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Please submit detailed response to the undersigned on or before due date in sealed cover only.
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This is an EOI to assess vendors' interest in developing the Focal plane assembly and submit their response in terms of their capabilities,
facilities etc. as per the Eol. This is not an RFP/tender for which they need to bid. Details of the specifications, system/subsystem requirements,
tests and other aspects will be covered in RFP during tendering phase. Currently, vendor can submit their responses as per the Eol guidelines.
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All vendors are encouraged to register themselves on Government E-market Place(GeM) portal by visiting https:/gem.gov.in
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This is an EOI to assess vendors' interest in developing the Focal plane assembly and submit their response in terms of their capabilities,
facilities etc. as per the Eol. This is not an RFP/tender for which they need to bid. Details of the specifications, system/subsystem requirements,
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The material on this page is the property of Space Applications Centre, Indian
Space Research Organization. This material should not be copied by any means
or used for any other purposes except in connection with development and supply
of the SWIR CQD detectors.



IS |: 9= Section 1: Introduction
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Space Applications Centre (SAC) is responsible for realization of Hyperspectral imaging payloads in near IR & Short
wave infrared (SWIR) region for crop health monitoring & atmospheric studies. SWIR sensors, using colloidal
quantum dot photodiodes offer CMOS like opportunities for highly scalable, small pixel pitch sensors & monolithic
integration with silicon circuitry. SAC has taken initiative for development of colloidal quantum dot (CQD) based
SWIR image sensor responsive in 800nm to 2000nm spectral range.

39 HeW H, TRR Jaciy IS # HieEl SATaid 3 HE o fessT AR foeh # S T ATl TeEe (VR
Fem/Srerfoter weUTT) @ i hY stfireatte (Seiterts) St i Sl 2

In this context, Expression of Interest (Eol) is invited from Proposers (Indian industry/Academic institutes)
having experience in design & development of CQD based image sensor in SWIR wavelength range.

1. SEdTae et 3 S o fee, fmfor ol i % o Frafafaa wfafafer & fog e s sic
QT ol SUTSHIT o S H STHHI/SHTOT S&TH |

The proposer shall provide information/proof regarding their experience and availability of facilities support
following activities for design, fabrication and packaging of CQD image sensor.

a) SHS G feTTEd STR faweier o, Tamafes Hegwor 3T fmior o forg glerean
Image sensor design & simulation tools, facility for chemical synthesis and fabrication facility
b) AL ESTCAT, AT STl TNETUT ST ST TS SIS HITehT oh T el e &t (1000) Forem
Cleanroom class (1000) facility for wafer handling, wafer probe testing equipment and good die
marking
c) et fETeT SR forsgwror Susheor At Fmfor gferem
Package design & analysis tools and fabrication facility
d) A eTERiT, 3T srdie, AnR st oi afe i (qrEeT)
Wafer dicing, die attachment, wire bonding and hermetic sealing (encapsulation) facility
e) ST ER SR Yohol TqT gvd Tteqor gleran
Wafer level and package level visual inspection facility
f)  Soifcreeher 3TN Sotarel-3iifteshet udteqor
Electrical & electro-optical testing
TEATEE % T HRE 3 O 3 feeed, forshe 3t forawor o qd st S veet % i §
Torenféra EeR o foT™ & |

Proposer shall possess prior experience of design, development and delivery of CQD image sensors. Shall
provide results of sensors developed in earlier program.

2. AT o HHRIES! e H TETH WS S| ST $H HefY W HTH SR SEH |
Proposer shall have sufficient experience in CQD development. Proposer shall provide sufficient
information in this regard.

3. SEITEe ARHATATEH! o FSoTeH, Forenrer 37 foreor a7 o STa W™ HUT| Tee o sk  fohier STRaTTsd!
(38 TSR B STTEvaIsh o HHT) T =0T I8

Proposer shall provide prior experience of design, development and delivery of ROIC. Shall provide details
of ROICs (similar to the one required in this program) developed in earlier program.
fafsham § SR SRS $H SEATAS o W18 o ST 8 FUiia STawsharstl o STTEY 8| S0 IS /AT ek
sfafTRrTT 1 e ST (ST TehR T forshre sl &) ST STTaTsharstt sl O i o forg, fesred, Fmior s adteror
& fore Suerey gfged «ft wmiftre g
The proposal submitted in response shall be in conformity with requirements laid down in subsequent sections of this
document. It shall also include the previous experience of the foundries and/ or authorized representatives (carrying
out similar kind of developmental work) and the facilities available for design, fabrication and testing to meet the
requirements.




TS 2: FATATIAT HET hT SATIFAHKAT Section 2: Tentative sensor requirement

& s fopar man diergEh ofa e T/ fefsrea d—ll‘\d—II\HISHI TR 32T 2T o TTY Tehiehd &1 ol Sfer Fex g
TeT o1 fafare yred 512 x 512 i diwr & 2o fS et et e ~5- 20um BRI B 3 T FT TSR F e ST
el 3 grey fe feSTT e 3o 21 fesiTed qauafrei Tt St €, afe weha fieter fafaesn st qewaf 13 g 72 foram s
B, 1 gt 2 i fesTed Hﬁﬁ%wﬁmﬁﬁmmaﬁ?aﬁ%ﬁaﬁmﬁ | T o fof ST & Y Tt 2
o1 ST FeTed % W1 T STe) feee T 3 S, ST QmSETTS % Hew 6 gufia auel % w9 § a4
SRR ot fesmea wmet wem o ﬁ%ﬁaﬁaﬁwﬁﬁﬁq fogerem, ot ot Seiugt Afsfot, e sevh i
fesgf ofit feafinT 3w 3 2R et ST <1 SATwerHRaT B 8, aﬁﬁém&f 1853

SAC designed CQD image sensor will be area array image sensor mtegrated with analog/digital ROIC and data
interfaces. Typical format of the sensor would be in the range of 512 x 512 with pixel size of ~5-20um. SAC will
design these sensors with consultancy and support from proposer. Two design iterations are kept in this, if single
pixel specifications are not met in iteration1, iteration 2 will be executed with design modifications and if performance
is met in iteration 1 then iteration 2 will be run with same design. During the design Iteration, proposer shall provide
design consultancy to SAC engineers in the form of dedicated support through consultants. SAC requires consultancy
service during CQD design, simulations, TCAD modeling of pixel, designing of pixel interface and debugging issue
if any in iteration 1.

TATTCTRT 1 3T TR forframT It 21 Fohah-3Tth Wi o SR HeR Wine 3R Sfifthensr o 3ifad &9 fozm stmamm|

Table 1 gives tentative sensor specifications. Sensor format and specifications will be finalized during kick-off
meeting.

qrferent 1: Sreml e fafdsr

Table 1: Tentative Sensor Specifications

*.9. Wfiet Parameter ) HRIEt CQD
S. No. Unit o
1 Fﬁﬁgﬁé’s’ Spectral Band - SWIR
; 800-2000nm
2 Tege & Spectral Range nm .
P & 800nm-2500nm (TS desirable)
3 3 GT0f 989 Array Format Pixels 2512x512 (1024 x1024 (&1 desirable)
4 foeeet fI Pixel Pitch um 5-20%*
5 g1eh et Dark Signal <10% of FWC
6 gTeh i Dark Current pA <0.5
7 feefrfadt & *(wwar o & o) ,
7 o . . Jones >10
Detectivity D* (for single pixel)
> 15% @1850nm
8 sftaa Average QE S
aaj verage Q qﬁaﬁwﬁﬁwwﬁﬁ Min QE in full spectral range
Tt ST AT HTIEES
9 L % 295
Array Operability Criteria
10 FH ol e 235000 (gain 1)
.. . c-
Minimum Full Well Capacity 2350000* (gain 2/multi frame readout))
11 3T PRNU % S+-20
12 298 K 9T g8 T Read Noise at 298 K e- <100 (gain 1) £200 *(gain 2/multi frame readout))
3 SIS farsivand TIRiTe, fAEiET TREsTS, TSR
ROIC characteristics Snapshot, windowing RWLITR
ST, THUARTR HATIYIhAT & STEY fored il G,
e fmmet 2T /\gé‘.a. ( . T T )
14 . Analog/ digital (No. of bits commensurate with SNR
O/P Signal Type .
requirement)
T fafee & o & & fou 15 sfmden
15 dIYHT Operating temperature to meet the K 2298

sensor specification

37k TATI AT Tiafer A g st % farf 3 greay @ wiw forar ST eahaT




*May be achieved through external frame binning by multiple readout or internal gain

++ frereet T heaeaH! o 13T BT =TT, 31 foher AT o wwa 39 sifom &9 faar smom

** Pixel pitch should be commensurate to FWC and will be finalized at the time of kick off

e 3: mﬁg@aﬁw 3T T T ST Section 3: Realization approach & Scope of work

39 TS | A THSTYIATSSR HIHRIES! TSeaet hi T, il T ST, e 37 SIedrarsh ol foratieat 37 awerefir o forg
TR Tt 1 RMMHA & T TTherfertes o fore Eferrel fsha forerme, AetraTge foshme, Terst foepre ST Tohss feeaet
TRequT T STTEvhaT it 2l

This section contains total work required for realization of qualified SWIR CQD detector, Scope of work,
responsibilities of SAC & Proposer and timeline. The whole activity requires CQD process development, ROIC
development, package development and testing of packaged detector.

THSSY TSR gt feearet i wifwt o forg wfcfarfey wame femr 1 foam mam @) wffartera, forarit s ww € s
foraror anforer 2 # waT fobart T @

Activity flow for realization of SWIR CQD detector is given in Figurel. Details of activities, responsibilities and
timeline is provided in Table 2

CQD image sensor development
I SAC
I 3 responsibility
cQb development ROIC development
Proposer
cap design Pixel in?erface responsibility
design
¥ -
TCAD simulation ROIC fabl:lcatlon,
testing
. 2
Single pixel Deposition on
fabrication, ROIC, pixalization,
9 Figure testing, packaging encapsualtion & 1
e & delivery wafer level testing Table 2
SACgo aiie‘eala for Packaging &
CQD deposition on testing
ROIC




T T e, e nfafafiat ot aug-diar

Scope of Work, Detail activities & Timeline

h.HS.

ENIEIREE]

HHA-HHI

N, nfafafer Activity e Description Responsibility | Timeline iU Outcome
SHATSIT AT THATI AR HATSI
A PO Placement PO Placement & SAC To PO
Gl AT TT g4 T ==l TUh ©ohl Ulslch UA
TeaEe fUeed ’AET F 0 | oy yemas oy =t siftm &9
B T ofrien Ue TSt oot e W | To+ 15 &7 | =
Kick off Discussion on specification days PDK to SAC &
finalization. Proposer will provide Proposer specification
PDK & IP tools for pixel design finalization
BIEZE] = . T0+19 HWIE
C Cle\development 2 ST Iterations months
e GALE L T0+12 W
! Iteration 1 months
qmEdl 1 TEeH, Rl e TeSiEd
(FIET AW (TGN AR H, ézﬁm
3R wediTe), T e, GIERE
gfsra forskrar, Heget fhon Tierd
sftm w7 M ek W ein
et festme : s;é oo U + Jed@k | TO+3.5 W | FESITe awares Design
1.1 CQIS\ design Material identification, layer stack SAC + proposer | months Document
design (QD dimension (base &
height, ETL & HTL), number of
layers, CQD process development,
CQD film thickness finalization.
contact development &
encapsulation
TSl Tesisd & e
K ST et et fesiTeT awdTest W ek ==t TR Fwdres
CISEL N S oF + JdEE | TO+H4 TR
1.2 - . Preliminary discussion on CQD PDR document
Preliminary  design design SAC + proposer | months
review (PDR) for
CQD design
JEigEt A A"
L5 | dfews femeter | fedmse s wiefe ¥ + TEaEE | T0+5.5 Wi | Fgerm o
’ TCAD or other | Device performance modelling SAC + proposer | months Simulation results
alternative simulation
EIEEcili ;;;lfd EELS T %13?31;?11\;:;
TR, LT I
A (ST | e, it fem s
L4 %snsur f=1) CDR i 72 . | dF+yEEE | TI=T0+6 WIE | HISWIR g&aest
’ (critical design Detailed discussion on CQD design | g5c + proposer | months CDR document
review) for CQD | but not limited to material, process,
design QD dimension & film thickness,
TCAD simulation results.
TeSiTsT TR gishar GHTed i & fog
e e o o | ST i At v Frf
YenfSfT o = fay e THA  fUed
. | Tofrdstt v g awem AT T1+4T0+10 ,
1.5 Single pixel S . . Packaged Single
fabrication & CQD §ynthes1s and s1ngl§ pixel | proposer HTE months pixel
Kagin fabrication . to ensure d§s1gn. &
packaging process will meet specifications
finalized during CDR.
Uohse Uhdl [UFHCT | UohsS Ushol TUGET ohl SATHAEAUM 3T AT g ]Te o a1y
L6 | m - | e AR i e e a | e ¢ aw | TOHLS W g o e e
sifteshet (3o1) ThaoT | $371 A& 3 9T ol proposer + SAC | months feattardt




Electro-optical(EO)
testing of packaged
single pixel

Detail EO Characterization of
packaged  single  pixel and
performance optimization at
Proposer premises. SAC shall

participate in the EO characterization

Single pixel delivery
to SAC with EO test
report

ST FATHALUMH &N o ST I, Toh
TRE 2 (@ fesmed # wwew

HTTIF ) AT AR T ERget w[aquwﬁm
W%maﬁa%m(zr%wwﬁrl e % frw R
I =0T o TAQ WS | 3 IR HATSS e ©) . To+12 W | SR
1.7 Clearance for next | Based on EO characterization test, SAC months Clearance certificate
step SAC will give go ahead for iteration . . .
2 (if modification in design is elﬂéeeroé 1terf1t'F10n 2
required) or CQD deposition on (};rOIg eposition on
ROIC (if results of iteration 1 are
satisfactory)
R E RN PRIICESECIE
@ Faw q‘-marﬁf 2 T SO, SF=re
TSR 2 AU | % w enft
i . If iteration 1 does not deliver T0+19 HIE
2 I Iteration 2 desirable results then only months
iteration 2 will be done, otherwise
iteration 2 will be same as iteration
1
NI - AU o SATUR T TSI Hemed |1
21 | cod e design it rtteror afom & T0+13.5 W | feued qwamas
’ modification Design  modification based on | SAC months Design Document
iteration 1 EO test results
iSRG 322%{;%@% qiome ==
.| TR | H R Rl Heted fesTTe wten gEdTeSt
2.2 %Gng:r Rl Design lo)esicgn &Q simulation  results 8 4 ST To+14 A Design review
review . . . . . SAC + proposer | months
discussion addressing issues in document
iteration 1
TSSITET ST JishaT 1T i o ToT
et e fior st HRIE HogwoT 3R Uehe fore foor
B HEem ¥ dnm sifm w7 Ru g TCH N .
2.3 Single pixel ﬁﬁﬁﬁaﬁq‘yml . . ST To+l7 - e Packaged Single
fabrication & CQI? synthesm and smglg pixel | Proposer months pixel
. fabrication to ensure design &
packaging process will meet specifications
finalized during CDR.
Uchse Thel TUodel o1 Toqd g1l
ﬁc‘é?«r HT TR Rt ¥k w e fueme
afifteshet ($37T) T . o YEdEE + 8%k | To+19  TTE | fecfiawk
24 Detail EO Characterization of . . .
Elegtro -optical(EO) packaged  single  pixel  and proposer + SAC | months Single plX?l delivery
;?Ztl?eg i)czef:l packaged performance optimization at ;2 iﬁc with EO test
giep Proposer premises. SAC shall p
participate in the EO characterization
TTFIST oh TR JARSATATHT Al
b TRaTegHt foremta TO+19 HTE
ROIC development | Development of ROIC compatible months
to CQD
TUeRICT S2Thd ohl TIRIST T 3cd—T I[eohi
- S ¥ e wediaTor 3 foru fesme F
AT fesre | SO B oTReTreTEEr w1 fow
+fe Feren et HieyH W fieen 1 &I § Wd §¢ . s Desi
| . : & mmml + J&dldsh TO+6 e | fe= LT s Design
Pixel interface, ROIC SAC + proposer | months document

design
review

and design

Pixel interface need to be design for
proper transfer of charges generated
in CQD. ROIC will be designed
considering system on chip solution.




Sieh TS fesig TeSITe TohT T STRSTIATEHT T ASATSE | T&dTeh TO+10  HRE
Backend design Layout of designed ROIC proposer months
ARINATHT TeSired W Torqa ==l
it & et € Pt ST et S
AR fewme ¥ | % forw damf smeiemEd # wqe
forg didem Ja) it B Detailed discussion | 8ok + S&dTereh T0+10.5 HE | SRR &arast
CDR for ROIC | on ROIC design. Discussion will | SAC + proposer | months CDR document
design include QD stack fabrication and
surface preparation of processed
ROIC for QD deposition.
ST S AT § U 3T e
& s DRC and other verification before & + ST T0+12 - e
Tape out .. SAC + proposer | months
fabrication
180 THTH TS HITHST HISG! ITEH T TEERd AT
STRSTIATEHT HiSThe | ITNT Lok ST HfsTehar TEdTEh T0+17
ROIC fabrication ROIC fabrication using 180nm node | proposer HIE months Processed ROIC
CMOS foundry process wafer
STRSAITEE Tteqor : s+ @ | L0 T o frrs
ROIC testing R I Wafer level testing proposer + SAC months Test report
ARIATIHT TThAT | Uchel TUFHIA TAhTH <h 11U TAehidd
w STRITISTTEET UThaT ST ITANT ferarT
gaac\gv;r THTE S TO+30 HlE
QD Deposition over | Process developed for single pixel months
ROIC development will be used
THL TSI % T FIST S §
wfrfad smeiemsd S #
ae Tt i sTavEskar aftl I
HeRIS! oXd ohl e T STR gt fthen
e 3 fou sTraers 81 i i et
SRR T T mm ¥ STER %qrfizg
RIS | S ST TO+26 TR | WSl waTe JHt
QD Layer deposition :riq;: to QD deposition fabricated proposer months CQD processed wafer
on ROIC . . .
ROIC will require post processing for
wafer planarization. This is required
for uniform & thin film deposition of
CQD layer. And then QD layer stack
will be deposited as per process
developed during CQD development
T TE  FHIEd T
3 T T 3 T T T+ 8F | T0+28  WTE | e R T A
Wafer level testing Wafer level testing Proposer +SAC | months Fully Processed &
tested wafers
THRATH Dicingaﬂ; T0+30 W | TRy W
encap\;ula tion proposer months Encapsulated dies
EERSIEEELR
e Package T0+33
development  and HTE months
packaging
TO+23  HE
months
ORI S ﬁ?wﬁﬁﬁww"mﬁmaﬁt SIS
EEIL Package design ki . . A gﬂf’d ki
& development Package ma.lterlall, layer. stack, _pin | proposer 0+10 = dTq | Package
out, signal integrity, design review, {l’@%ﬁ"'ﬁ
lay out & package fabrication This activity

will start after
ROIC design
i.e. TO+10




’ . T T H HHTEd HREl 9% O o | To133 e | TS el Tedat
2 Yehfsi Packaging ST Fully processed CQD wafers Packaged CQD
proposer months

shall be packaged detector
TRTEUT Tedael 3R
TATFCTeRT 4 o ATAR Uehss feeaer @t m\gé'%[ﬁ qﬁ';ﬁ

. aireror TreroT AT TO+35  WE | oo

Testing Tce:ttl:‘lflco: packaged detectors as | proposer months Tested detectors and
P test set up developed
for testing detectors

TE 4: Wﬁ'@ﬁm Section 4: Acceptance Criteria
T we | feferateed (vt feid, er% o, T oae 28) & & wiishfa wde i &

This section covers SAC acceptance criteria of deliverables (Single pixel, die level, package level test)

AT 3 (Tohed Tt TaX)
Table 3 (Single pixel level)
.t frefteR gt et
S.N. Parameter Unit CQD
1 Fﬁ&";’ﬁ EES Spectral Band - SWIR
5 ST Spectral Range o 800nm-2000nm (q‘@m & arr:r sifem & fezm mam)
(as finalized during PDR)
3 YR D* Detectivity D* Jones >107
4 ﬁwwj Average QE > 15% @1850nm
5 AT AT Operating temperature K 298
TTART 4 (STE T I bt EX)
Table 4 (Die level & package level)
%.4. S.No. et ZhTS Unit W
Parameter CQD
1 Fﬁﬁgﬁé’s’ Spectral Band - SWIR
2 Fﬁﬁﬁf’fﬁ Spectral Range um 800nm-2000nm
3 W 9T Array Format Pixels 2512x512
4 foEe fU= Pixel Pitch um 5-20
5 2T &{Z Dark Current pA <0.5
6 Hed #3 Average QF > 15% @1850nm
7 W g=eRr Array Operability % 295
q IFTH YT e . 235000 (gain 1)
Minimum Full Well Capacity 2350000 (gain 2/multi frame readout)
0 298 K W ufed @ . <100 (gain 1)
Read Noise at 298 K <200 (gain 2 /multi frame readout)
10 AT ST aite, foeET
ROIC characteristics Snapshot, windowing
EEISERIRICIELIE]
11 . K 298
Operating temperature




@e 5: feferaiaea ot @wa ®=T Sections: Deliverables & timelines

h.4.

Ha

S.No. Item O T Timeline AT Quantity
EIE{E?
1 PDK TO+15 days 1
2 ; ; TO0+ 12 months 10
Single pixel
Tehdd [Uade Jieror fare
3 . . TO+ 12 months 1
Single pixel test report
UhtHcld Sigs
Y +
4 Encapsulated dies* T0+30 months 50
Uehsg U4<ioh
1 +
> Packaged Detectors TO+ 35 months 30
dfeqor e 1 i A
6 Test report T0+ 35 months 1 per lot
&0 423
+
7| Test setup TO+ 35 months 2

WE 6: ARET Section 6: Warranty

Teferararea st amdt feefiedt i aria & wsh o i srafer & fog gt =y

The deliverables should be warranted for a period of one year from the date of delivery.




