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Introduction

e Context:

— These projects are part of ECl program which aims at
developing and qualifying in Europe components which are
today only available from US and may in long-term fall under
export restrictions (ITAR)

* 5 projects successfully completed:

— ECI1: 3 wideband mixers (AO4784)

— ECI2: 2 Watt Ku-band amplifier (AO6070)

— ECI2: Wideband phase shifter (6—18 GHz) (AO6184)

— ECI2: Wideband low noise amplifier (1-45 GHz) (AO6068)

— ECI3: Wideband LNA-MPA (12-19 GHz) (AO6854)
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Introduction

 These 5 projects had similar structures :
— Collaboration TAS-F & OMMIC
— Analyse non-European “state of the art” circuits
— Develop new MMIC
— Space delta-evaluation of MMIC process (if relevant)
— Space evaluation of circuit (“new design”)
— Make new MMIC available as flight model product
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Tasks per partner

. Processing MMIC Process
MMIC Process Design ) ) .

& & ow Test | validation | evaluation
0.7-3.7 GHz Mixer EDO2AH TAS-F OMMIC TAS-F OMMIC
1.0-4.5 GHz Mixer EDO2AH TAS-F OMMIC TAS-F OMMIC
3-10 GHz Mixer EDO2AH TAS-F OMMIC TAS-F OMMIC
6-18 GHz Phase shifter EDO2AH TAS-F OMMIC OMMIC OMMIC

TAS-F OMMIC

1-45 GHz LNA DO1PH (+OMMIC) (+Millilab) OMMIC OMMIC
K band 2W HPA DO1PH TAS-F OMMIC TAS-F OMMIC
K band LNA-MPA - TAS-F OMMIC TAS-F OMMIC
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OMMIC Processes

e The OMMIC EPPL EDO2AH, DO1PH processes have been used
and delta evaluations have been completed.

* A new capability of DO1PH (etch stop) has been evaluated

* All processes are very similar (same passives) :
— Via holes, full dielectric passivation, isolation and coverage
— MIM 400pF/mm2 & 50pF/mm?2,
— Res 100 or 200 Ohms.sq & 40 Ohms.sq
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OMMIC processes

* Process Status (simplified)
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EPPL Released — ESA Preferred Part List EPPL
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OMMIC Processes (Power)
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OMMIC Processes (Power) & GaN
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OMMIC Processes (Low Noise)
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OMMIC Processes (Low Noise) & GaN
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Roadmap Digital-mixed-VCO-Mixers
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Roadmap Digital-mixed-VCO-Mixers & GaN
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AOA4784: Development and Qualification of
European Microwave Monolithic
Double Balanced Mixers

2006
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‘ OMMIC Innovating with Ill-V’s

Design of the mixers

Diode ring structure + baluns
A special process step has been

developped and qualified to create high
Q double inductor

f =

AccV Spot Magn WD Exp | ' AccV SpotMagn WD Exp 1 10mm
1.00kv 20 267x 50 0 MCP50/64221179su self pont + TiN 1.00kv 2.0 2007x 50 0 MCP50/5422/179su self pont + TiN
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Iso LO_RF (dB)

Summary of main performances

b o o
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MIXPM84A_w1 - LO/RF Isolation (UP mode)
PLO=+15dBm

0,5 1,5 25 35 4,5
LO_freq (GHz)

55

* Very wideband double balanced mixers

* Typical losses: 7dB

* LO-RF isolations: 35 to 60 dB
* LO-IF isolations: 32 to 45 dB
 Input P1dB: 12 dBm

L L L N (N A N N N N B B
2 3 4 5 6 7 8 9 10 11 12

* Pin to pin compatible with non europea
source

* Flight model available (bare die or hermetic :

package)

n
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A06184: Development And Space Validation
Of A European MMIC Phase Shifter

2010
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AO6184: 6-18 GHz MMIC

Same interfaces and chip size as the
Northrop Grumman PHS2583 for a full compatibility

— : ¥ N
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Phase Shifter Design
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A06184: MMIC phase shifter results J

|_' RMS

‘ Non-European reference l
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A06184: MMIC phase shifter results

* 6-18GHz Phase Shifter
6 bits: 360°, 2.5°rms typ
* Flat losses: 13 dB

« 29 dBm Input P1dB

* 0/-3 V control

* Pin to pin compatible with non
european source
* Flight model available

h

. . Measurements
Parameters Specifications (Run iteration 3)
Frequency 6.0-18.0 GHz 6.0-18.0 GHz
Phase control range 360° 360°
6 bits 6 bits

Phase control resolution

(5.625% - 11.25° - 22.5° -

457 - 00° - 1807)

(5.625°-11.25%-22.5° -

45° - 007 - 180°7)

Phase settng accuracy

Tvp. Midband = 3% BMS < 2.5% RMS
Absolute min./Max. = § RMS = 4% EMS
Insertion Loss

Tvp. Midband o0dB 132 dB
Absolute min /Max. =14 dB 14 dB
Insertion Loss Modulation

Typ. Midband =05dB + (0.8 dB
Absolute min /Max. +21dB +15dB
Return Losses (IN & OUT) =-4dB =-10dB
Input IP3 =+35dBm Typ 29 dBm P1dB
Bias voltage SV/oV SV/IOV

Dig size

325x35mm

325x35mm

Current consumption

< 1 mA

= 1 ma

Control interface

O control lines (6 are
complementary

0 control lines (6 are
complementary)

RL 29/09/2016
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AO6070: Development and Space Validation
Of A European MMIC K-band
High Power Amplifier

2010

M ommic
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A06070: K-band high power amplifier

Size and pads compatible with Non European
source (Triquint TGA4022)

RL 29/09/2016



f‘ OMMIC nnovating with m-v's
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K-Band high power amplifier design
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11.14
1108
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10.88
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AO6070: K-band high power amplifie

2W P1dB@5V

Pow: -6.37dBm vag: race
2 Time: 8.00us Peak: -6.32dBm Control

Output power vs gain compression and Vdd

!
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—e—1914_Comp_5V
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Gain compression (dB)

-0.5
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FParameter TGA 4022 OMMIC 4V OMMIC 4V OMMIC 5V Measurement
measurement Simulation On wafer On wafer Compliance
Without IP & Measurement Measurement
OF bonding
Frequency range
(GHz) 18-23 18-23 18-23 18-23 C
Drain Voltage (V) fi (space derated) 4 4 5 C
small signal gain
= = = =
(dB) 23 dB 22 23 23 C
Input return :
12 (min 10 10 M *
Loss(dB) i)
Output retwun Loss . N
(dB) 14 (min) 10 8 N
P1dB (dBm) 29 (mimn) 305 min 305 min 32 min C
PAE 1dB (%) 16 (i) 21 (tnin) 17 min 20 min C

 Pin to pin compatible with non european source
* Flight model available

RL 29/09/2016
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ECl phase 2 (AO6068)
Development and space validation of a
European MMIC wideband low noise
amplifier

2010

M ommic
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A06068: wideband LNA

Size and pads compatible with
TGA4830

[ 1] i A
\ BP0 B
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A06068: wideband LNA

RF CHARACTERIZATION TABLE
{Ta = 25°C, Nominal)
(V' =5V, 1" = 50mA)

Symbol Parameter Test Conditions Typ | Units | Notes
Gain Small Signal Gain =420 H= 13 dB
1 —20 GHz
T Small Signal 3dB 45 s
B Bandwidth o aHz
=L Input Retum Loss +=t=353tGHz 12 dB
1—-22.5 GHz
ORL Chutput Return Loss F=1-30GHz 15 dB
. Cutput Power @ 1dB . 14 £
FidB Gain Comprassion F=1-25GCHz o dBm
NE Noise Figure +=t=GHz 3.2 e
6 - 28 GHz

Real Electrical performances of the TGA4830 (TRIQUINT)

OMMIC
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A06068: wideband LNA main performances

Wide band LNA Gain, $11 & S22

P1dB = 22dBm@35GHz

Wideband LNA NF

Gain, S11, S22 (dB)

.

1] 5 10 15 20 25 30 35 40 45
Freq (GHz)

Noise (dB)

w

2

Pin to pin compatible with non european source
Flight model available

15 20 25 30 35 40 45
Freq (GHz)

|- W IVIIVIINSS
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AO6854 : Development And
Space Validation of
A European Wide Band Amplifier

2012

[ OMMIC
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AO6854 : Wide Band Amplifier

HHHHHH

13-25 2 35 5 13
12- 14 25 25 25 52
Hiftite 1417 7 2 2 35 °
HMCS16
HMCS0S 12 1 25 10 0

[ittite 20

Nf:fg -18 19 16 16 27 °

T N e requirement
Hmiﬁgm 5 3\ 15 32 16 . q (]
H;mt:”’m 14 - 27 20 2 14 -

MAB‘?A]‘"S%AADADM 11-16 \ 29 12 23 ° °
=~ e We have decided to develop a single
TTGn%f];tz 5-15 aT \ 13 24
TG. 13 2-23 17 3 16 -

TGA2S13 [ ] [ ]

i B - : \ks 7 CI rcu It o both
TGAZ310-5CC I I

TriQuint z-20 ] 35 175 - eee
TGAS344-5CC

T 2-13 13 4 16 -

HMC903 ESA requiremenis < W
(1210 '. ec. submitte
L |-|..-1I -lL GHE. LHA MPA P
Freq. Range (GHz) 6-18 12.75-18.4 12 -19 12 -19
MNF (dB) 1.6 0.8 1.5 1.2
Gain (dB) 19 22 20 21
P1dB (dBm) 16 7 14 LNA application | MPA application
IF3 (dBm) 27 15 24
Input RL (dB) 10 15 15
Qutput RL (dB] 15 15 15
Pdc (m 315 - 150 (TBD) 150 300

. OMMIC
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Circuit architecture

« MPA/LNA performances are obtained by a single circuit
covering both LNA and MPA requirements by change of
VDD of the last stage :

Vd1=25V@40mA Vd2=1.75V @ 29 mA — Vd3,,,, =48V @58 mA
Vg1 Vg2 Vg3

\T\'"* Vd3,,. =175V @ 36 mA
o—| |—8x35 u |—8x35 y I—Bx-'-‘tD x |—o
RF in RF out

Alternate version with reduced number of pads :

Vg12 Vd1 =25V @ 82 mA

!

Vd3,ps/= 4.8V @58 mA

s Vd3,. E 175V @ 36 mA

RF out

RL 29/09/2016 1SO9001 version 2000, 1SO14
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AO6854 : European Wide Band Ampllfler
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IS

Gain: 25 dB
(both modes)

T T T T T
6 9 12 15 18 21 24 6 9 12 15 18 21 24

Frequency (GHz) Frequency (GHz)
Noise Figure Noise Figure

Noise: 1.2 dB
(both modes)

NF (dB)

0.9
0.7 0.7
0.5 0.5
10 12 14 16 18 20 10 12 14 16 18 20
Frequency (GHz) Frequency (GHz)
Output P1dB Output P1dB
LNA P1dB: 11 dBm [
MPA P1dB: 13-19 dBm || )
1 £
AT 2
. 9
. PDC=220mW . ] PDC=500mW
‘ ‘ ‘ * * * : ‘ : ‘ ‘
512 13 14 15 16 17 18 19 o 512 13 14 15 16 17 18 19 :
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Conclusion

M ommic
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Measurements have shown that all 7 o|rCU|ts are (at least) state of
the art as compared W|th non European sources

1 to 45 GHz LNA A ovmic
S

RL 29/09/2016



900mW/mm DC
2000h 175 & 200°C Tch

—e— TCV224_A
—5—TCV224 B
—a— TCV226_A
—%—TCY226_B
—x—TCY242_A
—e—TCVY242 B

. SIS

AGMO (%)

—e—TCW223_A
——TCV223_B
—— TCVE0Z_A
——TCVI0Z_B
—e— TCVIDA_A
—a—TCVI4_B
—a— TCVID5_A
—%—TCVI05_B
—— TCVI0T_A

0% .;.@

AGMO (%)

——TCY249_A
——TCY249 B
———TCY305_B
—e—TCVIOE_A
—5—TCVINg_A
—a—TCV309_B
—e— TCVI1E_A
—%—TCV316_B
—o—TCV33_A

-20% T T T T —e—TCWV3E07_B -20% T T T T ——TCY333_B
0 500 1000 1500 2000 ——Tovo00 A 0 500 1000 1500 2000 ——Tcvom A
a) Tch=175°C Time (h) ——TCY200_E b)) Tch = 200°C Time (h) —=—TCv200_B

RL 29/09/2016 Figure 5.31 - Drift of Gy, in DC Life-test at T¢, = a) 175°C and b) 200°C



DC life tests
RF life tests

Tests versus temperature
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Figure 233 : Dynamic measurements @ 15 GHz : initial, intermediates and final
measurements - life test RF
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DESCRIPTION

The CGY21B1UH is a high performance GaAs
based Double Balanced Mixer MMIC with on chip
RF 2nd LO baluns.

The GGY2181UH covers the frequency range of 1
GHz 1o 4.5 GHz with a conversion loss of typically
7 dB. On-chip baluns provide excelent rejection of
LO o RF and IF paths. High dynamic range is
provided by the passive mixer configuration. This
device can be Used in GPS, Telecommunication,
Radar, EW and Instrumentation applications,

The die s manufactured using OMMIC'S 0.18 um
gate length PHEMT Technology. The MMIC uses
goig bonding pads and backside metalization and
is fully protected with Silicon Nitride passivation to
obtsin the highest level of reiabilty. This
technology has been evaluated for Space
applications and is on the European Preferred
Parts List of the European Space Agency

APPLICATIONS

B GPS Systems
P Racar

P Telecommunication
B Instrumentation

 OMMIC

PRODUCT
DATASHEET

Version 1.0

CGY2181UH/C1

1 - 4.5 GHz Double Balanced Mixer

FEATURES

B RF and LO Range : 1 GHz to 4.5 GHz
» IF Range : DC - 25 GHz

P Conversion Loss : 7B

P LO toRF Isolation : 45 dB

P LO toF Isolation : 32 dB

» Input P1dB : 13 dBm

B Small Chip Size 1.5 mm x 1.5 mm

B Tested, Inspected Knoun Good Die (KGD)
B Samples avaiable

P Demonsiration Boarcs avaiiable

P Space and MIL-STD aiso available

Innovating with lll-V’s

a sheets ...

imance cual
lifier MMIC
m 16 to 23

wer of 31.2
Ind operates
fanal gain is
2% PAE at

RELIMINARY
DATASHEET

CGY2135UH/C1

8-23 GHz 33dBm Power Amplifier

FEATURES

Operating Range : 16 GHz o 23 GHz
Py 312 0Bm @ 20.5GHz

Psat :32.3¢Bm @ 205GHz

PAE :202 % @ 20.56hz @ P1=
Gain:25.408 @ 205GHz

Power Supply : 4.0V

500hms Input and Output matched

TYvvyrvy

Preliminary
VATASHEET

Rev 0.1

CGY2145UH

p.5-45GHz Wide Band Amplifier

PRODU

DATASHE

Vers|

MONOLITHIC MICROWAVE INTEGRATED
CIRCUIT (MMIC) GaAs PHEMT DO1PH

Eureemnin Stce Cormpuments Cotrration

Europreon Space Compmennts Coordimaton

PROCESS FROM OMMIC,

BASED ON TYPE CGY2145UH BARE DIE
(LOW NOISE WIDE BAND AMPLIFIER)

ESCC Detail Specification No.901x/yyy

RATED
0MPH

Page 1020

RE DIE
FIER)

xyyy

Page 1af20

JAVE INTEGRATED
s PHEMT DO1PH

M OMMIC,

2145UH BARE DIE
IAND AMPLIFIER)

ion No. 901x/yyy

MONOLITHICMICROWAVE INTEGRATED
CIRCUIT (MMIC) GaAs PHEMT ED02AH

PROCESS FROM OMMIC,

BASED ON TYPE CGY2173UH BARE DIE
(6-BIT 6GHZ-18GHZ PHASE SHIFTER)

ESCC Detail Specification No.901x/yyy

Page 10f20

Page 10715

JOWAVE INTEGRATED
aAs PHEMT EEES

FROM OMMIC,

GY2730UH BARE DIE
JOISE AMPLIFIER OR
VER AMPLIFIER)

fication No.901x/yyy

b Nf.=1.808 at9GHZ

.

=

i
Jr-=p. 11 -suss
fpnes France

Ga:
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All 7 circuits are available as commercial or flight model products
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CGY2730UH/C1

z dual mode LNA/MPA Amplifier

FEATURES

» RF Frequency Range 1210 19 GHz

® Gainis 230B and NF 1.4dB for both mode
®» Qutput P1cB is 11cBm with power
cconsumption of 270mW for LNA mode

» Output P10B is 170Bm @17 GHz with power
consumption of 520mi for MPA made

» 500hms Internally matched : IRL is better
than -6B and ORL better than -8dB for both
made

» Device Avsiizble
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5Y2180UH/C1

BHz Double Balanced Mixer

FEATURES

B RF and LO Range : 0.7 GHz to 37 GHz
B IF Range : DG - 1.7 GHz

B Gonversion Loss : 7 dB

B LO toRF Isolation : 35 B

B LO toF Isclation : 3548

B Input P19B: 12dBm

B Small Chip Size 1.5 mm x 1.5mm

B Tested, Inspected Known Good Die (KGD)
B Sampies avaiable

B Demonstration Boards available

B Space and MIL-STD aiso availsble
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