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MC2-Technologies Figures

* Microwave Characterization Center (MC2)
* Spinoff from IEMN laboratory, Lille-métropole
* Created in 2004 by:

* Nicolas Vellas, Ph.D (CEO)
* Christophe Gaquiére, Pr. (CTO)

* >50employees

* Involved in several European R&D projects :
* H2020 Spiders Maintenance
« H2020 ALADIN 3%
* H2020 GRACE

Administration

7%

* New facilitiesin 2020 !

* Turnover 2019: 8M€

Engineers &
Technicians
90%

WZtechnologies 4




MC2-Technologies Activities

* GaAs and GaN MMIC

Amplifiers Design MMIC : .
Hybrid & antenna (PA, LNA, Mixers...)
MM-Imager * OMMIC, UMS, WIN
processes
TR modules
mmW

AV |
UAV Scrambler Pulsed IV

system
1000V/20A

Microwave
shield meter Efuse, Bias tee,

Kit SMM

Reliability tests

Permanent R&D Program on products and services (H2020, ANR)
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OMMIC Processes

Process

Technology

Status

Space Grade

Gate Length (pm)

Wafer Size (")

Thinkness (um)

Gate Write

Ft {GHz)

Fmax (GHz)

Vbgd (V)
Vds max (V)

Idss (mA/mm)
Idss max (mA/mm)

MIM Capacitors (pF/mm?)

NF (dB)

Power Density (mW/mm)

gm (mS/mm)

OMMIC GaN Processes

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

OMMIC GaN on Si
Process DO1GH

 DO1GH

e 100nm gate length
*  Ft/Fmax = 110/160GHz
*  3300mW/mm power density

* DOO6GH

*  60nm gate length
*  Ft/Fmax = 170/250GHz

e 2000mW/mm power density

Higher VDS and IDSS -> Higher power density
than GaAs for similar frequency of operation
Also more power to dissipateU




20W Ku-Band HPA Example

Process DO1G

. . . L - PA perf
* Bias point and transistor performances ="EENE . .-|. .'_;- — Targeted Ku-Band PA performances
o : - Freq=15-18GHz

* PA topology o - Psat > 43dBm (20W) for 4x2.8mm? PA
* Zoom on output combining - PAE >30%

* Stability - Power Gain = 20dB
* Measurement results
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Ku-Band PA — Transistor bias voltage

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)

» Drain bias voltage is VD = 12V (recommended)
» Gate bias voltage is VG =-1.4V,
» AB class, usual trade-off between gain and efficiency
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Ku-Band PA — Transistor performances

Load-Pull simulation @4dB compression,

~f ™
VA

,3('

ADS _ 40
35
! T 30
5 [ \ g 25 |
£ A z e 8x150um transistor
28 = z DA £ 207 alone
cc = —_— — — ® \
83 O 15
T\~ b g «  8x150um transistor
oL S 0 . L
oo\ N\ 5 with gate RC circuit
\ > 0 * Maxgainis 10dB
0 5 10 15 20 25 30 35 40 45 50
g 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 e
_ Maximum - /
«  F=16GHz Maximum Power ~ 1.0
«  Pout step=0.5dB Poyv_er-Addoed Delivered, =5 ] \J{ R H_@
- PAE step=4% Efficiency, % dBm 5 087 / AN W=ad
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 5
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Ku-Band PA - Topology

VD3

| 8x150 | 4x8x150
RFin —]| 6x100 >—— |- —|—— RFout
|1
. VD=12V 3x150 1l 4x8x150
VG=-1.4V (150mA/mm)
« 3 stages needed for power gain > 20dB
* Input transistor has smaller size (6x100um) to improve nc nc nc nc

gain
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Ku-Band PA — Power Combiner Zoom

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

Bias line must be

<+ O N \ wide enough to
K‘! Kll NI K'I impedances arelin \ handle DC current
YroYe aao theldésired area \ zL3 "]
zozzee \
Mmomm
SEEREE | AT
S S
SISTSYS A [~50Q
=l /
55555«
noonpft
[ e o -
=222 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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Ku-Band PA — Stability

Example K analysis for PA stage 2, VG sweep

Stage 2 Stability

ppe 10 ) Example Poles/Zeros analysis for PA
Sl \ I m2 * Small signal
. freq=15.60GH .
8] \ | \ Vt(ei%_iag )(ﬁ)- |Z,045 analysis , Poles/Zeros \
@@ ;__ | | Valley ; o =0 ]  Stable Poles (ANl — « Poles with
gg ; ] \\ \ v K shou e .>1 40 *. Unstable Poles (All) o positive real part
%Ig' o I Va\ for unconditional 0. © Stable Zeros (All) X o mean unstability
3% ] I \ stability o] _ | ORHPZeros (al) o x
2 IS o X bg -~
E Q 104 . * Oscilation
. S o A0 ay frequency is
0 LA B LA L I BN B B T -I/ g A - . q y
0 10 20 30 40 50 60 70 80 90 100 R0 104 ;@ given by
O . .
freq, GHz E ] P 5 O’%’i imaginary part
aps 13 -30 1 4 o
o 40 0 * Input power can
o
i 50 X O be swept (large
o ° T % & T & 2 % % ¢ % T & & - < = signalanalysis)
ga ] - 5T 5 5 = ' ' ' ' ' ' : ' '
£5 7 Real part
i€ ]
g \
. \_ e Stability analysis is mandatory for amplifiers, up to Ft
- e : e —— » Different analysis are recommended: Rollet factor (K factor) for each stage, Transient,

%0 80700 s 0o Pole/Zero analysis...
freq, GHz
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Ku-Band PA — S-Parameters Measurements

Input Matching Reverse Isolation
0 50
EDE ] % ADS i
TN — ] —
5 \\ 60— fig/
- - /-/"’\
: g A\
—~ 0] — = 70 ‘V,a/ﬂ // \X ‘N /R\Vf(
I 7 ﬂ‘\(/ s ] / / \jf \\(
5 1 « 1/ .+ VD=12V
o] i / v \
] ] / \ - 1D0=1950 mA
-20— 90—/ \ * (CWstagel
] ] *  Pulsed stages 2&3 (5%, 100us)
-25 T T T T T T T T T T T T -100 T T T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20 21 22 10 11 12 13 14 15 16 17 18 19 20 21 22 e Simulation
Frequency (GHz) Frequency (GHz) e MMIC1
Small Signal Gain Output Matching ° MMIC 2
sps aos 07 —
T~ //
30 //_ — 5 *  Matching is better than -10dB in
25 / NN N // 14-18GHz band
5 / \\\ = \\ ] / / «  Small signal gain is 28dB
z L 5] \
- ) N B
» » ] &"\\\ /  Slight shift versus simulation

11 12 13 14 15 16 17 18 19 20 21 22

0 T T T T T T T T T T T T

3 14 15 16 17 18 19 20 21 22

=y
o

Frequency (GHz) Frequency (GHz)
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Output Power

e
Lo B e — e b
42 / -t \ — | _ 4 Comp=2.000
o | /\/\ / Comp=1.000
3 38 _— /
o |
36 / — /——_/
_///
34
32
140 145 150 155 16.0 165 17.0 175 18.0 185 19.0
Frequency (GHz)
Power Gain
WL 30
—/\
28— _— \\\,/_—_\\/ — /\\
26 D I\ =1
66— =T N— N — N \ Comp=1.000
o -/\\/—”\/ \ Comp=2.000
2 S~ — SN NN Comp=3.000
o /\\ N — N \ omp=o.
o 4 T \/ \ Comp=4.000
. N— N\ \ Comp=5.000
b Comp=6.000
20 Comp=7.000
18
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5 15.0 15. 17.0

5 16.0 165
Frequency (GHz)

ogies

17.5

18.0

18.5

19.0

PAE (%)

Ku-Band PA — Power Measurements

50—
. AN Gomp=
40 8fp=8:88
. —— ? \\\%§ C0m§=3.000
30 /// S~ /\/Z Comp=2.000
/

:/ — T Comp=1.000
20 L y. / e— / omp=1.
:// /

i / — — |
10—_—

o

140 145 150 155 160 165 17.0 175 18.0 185 19.0

Frequency (GHz)
DC current

8

7
e
N
i ~— omp=2.
T _— — Comp=1.000
3 —

2

1

0

140 145 150 155 16.0 165 17.0 175 180 185 19.0

Frequency (GHz)

VD=12V
VG=-14V

CW stage 1
Pulsed stages 2&3
(0.5%, 20us)

Measured output
power is 44dBm
with PAE > 35% and
GP >20dB

High level of
compression needed
to reach Psat
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0.5W W-Band PA Example

Targeted W-Band PA performances
- Freq=93-100GHz

- Psat>27dBm (0.5W)

- Power Gain 2 10dB

* Bias point and transistor choice
* PA topology

e Lange couplers

* Measurement results

9 15
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m10
VD=12.000
ID_mA_per_mm=288.279
VG=-1.250
700 m1
.14 . ADS
foe 00_ VG is swept from -2 to +0.5, step 0.05V T Im11 /\\
1200 —_— 60071 lvg=-1.250 / L
ny = _ 500l |GM=664.570
£ . —————— = =
£ 800 —— 5 4007 / \
E ] ———————————— E 300
= 600 ———————— g /
S O 200
] ?&Z&Z?é 100
200 ——————————— /
’ ————————— o
0 1T 1T 1 L T T1 T T1 1T 171 1T 171
0O 2 4 6 8 10 12 14 16 30 25 20 -15 10 -05 0.0
VD (V) VG (V)
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W-Band PA — Transistor bias voltage choice

» Drain bias voltage is 12V
+ Gate bias voltage is near maximum gm for highest gain
* IDis below 300 mA/mm to keep disspiated power below maximum recommended value (3.5 W/mm)

9
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Load-Pull simulation @2dB compression, 2x30um

W-Band PA — Transistor performances

Load impedance is
San far from optimum ~ _ . |
2 0] o 25
Dwwn
ESS = 20 \ '
[e)e) £
REE © \
X GG O 15 N
AN O O x \
|_| | (0] \‘ °
55w = 10 N
So< SN~
=0 0
N 5 ~—
0 T T T T T T T
0O 20 40 60 80 100 120 140 160
Frequency (GHz)
indep(PAE_contours_p) (0.000 to 34.000) rps 2+97]
indep(Pdel_contours_p) (0.000 to 84.000) ’
freq (500.0MHz to 150.0GHz) 20— ~
Maximum I\gaximum - / \
«  F=97GHz ower ]
+  Pout step=1dB E?r?g%rnﬁg,d‘%d Depvered. o 1.57 /
+  PAE step=2% S ] \
+  Gain step=0.5dB 37 1¢ 2359 < 104 \\
. . . . . P S~—
« Optimum impedance area is close to the edge of the Smith chartand 0.5 /
very selective -> Maximum delivered power per transistor will be ]
around 20dBm -> 8 transistors are needed to reach Pout > 27dBm 0.0+ . . . . . .
0O 20 40 60 80 100 120 140 160

WZtechnologies
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Frequency (GHz)
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2x30um transistor
alone

Max gain is 6.5dB
at 100GHz

Stability is

unconditional from
60 to 130GHz
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W-Band PA - Topology

RFin—  —F—— 2x30 : H—2x2x30 : ' |2x2x30 : — 4x2x30 —|— /500
500 2x30 : —{2x2x30 : —2x2x30>— —— 4x2x30 —RFout
VG1 VD1 VG2 VD2 VG3 VD3 VG4 VD4

.+ VD=12V

.« VG=-1.25V (300mA/mm)

* 4 stages needed for usable power gain
* Lange couplers used for good input/output matching and isolation between north and south amplifier branches

w technologies

9 18

Cleo n Sk 2 This project has received funding from the Clean Sky 2 Joint Undertaking under the European
OTuT SNDERTARIN g Union’s Horizon 2020 research and innovation programme under grant agreement No 821270




W-Band PA — Lange Power Combiner

TRL calibration

. EM Simulation

8O T @ *  Measurement (Ret 1805)
TRL Plan * Measurement (Ret 1813
TRL Plan ' “ ( )

Direct pat e Coupled path ADS

R R R 7

- // Back to Back

) 5 ey &
__ _ // -_/

0 10 20 30 40 50 60 70 80 90 100 0 0 20 30 40 50 60 70 80 9 100 0 10 20 30 40 50 60 70 80 90 100

/)
/

S12 (dB)

f‘
S12 (dB)
S12 (dB)

(¢,
'
(¢}

s
\

Frequency (GHz) Frequency (GHz) Frequency (GHz)

* TRL calibration to remove GSG pad impact on measurement
* Measured (TRL) Back to Back Lange couplers losses are around 1dB
In line with simulation

WZtechnologies
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W-Band PA — S-Parameters Measurements

Input Matching Reverse Isola

pos 07 sps 20
] a0 VD=12V,
10 i * Nominal bias: 300mA/mm,
] -40 WA 3.6W/mm
. FO + Total dissipated power in pulse is
2 LN M&/-\\Q /@Mw AV AP % - A \W\/% FF‘ ; 3.0W patedp P
- »
§ %m%/ so b #0) IW %A/W
0] ' \\// V ’%@_ + Stage 0&1 are CW
. r\/v \ / o A — \\ +  Stage 2&3 are pulsed (50us, 5%)
'40 ] T 1T T TT T 1T T TT T TT T 1T T TT '8G | T 1T T TT / T 1T T TT T TT T TT ° SImU|ation
75 80 85 90 95 100 105 110 75 80 85 90 95 100 105 10 o MMIC 1
Frequency (GHz) Frequency (GHz) * MMIC 2
 MMIC3
mall Signal Gain Output Matching «  MMIC 3
ROE 20 b RS 0 4
15 7 — +  Small signal gain is around 15dB
] \ -10 * Input and Output Matching are better than -10dB
" : YW
g //// \ g :% J\/\ +  Mostly In line with simulation
/| NERRE L
%) : %) e
0 i /
-/ \| .
5 :/’ i V \/
'1G : T 1T // T 1T T TT T TT T 1T T TT '40 ] T 1T T TT T 1T T 1T T TT T TT T TT

90 95 100 105 110 75 80 85 90 95 100 105 110

Frequency (GHz) Frequency (GHz)
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Output Power

32 10
AL | ADS |
30 9 — 7, /\\\\
28 | 8 _// /// N \ \
= 26__ - — Smgigggg 7 i - / l\\%\\§ A\
E — — S combaooe © V7 S / — —\ ‘-\L +  VD=12V,
S — ~— ~! comp=2000 > 6 o «  Nominal bias: 300mA/mm, 3.6W/mm
= ~ p=2. w / ~— \\
5 T < — / N
Ky — Comp=1.000 5 ~/ ‘\ _\.| © Stage 1&2 are CW
20 | 4 I~ — ‘\ R Stage 3&4 are pulsed (50us, 5%)
_ 1= —
18 3 ~ Dots: Measurement
16 rTrr[yrorrryrrrryrrrry rTrTr T T T T TT T T T T T T T TTTT 2 rrrr[yrrrrryrrrryrrrr T rTrT T rT T T TT T T T TT T T T T TTT . . . .
90 91 92 93 94 95 96 97 98 99 90 91 92 93 94 95 96 97 98 99 ) Line: Simulation
Frequency (GHz) Frequency (GHz)
Power Gain
ADE 18
7 S~ * Poutis >27dBm in 93-97GHz band (P6dB)
16 / — * PAE is around 9%
- — .
7 —— + GPis around 10dB (P6dB)
~ 14 —
8§ 7 —
5 L, "/ =~ * Measured output power level is close to expected level, though
V7 S power performances are a bit narrower than simulation
10 /// ~
8 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT

91 92 97 98 99

90 93 94 95 96
Frequency (GHz)
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Thank you !

contact@mc2-technologies.com www.mc2-technologies.com +33 3 20 04 55 67



