarter.

« 5G means uncountable applications for a fully
connected life 2 increased data traffic

« Urge for new infrastructure with new base
stations and global networks - more power is
required

Where 5G Technology
Has Been Deployed

Countries where 5G networks/technology have been
deployed and where 5G investments have been made

B 5G networks
launched

M 5G technology
deployed

Investment
in 5G

As of August 2020

Source: GSA 5G Market Snapshot

@®06 statista ¥a
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5G delopment in China

« During pandemic, mobile data traffic has
increased by 40 % (comparing March 2019

with March 2020 2019-20354F 0 [H 56 5L w1k By 7 1
 Mobile operators play a key role in achieving
sustainability development goals by

« In2019 & 2020 operators invested a sum of $78 .
billion USD ( equals 1/5 of revenue) in network I I
— Delivering connectivity and access to life- [ . l I I
enhancing services 20194F 20204F 20214FE 2022£FE 2023<FE 20244FE 20254FE 20304FE 20354FE

rollouts

— Aggressive 5G rollout

— Sustainable development with focus on ascE i E: 52
energy saving solutions and reduce

-2 8888888 8

— 200 million new 5G connections
— 600 000 new 5G base stations

emission supporting transition to zero- Source: "The Mobille Economy China 2021 by GSMA, 2021
carbon economy
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Requirements for operators and equipment vendors

« Radio Frequency Power Amplifier (RFPA) one
of the most expensive and power-hungry
components

« 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.




5G usage scenarios
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Powering 5G radio network applications

Wireless Infrastucture: A Heterogeneous Network

Massive MIMO LTE-Pro and 5G Outdoor Small Cell

Er @1
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Metro Cell : : 'l!:/ Outdoor DAS
ﬁ ﬁ Metro Core Network : ,|!' I 7
: = 4
g T I | A
' S 0AS Head End
L MSC
|‘|V ',V) ______________ - Indoor DAS
l a
((vh‘l € & &
DAS B e::__’
RRH : HeadEnd [ & & &
< Bormo i e fe & &
Traditional -48V from battery | R ——— Mabile "':5,_3—5’
or high voltage DC (HVDC) Backhaul ®2017 Qorvo, Inc.
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Macro-base stations
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Marco-base stations e« BBU & RRU applications




RFPA

REQUIREMENTS:

. . Io
Load at TDD application IR .
X RX X
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TDD mode load: better transient response
and higher OCP setpoint

Height tolerance<0.5mm

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

DAC active trimming

-40 °C to 100° C operating temperature

Inrush current
Cei' ]

TDD period
10mS

technical requirements & challenges

CHALLENGES:

Cost

DD load

Time to market (TTM)
Efficiency

Reliability

Cold/high temperature performance
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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

14
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New

5G/RFPA porifolio

half brick

PKJ4716A PKJ4716H BMR685
half brick half brick Digital / half brick
14-35 Vs / 700 W 25-55V ./ 700 W 25-35 V;; / 1300 W

quarter brick

BMR683

PKM4516AD PKM4516HD Digital /g
quarter brick quarter brick

14-35 Vs / 500 W 25-55V_; / 500 W

eighth brick

PKB4216C PKB4216HD
. eighth brick eighth brick
B 15-33 V1 /200 W 40-55 Vi, / 250 W

sixteenth brick  pku-p 100w PKU4116C 100W PKU-D 110W*

36-75 V., 36-75 V., 36-60 V.,
12 Vour 10-33 V,; 55 Vo
10C W 200 W 500 W /00 W 1300 W
’.
FalV,
rl \ oy {§



flex

ntation

3 | Product prese




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
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BMR685 1300W vs PKJ4716H 700W 50V
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Efficiency vs. load current and input voltage at Tpq = +25°C.
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Available load current vs Base plate temperature.
Vi=48 V. See Thermal Consideration section.
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STATUS_VOUT (0x00)

VOUT_OV_FAULT

VOUT_OV_WARNING

VOUT_UV_WARNING

VOUT_UV_FAULT

VOUT_MAX_WARNING

TON_MAX_FAULT

TOFF_MAX_WARNING

o|l=a|nm|lw|a|lw|lo |~

VOUT Tracking Error

STATUS_IOUT (0x00)

1OUT_OC_FAULT

1OUT_OC_LV_FAULT

1OUT_OC_WARNING

IOUT_UC_FAULT

Current Share Fault

In Power Limiting Mode

o|l=|n|lw|a|wn|la|~

POUT_OP_FAULT

POUT_OP_WARNING

STATUS_TEMPERATURE (0x00)

OT_FAULT

OT_WARNING

UT_WARNING

UT_FAULT

Reserved

Reserved

Reserved

o|l=|rn|lw|sa|lw|o|~

Reserved

STATUS_WORD (0x20)

vout

10UT_POUT

INPUT

MFR_SPECIFIC

POWER_GOOD

FANS

OTHER

UNKNOWN

STATUS_BYTE (0x41)

= ]

STATUS_INPUT (0xCO)

VIN_OV_FAULT

VIN_OV_WARNING

VIN_UV_WARNING

VIN_UV_FAULT

INSUFFICIENT_VIN

IIN_OC_FAULT

IIN_OC_WARNING

o|l=|rmn|lw|a|lw|la|~

PIN_OP_WARNING

BUSY

OFF

VOUT_OV_FAULT

IOUT_OC_FAULT

VIN_UV_FAULT

STATUS_MFR_SPECIFIC (0x00)

Manufacturer Defined

Manufacturer Defined

Manufacturer Defined

Manufacturer Defined

Manufacturer Defined

TEMPERATURE

o|l=|nm|lw|s|lwv|a |~

ML

NONE_OF_THE_ABOVE

Manufacturer Defined

Manufacturer Defined

Manufacturer Defined

o|l=|n|lw|a]|u]|la|~

STATUS_FANS_1_2 (0x00)

Fan 1 Fault

Fan 2 Fault

Fan 1 Warning

Fan 2 Warning

Fan 1 Speed Override

Fan 2 Speed Override

Air Flow Fault

o|l=|rn|lw|a]|w]|a|~

Air Flow Warning

e S30FPD.epd - Flex Power Designer 3.2.0
[ENEG GRS ol

B [2 Project
[N configuration Overview
;E Efficiency
B8 & Monitor
B [ Plots
" piot 1
O rail 1 037
© Rail 1 (3R
@) Operations
#® supplies
# Loads
B @ pais
B8 0 rai
1T Output Filter
¥ BMR 530 XX00/200 (0x3F)
Sx Functions

€} Scanned Devices

Vin Qvervoltage Warn Limi | &
Vin Overvoltage Fault Limit
Power Good On Threshold

ReadRegisterAsync Failure: Received NACK x38

P RRLAUL P It R 2R TEB  E BE )

Vin [V] Vout [V]

lout [A)

Temperature [°C]

TR Jm B o A

|

~ Rall 1 (0X3F): 0.0 A I

—
\//'\/f/h&g/
T T T T T T T
45 -35 -3 25 -2 15 -1
Time [minutes]

- =} ®
Monitor Settings
Select Rails to monitor A
Parameters
Name Decimals
V) vout [3_!
@w B
lout [ : ]
Diin (6 : ]
Dvep 8
W) Temperature (1 [H
ouycyde  3H
Frequency ﬁa
@ More

Reading Interval

Status

(7] status Registers
Select bits to manitor
,

Alarm Legend

@ Noalarm

® Alarm

@ Fead Failure/
Unsupported
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B [3 Project

€} Scanned Devices

D Configuration Overview
;E Efficiency
8 D Monitor
l__+ Plots
@ Rrail 1 (0x3F)
O] Operations
’ Supplies
# Loads
8 | rais
80
T Output Filter
¥ BMR 530 XX00/200 (0x3F)
fx Functions

Configuration

I Rail Definition " Basic " Current Sharing ” Data Sheet ” Dynamic Bus Voltage “ Hybrid Regulated Ratio lm

Display mode

Import to configurati

Filter, matches 1 of 117

@ Filter Text [snapshot

[ cear |

[Select/Type Filter Name  §4

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

Name Code BMR 530 XX00/200 (0x3F)
® @ o7 [0x04ooaooooeoocsoooo41412000:]
'd
Snapshot Cycles [255:240] (4 | Times
Manufacturer Specific Status Byte [239:232] [0)(40 ]
Status Other [231:224] [ 0x00 |
Status CML [223:216] [ 0x00 |
Status Temperature [215:208] [0;(00 ]
Status Vin [207:200] [oxcs |
Status lout [199:192] [0x00 |
Status Vout [191:184] [ 0x00 |
Status Byte [183:176] [0xa1 |
Status Word [175:160] [ 0x2041 |
Time in operation [159:144] B T seconds>
Temperature 2 [143:128] [34.625 ] °C
Temperature 1 [127:112] [30.75 ] °C
Load Current [111:96] E | A
Output Voltage [95:80] [0_23535 ] \
Input Voltage [79:64] [50.25 ] vV
<
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Comparison
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Mechanical
Dimensions

Electrical

Input voltage range
Output voltage
Output voltage range

Qutput power
Qutput current
Efficiency

Switching frequency

Ripple and noise
Isolation

BMR685

Half brick | digital

36-75V
S50V
25-55V

1300 W
26 A
97.2% half load

120 kHz

40 mVp_Io
2250 V

key features

PKJ4716H

Half brick | analog

36-75V
S50V
25-55V

700 W
14 A
95.7 % half load

200 kHz

60 mVIO_p
1500 V

Competitor A

Half brick | digital

36-60 V
S50V
50V

1300 W
26 A
96.4% half load

140 kHz

200 mVp_p
2250 V
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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:

33XxX22.9x9.8 mMmm
1.3x0.9x0.381in

flex
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Product overview ¢ PKU4116C

28

Low profile sixteenth brick
Isolated DC/DC

Output power: up to T00 W
Input: 36-75V

Output: 10-33 V

Isolation 1500 V

Dimensions:

33Xx22.9x9.6 mm
1.3x0.9x0.381in

flex



Key features
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Mechanical

Dimensions
Electrical

Input voltage range
Output voltage
QOutput power
Output current

Efficiency

Switching
frequency

Ramp-up time

Isolation

PKU4116C

33X 22.9x9.6 mm

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

300 kHz

10 ms

1500 V

PKU-D

33x22.9x11.3mm

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

500 kHz

12 ms

2250 V

PKU4116HD

33X 22.9x9.8 mm

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

500 kHz

19 ms

2250 V

flex



Application areas - focus for Flex Power Modules

RFPA products PKU-D/PKU-C series
« RF Power Amplifiers (Telecom Radio) — « Telecom Networks

RRH/RRU, RU — Microwave backhaul/fronthaul
« Macro Base Stations — Small cells

. ; — In-building wireless

5G low/mid/high power _ BBU. DU. CU
« AAS/Massive MIMO — Distributed Antenna Systems (DAS)
« Microwave Indoor Units — Satcom

— CATV

 Power over Ethernet applications

flex
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DC/DC solutions for 5G applications

B FovEAS R4 A e

JR3: N IEE AR

100 W (PKU-C)

30V « Antenna
Surge
. E-cq 12V 260 W (PKB-D/PKU-D)
protection P « Board control
Fuse Polarity
U 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 tfrim capability at up to 1000W. Needed
digital interface 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.

32

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

Brick
Radio

BMR4560104/001 — 420 W 12 V Digital Quarter Brick

|W| 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.

33

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
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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




