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@ty Overview of 5G wireless communications

o iy
Up to 10Gbps data rate 99. 999 % avanlabllny ))))))))

10 to 100Ximprovement
over &G and &.56G networks

_ 9G technology -~
is driven by ',, -4 § coverage

1 millisecond latency

specification

: requirements
‘ 1000Xx bandwidth per unit area 90% reduction in network lli
. energy usage ]

Y

& Up to 100X number of
l o= N connected devices per unit
> area [compared with 4G LTE L

for low power loT device
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_ 4x4 Antenna Array

Multiple users .
Coil4 Porcell 16 Antenna

Connections

),
Active

Antenna

Targeted applications:
» Active antenna system.
» Base station.

5G UMS motivations

Phase Array
Antenna

Hybrid Beam Forming

i

ﬂ- LNA

il

H

Data
Conversion
Power Combiners/ RF& IF 6| DAC/ADC [
splitters and up/down >
phases shifters conversion 5| DAC/ADCH)
Digital Network
. O DAC/ADCH] Front-End  Processor
. | DAC/ADCH
. : Network
. . O|DAC/ADCI©>|  DFE [© Processor
. . | DAC/ADCH
) ) (5 DAC/ADC IO
Power Combiners/ RF& IF P\ DAC/ADCH
splitters and up/down
phases shifters conversion 9 DAC/ADCI

|

» Transceivers: small Multiple Dwelling Unit/ Single Family Unit.
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5G UMS motivations

-10GHz 10 -20 GHz 20 - 30 GHz 30 - 40 GHz 40 - 50 GHz 50 - 60 GHz 60 - 70 GHz 70 - 80 GHz 80 - 90 GHz
Frequency ranges proposed by regional gro
1 O [ | | | |
245 27.5 31.8 334 405 43.5 45.5 489 [il] | 71 T8 81 88
0.5 48.5 50.2
1 0O [0 O | | | | |
255 275 31.8 334 8.5 415 455475 504 528 Lili] 71 TE a1 a8
*MNo specific frequency bands submitted, opinicns that above 31 GHz should be targeted
265 27.5 455 502
0 0 O | | | | |
7.075 10.5 14.8 17.3 23.8 24.25 31.8 334 T 43.5 50.4 52.8 55 78 81 88
[ The Americas (CITEL} |
23.15 23.6 31.8 33 47.2 50.2
I 1) ] ] |
10|10.45 24 25 275285 37 405 48.5 47 50.4 526 a8.3 i
472 502
[ tsapaiowen ) |1 | I |
2525 255 318 334 a8 47 FD4 524 Lili] 78 a1
-10GHz 10 - 20 GHz 20 - 30 GHz 30-40 GHz 40 - 50 GHz 50 - 60 GHz 60 - 70 GHz 70 - B0 GHz 80 - 80 GHz
B 334 I:!T E.S 455 50,2504 52.6 [i1] T8 a1 85
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Agreed frequency ranges to study
27.5
Flgure 2 Frequency ranges to study tor IMT Identification In WRC-19

Targeted frequency bands:

» 24.25GHz - 30.50GHz
» 36.50GHz - 42.50GHz
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* |[ntroduction & UMS motivations

e High Power Front-End (HPFE) combining 150nm GaN PA with
150nm GaAs Receiver

 HPFE for small MDU/SFU transceivers
* HPFE for base stations

* Next steps development for 5G UMS HPFEs
 Conclusion




HPFE Ka band -

RFIC
Design architecture & requirements
(
Technology choice criteria: RF TX Path
MMIC / Package
— « INTX

~ 1 °

Tx path
v High Power density SPDT » OUT RX
v Efficient consumption
v Broad bandwidth RF RX Path
Rx Path
v" Low noise figure
v' Low consumption
\_ ¥ Broad bandwidth ~_/

WSG-8 9

High integration:
circuit topology / sizing




HPFE Ka band

Design approach

AB HPA Self-biased Driver PA

RF TX Path 0_4 o NRFTX
« INTX
j GaN die GaAs die

GH15 PH15

@)

SPDT » OUT RX SPDT Switch Self-biased LNA

TX/RX /5
Antenna o Oiepen O—>—>—> oOUT RF RX
RF RX Path

GaAs die (PH15): self-biased Driver PA & LNA (VD=VG=4V)
GaN die (GH15): class AB HPA & SPDT switch (Vp jpp = 18V/25V, Vi, sw = TX 20V/RX:0V)

@lEEE M |M%E"ﬁﬁ_
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High breakdown voltage,

High temperature
capability on SiC
substrates,

High output Impedance.

J

$IEEE /V\
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Very wide band,

High linearity and low

noise figure,

Low drain voltage biases.

Attractive cost

J

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

technology is now qualified on a 4-inch diameter 70um SiC
substrates. Space evaluation in progress.
PH15 (0.15um gate length) MMIC GaAs HEMT technology

offers very low noise at high RF frequencies.

Parameter HEMT 0.15um HEMT 0.15um
AlGaN/GaN GaAs

Frequency Cutoff 40 GHz 110 GHz
RF Power Density 3.5W/mm 0.3 W/mm
Transconductance 390 mS/mm 650 mMS/mm
Ipss 630 mA/mm 300 mA/mm
Nominal Vpgq 15to 25V 251035V
Vpso Breakdown voltage 90V 5.5V

m International Mic
IMSS 6-111une 2021,
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HPFE Ka band

Package technology selection criteria: Low cost plastic RF power Package

Over-molded Plastic QFN Top side cooled over-molded plastic Flip-Chip BGA Package

Bond wire Top metallization: exposed Heatsink for cooling

Mol
old compound Mold compound

Lead
- 00

Reduction of die to
package pin distance

e 4mm x bmm * Heat dissipation on top side of package: Separation of thermal
and electrical interfaces,

Solder ball

Die to die gap reduction

Bottom side cooling thru exposed pad

« 28 leads
+ Thermally enhanced die * |mproved RF performance
attach * Package miniaturization 4mmx4mm
e 34 balls - 0.5mm pitch
k / k  Less complex PCB design & cost efficient PCB /

I E E E D international Mic
4 IM S 6-11.une 2021, A
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HPFE for MDU/SFU

CHC6053-QQA & CHC6160-QQA

40....0 44‘4;INRFTX
A.:t(é::\(a I m----mooummx
HPFE module | Specification | Freq. band [GHz] | Pg,r [dBm]
CHC6053-QQA | Broadband 24.25-30.50 33.0
CHC6160-QQA | Narrow band 24.25-26.00 35.5

N

Packaging features

Overmolded Plastic QFN
Amm x bmm / 28 leads
Thermally enhanced die attach

/

Broadband: CHC6053-QQA

Narrow band: CHC6160-QQA




HPFE for MDU/SFU

TX mode: S-Parameters CHC6053-QQA & CHC6160-QQA

Narrow band HPFE: CHC6160-QQA Broadband HPFE: CHC6053-QQA
0 45 0 50
5 ——dB(S21) 5 \ 45 — dB(S21)

40 -

35 - /\

m'30 /
2.25 -

5 40 -
510 1 /__,.-—-...__/\ 1 m'-10 \\\'/N-
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5 25 ~ 20 \/\(
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— 20 A ~ 20
15
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30 4 ——dB(S11) 10 4 S -30 :
] ——dB(S22) 5 -35 i
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S11 & S22 [d
o

30 = (B(S11) 10
-35 == dB(S22) 5
-40
20 21 22 23 24 25 26 27 28 29 30 020 21 22 23 24 25 26 27 28 29 30 22 23 24 25 26 27 28 29 30 31 32 33 34 22 23 24 25 26 27 28 29 30 31 32 33 34
Frequency [GHZ] Frequency [GHZz] Frequency [GHZz] Frequency [GHZ]
24.25 - 26]GHz: 24.25 - 30.50]GHz:
VBias,Driver= 4V, ID,Driver =120mA [ ] VBias,Driver = 4V' ID,Driver =120mA [ ]
Vo upa=25V, Ip ypa=120mA = dB (Sll) <-11dB Vo,pa=18V, Ip 11pa=130mA = dB (Sll) <-13dB
= dB(S,,) <-13dB » dB(S,,) <-9dB
» dB(S,,)=37.7 £0.15dB = dB(S,,)=35.5+1.5dB

IEEE P
4 IMS 6-111une2
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HPFE for MDU/SFU

RX mode: S-Parameters CHC6053-QQA & CHC6160-QQA

Narrow band HPFE: CHC6160-QQA Broadband HPFE: CHC6053-QQA
0 30 0 30

_ 25 - S P25
M -10 m-104 ! ——_
%-15 - o el %_15 ] V\ // =20 1 \
& -20 - %15 . N .20 -/\,__./R’\ / %15 1
% 25 1 3 10 | %25 1 & 10
& 30 1 ——dB(S11) ] ® 30 -+ dB(S11) 5 .

-35 1 ——dB(S22) —dB(S21) -35 A = dB(S22) — dB(S21)

40 ——— T o+———+—+—+—+—+—7— 40 +——t—_——— 0 +—7/——7"——T——

20 21 22 23 24 25 26 27 28 29 30 20 21 22 23 24 25 26 27 28 29 30 22 23 24 25 26 27 28 29 30 31 32 33 34 22 23 24 25 26 27 28 29 30 31 32 33 34
Frequency [GHz] Frequency [GHZz] Frequency [GHz] Frequency [GHz]

8 8

7 VBias,LNA= 4v, ID,LNA = 60mA 7 VBias,LNA= 4V, ID,LNA = 60mA
o' —Ndise Figure
5,6 1 ——Noise Figure o6
25 1 [24.25 - 26]GHz: =5 / [24.25 - 30.50]GHz:
>4 A [
) p—— = dB(S,) <-14dB -E”g 1 | L = dB(S,y)<-9dB
Sz = dB(S,,) <-12dB i = dB(S,,) <-15dB

o ) A = dB(S,)=19.9%04dB|[ *!] | | | * dB(S,)=20%0.2dB

20 21 22 283 24 2 26 271 28 23 24 25 26 27 28 29 30 31 3
Frequency [GHZz] Frequency [GHZz]
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HPFE for MDU/SFU

TX mode: Large signhal CW results CHC6053-QQA & CHC6160-QQA

Narrow band HPFE: CHC6160-QQA

——Pout @G| compression = 5dB
=+ PAE @ GI compression = 5dB
T  ——Pout @ GI compression = 1dB

~
o

(&3]

N W W
o o
1 L\

Pout [dBm] & PAE [%]
=
o

o o1
1

N
o

7
1
1

-
ol
1 1 1
N
\.
\

Frequency (GHz)

22 225 23 235 24 245 25 255 26

PDC [W]
OFRPNWAUIOYI00WO

—PDC @ 24GHz - 25V/60mA

10 12 14 16 18 20 22 24 26 28 30 32 34 36
Pour [dBm]

TX mode: Vs priver=4V: lgias priver = 120mMA / Vp 11pa=25V, Ip 1pa=50mA

Pour @ 5dBcomp. =35 £ 0.1 dBm
PDC;y @ 26dBmp,, = 4.5W
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Broadband HPFE: CHC6053-QQA

—+— Pout@ GI compression = 1dB
—& - PAE @ GI compression=1dB

40 T—— —— Pout@ Gl compression=5d8 — 10
X35 - —¢ - PAE @ GI compression = 5dB g 1 — PDC@ 26GHz == PDC @ 28GHz

4 — 7 o

A E 6 -

3 4]
% . . 3 :
=10 ¥ ",-r"l"'“'b..‘.—A-.‘__ 2 .
g 54 - i 3
g ) 4 1 4
T T T T T T T T 0 T T T T T T T T T
23 24 25 26 27 28 29 30 31 32 5 8 11 14 17 20 23 26 29 32 35
Frequency [GHz] Pout [dBmM]

TX mode: Vgias priver=4V: lgias priver = 120mMA / Vp 1pa=18V, I 1;p4=130mA

Pour @ 5dBcomp. =31 £ 1.5 dBm
PDC;y @ 23dBm,,,, = 3.1W
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HPFE for MDU/SFU

TX mode: Large signal modulated results @ f,. = 28GHz CHC6053-QQA

0 L 3 » ‘I ® ® & & o & & o 4 v L 3
. _WlthOUt DPD 1 FN w» ©® ® & » o » & & e o o w ¢ &
2560QAM signal modulated = 10| —— With DPD D D DR M
= e [ s A S |
Channel spacing 56MHz & 20 e P S IR P
Q ...............
RF frequency carrier 28GHz E -30 f Of. o o o o
S 40 ST I S SRR
Poutaverace 23dBm = 0.5 e ¢ o e e e e e e e e e e e e e
> _507 -------------- *
o o N N./’J*J NS EEE M NN B B
-60 ' * ' J D St I D . 4
-200 -100 0 100 200 ' ' ' ' ‘
Polynomial without memory DPD Frequency [MHz] -1 -0.5 0 0.5 1
ACLR1 [dB] -38 -48
MSE [dB] -34 -45

SIEEE /W i
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HPFE for MDU/SFU

TX mode: Large signal modulated results - CHC6160-QQA

256QAM signal modulated

Channel spacing 112 MHz
RF frequency carrier 24.75 GHz
Pouraverace 26dBm
0BO 9dB

Polynomial without memory DPD

DPD order

3

$IEEE /VW\

WSG-8

Normalized DSP [dB]

0
-10 - H —\Nithout DPD
——With DPD
-20 4
-30 -
40 -
_50 .
-60 1 1 1
-400 -200 0 200 400
Frequency [MHZ]
Parameter | Without DPD
RF freq. carrier : 24.25GHz — 25.25GHz
ACLR1 [dB] -33 -36
MSE [dB] -34 -36

ACLR1 [dB]

EVM [%6]

—Without DPD
—With DPD

w
N
T T T |

- —

24,75 25,25
Frégquence (GHz)

—Without DPD
—With DPD

24,25

24,75 25,25
Fréquence (GHz)

O . interatio
IMS 6-11 June
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HPFE for base stations
HPFE28GHz-BGA & HPFE24GHZz-BGA

. Top metallization: exposed Heatsink for cooling
AB HPA Self-biased Driver PA K
Lhedeo Hw IN RF TX
GaN die GaAs die
GH15 ) PH15
SPDT Switch Self-biased LNA
TX/RX
Antenna - SR ..m,oou'r RF RX

 Cooling by package top side - Exposed heatsink -

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

 Overmolded Plastic FC BGA
HPFE module Specification | Freq.band [GHz] || « 4mm x 4mm (vs. QFN 5mm x 4mm)

HPFE28GHz-BGA Broadband 24.25-30.50 e 34 balls - 0.5mm pitch

HPFE24GHz-BGA | Narrow band 24.25-26.00 * Thermally enhanced die attach
\° Heatsink on GaN die )

I E E E m International Mic
IIMISS 6- 11 June 2021,

WSG-8 21
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HPFE for base stations

TX mode: S-Parameters HPFE28GHz-BGA & HPFE24GHz-BGA

Narrow band HPFE: HPFE24GHz-BGA

0 ——
-5

W N R
o o

S11 & S22 [dB]
S

o
&

——dB(S11)
——dB(S22)

A
S

Frequency [GHz]

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

The 1st development assembly run of

the narrow band HPFE

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

$IEEE /VW\

50 ——m

45 1 —dB(S21)

40 -
_35 /\_
0 30 +
S5

S 20 A
15
10
5_

0 T T T T T T
22 23 24 25 26 27 28
Frequency [GHZz]

[24.25 - 26]GHz:

= dB (Sll) < '10dB
= dB(S,,) < -12dB
= dB(S,,)=35 * 3dB

29

30

S11 & S22 [dB]

A b NN R e
S &h & & o ;o o
L

& o
L ]

Broadband HPFE: HPFE28GHz-BGA

-m
——dB(S11)
——dB(S22)

Frequency [GHz]

The 51" development assembly run of
the broadband HPFE

VBias,Driver= 4V’ IBias,Driver =120mA

WSG-8

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

50 ——
45 1 —dB(S21)
40 -
35 -
e 30 | /\/\
=25 1
N 20 A
15 o
10 A
5 4
0

L

22 23 24 25 26 27 28 29 30 31 32 33 34
Frequency [GHZ]

[24.25 - 30.50]GHz:

. dB (Sll) < '13dB
» dB(S,,) <-9dB
* dB(S,)=31.5%1.5dB
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HPFE for base stations

RX mode: S-Parameters HPFE28GHz-BGA & HPFE24GHz-BGA

Narrow band HPFE: HPFE24GHz-BGA

— 30 _—
_ 12 1 N 25 —dB(S21)
m - - i
%'15 T 520 T \A\
% 20 - %15 \/—\/\
n Y] ——dB(S11) 5

-35 1 ——dB(S22)

'40 lllllllllll 0 lllllllllll

22 23 24 25 26 27 28 29 30 31 32 33 34 22 23 24 25 26 27 28 29 30 31 32 33 34
Frequency [GHz] Frequency [GHZz]

8
7 Viias,na= 4V, Ip  na = 60mMA
.cg 6 —— Noise Figure
w5 [24.25 - 26]GHz:
>
ﬁ?g | I " (jEB (5511) < 'GS(jEB
(b}
g = dB(S,,) <-11dB

; = dB(S,)=17+0.1dB

23 24 25 26

Frequency [GHZz]

$IEEE /VW\
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S11 & S22 [d

0 -
5
-10
-15
-20
25
-30 -
.35
-40

Broadband HPFE: HPFE28GHz-BGA

i~ YA

——dB(S11)
——dB(S22)

lllllllllll

22 23 24 25 26 27 28 29 30 31 32 33 3¢
Frequency [GHz]

WSG-
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21 [dB]

30 —
o5 —dB(S21)

20 1

|
|

10 A

o

5 4

0Oo—/—m—r———7—T—1
22 23 24 25 26 27 28 29 30 31 32 33 34

Frequency [GHz]
VBias,Lna™ 4V, o ina = = 60mA

[24.25 - 30.50]GHz:

= dB(S,,)<-6dB

= dB(S,,) < -11dB

= dB(S,,)= 16.5* 1dB
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HPFE for base stations

TX/RX mode: Large signal CW results HPFE28GHz-BGA & HPFE24GHz-BGA

WNECTING Fgp

\,

Narrow band HPFE: HPFE24GHz-BGA Broadband HPFE: HPFE28GHz-BGA
——Pout @ GI compression = 5dB 40 - ——Pout @ GI compression = 4dB
__40 - «= PAE @ GI copression = 5dB 18 '\3‘ - «— PAE @ GI compression = 4dB lg
X 35 . 16 - —PDC @ 25GH? .35 - —PDC @ 26GHz ——PDC @ 28GHz
ILI_J|30 _/ 14 | E(J 30 —/—4—-—"\_..—4-\___,_\_'_\ ? :
£ o 12 1 Q25 - E 6 -
2] ® _
3, SRS =10 2 | =5
g = == TS O 8 - E .y"-"\¢—0’% a 4 4
15 A - @) m 15+ N o~ a
a v o 6 - Q D U S 3
.:.10 4- 4 :10- R 2
= i i > 5 1 4
g . ’ g . S O O
23 24 25 26 15 18 21 24 27 30 33 36 23 24 25 26 27 28 29 30 31 32 5 & Il 14 17 20 23 26 29 32 35
Frequency [GHz] Pout [dBmM] Frequency [GHZz] POUT [dBm]
TX mode: Viias priver=4V: Igias priver = 120MA / Vp 1pp=25V, I jjp=140mA TX mode: Vgias priver=4V: Igias priver = 120MA / Vp pa =18V, Ip jpa=90mA
Pour @ 5dBcomp. =35 £ 0.1 dBm Pour @ 5dBcomp. = 30 £ 0.5 dBm
PDC,, @ 24dBmj,, = 5.0W PDC,, @ 21dBm,,, = 3.1W
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Demonstrator development: HPFE 39GHz -

under on wafer test

HPFE39GHz on GH10 technology
(0.10um gate length 4-inch HEMT

GaN on 70um SiC substrate):

INTX/
OUTRX

GH10: main characteristics

Power density 3W/mm
Nominal VDSDC 15V

Gain 9dB @45GHz
Max PAE 40% @45GHz

HPFE39GHz GH10
2.60mm x 2.20mm

TX: VDyyps =15V / IDyyps=200mA
RX: VD, ,=10V / ID s = 60mA

OuUTTX/
INRX

Pout [dBm]

NF (dB)

Next steps development for 5G HPFE

TX: Pout [dBm] @ 5dBcomp. vs. Frequency [GHz]

W

O = N Wk GO0~ OO O
PR A

o)
(=]

36 37 38 39 40 a1 42 43

Freq (GHz)

RX: NF [dB] vs. Frequency [GHz]

35 40 45
freq (GHz)

IEEE P
4 IMS 6-11 June
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Next steps for 5G System In Package

Heterogeneous Integration: Wafer Level Packaging

 Compact RF Front End multi-technology demonstrators covering 28, 39 and 80 GHz based on
innovative Wafer Level Packaging integration.

A

ECSEL
20171

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.”.

$IEEE /VW\
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Next steps for 5G System In Package

Package technology: Heterogeneous Integration
Fan-Out Wafer Level Packaging

FOWLP - expected benefits
* Higher integration Amenna
— Active and passive dies

— Short interconnections

* Heterogeneous integration
— Mix of state of the art technologies for RF and digital

functions _

* Top side thermal contact

I E E E D international Mic
4 IM S 6-11.une 2021, A

WSG-8 28



Next steps for 5G System In Package

Full SiP integration for 5G BTS: HPFE28GHz-FOWLP

— 1%t development FOWLP
AB HPA | .-je—ﬁ—m;ew:e:dw - assembly run
ATn)t(é::u(a —O/ESPLSWM:.. - ..O_iibia;d_m‘oom RF RX Y 9
Electrical test procedure: _
' 4 Packaging features A
* Fan-Out Wafer Level Packaging
Imtrézilzr;ce DC test on RF test on : ;LTIT ﬁ 4%2 oh
B g T PCB PCB alls - 0.4mm pitc
* Cooling by package top side
\_ metallization )

I E E E D international Mic
4 IMS 6-111une 202
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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.

I E E E D international Mic
4 IMS 6-111une 202
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 5G_GaN2 collaborative Project
 GaN & Packaging solutions for bG

959G GaN2 program

https://www.bggan2.eu/
17 European partners
UMS as project coordinator
4 years project 2018-2022

Coordinator
United Monolithic
Semiconductor SAS

ZZ Fraunhofer
1AF

Fraunhofer Institute of
Applied Solid-state
Physics (IAF)

University of Padova

Pg,

Molecular plasma group
former Funcoats

THALES

Thales CS

CEA Leti Ericsson

Sencio Slovak Universil ty of
Technology in Bratislava

5 (28

United Monolithic
Semiconductor GmbH
UMS

University Callege Dublin

XFAB

X Fab Semiconductor

a0 28
IMS 6-11)
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https://www.5ggan2.eu/

Thank you for your attention

mohammed.ayad@ums-rf.com
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