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sensor chip (e.g. silicon)

high resistivity n-type silicon
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TexHMn4yecKoe 3aaaHue

Paszmep A4YENKN, MKM oT 25x25 po 100x100
dnuTakcma p+, MKM 25-507
Jonyctnmasa ToNwmMHa KpemHumA 3a 507

3NUTAKCUEN, MKM

Kon-Bo 3apAaa B cobbITUUK, INEKTPOH 50007

Bpema cbpoca, MKc 27

COGJJ;I/IHSITC}I KpHUCTAJLJIbI 6y,Z[YT MoCpCACTBOM MHANCBLIX CTOJIOMKOB ITIO (1)JII/IH-‘II/II'I TCXHOJIOI'NHN

Pasmep Y€K, MKMm oT 25x25 go 100x100
TexHonorua KMOI 180 Hm
[onycTumas TONWNHA KPEMHUA, MKM 100 ?

Paja.ctoMkocTb ?

[onyctumasn notpebnaemana mowHocTb, MBT/cm?. 300 ?



Cxema B3aMmoaencTems

| |

dopmmposaHue T3

Pa3paboTKa ?7?? N3rotoBneHue ceHcopa CbopkKa

\ 4
. |

N3rotoBneHne mynotunaekcopa Ha 180 Hm KMOIT

\ 4

®UAH

TectupoBaHue

B na6oparopuu 3HTLI yxe ecTh yCHENIHBINA ONMBIT COOPKHU IMUKCEIbHBIX JIETEKTOPOB IS MPOCKTa
ATJIAC LIEPH. Tak %xe B CTpaHe €CTh ONBIT CO3JaHUE HYKHBIX SMUTAKCUATIBHBIX CIIOEB,
MYJIBTUIIIIEKCOPOB, HO OJIHOCTHIO TOTOBOTO MPOEKTA, KOTOPBIM MOKHO OBLIO OBl aIalTUPOBATH
MOKa HETY, U JJIs1 TOTO MOTPeOyeTCsl MPOBEACHUE Pl TOMCKOBBIX UCCIIEIOBATEIHLCKUX padoT.
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Daisy chains

* 30 pairs of daisy chain chips from
Leonardo, thanks to Gianluca Alimonti

* same size as FEI chips, but uniform bump
pitch of 50x50 um?

* 336 columns x 400 bumps, total of 134400
bumps, 40000 bumps/cm?

* arrived 20.03.2019

* up to now assembled 10 pairs: 5 chips -
150 um and 5 chips - 250 um

+ measured R for 5 chips
* termocycled 5 assemblies 40 times

Daisy chains flip chip and tests in Defects :(

Moscow

Sergey Zmeev, Polina Nechaeva, LPI Moscow

Test Example Ne1, 150 um, short chains

40 Cycles 55 + +55 °C (20 hours)
After Thermo
cyclin

Unear R,
XOhm Vv

Test Example N22 150 um

40 Cycles -55 + 455 °C (20 hours)
Pressire Il = oo e o)
o |might
Temperaturealignment 80 °C s :';)'“""' R, kohm Parameter Value

. ;;g 5 Temperature flip-chip 90°C :ressure i ; : . A",,r T
w s Timeforallprocess 1205 DA LA e '"‘
8 150 12 Temperature flip-chip 90°C Ugrawe V' R, KOhm R, KOhm
150 12 Time for all process 1205
< 130 n The digits are the gap values in um
- 10 2
220 - 1n
20 16
20 15 16
20 10 15
20 15 0
- 280 1
20 16 - 94
20 12 106
20 10 109 Pressure
210 = Temperature alignment
210 =

Temperature flip-chip
Time for all process

210
The pads from 5 to 52 are lhose where the gap is 4 um, so they were short-circuited. After thermal cycling the chains
appeared to become separated, and it has become possible to measure the resistance for each individual chain!

We used DC Voltage from 160 to 240 V, and a few times switch off switch on

Spare slides

Cleanroom assembling laboratory

Conclusions and plans i

* Looks like we have found rather good conditions for flip chip Some images

Laboratory have

procedure for these particular bump material and densilty g ) B Lo 1o
O=g. = a0\ Cleanroom

* Continue assembling the remaining chips trying different 0B 5o ~ T y = i : 3 Ctiicaniohs O
thermocompression profiles . ‘ . = W | 2016 (10000-

0,1/1m*), 22 #1°C
¥ Bulk system(CDA,
N2, VAC, DIW, CoW,
Drain. Organic
exhaust, exhaust)
¥ Automation
microclimate

* Organize working place with automatic probe measurements

+ Optimize assembling - R-measurement - thermocycling procedure to
save time and space
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2015-2016: resistive chain assembling

Infrastructure and main equipment for assembling

2017-2018
IR detectors assembling

e -

22

i 2
Clean room of 170 m?:

v1S07 (10 000) , 22 +2°C
¥'Trunk energization (CDA, N2, VAC, DIW, CoW) 3 3 -ﬁ“.
¥’ Automated control of basic parameters =

Indium bump 5x9 um
3 . = s S pitch 20 um (640x512)
L_1_Jr- : v VX480 Sim 0878 304088 |loW X400 Eum 0882 2040SEl i = ety 327 680 bumps / chip

Indium bumps 12 um and 16 um
pitch 50 um, 120 k-bumps/chip

10kVv X850 20pm 0680 30 40 SEI
Flip-Chip equipment
* Fupto 4000 N

* Tupto 450 °C
* Precision 0,5 um

* Chips 50 mm — table 200 mm - - N) 4 1 - Tr'm

2019 : daisy chains assembling
Sn bumps 30x30 um
pitch 50 um

Indium bumps

5x9 um

pitch 50 um
134400 bumps/chip

Profile 5_19.07.2019
Chuck, T_t._T Force, T_m_T
0_0_50_x_x
4305‘21?0'3: 10_5000_20_x_x
il 5_0_25_x_x
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Metrology (Bare sensor), 2

LPI Mnsmlsscmclsmmbrmtﬁﬂmmﬂv Metrology (Bare sensor] xy
Mikon Eclipsel 200N

+ Maasured the conrdinates of the  comersof the sensor + Measured thediference inZ betuween the table aad the Lo

RD53A Module Assembly Site Qualification The Steps

RD53A Module Assembly Site Sy i _ W A | . . IR TR
Qua|ificati0n equipment planarlly)andwelgh J.mble 3 s i | ek Ll [ B B i .m;ﬂze$ummumn.r.euwunmomemrm
Sergey Zmeev, Alexey Zhuchkov

]

accuracy

Height_1,um 319 an
Height_2,um a2 316 315 0 3

e oo || 5. Wiebond | 4M“’"'°(x'” 50710000 > i : B~ 1 = P _
Metrology Equipment Metrology Equnpment I 05 um, a0 : Assembled module metrology Assembled Module Metrology '

fetal-ce

13,6

Thickness.

e R I8 praldite 2011
Point
# (um)

and FPC

« Usea digital micrometer had: glue @ gap between glass and FPC.

-~ Moasured i tickness at the marked points J djustment by-hand. e |

: k [ . Meisuredhvmed-fferencelnfncallennns. | ant

= ma] —— .

e 1 g ] o |t | |

180 127 25® 2
1200 1294 2603 2]
1288 139 2656 u
127

Assembled Module Metrology
[ERS———

Tots naighe

+ Wieasuro at 16 peirn Mazsuro hoight of the module relative o the tablo
; Mooty e Mazsurcments ara takon at 5 points for gach area 8, B, €, 8]
: et ~ Calculated the thickness af the glue for each area

Wice A 2 2045

Comector 106 178
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" " Pull-up resister addition
Wire bonding Pull Tests f—— e —

Direct welding with
NO-CLEAN Fiux Heating till 100 ¢C box, and 280 <C welding 3 head _ tin solderi e

Gl thickness Spe - 40E15 um
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MAPS ot TowerlJazz 0.18 um CMOS

[MnacTMHa M3 BbICOKOOMHOIO KpemHus (bonee
1KOM*cm) ¢ anutakcmen 25 MKm p-Tuna Ha
NoA/10XKKe p-Tuna

Ouop n-well (@2 mkm) B 100 pa3 meHbLLe Yem
pa3mep nukcensa (27x29 mkm?)

HanpsaxeHue obpaTHoro
CMeLEeHnA nogaeTcs K
yBe/IMYeHHON 0begHEHHOM
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CMOS Monolithic Active Pixel Sensors

NWELL TRANSISTORS
DIODE NMOS PMOS

|
VRST
PWELL NWELL A/ PWELL GND
T VeB
DEEP PWELL DEEP /PWELL -
...... . . —
. ¢ Diffusion
Bem e e N, ~10" cm?®
Epitaxial Layer P- o e

Thin sensors (50 um), high granularity (~30 x 30
umz), large area (10 ma2)

moderate radiaSon (TID 2.700 Mrad & NIEL 1.7
10131 MeV neq/cm2)



