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1 Final publishable summary report

1.1 Executive summary

For the satellite digital communication systemsigie=d in a tough competitive context, the
European Space Industry (with the end users repesdevithin the project by EASDS Astrium
Stevenage (UK) and Thales Alenia Space Toulousg (&diires advanced components in terms of
performance, flexibility and power consumption. éed, future telecommunications payloads will
contain digital processors to make best use otecgpectrum and to offer best operational flexipili
to operators and end-customers.
This puts ever more drastic requirements for Dadav@rters and in particular onto Analogue to
Digital Converters (ADC).
As they are strategic components for satellite compations, the COMETS project research effort
on European sourced radiation hardened ADC’s istiatany:

1. to respond to the demand for such high conversapaaty, currently not available on the

market and
2. to ensure long-term European independence.

Starting from system level requirements is funda@aleto develop the right ADC expected by the
industry and to open wide market perspectives to it

The project “phasel” lead to the 10bit 1.5GSps hadlened and low power ADC (ref
EV10AS180AGS), to serve mid-term critical needstltg Space Industry. The ESCC evaluation
according to ESCC226900 performed by e2v and th&E&MKas demonstrated the suitability of
EV10AS180A for operation in space environment.

As longer term needs see increasing performancég, lsit ADC beyond State-of-the-Art is then

focused in the frame of the “phase2” taking advgataf the advanced technology developed by
Infineon (B7HF200) and modelling effort on bipotsansistor. This lead to the development of the
12b ADC (e2v P/N EV12AS200AGS). Characterizatiosutes exhibits above state of the art
performances for high input frequency (>1GHz) ghhsampling rate (1.5Gsps)

The total project duration was 41 months.

Specifications derived from advanced system lewsds, proven design and radiation hardening
expertise, high performance technology and reldeadce modelling have been major assets for the
COMETS project and formed the panel of factors tfeate contributed to the success in the project
realizations.

These two ADC are key components for the Europeacesindustry to keep control on the design

and production chain of the ADC’s for Space telesamications. This ensures the Europe’s
supplying independence for those strategic compsnen

1.2 Summary description of project context and objectives

For the satellite digital communication systemsigle=d in a tough competitive context, the
European Space Industry requires European southetheed components in terms of performance,
flexibility and power consumption. Indeed, an irasig proportion of future telecommunications
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payloads will contain digital processors to makethbaese of scarce spectrum and to offer best
operational flexibility to operators and end-cusgwsn This puts ever more demanding requirements
for Data Converters and in particular onto AnalotuBigital Converters (ADC).

As they are strategic components for satellite compations, research on European sourced
radiation hardened ADC's is mandatory 1) to resptindhe demand for such high conversion
capacity, and 2) to ensure long-term European iegggnce.

The COMETS Programme aims at bringing to the Spadestry the European sourced advanced
Analogue to Digital Converter.

The goal is to make available an ADC offering aatsling resolution, dynamic performance at low
power consumption and radiation hardening to endasatellite uplink and down link pay-load
implementation, in terms of channel count and respdo the rapid increase in bandwidth demands.

The consortium’s efforts were driven by e2v (Frgneecompany which offers to the market the
fastest ADC's in the world. Consequently, e2v wleedesigner of the ADCs. Specifications were
agreed with key end-users, both main players irEtlnpean Space industry (Thales Alenia Space
France & EADS Astrium UK).

The design of ADC’s have benefited from the mosvamded SiGe process from Infineon
(Germany). Infineon contributed to the COMETS pecbjaot only by providing the advanced
fabrication technology but also by bringing théklls in RF modelling and process reliability. As
modelling of transistors and lines is a key for hslieyond state-of-the-art designs, the CNRS
cooperated with Infineon and e2v to optimize thawation of critical elements. CNES (“Centre
National d’Etudes Spatiales”) gave their expertiskated to space grade and radiation hardened
electronic component development, resulting frarhistorical involvement and support to the space
segment of the telecommunication market.

The project was phased in two steps in order tamiuke the project risks and to provide tangible
results already at end of the first one.

The first step "STEP1" focused on an innovative low power fast ADC witMDX designed on
the existing B7HF200 Infineon technology; this "$TE leads to the 10-bit 1.5 GSps rad-hardened
ADC updating the level of ‘State of Art’ data comtes, to serve the short term critical needs ef th
Space industry. The evaluation of the devices irfiopmance, reliability and irradiation based on
ESCC standard concludes the STEP1.

As medium and long-term needs by the European spadestry demand ever-increasing
performances, COMETS Project proposed a high dynaamge 12-bit resolution ADC with DMUX
with a clock rate of 1.5 GSps. These performanaese lbeen the focus of the "STEP2" taking
advantage of “STEP1” results, the world-class etxperof the COMETS consortium including the
advanced silicon technology developed by Infineon.

The total project duration was 41 months (only Sthe beyond the 36 months original duration).

The project was then shared in seven work packagydescribed in the work diagram below.
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The second stedocused on medium to long term needs to propak2baresolution ADC with an
unprecedented clock rate of 1.5Gsps taking advastafl Step 1 results as well the modeling and
technology improvement outcome of WP4 ( lead bynkdn). WP5 was the design development
phase. This step 2 will has been concluded withvéllielation and characterization of the 12b ADC
by e2v, TAS and EADS ASTRIUM in the WP6. To noteb12DC ESCC evaluation and space
qualification are not part of the project scope.

Step 1 Main outcome: 10b ADC1.5Gsps

The 10b ADC is based on design on B7HF200 (Si€)rtology from Infineon that is a full vertical
isolated bipolar transistor and offer low powerdthger with high speed operation and inherently
radiation robustness so suit for space applicatibms ADC is single core architecture (not
interleaved) that does not need calibration ovexgdency region and/ or temperature range
operation.

This architecture ensures with very low latencyhwitclock cycles pipe line delay that is quite safe
in regards to radiation issue (SEU SEE) that caploears.

The 10B ADC features 8.5 ENOB (Effective NumberBt) together with 60dB of SFDR( Spurious
Free Dynamic Range) at 1.5Gsps in L band and Fualeég 1800Mhz and a Noise Power Ratio (
NPR) of 43 dB with 500Mhz pattern. (Ultra wide bapdttern) enabling direct undersampling
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ultrawide band pattern in the L band region sinypdihd improve performance of the receiver system
by removing down conversion stages, saving systebagjpower consumption.

Hence it offers more flexible operation togethethwgystem cost reduction.

Full scale input voltage span 0.5Vpp in one hunareah ( input power of -5dBm) is very convenient
to ends users to drive the ADC especially at higquency.

The total power consumption including a DMUX1:4 L8[@ompatible logic is 1.9 watt maximum.
Temperature range for Tcase = -55degC up to Tjonetil25degC.

The package is in ceramic and hermetic dedicateppase application. This package is custom has
been designed in order to optimize high frequerpsration.

A full evaluation according the ESCC226900 standandthe frame of the WP3) is performed to
proof the suitability of operation of the ADC10bEGsps in a space environment.

10bit ADC has been included on the ESA EuropeafeRece Part List.

Step 2 Main outcomes: 12b ADC1.5Gsps

Making a 12 bits ADC is not as simple as just agdiradditional bits of the existing 10 bits ADC

On the performances it means improving the SNRopaidnce and SFDR by at least 6 dB and one
more bit of ENOB in same operating condition (1158and) with a the lowest possible power trade
off.

To minimize the risk, the same proven base lin8y(tifferential) used for the 10b ADC has been
used; The scale input voltage span is still 0.5pwmne hundred ohm ( input power of -5dBm)
despite it is even harder to achieve on a 12bits(kstill relaxing constraint at system level) in
Lband. One of the key points is also the power gomion and so defines the trade-off between
speed and power.

ENOB is better than 9dB. This is compliant to fisainulation and last agreed specifications but
lower than the initial target.

This architecture offers the main advantage tonesd calibration over frequency region and/ or
temperature range operation. To be noted thataskey advantage with regards to US competition.

Making this gap has been achievable thanks additiorodelling notably of the vertical isolated
PNP transistor and complement of modelling on tbe-lmear zone of the NPN transistor to help
designers to optimize the design and of coursegdesiprovement.

This low power, high performance rad-hardened 12-lGSps ADC & DMUX should provide the
following benefits to the European space community:
» Allow to remove stages of RF down-conversion thaiokihe wide analogue input bandwidth
resulting in significant cost, mass and power sgsin
e Provide customers with as yet unattainable dynaiange and NPR (Noise Power Ratio)
performance for competitive next generation broadtapplications.
« Open new opportunities in existing markets suchceltular communications, broadband
multimedia.
» Decrease the number of conversion chains and assdccosts (both fixed and operating
costs) by the capability to process 500 MHz bantheidf data.
* Allow to revise and optimize the frequency planntke&to the flexibility of a fully digital
payload.
* Ensure future-proof compatibility in digital outputterconnectivity as digital processing
component speeds and capacities for space appfisadvance in the future.
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1.3 S&T results / foregrounds
1.3.1 WP1: ADC 10-bit/ 1.5 Gsps Design
This work-package consists of the design and matwiag of the 10b 1.5Gsps ADC.

Task 1.1: Specification
The table below summarizes the target specification

Table 1. 10-bit 1.5 GSps ADC Target Specifications

Fsampling 1.5 ]lc\r/l:(;(:g#g; sampling clock 1.5 GSps
. Effective analogue bandwidth (-
Fin 1.8 3dB) 18 GHz
Ain 1 Differential analogue input 0.5Vpp Vpp diff
Vcc 5/3.3 Analogue and Digital supply 5/3.3/2.5 V
Total power dissipation with
P 1360 DMUX 1:2 1700 mwW
ENOB 85 g;;sl.S GHz, Fin = 750MHz, -12 85 Bit ES
SEDR 62 g;;sl.S GHz, Fin = 750MHz, -12 62 dBES
THD 60 g;;sl.S GHz, Fin = 750MHz, -12 60 dBES
SNR 55 g;;sl.S GHz, Fin = 750MHz, -12 55 dBES
Notch centered on 50 MHz and
350 MHz, notch width 500 KHz on
NPR 45 20 MHz-700 MHz band, at Fc = |44 dB
1.5 GHz at optimum loading factor
of -13.1 dBFS
.. ADC internal clock jitter noise at
jitter 200 Fc= 1.5 GHz 200 fs rms
Radiation ionizing .
total dose >100 110Krad(Si) Krad (Si)
Latch up free (SEL) | >80 >80 MeV-cm?/mg
1E-03 to 1E4 : 1E-03 .
SEE 02 Geosynchronous orbit 0 1E-02 SEU/device.day
SEFI _(Slngle event >100 years | Recoverable with Reset >100 years MTBF
Functional Interrupt)
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Perman_ent >100 years | Recoverable with Reset >100 years MTBF
conversion errors

Multi conversion >1 year Self-recovering >1 year MTBF
errors

Srlrcgrlse conversion 14 day Self-recovering >1 day MTBF
Operating -55°C<Te . , -55°C<Te o
Temperature Range | T;<125°C For functionality T;<125°C =
Operating -20°C<Tc -20°C<Tc |,
Temperature Range | T;<125°C For performance T;<110°C =

Life Time >20 20 years Years

Taskl.2 & task 1.3: Design of the ADC
The architecture of the ADC is briefly describedhe figure below.

figure 1. High frequency ADC simplified architecture

Cloc 2, 5| Clock 1
i p 1 Analogue o DMUX
m Pre- ost _i_’ o N Digital N Digital
I |l Am P i Core Outputs
i TH : Folding ADC
. 7777 FrontEnd |
Legend:

Pre-Amp = Pre-amplifier
Post-Amp = Post-amplifier
T/H = Track and hold

There are five main blocks:

A) Front-End Track and Hold
The goal of this cell is to make a high frequencglague sampling.
This block gives limitation in noise or SNR comifigm thermal noise (KT/C noise) of components
and jitter noise coming from clocks. It gives atke limitations in spurious dynamic range against
clock (internal settling time limitations versusck frequency) and analogue frequency. In addition,
the pre-amplifier is crucial because it needs &sent constant impedance at the input of the ADC so
that external filtering at the input of the ADCnsde possible.
This block in combination with high frequency pag&amodelling gives the -3dB full power
bandwidth. This block is the most critical one hesm large switching current that are created
internally, could lead to ringing effects limitirtige dynamic performances.

B) Analogue core: folding and interpolation architeetu
COMETS - GA n° 252
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Thanks to folding with interpolation technique, giee of such core is drastically reduced compared
to standard flash ADC. The core is based mainlythvae cascade folding amplifier creating each
what is called coarse bit 2 bit so a total of 6doé easily created. The missing 4 bits are geseiat
the final folding stage.

This resulting architecture features a very gootingpation of analogue input capacitance as seen
by the output Track/hold which allows a good caligbio drive the load at such high clock
frequency. For instance in our case instead ofl0®23 input comparators needed in the standard
flash ADC only 25 comparators were used. The mmgiortant stage is the first folder which is
correlated to the targeted INL (or Static THD) elgetated Non Linearity is given by the mismatching
of NPN (and in second order of magnitude the l@sistance) of the input comparator in correlation
with the internal analogue full range of the analmgore. The better the matching coefficient ef th
process is, the lower has to be the size of inppticitance and power dissipation of the first input
comparator.

Another issue for the analogue core is the settlmg limitation against clock frequency.

Due to the track and hold architecture, the avhdlamalogue data is stable during half a period
clock. The analogue core (and first latch of thgitdl part) has to be settled during this half &loc
period.

C) Input Clock Buffer:
This cell is important because it has great impacthe internal clock jitter of the ADC and also is
used for the optimisation of different timing insithe ADC.
The ADC jitter noise comes from the equivalent inpoitage source (we neglect the input current as
low output impedance is considered) dividing byitiut slew rate at clock transition.

To lower the jitter the number of cell should bmited (min 2 to 3) and the swing internally
increased. Using a process with low parasiticaklvasistance and high fT helps to decrease the loss
in jitter. The impact of jitter at high frequencgudd limit the effective number of achievable bit.

D) Digital Part
In terms of criticity, this part is mainly concethaith the BER (Bit Error Rate) and clock speed
limitation coming from instance from error in diglitdecoding.
The BER is mainly coming by the bandwidth limitaisoof the first array of latches directly loaded
on the last analogue part.
To overcome this limitation extra row of pipelinéthster slave latch have been added to reduce
despite the drawback is an extra power dissipalibanks the large peak fT of the process, the extra
power dissipation is however limited with an acedy¢ BER.

This phase has benefited of outcome of the 1stidewent in partnership with ESA TRP contract in
collaboration with the same partners as CNES, BhAlénia Space and EADS ASTRIUM with a

first silicon results that have proven the archies choice with the B7HF200 technology.

However, few optimisations remained necessary tprawve the robustness of the design for the
space operation. Robustness improvement and pexrfmes optimisations is however not a
straightforward tasks.

The main optimisations were to improve
* Performances versus temperature versus powerissippl
- High temperature Performances rolloff (SNR,THD,SKDébove Tj > 90degC
- Performances roll off versus VCCA3 (SNR,THD,SFDR)
- INL figures that limits the SFDR.
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* Timing
- Notch in frequencies between 800MSPS and 1200M8E8mux 1:2 and demux 1:4
- Maximum sampling frequency in demux 1:1 too low

* Functionalities

- Out of range coding ( under flow over flow)

- Dynamic Built In Test pattern in demux 1:1 (datagée slower).
» Others

- ESD (750V) on Clock input Buffer

Task 1.4 Chip manufacturing

The chip is manufactured with B7HF200 silicon tedogy licensed by Infineon (part of the
consortium) in Germany.

This technology features above 200 GHz (peak fT)ekdgunction bipolar Transistor in SiGeC
(SiGe + Carbon ). Those transistors are 100 %oadrisolated NPN Transistors that ensure natively
a good protection to radiation effects

figure 2. Cross section of the Heterojunction bipolar Traisisr SiGeC .

Advanced SiGe:C HBT (B7HF200): Cross Section

Base Emitter Collector

sTI
(Shallow Trench Iso)
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figure 3. Top layout of the 10b ADC

10 Bit 1,5GS/s SiGeC (L_Band) ADC

e ol= PortB ==
3 = Output
4=l = Buffers

: i

i Decoding! Analog CORE | |fiN
! 10 Bit Quantizer)

Circuitry T

Task 1.6 : Assembly of the 10-bit ADC
The chip is assembled in a customized 255 pin deramd hermetic package with solder column
interposer. The assembly is performed by e2v.

figure 4. Pictures of the 10b ADC assembled in the ceramikauge

See WP3 for more details on the assembly process.
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1.3.2 WP2: ADC 10-bit/ 1.5 Gsps Characterisation

Objectives:
= FElectrical Validation & characterisation of the 18DC
= Evaluation of the 10b ADC by the End-users

10b ADC (EV10AS180AGS) have been characterized By, AS and EADS ASTRIUM on
evaluation board are summarized in the graphs belovthe evaluation board and according the
strategy defined in the task2.1

figure 5. Picture of the evaluation board with the dedicatecket.

Main results of the characterization performed yeBv, TAS and EADS ASTRIUM on evaluation
board are summarized in the graph below.

figure 6. Input bandwidth @Fs=1.5GSps
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The global attenuation from 10MHz up to 2.5GHZAd8 with a slope of around 0.2dB/100MHz
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figure 7. singles tone FFT Computation versus Fin @ 1.5GSps
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THD_Fs (25 Harmonics) Vs Fin
Nominal settings, DMUX 1:4, Fc = 1.5GHz, 10 dBm
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The single tone performances are almost indeperadéhé input frequency - Fin (around 8.6 bits for
-12dbFs).

The spurious and harmonics are not very sensiiveput frequency (SFDR around 65 dBFS)
Performances (Signal to Noise ratio) are stablsugesampling frequency

figure 8. single tone FFT Computation versus Fs

SNR_FS versus FClock @ Fin=10MHz, 1GHz, 1.8GHz
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Broadband performances,

figure 9. 1,5GSps 1st Nyquist NPR(Noise Power Ratio) at Omtmioading factor -13 dBFS
(450 MHz Pattern, 5MHz Notch around 33MHz & 438MHAPR = 44 dB)
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Evaluation 10 bits ADC through dedicated board BT
The dedicated bread board representative of fippli@ation has been developed in order to check
that it has no impact on the performance.

figure 10. FFT performances dedicated board by TAS

ENOB Harmoniques et Spurious
9,4 0 6
9,2 -10
9
8,8 H\ 20 s . 5
8,6
84 A\\X -30 ¥
82 %
g = 40 s als s uls . - 4
o @ 3 ), ——H
o
S 7.8 = 50 —a—spur
Y76 T = N\H
74 2 60 ] t3
7,2 70 M A
’ v T
6,8
, 80 . . . 2
6,6
6.4 -90 A_"’1’"‘f*”//é;_x/)/
6.2 X=X
6 -100 1
-90 -80 -70 -60 -50 -40 -30 -20 -10 0 -90 70 -50 -30 -10 10
P CW(dBsat) P CW(dBsat)

In a more representative context, the performaneesin the same and the EV10AS180A is very
easy to use.

Conclusions
Performances are compliant with the specifications.
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1.3.3 WP3: ADC 10-bit/ 1.5 Gsps ESCC Evaluation

Objective
* ESCC evaluation of the 10b/1.5 GSps ADC DesignesiliBEP1 according to ESCC2269000
* Tointroduce ADC in EPPL and use it in space progra

Task 3.0: Industrial means & Device qualification ly e2v
This task consists to develop and validate thestréhlization means:

» Automatic testing on Teradyne ATE
Material for Burn-in & qualification - ATE dedicadeest interface
Probe card for wafer testing
Package test board
Writing, debug & validation of test programs (Wa&package)
Correlation with characterization data

* Burn-in Boards
In parallel the ball gold bonding process on gad from B7HF200 technology with ceramic BGA
package ( picture below) have been qualified by e2v

figure 11. Picture of the ball bonding to the die

a2 »f N

A

&

Task 3.1 : Evaluation test plan (construction analgis, screening, life test...)

The evaluation test plan (ref. NE 31S 207330revdg been elaborated by CNES and e2v according
the ESCC226900 specification.(EVALUATION TEST PROSRME FOR MONOLITHIC
INTEGRATED CIRCUITS ESCC Basic Specification No.68P00 of Oct 2002.

It includes all tests which results are summaripeithe next paragraph.

Task 3.2 : Evaluation test (construction analysisscreening, life test...)
Below the main step of manufacturing flow of thevide (based on the ESCC9000 Chart F3
screening)
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Main steps description:

Die attach

Wires bonding

e2v Internal inspection

Customer internal source inspection> Delegated to e2v quality inspector

Sealing

Marking + Serial

Pind-test

Pre-ambient temperature measurements

Pre-High & Low temp measurement

Deduction for test gold samples

Burn-in

Post-ambient temperature measurements

Drift calculation

High & Low temp measurements

PDA calculation

SCI attach

Xray control

Fine & Gross link

Final ambient electrical measurements

Dimensional measurements

Mass measurement

External visual inspection

Customer final source inspection

(The final source inspection has been performeambilaboration with CNES)

1. Construction analysis (ESCC2269000- Subgroup 2C) :
a. SEM analysis

The SEM analysis concludes that EV10AS180AGS proohask VN41A is compliant with Infineon

B7HF200 specification

figure 12. PSEM cross section of the die

200 nm EHT = 5.00kV Signal A = InLens SERMA Technologies
WD = 22mm Mag = 25.00 K X Transistor-08 tif
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b. Internal vapor contents

Internal water vapor content on 3 devices issuethfassembly lot ID: 9971861 / DC: 1130 /
Product: EV10AS180AMGS9NB1

TEST METHOD Humidity
Acceptable criteria Condition SEGIEE Result SElE
Internal water vapour content MIL-STD-883 TM1018 346 ppm

3 279 ppm |Pass
<5000 ppm Procedure 1 325 ppm

c. Backend construction analysis performed by CNES
The construction analysis have been performed &yYOIRES on the EV12DS130AGS device which

is 100% similar (in term of manufacturing) with tB&/10AS180AGS ( 10b ADC) as the devices
share the same package, same technology.

figure 13. Picture of chip in its package with wire bonding
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Conclusion of the destructive physical analysisrdhtishow abnormalities in the device.

2. Package Evaluation (ESCC2269000- Subgroup 2D) :
The package evaluation have been performed onYA2ES130AGS by similarity
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Done by similarity with:

12bit 3Gsps Muxdae> Same Package / same assembly process see Mp@1S 207330

U= 143Ul IOID Sample| Fail Status
Acceptable criteria Condition
Environmental tests
Temperature cycling MIL-STD-883 TM 1010 cond C
100cy+150°C/-65°C
Fines et grosses leaks MIL-STD-883 TM1014 cond A& C
Thermal shock MIL-STD-883 TM 1011 cond C
100cy+150°C/-65°C
Fines et grosses leaks MIL-STD-883 TM1014 cond A & C 6 0 Pass
Temperature cycling MIL-STD-883 TM 1010 cond C
400cy+150°C/-65°C
Fines et grosses leaks MIL-STD-883 TM1014 cond A& C
External Visual Inspection ESA SCC 20500
Electrical test ATE program
Mechanical tests
Mechanical shock MIL-STD-883 TM 2002 cond B.
5x(6 axis pulse duration 0|5
Fines & grosses leaks ms/1500 Q)
Vibration MIL-STD-883 TM1014 cond A & C
MIL-STD-883 TM 2007 cond A
Fines & grosses leaks 12x(3 axis: 20 to 2000 Htz/20 GJ4
Mechanical shock min mini)
MIL-STD-883 TM1014 cond A & C
Fines & grosses leaks MIL-STD-883 TM 2002 cond B. 0 Pass
Vibration 45x(6 axis pulse duration O g
ms/1500 q)
Fines et grosses leaks MIL-STD-883 TM1014 cond A& C
External Visual Inspection MIL-STD-883 TM 2007 cond A
Electrical test 108 (3 axis:20 to 2000 Htz/20 GJ4
min mini)
MIL-STD-883 TM1014 cond A & C
ESA SCC 20500
ATE program
Reflow simulation
Reflow simulation J-STD-020D
3 x SnPb Eutetic profil peak > 220°9C
Fines et grosses leaks MIL-STD-883 TM1014 cond A& C
Reflow simulation J-STD-020D 6 0 Pass
2 x SnPb Eutetic profil peak > 2209C
Fines et grosses leaks MIL-STD-883 TM1014 cond A& C
External Visual Inspection ESA SCC 20500
Electrical test ATE program
Internal water vapor contents MIL-STD-883 TM 1018
Humidity < 5000ppm 3 0 Pass
Solderability test (wetability)
RD21S205279 e2v intern 0 Pass

External Visual Inspection

procedure / ESA SCC 20500

i
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Conclusions:
EV10AS180AMGS9NB1 product has passed with succesgreup 2D - Mechanical tests -by
similarity with EV12DS130AMGS9NB1 product.

3. Endurance test (ESCC2269000- Subgroup 3B et 3C) :

High Temperature Operating Life

Step| Test Method Condition CA/CR (F)?(” J

1 Electrical test| Prog: EV10AS180A Ambient, Lowdardigh temperatureg45 / 0 Pass

2 i'fétbv'sua' ESCC 20500 i 45/0 | Pass

i i i Screening Burn-In (done 460 Hrs) i

3 Burn-In MIL-STD-883 TM1005 Tj = 165°C / SP.31S.203844 45/0

4 Electrical test| Prog: EV10AS180A Ambient, Lowdardigh temperaturegd5 / 0 Pass

5 i'fétbv'sua' ESCC 20500 i 45/0 | Pass
OH to 500H

6 HTOL MIL-STD-883 TM1005 Tj = 165°C / SP.31S.203844 15/0 |-

7 Electrical test| Prog: EV10AS180A Ambient, Lowdardigh temperaturegl5 /0 Pass

8 i'fétbv'sua' ESCC 20500 i 15/0 | Pass
500HTrs to 1000H "

9 HTOL MIL-STD-883 TM1005 Tj = 165°C / SP.31S.203844 15 /- |-

10 | Electrical test| Prog: EV10AS180A Ambient, LomdeHigh temperaturesl5 / - Pass

11 i'fétbv'sua' ESCC 20500 i 15/ |Pass
1000Hrs to 1500H

12 |HTOL MIL-STD-883 TM1005 Tj = 165°C / SP.31S.203844 15/ - -

13 | Electrical test| Prog: EV10AS180A Ambient, LomdeHigh temperaturesl5 / - Pass

14 i'fétbv'sua' ESCC 20500 i 15/ |Pass
1500Hrs to 2000H

15 |HTOL MIL-STD-883 TM1005 Tj = 165°C / SP.31S.203844 15/ - -

16 | Electrical test| Prog: EV10AS180A Ambient, LomdeHigh temperaturegl5 / - Pass

17 |BXtVisualegec 20500 i 15/. |Pass

insp.
Conclusions:

EV10AS180AMGS9NB1 product has passed with succ@88Hars life test (Tj 165°C)
Using accumulation component hours of all life @dshe on B7HF200 technology, we obtain 140
FIT at operating Tj = 110°C
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Task 3.3 Radiation assessment
e Heavy ions tests completed, Report TRAD/TI/EV10AXAE2V/ELG/1106 rev.2 :
0 No SEL at 125degC up to a LET of 80 MeV-cm?/mg kwvattilt) and up to 67.7 MeV-
cmz/mg (without tilt)
o0 No SEFI. No permanent error .
o0 Low SEE LET threshold of 0.7 to 1.6 MeV.cm3/mg
o SEE saturated cross-section in the range of 3.8E251 E-04 cm?
o Worst case long SEU/SET duration is 48 consecutiveupted data
- For a geostationary satellite:
* SEE rate of 2.48E-04 to 8.24E-02/device.day
* Worst case Multiconversion errors is 1.27E-02/defday (MTBF > 78 days)
* Worst case Single conversion errors 8.24E-02/dedége(MTBF > 12 days)

* Protons tests completed. Report TRAD_TP_EV10A XXE2V _ELG_1111 Revl:

o No SEL up to 184MeV

o No SEFI. No permanent error.

o Very few SEE were detected with proton tests evethe device appears to be
sensitive down to the 20MeV Energy. Saturated esession in the range of 1E-10 to
1.3E-09 cm?

0 Worst case long SEU/SET duration is 5 consecutiveupted data

- For a geostationary satellite:
e« SEE of 4.47E-05 to 7.83E-03/device.day
« Worst case Multiconversion errors is 1.16E-03/deiday (MTBF> 862 days)
« Worst case Single conversion errors of 7.83E-03¢deday (MTBF>127 days)

* Total lonizing Dose tests completed, Report NE 30%917 rev.B
o The EV10AS180A ADC was tested up to 110 krads(Sih & very low dose rate of
36 rad (Si)/h. It was concluded that the EV10AS188BC had neither functional
failure nor parameter drift up to 110 Krad (Si)at8t and Dynamic results were
satisfactory for all parameters.

* Analysis of the data collected during irradiatiotperiments completed, report ref. NE 31S
208018 issue A “EV10AS180A : 10-bit 1.5 Gsps ADCdR#ion test report Infineon
B7HF200 E2V”

Results from TID test, Heavy ions test and Protast demonstrate the suitability for operating
EV10AS180A ADC in space environment. All the resuiiere synthesized in table below:

Parameter Symbol| Results Unit Comments

Radiation total dose TID 110 Krad No issue

Latch up free SEL >80 MeV-cm?/mg No SEL at 184Mev with
protons

SEFI (Single event

Functional Interrupt) -SEFI NO SEFI

Recoverable with Reset

Permanent conversion No

errors - Recoverable with permanent

Reset error

HEAVY IONS

LET threshold | LETth [ 0.7t01.6] MeV | Depending on pradtern
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Parameter Symbol| Results Unit Comments
Saturated cross-section Xsat 3:8E-05 1g Cmz Depending on the pattern
2.1E-04
48 consecutive data f
. Long consecutive dynamic tests
Long SEU/SET duration SEU <48 corrupted data |44 consecutive data for stat

tests

Dr

c

SEE performance for a geostationary satellite

2.48E-04 Depending on the pattern
SEE performance SEE |to 8.24E-{ SEU/device.day
02
Worst case obtained for static
Multi conversion errork 1.27E-02 tests $01F at 600Msps
(self recovering) i Device.day MTBF Better results with dynamijc
9 (>78 days) tests at 600Msps: 1.82 E-02 (55
days)
Worst case obtained for static
. . ] tests $20F at 00Msps
(Sslglglf:ecgsgxﬁrs)lon errors ?154 dEaOSZ) MTBF Better results with dynamijc
9 y tests at 600Msps: 1.82 E-02|(5
days)
PROTONS
Energy threshold Eth <20 MeV
Saturated cross-section Xsat 1E-10 1o Cm? Depending on the pattern
1.3E-09
. Long consecutive
Long SEU/SET duration SEU <5 corrupted data

SEE performance for a geostationary satellite

4.47E-05 Depending on the pattern
SEE performance SEE |to 7.83E{SEU/device.day
03
1.16E-03
Multi conversion  errors Device.day MTBE
(self recovering) (>862
days)
Single conversion errofs 7.83E-03 MTBE
(self recovering) (127 days)

Task 3.4 Results synthesis and introduction in EPPL

* Redaction of the PID is completed ( reference NEZB406)
» Redaction of the detail specification completedférence NE31S209260)
* Redaction of the synthesis report completed=>dregfce NE31S209206)

CONCLUSIONS:

The product has passed with success all tests fasedian test plan ref: NE 31S 207330 and
evaluation test programme for monolithic Integrateduits ref: ESCC N°2269000.
Results from this evaluation demonstrate the silittabf EV10AS180A ADC product for operation

In space environment.
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1.3.4 WP4: Advanced device modelling and New Device s

Work package 4 has been dedicated to advanced Ingdehd characterization efforts to support
the realization of the challenging circuit applioat of this project. This included exhaustive Bois
characterizations at low and high frequencies, nsitee thermal characterization, and
investigations/modelling of the transistors beydmel limits of their typical operating range, e.gan
breakdown voltages. Furthermore several additiaalice options have been investigated to
improve the usage of the high-speed bipolar profmedte targeted high-end applications.

Three of the COMETSs partners have been involvethisiwork package: CNRS with its advanced
characterization laboratories IEMN and XLIM; Infore as the supplier of the semiconductor
technology; and e2v as the designer of the higfepeance ADCs.

To meet the objectives of work package 4 the wods \split into three tasks: Task 4.1, advanced
device modelling, task 4.2, advanced device charaetion, and task 4.3, new devices. In this
section an overview of the main results is given.

As a base for characterization and modelling sasnpiea large variety of the high-speed npn SiGe
heterojunction bipolar transistors and of the weaitpnp bipolar transistors have been prepared by
Infineon and have been delivered to the CNRS ldaboes IEMN and XLIM. DC and high
frequency S parameter measurements in extendedtopgeregimes (including saturation and high
current regimes) have been carried out on thesplsam

Extensive speed and especially high-frequency ndiseacteristics of the npn transistors have been
measured by IEMN. The very comprehensive charaetiéon over a large frequency and bias range
allowed the extraction of iso-curves for transédquency fT, maximum oscillation frequency fmax,
and minimum noise figure NFmin. This enables threuit designer to select optimized bias points
for low noise, low power, or high gain operatiorhid extensive characterization work has been
described in detail in appendix A2.1 of deliveratdport D4.2 by IEMN.

A sophisticated thermal measurement setup has kbsed to achieve microscopic thermal
measurements of npn transistors under realistic lbanditions and to validate electrical
measurements of the thermal resistance.

The characterization of the pnp transistors at XL#d to the extraction of new models, extending
the possible usage of the pnps to their speed limit

In the second half of the project XLIM used com@mes$ive characterization of the npn transistors to
extract advanced models for these devices, inaupiaviously not covered effects like current gain
decrease at high collector currents, accurate futeguency modelling at saturation, breakdown
behaviour and self-heating effects. These models weovided to Infineon and e2v in Verilog
format. This work is described in great detail ppandix A2.2 of deliverable report D4.5.

Regarding new devices a resistive device has baerduced into the production process and has
been included in the process design kit as an iaddltwiring option and to provide a “damping
resistor” to reduce the risk of instability andgiimg problems. Furthermore devices for integrated
injection logic have been realized as an attractpéon for saving area and lowering power
consumption. First circuits have been fabricatedrtave functionality of the new devices on circuit
level.

Extensive low-frequency noise characterizatiorhefipn and pnp transistors, and of the polysilicon
resistors has been done. This led to improved legtfency noise models of the npn transistors and
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of the resistors, and to the first low-frequencyseomodels of the B7HF200 pnp transistors. The
progress achieved by these new noise models is rd#mted by the application example of an
operational amplifier. Especially the new noise eledor the pnp transistors have been important,
because these devices are now more and more usadions key building blocks, and have been
also evaluated for the ADCs. For the same reasditi@ublly Monte-Carlo parameters for the pnp

transistors have been determined.

Moreover e2v designers have found that increasiagoltage swing for the 12 bit ADC design, as it
would be beneficial for increasing resolution, basegative impact on ADC characteristics (“curve
bends” in the INL characteristics). It was suspedtet operation of the high speed npn transistors
close to avalanche breakdown was the cause oisgug. Therefore the carrier multiplication factor
due to the avalanche effect was characterized aollided in the models of the high speed
transistors. This was very beneficial to investgand verify by e2v the experimentally found citcui
characteristics.

The above mentioned limitation of the usable vatawing triggered first investigations towards a
new npn type. B7THF200 offers a high speed npn within epitaxial collector layer and a specific
selectively implanted collector (SIC) providing & BEO of 1.7 V and an fT of 170 GHz, and a high
voltage npn with a thick epitaxial collector laysd a lower doped SIC providing a BVCEO of 4 V
and an fT of 35 GHz. In some stages of the ADOdhkebreakdown voltage of the high speed npn is
a limitation, but the high voltage npn cannot beduslue to the low fT. Therefore a device was
fabricated based on the high speed npn transistibrwithout the SIC. It was expected that such a
device can offer a very interesting compromise ketwBVCEQO and fT. The experimental results
proved this expectation: The high speed npn witl&iI@ provided a BVCEO of 2.4 V and a transit
frequency fT around 100 GHZ. The characteristicthedf new npn type have been provided to e2v
for evaluation.

A further input from the ADC designers was thatagtfpnp transistor would provide interesting
options for ADC design. Therefore first experimemwsre carried out for improving pnp speed, at
least for the next process generation. It was shihvaha doubling of the buried layer doping still
could decrease the buried layer sheet resistanoednyy a factor of two, and that the increasehef t
collector doping of the pnp by a factor of 2 torgese the intrinsic speed still results in suffitie
breakdown voltage BVCEO of around 9V.

Conclusions
The new developed models notably have permittachtterstand and then solve the “S curve bends”
in the INL characteristics that limited the perfamees in the first 12b ADC testchip.

A part of the work of WP4 has been presented armational conferences or in international
journals:

[1] N. Waldhoff, F. Danneville, N. Rolland, P.-AoRand, K. Aufinger, Bias Point Optimization for
Low Power / Low Noise Applications of Advanced Si&BT, Proc. of European Microw. Integr.
Circ. Conf., EuMIC 2011, pp. 386-389.

[2] K. Aufinger, H. Knapp, S. Boguth, O. Gerasik,Lachner, Integrated Injection Logic in a High-
Speed SiGe Bipolar Technology, Proc. of IEEE Bip@8&CMOS Circ. and Techn. Meeting, BCTM
2011, pp. 86-89.

[3] A. El Rafei, A. Saleh, R. Sommet, J. M. Nébaisgd R. Quéré, Experimental Characterization and
Modeling of the Thermal Behaviour of SiGe HBTs, EEErans. Electron Devices, vol. 59, no.7, pp.
1921- 1927, July 2012.
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[4] A. Saleh, A. El Rafei, T. Reveyrand, R. Somniell. Nébus, R Quére, Compact RF non-linear
electro thermal model of SiGe HBT for the designbobdadband ADCs, International Journal of
Microwave and Wireless Technologies, Vol. 4, I1sB@epp. 569-578, December 2012.
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1.3.5 WP5: ADC 12-bit design & prototyping

The specification for the 12b ADC has been sumredrim the table below.

Parameter Target Unit Comments Final
values specification

Resolution 12 bits 12b

Fsampling 15 Gsps Maximum sampling clock frequendy5

Fin 15 Ghz Effective analog bandwidth 1.8

Ain 1.2 Vpp diff | Differential analogue input 0.5

Fcut 4 GHz -3db analogue cut off frequency 2.3

Vcce 5/3.3 Vv Analogue and digital supply 5/3.3

Power <1.9 W Total power dissipation  witl3.2W
DmuW1:2

ENOB 10.5 Bits FS | Fc =1.5GHz, Fin = 750MHz,| 9.3
12dBFS

SFDR 76 dBFS Fc =1.5GHz, Fin = 750MHz,| 69
12dBFS

THD 72 dBFS Fc =1.5GHz, Fin = 750MHz, | 64
12dBFS

SNR 65 dBFS Fc =1.5GHz, Fin = 750MHz,| 58.5
12dBFS

NPR 55 dB Notch centred on 50MHz |&8
350MHz, notch width 500kHz op
20MHz-700MHz band at Fc &
1.5GHz at optimum loading factor

Jitter 50 Fs rms ADC internal clock jitter nise Fat | 50
=1.5GHz

Digital outputs LVDS LVDS/

DMUX1:2 DMUX1:2

e2v has developed a first test chip to better astes reachable performances taking account the
technology, architecture performances versus gk ri

This first testchip 12b ADC has been designed basethe silicon proven architecture used for the
10b ADC during the phase 1 of the project.

Silicon performances exhibited by the testchip &esy encouraging while below end users
expectations. Various improvements have been ceresicand debated with the partners. Finally e2v
concludes that the reached performances on thehigsare much closed to the optimum taking
account architecture, available technology anditecture.
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Finally it has been decided that the way forwarthes design of a stabilized 12b version based on
architecture / process (B7HF200) of the 12b ADGctep that propose a revision below initial target
specification but lowering risk.

Despite the revised specification, end users (TA8 ASTRIUM) have confirmed their support
within COMETS FP7

The new design also took advantage from the latesices modelling from Infineon (WP4) to
correct notably non linearity issue that was thénnfieiting factors.
PNP transistors have also been used in dynamidavdige first time.

Specifications are being finalized and consignethendocument SO13S208576-A (deliverable D5.5
& D5.4).

Task 5.2 Design of the 12b ADC

In order to improve the performances as well thristness of the design , e2v designers focused .

* INL improvement at high input level using notabhetnew transistors models delivered
by the WPA4.

» Stabilization of the performance at 1.5GSps bymizing the track and hold stage

* Introduce 2 power supplies compatibility to betfgr with end users requirements:
Introduction of the LVDS buffer compatible to 3.3wd 2.5V as required by ends users
to limit the number of power supply to embed onlgggion board. So that the LVDS
output buffers.

* Implementation of a triple majority voting architexe in the timer cells to improve the
robustness to radiation upset.

« Few modifications of the 3SWI functionalities forerformances optimization.
(Application adjustments)

» Performances improvements for the large input scéile obtain the same level of
performances obtained after LUT correction).

So the first main challenge and difficulties endewed for this run were:
* Root cause understanding of INL issues of the hgstend implementation of the
correction.
» Others bugs/limitations have been detected on #séchip thanks to an extended
characterization.
» Thermal aspects carefully taken into account thl fidliability specification.
» Keeping the same power budget:
* performances improvement for large input scale
* Implementation of TMV,
* Only 2 power supplies for the same performanceal.lev
Simulation results are then very closed from trecgjation.
Simulation results have been presented to partdersig the CDR on the Octobef%2 2012.
(Deliverables 5.3 & 5.4)
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Main simulation results are summarized in the thiglew :

testchip Spec 12b ADC
Vin Vin 0.5 0.5 0.5 Vpp
Integral Non Linearity INL-
(for information only) +/-12 +/-5 +/-5 LSB
Nb of ps 5/3.3/2.5 5/3.3 5/3.3
~3.2
Power ~3.3( ( +15mW with
Pp 3.22 +80mW) 2Supplies) w
SFDR/ (corLUT) 54/63 65 65
FS=1.5Gsps Fin= | SNR 57 57 57 e
750MHz @-1dBFS THD 53/58 62 62
ENOB 8.3/8.9 9.0 9.0
SFDR 55/66 65 65
FS=1.5Gsps Fin= | SNR - == 56 P
ENOB 8.3/8.8 8.9 8.9
SFDR 69 69 69
FS=15Gsps  Fin= | SNR 58.5 58.5 58.5 smrs
750 MHz @-12dBFS THD 65 65 64
ENOB 9.3 9.3 9.3
SFDR 66 66 69
= 1500MHz @-12dBFS THD 65 65 64.5
ENOB 9.2 9.2 9.2
™™V, CA
. . : i TMV, CA, no
Functionality /features SA, SDA, ... no SA. No 2 2
HSR SA, No HSR, ..

In conclusion this new revision offers

= gstabilized performances @1.5Gsps with ENOB>9 @-RIBF

= TMV on the clock paths

= implements news features to ease the application

= 2 power supplies compatibility instead of 3 foryp®lL5mW increase.
= Clock adjust features to fine tune the performances

= Sampling delay adjust functionality improvement

= Qutput eye diagram improvement

Task 5.4 Manufacturing of the 12b ADC
Infineon has been in charge to manufacture the ravafeat were finally delivered in April 2013.
(Deliverable D5.5) in B7THF200.
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figure 14. Layout of the 12b ADC
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Task 5.6 Assembly of 12b ADC samples
Chips have been assembled in the ClI CGA packagew2hb Solder Column Interposer. (same

package as the 10b ADC). Below a picture of the FAS200AGS device.

figure 15. Picture of the 12b ADC samples in ClI CGA package
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1.3.6 WP6: ADC 12-bit Validation & assessment

Task 6.1: Definition of validation strategy & means
A specific evaluation boards and user interfacensoe have been developed.
Evaluation board are designed in order to be coaitmipatith most of measurements equipment.

figure 16. Picture of the 12b ADC evaluation board and GUtwafe

File 2

= —_ -

Settngs | Gan /Offset | Clock
TestMode:

On @ off |vou L',

Reset Edge Rato Select

[Device103|

The software allows via a graphical user interfaxset the different modes of the 12b ADC as de
the DMUX mode, or other setting as the picture Welo

Task 6.2: Electrical validation

Measurements are compliant with the specifications.

The following figures show AC performances accogdito analogue input frequency at
Fclock=1.5Gsps.
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figure 17. Picture of the 12b ADC single tone performancesw®input frequency at different
input levels ( -1, -3, -8, -12dBFS) Fs = 1.5GSpsUDi1:2
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SFDR vs Fin
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figure 18. Spectral purity of the 12b ADC respectively fordBFS and -12dBFS
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Conclusions
The main improvement of this revision has been esgfally validated.
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» Correction of INL shape:
"S” curve bend on the INL characteristics (seentlom firt testchip) has been corrected thanks to

accurate modelling of NPN transistor (avalancheatjf

| — Fin=740 MHz Ain=-1dBFS | — Fin=740 MHz Ain=-1dBFS
0
-10 §
8
-20
-30 1
o -40 - 3
E [=s]
<  -50 A 7
% B - o
3 -60
-70 A
-80 -7
-90
-100 -12 T T T T |
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 0 1000 2000 3000 4000 5000
Frequency (MHz) Codes

* Eye diagram:
Eye opening is significantly improved in DMUX1:1 carDMUX2:1 and is not impacted by
temperature.

figure 19. Eye DMUX2:1 at Fc = 1.5Ghz

* Dual power supplies:
It is now possible to use VccO at 3.3V. Therefankydwo different power rails can be used.
TMV architecture implemented in order to improve tladiation robustness (SEE single even effect

issue) does not affect clock max =1.7GHz

Task 6.4: Electrical Validation by end users TAS ad ASTRIUM

For TAS (reference report : 100615958U)

In all the different tested configurations (Fin 5@Hz and Fsamp <1.7GHz) :
* The gain slope is around 0.15dB/100MHz
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figure 20. 12b ADC input bandwidth
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As a conclusion the results of the tests run by TAS are verylsinto figures given by E2V. It can

also be noted that the EV12AS200 ADC offers a §icanit increase of performance compared to 10
bit EV10AS180 ADC, especially in term of NPR (ardus1dB), ENOB (around 0.6 bit) in particular,

and SFDR (roughly 2 to 5dB),
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1.4 Potential impact

1.4.1 For e2v

The project started in 2010 and one of the achievesnis the successful design of the 10b ADC @
1.5Gsps an d 12b ADC @1.5GSps ADC'’s (Analog to taigConverter) featuring state of the art
performances especially at very high input freqyenc

Those ADC have been successfully developed byrepaitnership with Astrium and Thales Alenia
Space (TAS).

Considering its unmatched performances, these ABG gave rise to interest over the whole
industry worldwide in the space market but als@eelpt industrial market.

All figures show that the ADC'’s developed in FP7MZETS project is a great technical achievement
for Europe, as its direct competitors are in the WiSre over, the European space industry keeps
control on the design and yet to come, productlmaircfor such high-level devices which ensure the
supplying independence of Europe

The main advantages brought by the broadband L ,Betid1.5GSpsADC to the Satellite market for
the digital payload are:
» Allow for optimizing use of scarce spectrum
* Bring flexibility to operators (re-configurability)
e System simplification (possibility to remove dowoneersion thanks to L Band)
» European sourcing (No ITAR procurement issueski@e/ wafer manufacturing / assembly
/ test)
The mains space applications are:
» Digital payload in Telecom satellite
* SAR radar (e.g. Earth observation)
» Positioning
Other applications in adjacent markets are
* Acquisition board COTS
» Defense applications

Space Market
Thanks to new satellites and replacement ordets]lisa manufacturers are creating a balance

between available capacity and new demand. Thexpected to provide a sustainable market for
satellite manufacturers, and subsequently to Slexeécomponent manufacturers such as e2v.

The satellite manufacturing market is dominatedskxymajor manufacturers Thales Alenia Space
(TAS) and Astrium in Europe, Boeing, Lockheed Martrbital Sciences, and Space Systems/Loral
in the United States. These manufacturers servedif@sent satellite services operators within a
cyclical market.

Intelsat, SES Global and Eutelsat represent a sigmjificant part of the satellite operators and as
such their impact on the market is very important.

Evaluation of Space market for the 12b ADC developeCOMETS

Competition
Regarding Fast Broadband ADC's e2v is facing kayeis all located in the US. Main competitor is

TI (US).
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E2v as such is the only ADC vendor in Europe tablke to produce ADC (and DACs) with high-
end performance beyond competition, especiallyeay Wigh input frequency, allowing significant
system simplification.

Product durability

For over 25 years e2v Grenoble has been providigly performance products to the Space market
worldwide. e2v’s broad capabilities in terms ofrhetic packaging and test are unique in Europe.
This capacity is supported by a reliable produdotdscence mitigation strategy dedicated to long
term support of customers’ needs.

The duration of availability of the 10b & 12b/1.5&SADC’s and developed in the frame of the
COMETS project, is beyond 5 years after the deiqdaced on EPPL.

CONCLUSIONS

E2v foresees a low volume but very high added vahagket in Space activity which fully the
justifies the development of the 12b ADC which tedsen place in COMETS FP7 project.

This will have to be followed by the Space quadifion and ESCC evaluation of the 12b ADC in the
frame of the ITT ESA funding.

1.4.2 For ASTRIUM

Digital payload processing capability is a key teabgical enabler for operators of
telecommunication satellites. The ability to difiitaroute traffic, dynamically adjust power and
coverage in response to changing link budgetskisyarequirement actively sought by commercial
operators of telecommunication satellites.

ADC convertor technology is the essential front-efall digital payload processors. The new 10
and 12-bit ADCs from e2v provide Astrium with opteowhen selecting mixed-signal convertors for
future digital payload processors.

The e2v ADCs have been architected to allow didégitization of L-band carriers making future
DSPs lighter, smaller, less power consuming anctamst. Astrium Ltd. evaluated the 10 and 12-
bit ADCs developed by the COMETS project.

For the 10-bit part, Astrium measured a full-schseband, single-tone performance between 8 and
8.2 bits when sampling at 1 GSPS.

The baseband NPR measured from the 10-bit ADC dhfrgen 39.5 to 42.5 dB when sampling at 1
GSPS. This is equivalent to a dynamic broadbantbpeance between 8 and 8.5 bits. The L-band
NPR measured from the 10-bit ADC ranged from 286QaB as a function of sampling frequency.

For the 12-bit ADC, Astrium measured a full-scddaseband, single-tone performance around 9 bits
when sampling at 1 GSPS. The UHF and L-band NPRsumned from the 12-bit ADC was 48 dB
when sampling at 1 GSPS. This is equivalent toreathjc broadband performance of 9.3 bits.

A number of key observations were made during teeetbpment of the 10 and 12-bit ADCs
regarding specification, performance, packagingngighe evaluation hardware and Simulation
support. All of these suggestions have been sharsstructively with e2v to ensure their ADCs are
fit-for-purpose, benefit the space industry, ad aeldelivering added value to our customers.
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Astrium Ltd. is working with its customers to idéptmissions that can baseline the new e2v range
of space-grade mixed-signal convertors. We are Bewing success for a number of different
applications including telecommunications, navigatand Earth observation.

1.4.3 For Infineon,

The first obvious impact is creating additional kedropportunities for its leading-edge SiGe high
speed technologies. Such technologies allow theymed very competitive high performance RF

applications. On the other hand typical volumes doch applications are rather low. Additional

opportunities, like the telecommunication applicasi in space investigated in this project help to
broaden the application, which is key for assuthmgavailability of such high-speed semiconductor
technologies at reasonable fabrication costs iirThis also helps to safeguard the relatedtdirec
and indirect employment.

But the impact of the COMETS project goes far belytms. It provided an ideal environment for
bringing together not only semiconductor technolg@ggvider and application designer at a very
early stage of product development, but especeaflp enabled a close cooperation with academia,
in this case with the very advanced CNES charaeton and modeling laboratories. By
demonstrating the advanced capabilities of theseareh institutions on the specific COMETS
example this establishes contacts and networksettiahd the impact beyond the COMETS project
itself for future research and development projects

A part of the gained knowledge on new devices ahéiaced characterization was also published in
peer reviewed international journals and confergncentributing to advancing the scientific state-
of-the-art, see the list in section 2. As a furtbffect the close cooperation between industry and
academia also ensured that graduate studentsiirPthie research work gained experience with real
life examples from modern technologies and appboat in this case especially with an advanced
European SiGe HBT technology. This is a clear immpecEurope’s graduate education, beneficial
for both, industry and the academic institutions.

1.4.4 For TAS

TAS customers demand is moving to more and moraaigpbut with reduced power and mass
impact.

For TAS, COMETS project represents a wide steppéwtay to be able to respond to such an
ambitious demand. In fact it has played to majégso

The first one is of course that it has given acoéssvery wide band A to D converter for space
application. Indeed, with the complete evaluationgpace environment of the EV10AS180 ADC, a
very wide band quite low power component is avd@dbr short term demands, and the
EV12AS200 lets have access to even significantipdr performance, with similar technology, thus
space compatible.

But, furthermore than that, its activity during ghi®ject has allowed TAS to be able to manage such
sharp and sensitive components in term of impleatiemt and solution of electrical issues for space
applications, which is mandatory to be able to eshithe customers expected performance.
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1.45 CNES

In the frame of COMETS project, the ESCC evaluatbhObits EV10AS180 ADC was performed
and all results were satisfactory. With this higtalkity level reached, E2V 10bits ADC can be used
in space equipments. The development of 12bits B$PP0 ADC was achieved in frame of
COMETS. Here the results are lower because thidyatowill be not offered by E2V for space
applications

1.4.6 CNRS
The benefit of IEMN from its participation is mainly in increase irademic knowledge. This
project gave us the opportunity to:

» further improve our S parameter measurement argkrigure extraction methodology on
new bipolar transistors.

» better understand the physical key parametersnextjto realize high frequency, high
resolution ADC

* Finalize the development thermal test bench bagaeiR-camera

e publish a paper at Proceedings of 6th Europeandviave Integrated Circuits Conference,
EuMIC 2011, Manchester, UK, october 10-11, 2015-389, ISBN 978-1-61284-236-3

The benefit for XLIM is in improvement of technical skills concerning

« Electro thermal modelling of SiGe transistors basedbw frequency S parameter
measurements

* Narrow pulsed I/V (50 ns) characterisation knowlkedlyy ultra fast semiconductor devices.

* Non linear model in both SDD format and Verilogrfat for implementation in ADS Agilent
and Cadence CAD tools

Two papers have been published

* Compact RF Non linear electro thermal model of SHEBT for the design of broadband
ADCs:
A Saleh,A EL Rafei, T Reveyrand ,R Sommet, JM NeBuQuéré
International Journal of microwave and wireles$itexdogies, Vol 4, issue 06, pp. 569-578. ,
December 2012

* Experimental characterization and modelling ofttrermal behavior of SiGe HBTs
A El Rafei, A Saleh, R Sommet , JM Nebus, R Quéré
IEEE Transactions on electron devices vol 597NSp 1921-1927 , July 2012

1.5 Project public website

www.comets-fp7.eu
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2 Use and dissemination of foreground
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Section A (public)
This section includes two templates
= Template Al: List of all scientific (peer reviewgalblications relating to the foreground of thejpct.

= Template A2: List of all dissemination activi€publications, conferences, workshops, web sipgdications, press releases, flyers,
articles published in the popular press, videogjimnbriefings, presentations, exhibitions, thesiwrviews, films, TV clips, posters).

These tables are cumulative, which means thatthewuld always show all publications and activifiesn the beginning until after the end of
the project. Updates are possible at any time.
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TEMPLATE Al: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES

: Permanent | Is/Will open
Title of - ormanen e
identifiers access
: . Fhe. Number, . Place of Year of Relevant (if available) | provided to
NO. Title Main author | periodical date or Publisher o o .
publication | publication pages this
or the frequency -
: publication?
series
1 . . Lo EuMA
Bias Point Optimization for Low
. . Proc. of (European October
Power / Low Noise Applications | N.Waldhoff . pp. 386-389 No
. EuMIC Microwave 2011
of Advanced SiGe HBT L
Association)
2 Integrated Injection Logic in a
. . . . Proc. of October
High-Speed SiGe Bipolar K. Aufinger IEEE pp. 87-90 No
BCTM 2011
Technology
3 Experimental Characterization Trans.
and Modeling of the Thermal A. El Rafei Electron vol. 59, no.7 IEEE July 2012 pp. 1921- 1927 No
Behaviour of SiGe HBTs Devices
4 Int. J. of
Compact RF non-linear electro Microwave .
. . Cambridge December
thermal model of SiGe HBT for | A. Saleh and Vol. 4is. 6 . pp. 569-578 No
. . Univ. Press 2012
the design of broadband ADCs Wireless
Tech.

2 A permanent identifier should be a persistent tinkhe published version full text if open accesabstract if article is pay per view) or to tireaf manuscript accepted for publication (link to

article in repository).

30Open Access is defined as free of charge accessmfmmne via Internet. Please answer "yes" if thenacess to the publication is already establiahedalso if the embargo period for open
access is not yet over but you intend to establgn access afterwards.
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TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES
Countries
addressed
- Main , , T f i
NO. Type of activities* i Title Date/Period Place ype o 5 Size of
leader audience audience
Let ‘s embrace Budapest | Space
1 conference E2v 12-13 May 2011 . Europe
Space (Hungary) | community
Biarritz Space
2 conference E2v/CNES | RADECS2012 Sept 2012 .
(FR) community

‘A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media
briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other.

5 A drop down list allows choosing the type of pabl&cientific Community (higher education, Reseprd¢hdustry, Civil Society, Policy makers, Mediather (‘multiple choices' is
possible).
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Section B (Confidentiaf or public: confidential information to be marked clearly)
Part B1

The applications for patents, trademarks, regisiettesigns, etc. shall be listed according to tmegiate B1 provided hereafter.
The list should, specify at least one unique idiente.g. European Patent application referencer patent applications, only if applicable,

contributions to standards should be specified.sTiable is cumulative, which means that it shodldags show all applications from the
beginning until after the end of the project.

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS , TRADEMARKS , REGISTERED DESIGNS, ETC.

Confidential Foreseen Application , I
Tg{pehct)fJ.P Click on embargo date reference(s) | Subject or title of application Applicant (s) (as on the application)
Ignts”: YESINO dd/mmlyyyy | (e.g. EP123456)

® Note to be confused with the "EU CONFIDENTIAL" ciification for some security research projects.

A drop down list allows choosing the type of IPhtigy Patents, Trademarks, Registered designstytilbdels, Others.
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Part B2

D ipti i i . .
Type of escn? on Confldentlal Foreseen Exploitable Timetable, Patents or Owner & Other
. 0 Click on embargo Sector(s) of : other IPR -
Exploitable exploitable YES/NO d product(s) or lication ° commercial or loitati Beneficiary(s)
Foreground 8 foreground ate measure(s) application any other use exp oitation involved
grou dd/mmlyyyy (licences)
Ex: New
supercond MRI equipment | 1. Medical 2008 A materials Beneficiary X (owner)
uctive Nb- 2. Industrial 2010 patent is Beneficiary Y,
Ti alloy inspection planned for Beneficiary Z, Poss.
2006 licensing to equipment

manuf. ABC

In addition to the table, please provide a texéxplain the exploitable foreground, in particular:

. Its purpose

. How the foreground might be exploited, when and/bgm
. IPR exploitable measures taken or intended

. Further research necessary, if any

. Potential/expected impact (quantify where pos$ible

19 A drop down list allows choosing the type of formgnd: General advancement of knowledge, Commeesialoitation of R&D results, Exploitation of R&D salts via standards,
exploitation of results through EU policies, expdtion of results through (social) innovation.
® A drop down list allows choosing the type sectéACE nomenclature) http:/ec.europa.eu/competition/mergers/cases/inder_all.html
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3 Report on societal implications

Replies to the following questions will assist @@mmission to obtain statistics and indicators on
societal and socio-economic issues addressed bjeqiso The questions are arranged in a
number of key themes. As well as producing certatistics, the replies will also help identify

those projects that have shown a real engagemehtwider societal issues, and thereby identify
interesting approaches to these issues and bestipes. The replies for individual projects will

not be made public.

A General Information (completed automatically wherant Agreement number is
entered.

Grant Agreement Number: [242 52 |

Title of Project: [COMETS |

Name and Title of Coordinator. | Jearluc Diverchy- R&D Program Manag:

B Ethics

1. Did your project undergo an Ethics Review (and/oScreening)?

« If Yes: have you described the progress of compgarwith the relevant EthicsgyesxNo
Review/Screening Requirements in the frame of téodic/final project reports?

Special Reminder: the progress of compliance with Ethics Review/Screening Requirements should be
described in the Period/Final Project Reports utigeiSection 3.2.2Vork Progress and Achievements'

2.  Please indicate whether your project invokd any of the following issues (tick YES

box) :

RESEARCH ON HUMANS

< Did the project involve children? No
< Did the project involve patients? No
< Did the project involve persons not able to givasant? No
< Did the project involve adult healthy volunteers? No
< Did the project involve Human genetic material? No
< Did the project involve Human biological samples? No
« Did the project involve Human data collection? No
RESEARCH ON HUMAN EMBRYO /FOETUS

« Did the project involve Human Embryos? No
« Did the project involve Human Foetal Tissue / Cells No
« Did the project involve Human Embryonic Stem CEIESCs)? No
« Did the project on human Embryonic Stem Cells imeatells in culture? No
« Did the project on human Embryonic Stem Cells imedhe derivation of cells from Embryos? No
PRIVACY

« Did the project involve processing of genetic imhation or personal data (eg. health, sexual No
lifestyle, ethnicity, political opinion, religiousr philosophical conviction)?

« Did the project involve tracking the location orsebvation of people? No
RESEARCH ON ANIMALS

« Did the project involve research on animals? No

«  Were those animals transgenic small laboratory alsitn No
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* Were those animals transgenic farm animals? No
«  Were those animals cloned farm animals? No
* Were those animals non-human primates? No
RESEARCH INVOLVING DEVELOPING COUNTRIES
< Did the project involve the use of local resour@metic, animal, plant etc)? | No
« Was the project of benefit to local community (czipabuilding, access to healthcare, education No
etc)?
DUAL Use
» Research having direct military use 0 Yes X No
« Research having the potential for terrorist abuse No
C Workforce Statistics
3. Workforce statistics for the project: Pleae indicate in the table below the number of
people who worked on the project (on a headcount Isgs).
Type of Position Number of Women Number of Men
Scientific Coordinator 2
Work package leaders 2 5
Experienced researchers (i.e. PhD holders) 1 3
PhD Students 3
Other 3 18
4.  How many additional researchers (in companies ahuniversities) were 0

recruited specifically for this project?

Of which, indicate the number of men:
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D Gender Aspects
5. Did you carry out specific Gender Equality Actionsunder the project? 2 Yes
No
6.  Which of the following actions did you carry outand how effective were they?
Not at all Very
effective effective
@ Design and implement an equal opportunity policy O00O0O0
[ Set targets to achieve a gender balance in theferaek O000O0
@ Organise conferences and workshops on gender O0000
O  Actions to improve work-life balance O000O0
QO  Other:

7. Was there a gender dimension associated with thhesearch content-i.e. wherever people were
the focus of the research as, for example, consunseusers, patients or in trials, was the issue oégder
considered and addressed?

O Yes- please specify |
X No

E Synergies with Science Education

8. Did your project involve working with students and/or school pupils (e.g. open days,
participation in science festivals and events, pres/competitions or joint projects)?

X  Yes- please specify | PhD in WP2 |
O No

9. Did the project generate any science educationaterial (e.g. kits, websites, explanatory

booklets, DVDs)?
O Yes- please specify | |
X No
F Interdisciplinarity
10.  Which disciplines (see list below) are inled in your project?
X  Main disciplingé’ 2.2
O  Associated disciplinté: ‘ ) ‘ Associated discipliné: 2.3
G Engaging with Civil society and policy makers
lla Did your project engage with societal actors ly@nd the research o Yes
community? (if 'No', go to Question 14) X No
11b If yes, did you engage with citizens (citizenpanels / juries) or organised civil society

(NGOs, patients' groups etc.)?
O No
O  Yes-in determining what research should be peréarm
O Yes-inimplementing the research
O Yes, in communicating /disseminating / using theuhes of the project

19 Insert number from list below (Frascati Manual).
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11c Indoing so, did your project involve actors whse role is mainly to
organise the dialogue with citizens and organisedwl society (e.g.
professional mediator; communication company, sciede@ museums)?

Yes
No

X O

12. Did you engage with government / public bodies orglicy makers (including international

organisations)

X No

O Yes-in framing the research agenda
O Yes-inimplementing the research agenda

O Yes, in communicating /disseminating / using theuhes of the project

13a Will the project generate outputs (expertise oscientific advice) which could be used by

policy makers?

O Yes-—as primary objective (please indicate areas below- multipieweers possible)
O Yes - as aecondaryobjective (please indicate areas below - multgsiswer possible)

X No

13b If Yes, in which fields?

Agriculture

Audiovisual and Media
Budget

Competition

Consumers

Culture

Customs

Development Economic and
Monetary Affairs

Education, Training, Youth
Employment and Social Affairs

Energy

Enlargement

Enterprise

Environment

External Relations

External Trade

Fisheries and Maritime Affairs
Food Safety

Foreign and Security Policy
Fraud

Humanitarian aid

Human rights
Information Society
Institutional affairs
Internal Market

Justice, freedom and security
Public Health

Regional Policy
Research and Innovation
Space

Taxation

Transport
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13c If Yes, at which level?
O Local/regional levels
O National level
O  European level
O International level

H Use and dissemination

14. How many Articles were published/accepted fgublication in 4
peer-reviewed journals?

To how many of these is open accedprovided?

How many of these are published in open ag=journals? 0

How many of these are published in open repitories?

To how many of these is open access not provided? 4

Please check all applicable reasons for nptoviding open access:

X publisher's licensing agreement would not permitlighing in a repository
O no suitable repository available

O no suitable open access journal available

O no funds available to publish in an open accessal

4 lack of time and resources

U lack of information on open access

Qother® ...............

15. How many new patent applications (‘priority filings’) have been made? | 0
("Technologically unique": multiple applicationsrfthe same invention in different
jurisdictions should be counted as just one appigcaof grant).

16. Indicate how many of the following Intellectual Trademark 0
Property Rights were applied for (give number in _ _
each box). Registered design 0
Other NA
17. How many spin-off companies were created feaplanned as a direct 0

result of the project?

I ndicate the approximate number of additional jobsin these companies:

18. Please indicate whether your project has a ftial impact on employment, in comparison
with the situation before your project:

X Increase in employment, or a In small & medium-sized enterprises
O Safeguard employment, or X In large companies
1 Decrease in employment, a None of the above / not relevant to the project
@ Difficult to estimate / not possible to quantify
19. For your project partnership please estimat¢he employment effect Indicate figure:

resulting directly from your participation in Full Time Equivalent (FTE =
one person working fulltime for a year) jobs:

1 Open Access is defined as free of charge accessmjmne via Internet.
12 For instance: classification for security project.
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Difficult to estimate / not possible to quantify

Media and Communication to the general public

20. As part of the project, were any of the benefiaries professionals in communication or
media relations?
X Yes O No
21. As part of the project, have any beneficiariegeceived professional media / communication
training / advice to improve communication with thegeneral public?
O Yes X No
22 Which of the following have been used to commurate information about your project to
the general public, or have resulted from your progct?
O Press Release X Coverage in specialist press
O Media briefing a Coverage in general (non-specialist) press
O TV coverage / report a Coverage in national press
O Radio coverage / report a Coverage in international press
O Brochures /posters / flyers X | Website for the general public / internet
O DVD /Film /Multimedia a Event targeting general public (festival, confernc
exhibition, science café)
23 In which languages are the information productgor the general public produced?
O Language of the coordinator X English
@  Other language(s)
Question F-10: Classification of Scientific Disciplines accorditaythe Frascati Manual 2002 (Proposed Standard

Practice for Surveys on Research and ExperimeraéDpment, OECD 2002):

FIELDS OF SCIENCE AND TECHNOLOGY

NATURAL SCIENCES

1.2
1.3
1.4

15

Mathematics and computer sciences [mathematidother allied fields: computer sciences aneradiiied
subjects (software development only; hardware agraént should be classified in the engineeringl§igl
Physical sciences (astronomy and space scigutgsics and other allied subjects)

Chemical sciences (chemistry, other alliedestis)

Earth and related environmental sciences ¢ggolgeophysics, mineralogy, physical geographyathdr
geosciences, meteorology and other atmospherincgsdncluding climatic research, oceanography,
vulcanology, palaeoecology, other allied sciences)

Biological sciences (biology, botany, bacteripl, microbiology, zoology, entomology, genetics,
biochemistry, biophysics, other allied sciences]uding clinical and veterinary sciences)

ENGINEERING AND TECHNOLOGY

2.2

2.3.

Civil engineering (architecture engineering)ding science and engineering, construction ergjing,
municipal and structural engineering and otheedlBubjects)

Electrical engineering, electronics [electrieagineering, electronics, communication enginggeaind
systems, computer engineering (hardware only) éimer @llied subjects]

Other engineering sciences (such as chemaieadnautical and space, mechanical, metallurgitdl a
materials engineering, and their specialised sukidivs; forest products; applied sciences sucteadegy,
industrial chemistry, etc.; the science and teabgpbf food production; specialised technologies of
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interdisciplinary fields, e.g. systems analysistafiergy, mining, textile technology and other &apg|
subjects)

3. MEDICAL SCIENCES

3.1 Basic medicine (anatomy, cytology, physiolaggnetics, pharmacy, pharmacology, toxicology,
immunology and immunohaematology, clinical chengisttinical microbiology, pathology)

3.2 Clinical medicine (anaesthesiology, paediatiitstetrics and gynaecology, internal medicinegeny,
dentistry, neurology, psychiatry, radiology, theafics, otorhinolaryngology, ophthalmology)

3.3 Health sciences (public health services, soo&licine, hygiene, nursing, epidemiology)

4. AGRICULTURAL SCIENCES

4.1 Agriculture, forestry, fisheries and alliedesgies (agronomy, animal husbandry, fisheries, figres
horticulture, other allied subjects)

4.2 Veterinary medicine

5. SOCIAL SCIENCES

5.1 Psychology

5.2 Economics

5.3 Educational sciences (education and trainimpcdner allied subjects)

5.4 Other social sciences [anthropology (social@ritiral) and ethnology, demography, geographyn@m
economic and social), town and country planningpaggment, law, linguistics, political sciences,
sociology, organisation and methods, miscellansogsal sciences and interdisciplinary , methodaalgi
and historical S1T activities relating to subjdotshis group. Physical anthropology, physical gapgy and
psychophysiology should normally be classified vtfth natural sciences].

6. HUMANITIES

6.1 History (history, prehistory and history, tdggat with auxiliary historical disciplines such aslaeology,
numismatics, palaeography, genealogy, etc.)

6.2 Languages and literature (ancient and modern)

6.3 Other humanities [philosophy (including thetdnig of science and technology) arts, history of ant

criticism, painting, sculpture, musicology, dramatit excluding artistic "research" of any kindigien,
theology, other fields and subjects pertaining®humanities, methodological, historical and oSBET
activities relating to the subjects in this group]
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