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UNIVERSITAT ERLI ULTRA-THIN HYBRID PIXEL DETECTORS

* Main idea: reduce material budget, i.e. detector thickness as much as
possible while keeping benefits of hybrid approach Standard hybrid pixel detector

- Separate development of two entities (sensor + R/O electronics) ., 100-150um thin sensor

- Fine-pitch interconnection between R/O channels and sensor
channels

- Thinning of R/O chip and sensor to minimum

* Goal: Ultra-thin hybrid pixel detector -> for future tracking experiment

- 50-100 um thin pixel sensor
Ultra-thin hybrid pixel detector

— ~20 um thinned R/O chip

Backside RDL with interconnect pads

* Need of different bonding technique
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UNIVERSITAT WAFER-TO-WAFER BONDING

* Special technique required to realise ultra-thin hybrid pixel detectors -> Wafer-to-wafer bonding
- Allows for fine pitch bonding (down to a few micrometer)
- Thin sensor-chip stacks

* Important: Requires ,matching” wafers for sensor and R/O chip

- Same wafer diameter -> typically 200/300 mm wafers
- Same wafer arrangement of structures
=» Timepix3 as readout chip

=» Dedicated submission of passive CMOS LFoundry sensors matching the Timepix3 layout
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universiTATECm = W2W BONDING — PROCESS FLOW

* Process developement currently done by IZM (including thinning)
* Readout chip wafer with Cu/SnAg pillars (red)

* Cu/Sn bonds will be supported by spin coated, photo-structured polymer layer (green) applied to sensor wafer

-> polymer hybrid wafer bonding

* Bonding (simplified): wafers joined by applying pressure and thermal curing

Taken from I1ZM _

=N
Read out wafer Sensor wafer .

Y i Wafer bonding Backside Grinding TsV filling and back
Wafer to wafer alignment and TSV etch side RDL process

Substrate generation in wafer bond chamber

\ J

20.06.2023 CMOS Verbundsmeeting



e

oniversiTATEonm W2W BONDING — PROCESS EVALUATION

Taken from 1ZM

N W N NT WY [

o ; Taken from IZM
* Many process parameters to optimise: R |

Type of polymer ISP PINPI P P

- Bond layer thickness

13 - 15 um pillar height 6 um Cu pad height

- Planarity

- Curing temperature
Taken from 1ZM

—  Pressure

* Preliminary process results:

20 um polymer layer thickness

13 - 15 um pillar height (across wafer)

4 — 6 um Cu pad height

connected not-connected

Good solder transfer from CuSnAg-pillar to Cu pad, but some are not connected
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UNIVERSITAT I CMOS PIXEL SENSOR - RECAP

» Starting point for sensor: passive CMOS sensors developed in LFoundry 150 nm technology
* Radiation tolerant n-in-p pixel design in 150 nm CMOS technology

* CMOS fabrication process offers 200 mm wafers -> fit to Timepix3 wafers
* Towards ,thin hybrid sensor”:

- Copy layout from former submissions

100

- Adjust pixel size to Timepix3 7

- Dedicated wafer Iayout matched More information about passive CMOS sensors:

98

= “u . H
: . = - Development and Characterisation of
Requirement after irradiation
to Timepix3 wafer 5 |Gruementaner e :
5 91 Passive CMOS Sensors for
= unirradiated . . . .. . ” .
£ .| < occoupled | Pixel Detectors in High Radiation Environments”, Y. Dieter

2 % 105 ng/cm?
—4#— DC-coupled

5 x 105 n.q/cm?
—#— DC-coupled

95 1

94

0 100 200 300 400 500 600
Bias voltage / V
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UNIVERSITAT CMOS PIXEL SENSOR - DESIGN N-ring

» Strategy: ,copy” layout from former passive CMOS
submissions in LFoundry

- Match pixel size with timepix3 pixel size -> 55 um pixels

- Increase n-well size to 35 um -> keep 8 um spacing
between n-well and p-stop

- Poly-silicon bias resistor implemented (and bias grid)

- N-ring surrounding the pixel matrix -> 32 um spacing
between n-ring and p-well (from 1st guard ring)

- Five n+p guard rings pixels

35 um

Seal ring

Five guard
rings

Pixels (incl.
bias resistor
and bias grid)

n-ring guard rings (5x)

v

32 um

p-type substrate
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UNIVERSITAT CMOS PIXEL SENSOR - SUBMISSION

* Full engineering run at LFoundry

- Wafer2wafer bonding requires custom wafer layout

- Reticle has to match with Timepix3 for proper overlay

» Will get 25 wafers on high-resistivity Cz-Si and 150 um thickness dimensions not to scale!
o 142mm R
84 ]
* Final details to be discussed with LFoundry Ko 16200 -
s mm //""_"—" -14,320 (x), -B4.665 (y)
e Aim to start engineering run end of June /— CMOS sensor
N orig
|
/
. /
/ L
\ L § 14,1 mm
~ | ng
Notch 2>« -
15 um 85 um

14,65 mm
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unversitaTEonm = QUMMARY

* Goal of AIDA project is ultra-thin hybrid pixel detector using wafer-to-wafer bonding technique

- 50-100 um thin sensor (passive CMOS sensor)
- ~20 um thin readout chip (Timepix3)

* Wafer-to-wafer bonding technique currently established at 1IZM

* Dedicated submission of passive CMOS sensors in 150 nm LFoundry process on the way

Thank you for your contribution to the
submission of the passive CMOS sensors!
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UNIVERSITAT EIINYIN

BACKUP
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Design rule checks (DRC)

- Checks if spacings, width, ovelaps, etc. of various layers are ok to ensure proper production of layout
- ,Geometrical” check

=>» Found a few DRC violations in design which should have been also present in former submissions (to be
discussed with foundry)

GND/bias grid

Bias grid
Layout vs schematic (LVS) -> thanks Ned for helping me!!

,bump pad“

Poly-si resistor

- Checks if (drawn) layout is equal to schematic

Poly-Si

=» LVS is clean

Amp .
- ,Connectivity” check . Bump pad

-HV
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UNIVERSITAT DRC

* A few DRC violations
* RES_POLY2.MINWIDTH:

- poly-silicon bias resistor width is 0.15 um (< 1.0 um)
- done in the same way as in former submissions -> okay?

* SILWIDTH/AREA:

- passivation opening of pads too small (12 x 12 um octagon)
- done in the same way as in former submissions -> okay?

* Various density checks on DIFF, POLY2 ME3/F

Eile Yiew Highlight JIools MHindow Setup Help

|ols & (0| Bexs || B

TFilter: Show ALL 7| #TOP. 9 Results {in 9 of 11 Ch

Bl &% Check / Cell 6
Check RES_POLYZ2 MIMWID
Check SIL.WIDTH

Check SIL.AREA

Check DIF,MIMDENS.1
Check POL.MINDENS.1
Check POL.MIMDENS.Z2
Check ME3,MIMDENS.1
Check MEF,MIMDENS.1
Check MEF ,MIMDENS,Z2

EEREEREEEEH
L& & & & 8 & & 84

63 Check POL,MINDENS.2
4-VYertex Polugon, Coor
(¢ -367.1 -367.5r (13

POL MINDENS,2 £ @ POLY2DENSITY =lobal minimum density
3 CMACRO MIMDEMSITYGLOB POLYZDEMSITY 0,25

20.06.2023 CMOS Verbundsmeeting
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UNIVERSITAT ERD LAYOUT VS SCHEMATIC

Ill

* Check if physical layout corresponds to schematic of ,,pixe

* LVS run on single pixel and top layout to check ,wiring” of pixels:

- Bias grid
— Polysilicon bias resistor GND/bias grid
- Bump pads %
- Floating pstop % _bump pad-”
Amp

-HV
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* Created complete single pixel:

- Implantations, pstop, ....
- Bias resistors and ,,bias grid“
- Bump pad

* Pins:

- Connection to bias grid: vbiasgrid (M_F)

- Connection to bump: vbump (M_F) T e

- Connection to pstop: vpstop (M2)

Cell pix_nu 355 central Full (1 Proserty Errors}

-> ,clean” LVS (except polysilicon discprepancy in
L/W, but expected)

) RBFPOLYHE

= 3,670

]
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* Full pixel array: 256 x 246 pixels (62976 pixels)
e Schematic:

- Bias grid connected via 62976 polysilicon bias
resistors to 62976 bump pads

- Floating pstop (not connected)
* Pins:

- 2x bias grid probing pad (check if those are properly
wired): vbiasgrid

- 62976x bump pad: vbump




Warning is actually good

We created two labels of
,Vvbiasgrid” (bottom and top
probing pad)

,Stamping conflict” tells us
that the two labels are on the
same net, i.e are connected
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UNIVERSITAT

LVS - FULL PIXEL ARRAY (3

Soft connectivity check

vl alen v ||BEleke| Fee o |
4 Havigator | @ % || %y Extraction Results X Softehk Database x]
Results Filter: Show ALL 7| #ETOP. 54 Results (in 2 of 3 Checks? Y T
HyExtraction Results
ERC 5] OI; Check / Cell Results 1 2 3 4 o5 [} 7 a2 9 w 11 12 13 14 15 . 17 18 19 20 21 22 23 24 25 26 &7
*® Softchk Database + Check SOFTCHK PHELL_S UPPER,
% ERC Results + Check SOFTCHK MMELL_S UPPER.
{ERC Summary % Check SOFTCHK SUBSTRATE UPPER. 27
R:eports + Check SOFTCHK DMWELL UPPER.
q % Check SOFTCHK BULK UPPER, 7
e |Extraction Report
R’ 1 + Check SOFTCHK BULKISO UPPER,
ules
+ Check SOFTCHK NISO UPFER.
f&1Rules Fils
. + Check SOFTCHK PWELL_ISD UPPER.,
Visw +# Check SOFTCHK NWELLISO UFPER.
O Irfo
#hFinder
rSchemat.ics
DrLayout
Setup &) Check SOFTCHK SUBSTRATE UPPER.. Cell TOP: 27B88-Yertex Poluson
i Options H
2798-Vertex Folugon, Coordinates in cell TOR
¢ -301.5 10387.07 ¢ -300.5 10387.00 ¢ -300.3 13905.1) ¢ 3003 1360y -300.3 190,10 ¢ -300.1 1399010 ¢ 3001 13993, f E23.3 1394y (2.3 13D 23T
1 J 2
Net 12 is selected for stampins.
Reijected nets: 6 7
MNet 12 iz selected For stamping,

DrLayout Metlist TOP.sp

-Oax
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UNIVERSITAT

LVS - FULL PIXEL ARRAY (4

* Electrical rule checks

¥ A (& @[ Frn O |
+Navigatorl 553 N__.)Extr‘actmn Fesults]  Softchk Database ¥ ERC Results "]
Results ek
HyExtraction Results
ERC El & Check / Cell Results 3 4 g [} 10 11 12 12 14 15 16 1F 18 19 20 21 22 23 24 25 2% 27 28 29 30 3 Z 33
X Softchk Database +# Check FLOATING_PTAPISO =
% ERC Results 3 Check FLOATING_SUBSTRATE |1
ERC Sunmary 3 Check FLOATING_BULK 1
Reports 3 Check FLOATING_MWELL 51
|Extraction Repart: o Check FLOATING_NWELLISO
R;.Jles « Check FLOATING_NISO
+# Check FLOATING_DNWELL
% |Rules Fils
View
O Info
@ F inder
IrSchenat ics
DrLayout
Setup H
4Options 1
Rule File Pathname: /tmp/udieter/LVS/ calibre.lvs_ Ed
O Layout Netlist TOP,sp _oFx
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