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UMS at a glance
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Overview of 5G wireless communications
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• Use the provided templates and 

recommended fonts and sizes

Extracted from  https://www.thalesgroup.com/en/markets/digital-identity-and-security/mobile/inspired/5G
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5G UMS motivations 
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Targeted applications: 

 Active antenna system. 

 Base station.

 Transceivers: small Multiple Dwelling Unit/ Single Family Unit.

HPFE
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5G UMS motivations 
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Targeted frequency bands:

 24.25GHz – 30.50GHz

 36.50GHz – 42.50GHz
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HPFE Ka band
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Design architecture & requirements  

RF TX Path

RF RX Path
SPDT

IN TX

OUT RX

Common 
Antenna

RF TX Path

RF RX Path

SPDT

IN TX

OUT RX

DriverHPA

LNASize

Cost

Tx path 

 High Power density

 Efficient consumption

 Broad bandwidth

Rx Path

 Low noise figure

 Low consumption

 Broad bandwidth

Technology choice criteria:

MMIC / Package

High integration:

circuit topology / sizing Performances
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HPFE Ka band
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Design approach

RF TX Path

RF RX Path
SPDT

IN TX

OUT RX

Common 
Antenna

RF TX Path

RF RX Path

SPDT

IN TX

OUT RX

DriverHPA

LNA

GaAs die (PH15): self-biased Driver PA & LNA (VD=VG=4V)

GaN die (GH15): class AB HPA & SPDT switch (VD,HPA = 18V/25V, VCtrl,SW = TX 20V/RX:0V)

Self-biased Driver PA AB HPA

SPDT Switch Self-biased LNA

GaAs die
PH15

GaN die
GH15

IN RF TX

OUT RF RX
TX/RX

Antenna
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HPFE Ka band
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MMIC technology selection criteria

• High breakdown voltage,

• High temperature 

capability on SiC 

substrates,

• High output Impedance.

• Very wide band,

• High linearity and low 

noise figure,

• Low drain voltage biases.

• Attractive cost

GH15 (0.15µm gate length) MMIC GaN HEMT AlGaN/GaN

technology is now qualified on a 4-inch diameter 70µm SiC

substrates. Space evaluation in progress.

PH15 (0.15µm gate length) MMIC GaAs HEMT technology

offers very low noise at high RF frequencies.

Parameter
HEMT 0.15µm 

AlGaN/GaN

HEMT 0.15µm 

GaAs

Frequency Cutoff 40 GHz 110 GHz

RF Power Density 3.5 W/mm 0.3 W/mm

Transconductance 390 mS/mm 650 mS/mm

IDSS 630 mA/mm 300 mA/mm

Nominal VDS0 15 to 25 V 2.5 to 3.5 V

VDS0 Breakdown voltage 90V 5.5V

GaAsGaN
on SiC
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HPFE Ka band

Over-molded Plastic QFN

• 4mm x 5mm

• 28 leads

• Thermally enhanced die 

attach

Top side cooled over-molded plastic Flip-Chip BGA Package

• Heat dissipation on top side of package: Separation of thermal 

and electrical interfaces,

• Improved RF performance

• Package miniaturization 4mmx4mm

• 34 balls - 0.5mm pitch

• Less complex PCB design & cost efficient PCB

12

Package technology selection criteria: Low cost plastic RF power Package

GaN GaAs

Heatsink

Top metallization: exposed Heatsink for cooling

Reduction of die to 
package pin distance

Die to die gap reduction

Solder ball

Mold compound

GaN GaAs

Bond wire

Bottom side cooling thru exposed pad

Lead

Mold compound
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HPFE for MDU/SFU
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CHC6053-QQA & CHC6160-QQA

HPFE module Specification Freq. band [GHz] PSAT [dBm]

CHC6053-QQA Broadband 24.25-30.50 33.0

CHC6160-QQA Narrow band 24.25-26.00 35.5

Packaging features

• Overmolded Plastic QFN

• 4mm x 5mm / 28 leads

• Thermally enhanced die attach

Broadband: CHC6053-QQA Narrow band: CHC6160-QQA

Self-biased Driver PA AB HPA

SPDT Switch Self-biased LNA

GaAs die
PH15

GaN die
GH15

IN RF TX

OUT RF RX
TX/RX

Antenna
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HPFE for MDU/SFU
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TX mode: S-Parameters CHC6053-QQA & CHC6160-QQA

[24.25 – 30.50]GHz: 

 dB (S11) < -13dB

 dB (S22) < -9dB

 dB(S21)= 35.5 ± 1.5dB

VBias,Driver = 4V, ID,Driver = 120mA 

VD,HPA=18V, ID,HPA=130mA
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[24.25 – 26]GHz: 

 dB (S11) < -11dB

 dB (S22) < -13dB

 dB(S21)= 37.7 ± 0.15dB

VBias,Driver= 4V, ID,Driver = 120mA 

VD,HPA=25V, ID,HPA=120mA

Broadband HPFE: CHC6053-QQANarrow band HPFE: CHC6160-QQA
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HPFE for MDU/SFU
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RX mode: S-Parameters CHC6053-QQA & CHC6160-QQA
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VBias,LNA= 4V, ID,LNA = 60mA 

[24.25 – 30.50]GHz: 

 dB (S11) < -9dB

 dB (S22) < -15dB

 dB(S21)= 20 ± 0.2 dB

 NF = 3.55 ± 0.2 dB
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Broadband HPFE: CHC6053-QQANarrow band HPFE: CHC6160-QQA

VBias,LNA= 4V, ID,LNA = 60mA 

[24.25 – 26]GHz: 

 dB (S11) < -14dB

 dB (S22) < -12dB

 dB(S21)= 19.9 ± 0.1 dB

 NF = 3.05 ± 0.1 dB
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TX mode: VBias,Driver=4V, IBias,Driver = 120mA  / VD,HPA=18V, ID,HPA=130mA

HPFE for MDU/SFU
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TX mode: Large signal CW results CHC6053-QQA & CHC6160-QQA
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Broadband HPFE: CHC6053-QQANarrow band HPFE: CHC6160-QQA

TX mode: VBias,Driver=4V, IBias,Driver = 120mA  / VD,HPA=25V, ID,HPA=50mA

POUT @ 5dBcomp. = 35 ± 0.1 dBm

PDCTX @ 26dBmPout = 4.5W
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HPFE for MDU/SFU
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TX mode: Large signal modulated results @ fRF = 28GHz CHC6053-QQA

256QAM signal modulated

Channel spacing 56MHz

RF frequency carrier 28GHz

POUT,AVERAGE 23dBm

OBO 9dB

Parameter Without DPD With DPD

ACLR1 [dB] -38 -48

MSE [dB] -34 -45

Polynomial without memory DPD

DPD order 5
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HPFE for MDU/SFU
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TX mode: Large signal modulated results - CHC6160-QQA
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256QAM signal modulated

Channel spacing 112 MHz

RF frequency carrier 24.75 GHz

POUT,AVERAGE 26dBm

OBO 9dB

Polynomial without memory DPD

DPD order 3
Parameter Without DPD With DPD

RF freq. carrier : 24.25GHz – 25.25GHz

ACLR1 [dB] -33 -36

MSE [dB] -34 -36
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HPFE for base stations

21

HPFE28GHz-BGA & HPFE24GHz-BGA

HPFE module Specification Freq. band [GHz]

HPFE28GHz-BGA Broadband 24.25-30.50

HPFE24GHz-BGA Narrow band 24.25-26.00

• Cooling by package top side - Exposed heatsink

• Flip-Chip bonding of GaN & GaAs dies Packaging features

• Overmolded Plastic FC BGA

• 4mm x 4mm (vs. QFN 5mm x 4mm)

• 34 balls - 0.5mm pitch

• Thermally enhanced die attach

• Heatsink on GaN die

GaN GaAs

Heatsink

Top metallization: exposed Heatsink for cooling
Self-biased Driver PA AB HPA

SPDT Switch Self-biased LNA

GaAs die
PH15

GaN die
GH15

IN RF TX

OUT RF RX
TX/RX

Antenna
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HPFE for base stations
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TX mode: S-Parameters HPFE28GHz-BGA & HPFE24GHz-BGA
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[24.25 – 30.50]GHz: 

 dB (S11) < -13dB

 dB (S22) < -9dB

 dB(S21)= 31.5 ± 1.5dB

VBias,Driver= 4V, IBias,Driver = 120mA 

VD,HPA=18V, ID,HPA=90mA

[24.25 – 26]GHz: 

 dB (S11) < -10dB

 dB (S22) < -12dB

 dB(S21)= 35 ± 3dB

VBias,Driver= 4V, IBias,Driver = 120mA 

VD,HPA=25V, ID,HPA=120mA

Broadband HPFE: HPFE28GHz-BGANarrow band HPFE: HPFE24GHz-BGA

The 5th development assembly run of 

the broadband HPFE 

The 1st development assembly run of 

the narrow band HPFE 
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HPFE for base stations
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RX mode: S-Parameters HPFE28GHz-BGA & HPFE24GHz-BGA
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VBias,LNA= 4V, ID,LNA = 60mA 

[24.25 – 30.50]GHz: 

 dB (S11) < -6dB

 dB (S22) < -11dB

 dB(S21)= 16.5 ± 1dB

 NF = TBD

Broadband HPFE: HPFE28GHz-BGANarrow band HPFE: HPFE24GHz-BGA

[24.25 – 26]GHz: 

 dB (S11) < -6dB

 dB (S22) < -11dB

 dB(S21)= 17 ± 0.1 dB

 NF = 3.40 ± 0.1 dB
0

1

2

3

4

5

6

7

8

22 23 24 25 26

N
o

is
e 

F
ig

u
re

 [
d

B
]

Frequency [GHz]

Noise Figure

Noise Figure

0

5

10

15

20

25

30

22 23 24 25 26 27 28 29 30 31 32 33 34

S
2

1
 [

d
B

]

Frequency [GHz]

dB(S21)

dB(S21)

VBias,LNA= 4V, ID,LNA = 60mA 



WSG-8

0

5

10

15

20

25

30

35

40

23 24 25 26 27 28 29 30 31 32

P
o
u

t 
[d

B
m

] 
&

 P
A

E
 [

%
] 

Frequency [GHz]

Pout @ GI compression = 4dB

PAE @ GI compression = 4dB
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TX/RX mode: Large signal CW results HPFE28GHz-BGA & HPFE24GHz-BGA
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TX mode: VBias,Driver=4V, IBias,Driver = 120mA  / VD,HPA=18V, ID,HPA=90mA

POUT @ 5dBcomp. = 30 ± 0.5 dBm

PDCTX @ 21dBmPout = 3.1W

Broadband HPFE: HPFE28GHz-BGANarrow band HPFE: HPFE24GHz-BGA

TX mode: VBias,Driver=4V, IBias,Driver = 120mA  / VD,HPA=25V, ID,HPA=140mA

POUT @ 5dBcomp. = 35 ± 0.1 dBm

PDCTX @ 24dBmPout = 5.0W
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Next steps development for 5G HPFE

HPFE39GHz on GH10 technology 

(0.10µm gate length 4-inch HEMT 

GaN on 70µm SiC substrate):

26

Demonstrator development: HPFE 39GHz –
under on wafer test

GH10: main characteristics

Power density 3W/mm

Nominal VDSDC 15V

Gain 9dB @45GHz

Max PAE 40% @45GHz

TX: VDHPA =15V / IDHPA=200mA

RX: VDLNA=10V / IDLNA = 60mA
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Next steps for 5G System In Package

• Compact RF Front End multi-technology demonstrators covering 28, 39 and 80 GHz based on 

innovative Wafer Level Packaging integration. 

27

Heterogeneous Integration: Wafer Level Packaging

5GGAN2 program funded by the ECSEL Joint

Undertaking (JU) under grant agreement No

783274. The JU receives support from the

European Union’s Horizon 2020 Research

and Innovation Program and France,

Germany, Slovakia, Netherlands, Sweden,

Italy, Luxembourg, Ireland.”.
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Next steps for 5G System In Package

FOWLP - expected benefits

• Higher integration

– Active and passive dies

– Short interconnections

• Heterogeneous integration

– Mix of state of the art technologies for RF and digital 

functions

• Top side thermal contact

28

Package technology: Heterogeneous Integration
Fan-Out Wafer Level Packaging

Self-biased Driver PA AB HPA

SPDT Switch Self-biased LNA

GaAs die
PH15

GaN die
GH15

IN RF TX

OUT RF RX
TX/RX

Antenna
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Next steps for 5G System In Package

Electrical test procedure:

29

Full SiP integration for 5G BTS: HPFE28GHz-FOWLP

Packaging features

• Fan-Out Wafer Level Packaging

• 4mm x 4mm 

• 31 balls - 0.4mm pitch

• Cooling by package top side 

metallization

Impedance 
test on 

package pins

DC test on 
PCB

RF test on 
PCB

1st development FOWLP 

assembly run
Self-biased Driver PA AB HPA

SPDT Switch Self-biased LNA

GaAs die
PH15

GaN die
GH15

IN RF TX

OUT RF RX
TX/RX

Antenna
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Conclusion

• UMS GaN technologies offers high power performances at mm-wave

frequencies for 5G HPFE.

• Mixed MMIC technology offers an interesting trade-off between

performances, size and cost.

• Advances in packaging technologies will permit to address new active

antenna architectures.

• Heterogeneous integration offers state of the art performances for 5G

RF & mm-wave applications.

31
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5G GaN2 program 

• 5G_GaN2 collaborative Project

• GaN & Packaging solutions for 5G

• https://www.5ggan2.eu/

• 17 European partners

• UMS as project coordinator

• 4 years project 2018-2022

32

https://www.5ggan2.eu/
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Thank you for your attention

mohammed.ayad@ums-rf.com
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