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SUMMARY

Quick MCZTechnologies Introduction
. OMMICGaNprocesses
II. 20W KuBand HPA Example
V. 0.5W WBand PA Example
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MC2Technologies Figure

A MicrowaveCharacterizatiotCenter (MC2)
A Spinofffrom IEMNIaboratory Lillemétropole

A Createdin 2004 by:
A Nicolas Vellas?h.D(CEO)
A Christophe Gaquiére, Pr. (CTO)

A > 50employees

A Involvedin severalEuropearR&Dprojects: Admministration
A H2020 Spiders Maintenanc 20
A H2020 ALADIN 3%
A H2020 GRACE

A Newfacilitiesin 2020 !

A¢cdzNYy2OBSNI HamdpY vyac

Engineers &
Technicians
90%

WZtechnologies 4
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OMMIC Processes

Process

OMMICGaNProcesses

Technology

Status

Space Grade

Gate Length (pm)

OMMICGaNon Si
Process DO1GH

Wafer Size (")

Thinkness (um)

Gate Write

Ft {GHz)

A DO1GH

A 100nmgatelength
A FtYFmax= 110/160GHz

Fmax (GHz)

Vbgd (V)

A 3300mW/mm powerdensity

A D006GH

Vds max (V)

Idss (mA/mm)

Idss max (mA/mm)

A 60nmgatelength
A FFmax= 170/250GHz
A 2000mW/mm powerdensity

MIM Capacitors (pF/mm?)

NF (dB)

Power Density (mW/mm)

gm (mS/mm)

DO1PH DO1MH DOO7IH DO1GH
GaAs p-Hemt GalAs m-Hemt GaAs m-Hemt GaN on Si/SiC
Production Production Production Preproduction
Space Qualified | Space Qualified In 2020 In 2020
0.135 0.125 0.07 0.1
3 3 3 3
70 || 100 70 (] 100 70| 100 100
E-beam E-beam E-beam
100 150 300
180 250 450
12 8 4
6 3
a 300 200
700 500 400
400 400 400
1.1 (GHz) 0.8 (30 GHz) 0.5 (30 GHz)
640 300 NA
650 700

A Higher VDS and IDSSHigher power density
than GaAs for similar frequepcy of operation
A Also more power talissipateU



20W KuBand HPA Example

Process DO1GH

HNENEEENER L - e Targeted KeBand PA performances

g i - Freq= 1518GHz

3 - Psabk nNoR.Y O0HNn20 F2NJ
-t 9 X o0 m%:
-t 26SN) DFAY x HAR.

A Biaspoint and transistor performances
A PAtopology

A Zoom on outputombining

A Stability

A Measurementresults
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KuBand PA Transistor bias voltag

m10
VD=12.000
ID_mA_per_mm=149.22
VG=-1.400
spe 1400 . ape 600
: 1 VG is swept from -2 to +0.5, step 0.05V o 4 m11 \
1200 500-| [VG=-1.400 m N
] — 1 |Gm=479.734
__ 1000 — —
c - = £ 400 \
E 800 —— = UE) .
< 7] - ———— 300
Eeof j —— 1 ————— £ /
“Hy ——————————— 5 200
200 z?éfﬁ — 100 /
C—= — 1 L
0 0IIIfITIIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14 16 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
VD (V) VG (V)

A Drain bias voltage is VD = 12V (recommended)
A Gate bias voltage is VG = -1.4V,
A AB class, usual trade-off between gain and efficiency
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KuBand PA Transistor performance

Load-Pull simulation @4dB compression,

~f ™
VA

,3('

ADS _ 40
35
‘\ T 30
A \ g 25
e A c A 8x150um transistor
28 = z DA £ 207 alone
8 = © T N I ] of 2 © \
o|8| A O 15
W\ D é 10 A 8x150um transistor
oo\ N\ 5 with gate RC circuit
. 0 A Max gain is 10dB
0 5 10 15 20 25 30 35 40 45 50
(U I 1 - P Frequency (GHz)
indep(PAE_contours_p) (0.000 to 36.000) o 1.4
indep(Pdel_contours_p) (0.000 to 32.000) 7 //'— H
_ 1.2 .
_ Maximum - /
A F=16GHz Maximum Power ~ 1.0
A Pout step=0.5dB Poyv_er-Addoed Delivered, =5 i \J{ N H_@
A PAE step=4% Efficiency, % dBm 5 087 / AN R gl | o
54.75 37 .45 g 0.6 N 1 IR
e 49 u / \ . . fDO1GHONIPA
X o4l / RC circuit ensures K>1 & s
02 / at lower frequencies Nfg=8
36.5dBm (single transistor Pout after trade-off) +9dB (combining per 8) - -
1dB (combining losses) -> Pout > 44dBm is expected 0.0

0 5 10 15 20 25 30 35 40 45 50
Frequency (GHz)

o 9

Cleo n Sk 2 This project has received funding from the Clean Sky 2 Joint Undertaking under the European
U LYAR2Y Q& I 2NRAT 2y HAaHn NBASENDK FyR Ayy2gliAz2y LINBINIYYS dzyRSNJI INF yd INBSYSYyd b2 yn




KuBand PA Topology

VD3

I 8x150 I 4x8x150
RFin —|| 6x100>———}- | |—— RFout

| Il

A \VD=12 V | 8x150 1] 4x8x150

A VG=-1.4V (150mA/mm)

A 3 stages needed for power gain > 20dB

A Input transistor has smaller size (6x100um) to improve nc nc nc nc

gain
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KuBand PA Power Combiner Zoo

Load-Pull simulation @4dB compression, 8x150um and
actual load impedances of output transistors

Bias line must be

<+ O N \ wide enough to
NNNN HNpEdances, aeelin \ handle DC current
YroYe aao theldésired area \ zL3 "]
z2zzee \
mmmo 3
5 535¢ | 214+
S o .

SISTSYS A [~ 50Y

=l /
- 553
nnpplt
[y oy :
2-22 Series MIM
O0OO00

capacitors to handle
RF voltage swing

\'// Balancing resistors

to avoid odd mode
indep(PAE_contours_p 0 to 36.000) oscillation

_ ) (0.00
indep(Pdel_contours_p) (0.000 to 32.000)
freq (14.00GHz to 18.00GHz)
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KuBand PA Stability

Example Knalysidor PA stage 2, V&veep

ExamplePoleg Zerosanalysidor PA

A Small signal

analysis Poles/Zeros
504 * Stable Poles (All) 5 A Poleswith
A Kshouldbe >1 a0 % Unstable Poles (Al OU positive real part
for unconditional - O Stable Zeros (All) % o meanunstability
Stability - » & RHP Zeros (All) ol x
= o (¥ bg .
SHRLE e A Oscilation
8 o — frequencyis
2 0] : givenby
E ] ° lx P imaginarypart
-30 1 W o
40 0 A Input power can
]
501 X o be swept(large
% & T ¢ T % T £ 5 I - & - = - Ssignalanalysij
Real part

A Stabilityanalysigs mandatoryfor amplifiers up toFt
A Differentanalysisare recommended Rollet factor (K factor) farachstage, Transient,
Pole/ZeroanalysiX
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