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HISTORY OF UFSD PRODUCTIONS

BRUNO KESSLER

UFSDA4 is the latest UFSD production, featuring prototypes for the sensor of CMS Endcap Timing Layer
It bears within itself the experience gained with the UFSD R&D productions

e UFSD2: first 50-um thick batch, focus on gain layer design and radiation hardness
e UFSD3: studies on carbon doses and gain layer termination structures,
production of first large multipad structures
e UFSD3.1: exploration of various interpad layouts, optimisation of p-stop doping
e UFSD3.2: optimisation of carbon level, study of different gain layer depths and wafer thicknesses,

refinement of interpad design

p— .
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UFSD1 UFSD2 UFSD3 UFSD3.1 UFSD3.2 UFSD4 2
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A SENSOR FOR THE CMS ENDCAP TIMING LAYER >

Sensor requirements for the CIVIS Endcap Timing Layer:

o Timing resolution of 6, = 30 psupto¢p ~ 1.5 X 1015neq/cm2

* Gain uniformity better than 1% within a sensor
* Low leakage current to limit power consumption and noise

. Provide large and uniform signals, >8 fCupto @ ~ 1.5 X 1015neq/cm2

* Minimized “no-gain” area, interpad distance between 50-70 pm
. Pad size 1.3 X 1.3 mm?, determined occupancy and read-out electronics

The final sensor will be a 50 uym-thick 16 X 16 pad array

Marta Tornago 17th “Trento” Workshop on Advanced Silicon Radiation Detectors 2nd March 2022




UFSD4 PRODUCTION

Gain Layer
Wafer # DI Dose Carbon | Diffusion
1 Shallow 0.98 0.8 CH-BL
2 Shallow 1.00 1 CH-BL
3 Shallow 0.98 1 CH-BL
4 Shallow 0.98 1 CH-BL
5 Shallow 0.98 0.8 CH-BL
é Shallow 0.98 0.8 CH-BL
7 Shallow 0.98 0.8 CH-BL
8 Shallow 0.98 0.8 CH-BL
9 Shallow 0.98 0.8 CH-BL
10 Shallow 0.98 0.8 + C0.6 CH-BL
11 Shallow 0.98 0.8 + C0.6 CH-BL
12 Deep 0.75 0.6 CL-BL
13 Deep 0.77 0.6 CL-BL
14 Deep 0.77 0.6 CL-BL
15 Deep 0.77 0.6 CL-BL
16 Deep 0.79 0.6 CL-BL
17 Deep 0.79 0.6 CL-BL
18 Deep 0.79 0.6 CL-BL

Marta Tornago

UFSD4 includes 18 wafers with:

 Shallow and deep gain layer
* 6 Boron doses

* 4 different Carbon implants
o 2 diffusion types

Goals of this production:

* design optimisation
e production uniformity

 demonstrate ability of producing large sensors

with same characteristics
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CHARACTERISATION OF UFSD4 PRODUCTION

Measurements of all structures performed on wafer by FBK (Trento)
A few diced structures have been measured in the Laboratory for

Innovative Silicon Sensors in Torino

IV studies

e Breakdown voltage maps
o Structures and pads are considered broken if Vi, < 150V or

(V< 80% Vyy) > L.

|

\)

e Maps and distributions of current @100V for all pads for each wafer

tructure,pad
e

——_—

CV studies

* Depletion voltage maps and distribution for each wafer

———
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PRODUCTION YIELD STUDIES

FONDAZIONE
BRUNO KESSLER

Maps of breakdown voltage for pads used to evaluate production yield
as ratio between working and total structures and pads

mEEEE
o gp oo oo

We have a single value for the breakdown voltage of 5-pads lines in 5x5
and 16-pads columns in 16x16 due to measurements setup

UFSD4 - BreakDown Map - Wafer 6 UFSD4, BreakDown Map for Pads - Wafer 16
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PRODUCTION YIELD STUDIES

Breakdown distributions do not depend on the interpad or guardring layout of the measured structure
Designs seem equall

nerformino

UFSD4 2x2 - BreakDown for Version - Wafer 7 - V;,>150V
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UFSD4 2x2 - BreakDown for Version - Wafer 9 - V;,>150V
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CURRENT UNIFORMITY STUDIES

Maps of leakage current @100V for pads provide indication of production guality and uniformity
as ratio between sigma and mean of leakage current distributions

UFSD4

- Current at 100 V - Wafer 6

Marta Tornago
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UFSD4_5x5 - Current Distributions at 100 V - Wafer 6
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FINAL RESULTS ON YIELD AND CURRENT UNIFORMITY

FONDAZIONE
BRUNO KESSLER

Results for structures yield and for pad current disuniformity in each group of similar wafers

S " Wafer group Sen—sb} Yield [%] “Mean Leakage Current @100 V [A] Sigma [A] ""_Di;e.uniformity [%] | Gain Layer
matl arrays d 97.22 273809 422810 >>f | Wafer Group| Wafer # DI Dose Carbon | Diffusion

2 97.85 2.42E-08 3.79E-09 15.6 | 1 1 Shallow 0.98 0.8 CH-BL

3 99.15 | 2.20E-08 2.98E-09| 136 | 2 > Shallow 1.00 1 CH-BL
4 97.08 | 2.65E-09 4.55E-10 | 17.2 4 3 3 Shallow 0.98 CH'BL
5 98.51 | 1.44E-08 1.53E-09 10.7 | 3 4 Shallow 0.98 1 CH-BL
6 99.15 2.17E-09 1.37E-10 6.33 | a 5 Shallow 0.98 0.8 CH-BL
7 ‘ 98.54 2.51E-09 3.15E-10 12.5 a 5 Shallow 0.98 0.8 CH-BL
8 99.52 2.99E-09 3.16E-10 10.6 a 7 Shallow 0.98 0.8 CH-BL

9 95.97 3.93E-09 3.79E-10!

f -~ L 4 8 Shallow 0.98 0.8 CH-BL
Wafer group ;en;or Yield [%] :Mean Leakage Current @100V [A] Sigma [A] i‘E)isﬁuniformity [%] | 4 9 Shallow 0.98 0.8 CH-BL

1 83.33 4.92622E-08 3.71298E-09)| 7.54 5 10 Shallow 0.98 0.8 +C0.6 CH-BL

16x16 2 100.00 | 4.52762E-07 5.15744E-08 11.39 | 5 11 Shallow 0.98 0.8 + C0.6 CH-BL
3 91.67 | 4.04945E-07 3.92497E-08 | 9.69 | 6 12 Deep 0.75 0.6 CL-BL

4 80.00 5.5461E-08 5.95051E-09 | 10.73 | 7 13 Deep 0.77 0.6 CL-BL

5 87.50 2.71854E-07 2.50953E-08 9.23 | 8 14 Deep 0.77 0.6 CL-BL

6 66.67 | 3.73805E-08 7.3242E-10 1.96 | 8 15 Deep 0.77 0.6 CL-BL

7 91.67 4.38402E-08 2.58748E-09 5.90 | 9 16 Deep 0.79 0.6 CL-BL

8| 100.00 5.16091E-08 1.77389E-09 | 3.44 | 9 17 Deep 0.79 0.4 CL-BL

9 66.67 6.9986E-08 3.71148E-09 9 18 Deep 0.79 0.4 CL-BL

Marta Tornago
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GAIN LAYER UNIFORMITY STUDIES /@

Dipartimento
di Eccellenza

Measurements performed on 16x16 diced structures in the Laboratory for Innovative Silicon Sensors in Torino
to extrapolate gain layer uniformity
CV are performed on 25 pads for each of the 6 16x16 structures under test

UFSD4 16x16 1/C”*2(V) Wafer 17 and 18
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-

UFSD4 gain profiles
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GAIN LAYER UNIFORMITY STUDIES /9

Dipartimento
di Eccellenza

Measurements performed on 16x16 diced structures in the Laboratory for Innovative Silicon Sensors in Torino
to extrapolate gain layer uniformity

V.0t iS the intersection point of the two lines fitting C(V) curves

In the regions corresponding to gain layer and full depletion - UFSD4 16x16 1/CA2(V) Wafer 17 and 18
: ) N 60f—
V1. is calculated as: 5 “F
50—
A -
n++electrode [ ] [
40{—
\¥ . Vfoot -
GL — d 30—
1 _I_ 2_ Gapd -
W 20|—
| 10~
d: gap between n+ and gain layer A S -
w: gain layer width Gain layer w I / °F |
30 55
Vv E V[V]
12
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Fisica

GAIN LAYER UNIFORMITY STUDIES P Jetine
- L2 9000
Gain Layer
measured on 3 sensors for each Wafer Group| Wafer # DI Dose | Carbon | Diffusion
g rou p 1 1 Shallow 0.98 0.8 CH-BL
. } ) 2 2 Shallow 1.00 1 CH-BL
Obtained as ratio between sigma and mean values of g 3 Shallow 0.98 3 CH-BL
V . distributions 3 4 Shallow 0.98 1 CH-BL
depletion 4 5 Shallow 0.98 0.8 CH-BL
4 6 Shallow 0.98 0.8 CH-BL
Wafer group V_foot [V] Sigma V_foot [V] V_foot V_GL [V] SigmaV_GL [V] V_GL 4 7 Shallow 0.98 0.8 CH-BL
disuniformity [%] disuniformity [%] 3 8 Shallow 0.98 0.8 CH-BL
4 9 Shallow 0.98 0.8 CH-BL
8 47.66 0.10 0.22 4.77 0.01 0.22 5 11 Shallow 0.98 0.8 + C0.6 CH-BL
6 12 Deep 0.75 0.6 CL-BL
7 13 Deep 0.77 0.6 CL-BL
. . w 8 14 Deep 0.77 0.6 CL-BL
Same results for Vfoot and V; disuniformities - s Deep 077 Y LB
9 16 Deep 0.79 0.6 CL-BL
9 17 Deep 0.79 0.6 CL-BL
9 18 Deep 0.79 0.6 CL-BL
13
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CONCLUSIONS | JFS

UFSD4 is the latest UFSD production by FBK including

The aim is to demonstrate the capabillity of producing the large sensors with similar characteristics and
good yield

The whole production has been characterised with measurements performed both on wafer by FBK

A few diced structures have been tested at the Laboratory for Innovative Silicon Sensors in Torino
More measurements will come in the next months

Results on yield and current uniformity:
* Percentage of
 Low mean values for leakage current @100 V

Results on gain layer uniformity:
. for both wafers with shallow and deep gain implants

14
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MEASUREMENT REPRODUCIBILITY
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UFSD4 16x16 - BreakDown Map for column - Wafer 6
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