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Irradiation tests — IT (a reminder)

secondary QC-TSs from each

e Upon reception we irradiate together 3 wafer — Positions 5,43
samples, from positions: 5,30,43

® We use Pos30 as the test device and primary QC-TS from each
other two as secondary devices to wafer — Position 30
confirm the wafer acceptance

® We keep positions 10 and 48 for possible backup samples —
other studies (performance, charged performance studies 10,48

hadrons irradiations...)

Measured IHEP QCTS
* QC-TSirradiated to 2.5e15 cm-2 (nominal fluence)

GRS :f:t:' N /
FENEREN

*  We decided to use central channel of the reactor for better ’I:a\ser scah; 3cr t
uniformity — we are rechecking/performing additional calibration
to make sure the dosimetry is spot on

«  Samples measured after standard annealing and 2" biasing —
following the agreed procedures (described in the paper
10.48550/arXiv.2509.09187 )
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Procedure - reminder [cceptance:

I= Vi5= determined from TCT >16.7 V after 2.5e15 N, cm??

scan direction

b ’_ I* Gain at 100V, 20°C with TCT Gain>2.7 after 2.5e15n__cm™
eam eq
direction

|Monitoring parameters : Interpad gap, Vfd1,vfd2

LGAD1 signal 20WS2106001030 W10 30  rcapzsignal
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Pilot batch summary

Wafers received

Wafers irradiated (two irr.)
Wafers tested

Wafers accepted

A retest was needed

Wafers rejected
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All wafers passed the acceptance

We found one wafer that was on the limit and is an out layer
with worse radiation hardness that the reset — verified by
repeats, different QC-TS and Sr90.

e |HEP-IME preproduction
¢ |HEP-IME Pilot Batch
--------- Linear (IHEP-IME preproduction)
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How to track wafers/sensors within acceptance, but
somewhat smaller radiation hardness?
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Overview IHEP-IME batch 1
____

Wafers received

Wafers irradiated 100 50 50
Wafers tested 100 50 50
Wafers accepted 100 50 50
A retest was needed 0 2 4
Wafers rejected 0 0 0

* Received more IHEP QCTS from 1° batch
o Batches no 18 and 21

* Measured 50 samples, 48 of them on position 30

o 2 samples (W19 & W23) from batch 18 had too high current and broke down by 10V so we measured
position 5 instead. The 2 samples used the same measuring box

> 1 sample had borderline Vgl, Sr90 results were good

e ACaes ATLAS
05.10.2026 HGTD WEEK : IRRADIATION TEST REPORT (PRODUCTION)
3 HGTD




Irradiations from Batch 1 on

II)

*  We use the “central channel” of the reactor where homogeneity of irradiation is better than
for F19 channel which we used in the past. That makes irradiation campaigns much easier as
we can have more samples in the irradiation container.

* The required power to deliver the same flux is 60kW (250 kW for F19) to have the same
irradiation times i.e. same history (carefully calibrated!)

*  We noted that the leakage current in PIN measured for Batch 1.1 was slightly less than for
Pilot batch irradiated in F19.

*  We overcorrected (using 66 kW) and the fluence delivered to the Batch 1.2 is in fact
somewhat more than for Batch 1.1.

* Still as you will see they meet the acceptance criteria, but as expected the average values of
charge and Vgl as somewhat lower — very good sensitivity!
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Vgl — Batch 1 (100 wafers tested)

18— [Vgii (Batchid) Batch1l.1 VoIt (Bakchi2)
— | Entries 50 16 | Entries 51
16 __ Mean 18.63 : Mean 17.55 LGADl
| Std Dev 0.2607 14 1 sStd Dev 0.3544 LGAD?2
14— E
[ 12=
12— —
10 10:—
8:— LGAD1 8
- LGAD2 B
6 6—
4 4 Batch1.2
2:_ | 2:_
_IIIIIIIIIlIIIIIIllIIllllllll[llllIIIlll —llllll lIIlllIllllIlllIIIIlIIllIIllII
qG 16.5 17 17.5 18 18.5 19 19.5 20 q 16.5 17 165 18 18.5 19 19.5 20

Vgl [V] Vgl [V]
* All wafers are comfortably within the threshold

. Notée we have changed the fluence by 10% - we are now using central channel which is more uniform
irradiations

* Batchl.1 has higher Vgl than Batch1.2 due to 10% larger fluence
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Gain — Batch 1 (100 wafers tested)

24— 1 —
£ I [ [G1 (Batch1.2) |1
221 Eils(aatcm.nm : ol !
— | Mean : ' | Mean 2.945 | |
e | W - LGADL
18 — : B : LGAD?2
16 I 10— I 20WS2121000830
14 ' - | 20W52118000630
= ' - : 20W52118002030
12 : 8 : 20W$2121001530
10FE- LGAD1 F :
Y= LGAD2 N I
B | - |
6 : 4— I
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Gain Gain

* Similar observation than for Vgl measurements - all wafers inside the threshold for Batchl.1

* For Batch1.2 we had four samples at the border (note 10% higher than nominal fluence)
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ATLAS ID Batch Wafer  Position Vgl1l Vgl 2 Gainl Gain2

20WS2107000130 7 1 30 186 18.7 3.4 3.4
20WS2107000230 7 2 30 19.0 18.8 32 32

a C e S S 20WS2107000330 7 3 30 18.8 18.7 32 32

° 20WS2107000430 7 4 30 186 18.5 31 31

20WS2107000530 7 5 30 185 18.5 32 32

20WS2107000630 7 6 30 185 18.9 £ 35

20WS2107000730 7 7 30 1877 18.5 3.2 3.2

20WS2107000830 7 8 30 186 18.6 33 33

20WS2107000930 7 9 30 18.9 18.7 3.4 3.4

20WS2107001030 7 10 30 18.7 18.4 33 33

20WS2107001130 7 1 30 18.7 18.6 33 33

20WS2107001230 7 12 30 186 18.5 33 33

20WS2107001330 7 13 30 18.4 18.5 33 33

|:| . . 20WS2107001430 7 14 30 18.4 18.7 33 3.2
48 WaferS W|th NO ISSsues 20WS2107001530 7 15 30 187 18.5 33 33
20WS2107001630 7 16 30 18.4 18.4 33 33

20WS2107001730 7 17 30 18.4 18.6 35 33

|:| ZOWSZ 107001830 — h 20WS2107001830 7 18 30 17.4 17.6 2.8 2.8
passes the necessary /2ow52107m19w 7 19 30 186 18.4 3.2 3.2

. 20WS2107002030 7 20 30 18.8 18.6 36 36

thresholds (accepted), but Vgl and charge gain rower 107007130 A e mr s os

. . . e 20WS2107002230 7 2 30 185 18.5 3.2 3.2
indicate somewhat smaller radiation hardness. WS Tl s me me 33 33
20WS2107002430 7 24 30 18.7 18.3 £ 3.4

TO be IOOked at_ 20W52107002530 7 25 30 18.8 18.5 3.1 3.1
20WS2106000130 6 1 30 186 18.7 3.2 2.9

20WS2106000230 6 2 30 19.0 19.2 3.0 3.0

. . 20WS2106000430 6 4 30 18.9 18.8 35 26

[ 20WS2106000430 — has only problematic gain w00 6 s a0 m2 s a1 28
. .. 20WS2106000630 6 6 30 185 18.6 2.9 2.9

measurement in LGAD2, Vgl and gain in LGAD1 20ws2106000830 ¢ s % m3 wme 34 3

. . . 20WS2106000930 6 9 30 19.7 19.3 3.2 3.2

are all fine — very likely dust obstructing the 202106001030 s 1 0 s w7 32 32
20WS2106001130 6 1 30 185 18.7 3.0 2.9

I' h Ik I f bI 20WS2106001230 6 12 30 18.9 18.7 3.0 3.0

Ig tl nOt I e y a Wa er pro em 20WS2106001330 6 13 30 18.9 18.6 3.2 3.2
20WS2106001430 6 14 30 187 18.5 35 35

. 20WS2106001530 6 15 30 187 18.4 31 31

[l The problems not linked to the B6-W2 and 20Ws21060016%0 s 1 % 1w w7 32 32
. . 20WS2106001830 6 18 30 186 18.9 3.0 3.0

B6-W8 — the two wafers showing different 20Ws21060019% of m s s s i A
20WS2106002130 6 21 30 18.4 18.2 3.1 3.1

H 1 20W52106002230 6 22 30 18.9 18.9 3.1 3.1
behaviour in PQC tests. e R R -
20WS2115000430 15 4 30 183 18.3 3.2 3.2

20W52115000630 15 6 30 185 18.4 3.2 3.2

20WS2115000730 15 7 30 183 18.4 2.9 2.9

20WS2115001130 15 1 30 18.4 18.3 3.1 3.1

20Ws2115001430 15 14 30 18.4 18.5 3.2 3.2

20WS2115002530 15 s 30 181 18.3 3.0 3.0
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1st test

10
05.10.2026

Batch 1.2 tests (10% larger fl

uence)

20WS2118000130 18 1 30 17.7 17.7 28 28 20W52121000130 2 1 30 17.5 17.4 29 2.9

20WS2118000230 18 2 30 176 17.7 29 29 20W52121000230 2 2 30 17.1 17.2 29 2.9

20WS2118000330 18 3 30 178 18 3 3 20W52121000330 21 3 30 17.7 17.7 29 2.9

20WS52118000430 18 4 30 177 176 3 31 20WS2121000430 21 4 30 17.7 17.7 29 2.9

20WS2118000530 18 5 30 171 17 3.1 31 20WS2121000530 21 5 30 17.1 17.1 31 31

20WS2118000630 18 6 30 174 174 29 26 20WS2121000630 21 6 30 17.8 17.8 29 2.8

20WS2118000730 18 7 30 18 171 28 28 20WS2121000730 21 7 30 17.7 17.7 29 2.8

20WS2118000830 18 8 30 176 17.2 28 28 20WS2121000830 21 8 30 17.2 17.1 26 2.6]

20WS2118000930 18 9 30 17 17.3 3 28 20WS2121000930 21 9 30 17.8 17.7 29 2.8

20WS2118001030 18 10 30 17.9 178 3 3 20W52121001030 21 10 30 17.8 17.7 29 2.9

20WS2118001130 18 11 30 179 17.4 29 29 20WS2121001130 2 1 30 17.4 17.4 29 2.9

20WS2118001230 18 12 30 169 17.2 28 28 90Sr 20W52121001230 21 2 30 17.2 17.8 33 3.2

bows2118001330 18 13 30 168 169 3 31 20W52121001330 2 13 30 181 17.5 33 3.2

20WS2118001430 18 14 30 169 17 33 27 retest  uoni001420 21 14 30| 173 173 28 2.8

20WS2118001530 18 15 30 17.4 17.3 29 29 20W52121001530 21 15 30 17.1 17.1 26 2.7

20W52118001630 18 16 30 17.8 178 28 28 20W52121001630 2 16 30 17.4 17.3 27 2.7

20W52118001730 18 17 30 17.9 176 28 28 20WS2121001730 2 17 30 17.3 17.2 27 2.7

20WS2118001830 18 18 30 17.8 179 33 33 20WS2121001830 pal 13 30 18 181 29 2.9

20W52118001905 18 19 5 17.7 17.9 3.3 33 20W52121001930 2 19 30 17.5 17.7 36 2.8

{ows2118002030 18 20 30 173 174 27 26 | 20WS2121002030 21 20 30 17.3 17.4 28 2.8

20WS2118002130 18 21 30 176 17.8 3 3 20WS2121002130 pal pal 30 182 182 32 3.2

20WS2118002230 18 22 30 176 17.7 29 29 20WS2121002230 21 2 30 18 17.9 34 3.4

20Ws52118002305 18 23 5 181 17.9 28 34 20WS2121002330 21 23 30 17.7 17.8 28 2.8

20WS2118002430 18 24 30 179 181 3 31 20WS2121002430 27 2 30 17.4 17.4 3 2.8

20Ws2118002530 18 25 30 17 17.2 27 27 20WS2121002530 21 25 30 17.5 17.6 28 2.7
ATLAS ID Batch Wafer  Position Vgl 1 Vgl 2 Gainl  Gain2 ATLAS ID Batch Wafer  Position Vgll Vgl 2 Gainl  Gain2
20WS2121001530 21 15 30 17.1 2.7 L'T) 20WS2121001530 21 15 30 17.5 17.4 2.8 28 All wafers pa ssed
20WS2118000630 18 6 30 17.4 2.6 Ll 20WS2118000630 18 30 17.4 17.5 2.8 2.8

(',_-, 20WS2118000605 18 s | w7s  17s 2.7 2o after retest of also

20WS2118002030 18 20 30 17.3 2.6 E 20W$2118002030 18 20 30 17.4 17.5 2.9 29l other p ositions!
20WS$2121000830 21 8 30 17.2 2.6 20W52121000805 21 8 5 17.6 17.7 3

HGTD WEEK : IRRADIATION TEST REPORT (PRODUCTION)




Sr90 results with B18-13-30 (low Vgl)

5 fC) --> device performance excellent

| Teledyne_UKRI_IHEP_B18_13_30_2.SE1S | | Teledyne_UKRI_IHEP_B18_13_30_2.SE1S | | Leakage current T=0C |
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Overview IHEP-IME

Wafers received

Wafers irradiated 117
Wafers tested 117
Wafers accepted 117
Need more tests 0
Wafers rejected 0

* Received IHEP QCTS from 2" batch
o Batches no 23, 31,33 & 36

*  Measured 95 samples

95

95

93
2

213

213

211
0
0

o 1 sample (B23 W4) had too high current and broke down by 10V so | measured it on position 5 instead
° 6 samples in B36 measured on position 30 had gain under acceptation criteria so | also measured position 5 too

o 4 samples on position 5 were good, 2 need more tests

AT
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Preproduction acceptance criteria:

Batch 2 results — batch 23 169y

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2

20WS2123000130 23 1 30 18.2 18.4 3 3.1
20WS2123000230 23 2 30 18.4 18.3 2.9 2.9
20WS2123000330 23 3 30 18.6 18.5 3 3.1
20WS2123000430 23 4 5 18.1 18.2 3.3 3.3
20WS2123000530 23 5 30 18.1 18 2.9 3
20WS2123000630 23 6 30 18.2 18.2 3.1 3
20WS2123000730 23 7 30 18.3 18.4 3 3
20WS2123000830 23 8 30 18.5 18.5 3 3
20WS2123000930 23 9 30 18.4 18.4 3.1 3.1
20WS2123001030 23 10 30 18.4 18.4 3.2 3.2
20WS2123001130 23 11 30 18.2 18.2 3 3
20WS2123001230 23 12 30 18.2 18.1 3 2.9
20WS2123001330 23 13 30 18.2 18.3 3 3
20WS2123001430 23 14 30 18.2 18.1 2.9 2.9
20WS2123001530 23 15 30 18.2 18.2 2.8 2.8
20WS2123001630 23 16 30 18.5 18.4 2.8 2.8
20WS2123001730 23 17 30 18.3 18.3 3 2.9
20WS2123001830 23 18 30 18.4 18.5 2.8 2.8
20WS2123001930 23 19 30 18.2 18.3 3 2.9
20WS2123002030 23 20 30 18.6 18.3 2.8 2.8
20WS2123002130 23 21 30 18.4 18.3 3 3
20WS2123002230 23 22 30 18.4 18.5 2.9 2.9
20WS2123002330 23 23 30 18.5 18.5 2.9 2.9
20WS2123002430 23 24 30 18.4 18.3 3 3
20WS2123002530 23 25 30 18.4 18.3 2.8 2.8
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Preproduction acceptance criteria:

Batch 2 results — batch 31 169y

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2

20WS2131000130 31 1 30 18.1 17.9 3.3 3.4
20WS2131000230 31 2 30 18.4 18.4 3.6 3.6
20WS2131000430 31 4 30 18.3 18.3 3.5 3.5
20WS2131000530 31 5 30 18.3 18.1 34 3.3
20WS2131000630 31 6 30 18.2 18.4 3.5 3.5
20WS2131000730 31 7 30 18.4 18.4 3.7 3.6
20WS2131000830 31 8 30 18.4 18.4 3.5 3.5
20WS2131000930 31 9 30 18.2 18.1 3.5 3.5
20WS2131001030 31 10 30 18.1 18.2 3.4 3.4
20WS2131001130 31 11 30 18.3 18.4 3.4 3.4
20WS2131001230 31 12 30 18.6 18.4 34 3.4
20WS2131001330 31 13 30 18.2 18.4 3.6 3.6
20WS2131001430 31 14 30 18.3 18.4 3.4 3.4
20WS2131001530 31 15 30 18.4 18.2 3.4 3.4
20WS2131001630 31 16 30 18.3 18.5 3.4 3.4
20WS2131001730 31 17 30 18.2 18.1 3.5 3.5
20WS2131001830 31 18 30 18.3 18.1 3.4 34
20WS2131001930 31 19 30 18.4 18.3 33 3.3
20WS2131002030 31 20 30 18.4 18.5 3.2 3.2
20WS2131002130 31 21 30 18.3 18.3 3.5 3.5
20WS2131002230 31 22 30 18.5 18 3.1 3.1
20WS2131002330 31 23 30 18.4 18.4 3.4 34
20WS2131002430 31 24 30 18.4 18.5 3.6 3.6
20WS2131002530 31 25 30 18 18.1 33 3.3

| Wiss= ATLAS
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Preproduction acceptance criteria:

Batch 2 results — batch 33 169y

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2

20WS2133000130 33 1 30 18.8 18.6 3 3
20WS2133000230 33 2 30 18.5 18.4 3.4 3.4
20WS2133000330 33 3 30 18.4 18.4 33 3.3
20WS2133000430 33 4 30 18.6 18.6 34 3.3
20WS2133000530 33 5 30 18.6 18.6 34 3.4
20WS2133000630 33 6 30 18.4 18.4 3.1 3.1
20WS2133000730 33 7 30 18.5 18.4 3.6 3.6
20WS2133000830 33 8 30 18.5 18.4 3.1 3.1
20WS2133000930 33 9 30 18.4 18.4 3.5 3.5
20WS2133001030 33 10 30 18.1 18.1 3.4 3.4
20WS2133001130 33 11 30 18 18.1 3.3 3.3
20WS2133001230 33 12 30 18.5 18.4 3.6 3.6
20WS2133001330 33 13 30 18.5 18.5 3.3 3.3
20WS2133001430 33 14 30 18.4 18.5 3.2 3.2
20WS2133001530 33 15 30 18.6 18.5 3.4 3.4
20WS2133001630 33 16 30 18.5 18.5 3 3
20WS2133001730 33 17 30 18.6 18.6 3.2 3.2
20WS2133001830 33 18 30 18.5 18.5 3.3 3.2
20WS2133001930 33 19 30 18.5 18.6 3.2 3.2
20WS2133002030 33 20 30 18.3 18.3 3.1 3.1
20WS2133002130 33 21 30 18.2 18.2 3.1 3.1
20WS2133002230 33 22 30 18.6 18.7 3.5 3.5
20WS2133002330 33 23 30 18.6 18.5 3.1 3.1
20WS2133002430 33 24 30 18.3 18.6 33 3.3
20WS2133002530 33 25 30 18.3 18.5 3.4 34
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Preproduction acceptance criteria:

Batch 2 results — batch 36 'l 169y

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2

20WS2136000130 36 1 30 18.2 18.2 3 3
20WS2136000230 36 2 30 18.5 18.2 2.8 2.8
20WS2136000330 36 3 30 18.5 18.7 2.8 2.8
20WS2136000430 36 4 30 18.4 18.4 2.8 2.8
20WS2136000630 36 6 30 18.4 18.4 2.8 2.8
20WS2136000730 36 7 30 18.3 18.4 24 24
20WS2136000830 36 8 30 18.3 18.4 2.7 2.7
20WS2136000930 36 9 30 18.5 18.5 2.7 2.6
20WS2136001030 36 10 30 18.2 18.3 2.8 2.8
20WS2136001130 36 11 30 18 18.1 2.6 2.6
20WS2136001230 36 12 30 18.4 18.4 3 2.9
20WS2136001330 36 13 30 18.3 18.5 2.6 2.6
20WS2136001430 36 14 30 18.3 18.3 3.9 3.9
20WS2136001530 36 15 30 18.5 18.4 2.8 2.8
20WS2136001630 36 16 30 18.5 18.5 2.9 2.9
20WS2136001730 36 17 30 18.5 18.6 2.9 2.9
20WS2136001830 36 18 30 18.5 18.6 2.7 2.8
20WS2136002030 36 20 30 18.5 18.5 3 2.9
20WS2136002130 36 21 30 18.6 18.6 2.9 2.9
20WS2136002230 36 22 30 18.6 18.6 2.9 2.9
20WS2136002430 36 24 30 18.1 18.4 3 3

P, %
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Batch 2 results — batch 36 position 5

ATLAS ID

20WS2136000705

20WS2136000805

20WS2136000905

20WS2136001105

20WS2136001305

20WS2136001805

AYETEE
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Batch

36

36

36

36

36

36

Wafer

Position Vgl 1
7 5
8 5
9 5
11 5
13 5
18 5

18.5

18.3

18.6

18

18.3

18.6

18.5

18.3

18.4

17.9

18.3

18.5

Preproduction acceptance criteria:

Vgl>169V
Gain > 2.7
Gain 1 Gain 2
2.6 2.6
3.1 3.1
2.9 2.9
2.5 24
2.8 2.8
2.9 2.9

ATLAS
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Batch 2 results - Vgl

Batch 23 18.3 Batch 23 18.3
Batch 31 18.
Vgl 1 Batch 31 18.3 Vel 2 atch 3 8.3
25 Batch 33 18.4 56 Batch 33 18.5
Batch 36 18.4 Batch 36 18.4
20 25
20
15
15
10
10
5
5
1 | ]
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Preproduction acceptance criteria:

Vgl >16.9V Y T—
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Batch 2 results

Batch 23 3.0 Batch 23 3.0
Batch 31 3.4 Batch 31 3.4
Gain 1 Batch 33 3.3 Gain 2 Batch 33 33
18 Batch 36 28 16 Batch 36 2.8
16 14
14 1
12
10
10
8
8
6
6
4
4
2 2
0 0 |
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Preproduction acceptance criteria:
Vgl >16.9V

HGTD SENSOR MEETING: IRRADIATION TEST REPORT (PRODUCTION) Gain > 2.7

ATLAS
HGTD




Preproduction acceptance criteria:

Gain per batch Ul 1033

Batch 23 - Gain 1 Batch 31 - Gain 1 Batch 33 - Gain 1 Batch 36 - Gain 1
12 10 7 7
9 e 6
10 g
7 5 5
8
6 4 4
5
6
5 3 3
4 3 2 2
2
5 i 1 1 ’—‘
,—‘ 0 0 0
0 (3.2,3.3] (3.4,3.5] (3.6,3.7] (3.1,3.2] (33,3.4] (3.5, 3.6] (2.5, 2.6] (2.7,2.8 (2.9, 3.0]
[2.8,2.9] (2.9, 3.0] (3.0, 3.1] (3.1, 3.2] (3.2, 3.3] (3.3,3.4] [3.1,3.2] (3.3,3.4] (3.5, 3.6] (3.7, 3.8] [3.0,3.1] (3.2,33] (3.4,3.5] (3.6,3.7] [2.4,2.5] (2.6,2.7] (2.8,2.9] (3.0,3.1]
Batch 23 - Gain 2 Batch 31 - Gain 2 Batch 33 - Gain 2 Batch 36 - Gain 2
9 10 6 8
8 9 5
5
. 8
6
7
6 4
6 5
5
5 3 4
4
# 3
3 2
3
2
= 2
1
1 1 1
0 0 0 0
28,29] (29,301 (3.0,3.1] (3.1,32] (3.2,3.3] (33,3.4] [3.1,3.2] (3.2,3.3] (33,34] (34,3.5] (353.6] (3.6, 3.7] [3.0,3.1] (3.1,3.2] (3.2,3.3] (3.3,3.4] (3.4,3.5] (3.5,3.6] (3.6,3.7] [2.4,2.5] (2.5, 2.6] (2.6,2.7] (2.7, 2.8] (2.8, 2.9] (2.9,3.0] (3.0,3.1]
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Overview IHEP-IME

Wafers received

Wafers irradiated 213 112 325

Wafers tested 213 112 325

Wafers accepted 211 112 325
Need more tests 2 0 0
Wafers rejected 0 0 0

* Received IHEP QCTS from 3" delivery
o Batches no 10, 15, 27, 28, 30, 34 & 35

* We only irradiated positions 5 and 30

* Measured all 112 samples, 110 of them on position 30, 2 on position 5
o Batch 10 W14 & batch 28 W22 broke down early on position 30 so | measured position 5 instead
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Preproduction acceptance criteria:

Delivery 3 results - Vgl e

Delivery 1 18.08 Delivery 1 18.07
Delivery 2 18.27 Delivery 2 18.24
. Delivery 3 18.39
_— Delivery 3 18.37 Vel 2
18 Average Vgl 1 - Average Vgl 2
1 B15 18.2 E;? 12-2
42 B27 18.3 20 828 18.4
10 B28 18.4 =
8 B30 18.4 15 222 1:.;#
6 B34 18.4 a3t 18-1
4 B35 18.2 10 .
0
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Preproduction acceptance criteria:

Vgl >16.9V Y T—
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Delivery 3 results - gain

Preproduction acceptance criteria:

Average gain 1

Delivery 1 3.08
Delivery 2 3.02
Delivery 3 3.29
Gain 1
20 Average gain 1
18 B10 35
16 B15 33
14 B27 3.2
12 B28 33
10 B30 3.1
8 B34 3.4
6 B35 3.8
1
2
o I 1
S AP EESN
N My M, My 0y 0y 0y Ny 0y 0y W W
B O QN w5 o AN 9
R I R I R I N
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25

20

15

10

Vgl >16.9V
Gain> 2.7
Average gain 2
Delivery 1 3.05
Delivery 2 3.03
Delivery 3 3.28
Gain 2
Average gain 2
B10 3.5
B15 33
B27 3.2
B28 33
B30 3.1
B34 3.4
B35 3.8
1
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Preproduction acceptance criteria:
Vgl >16.9V
Gain > 2.7




Preproduction acceptance criteria:

Delivery 3 — Batch 10 Ul 1033

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2
20WS2110000130 10 1 30 18.9 18.8 3.7 3.7
20WS2110000230 10 2 30 18.7 18.5 35 3.5
20WS2110000330 10 3 30 18.5 18.6 3.7 3.7
20WS2110000430 10 4 30 18.7 18.6 35 3.5
20WS2110000530 10 5 30 18.5 18.6 3.8 3.7
20WS2110000630 10 6 30 18.4 18.4 3.8 3.8
20WS2110000730 10 7 30 18.5 18.5 3.9 3.9
20WS2110000830 10 8 30 18.5 18.5 3.4 3.4
20WS2110000930 10 9 30 18.5 18.5 3.6 3.6
20WS2110001030 10 10 30 18.5 18.4 3.6 3.6
20WS2110001130 10 11 30 18.4 18.6 35 3.5
20WS2110001230 10 12 30 18.6 18.5 3.4 3.4
20WS2110001330 10 13 30 18.3 18.4 33 3.3
20WS2110001430 10 14 5 18.5 18.3 3.1 3.2
20WS2110001630 10 16 30 18.3 18.3 3.4 3.4
20WS2110001730 10 17 30 18.3 18.3 3.4 3.4
20WS2110001830 10 18 30 18.4 18.3 35 3.5
20WS2110001930 10 19 30 18.2 18.2 3.4 3.4
20WS2110002030 10 20 30 18.2 18.2 3.4 3.4
20WS2110002130 10 21 30 18.3 18.4 35 3.5
20WS2110002230 10 22 30 18.3 18.3 33 3.3
20WS2110002330 10 23 30 18.3 18.3 3.6 3.5
20WS2110002430 10 24 30 18.3 18.1 3.4 3.4

20WS2110002530 10 25 30 18.4 18.4 3.5 35




Preproduction acceptance criteria:

Delivery 3 — Batch 27 Ul 1033

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2
20WS2127000130 27 1 30 18.3 18.4 2.8 2.9
20WS2127000230 27 2 30 18.3 18.2 3.1 3.1
20WS2127000330 27 3 30 18 18.2 33 3.3
20WS2127000430 27 4 30 18 18.1 3.2 3.2
20WS2127000530 27 5 30 18.1 18 3 3
20WS2127000630 27 6 30 18.2 18.2 2.9 3
20WS2127000730 27 7 30 18.4 18.4 3.1 3.1
20WS2127000830 27 8 30 18.5 18.5 3.2 3.2
20WS2127000930 27 9 30 18.3 18.1 33 3.3
20WS2127001130 27 11 30 18.2 18.3 3.2 3.2
20WS2127001230 27 12 30 18.1 18.2 3 3
20WS2127001330 27 13 30 18.1 18.4 2.9 2.9
20WS2127001430 27 14 30 18.5 18.4 3 3
20WS2127001530 27 15 30 18.1 18.3 3.2 3.2
20WS2127001630 27 16 30 18.6 18.5 3.1 3.1
20WS2127001730 27 17 30 18.4 18.5 3.2 3.2
20WS2127001830 27 18 30 18.2 18.4 3.1 3.1
20WS2127001930 27 19 30 18.3 18.4 3.4 3.4
20WS2127002030 27 20 30 18.2 18.2 3.4 3.4
20WS2127002130 27 21 30 18.4 18.5 33 3.3
20WS2127002230 27 22 30 18.7 18.7 33 33
20WS2127002330 27 23 30 18.4 18.7 3.4 3.4
20WS2127002430 27 24 30 18.5 18.7 3.1 3.1

20WS2127002530 27 25 30 18.6 18.4 3.3 13..';3' ATLAS
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Preproduction acceptance criteria:

Delivery 3 — Batch 28 Ul 1033

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2
20WS2128000130 28 1 30 18.4 18.4 3.4 3.4
20WS2128000230 28 2 30 18 18.2 3.2 3.2
20WS2128000330 28 3 30 18.2 18.2 3.2 3.2
20WS2128000430 28 4 30 18.3 18.5 3.5 3.5
20WS2128000530 28 5 30 18.5 18.3 3.2 3.2
20WS2128000630 28 6 30 18.1 18.2 33 3.3
20WS2128000730 28 7 30 18.3 18.2 3.4 3.3
20WS2128000830 28 8 30 18.4 18.3 3.4 3.4
20WS2128000930 28 9 30 18.3 18.2 33 3.3
20WS2128001130 28 11 30 18.2 18.1 3.2 3.2
20WS2128001230 28 12 30 18.5 18.3 33 3.2
20WS2128001330 28 13 30 18.3 18.3 33 3.3
20WS2128001430 28 14 30 18.5 18.6 2.9 2.9
20WS2128001530 28 15 30 18.6 18.7 33 3.2
20WS2128001630 28 16 30 18.4 18.5 3.4 3.4
20WS2128001830 28 18 30 18.3 18.5 3.5 3.5
20WS2128001930 28 19 30 18.5 18.5 3.4 3.4
20WS2128002030 28 20 30 18.6 18.5 3.6 3.5
20WS2128002130 28 21 30 18.5 18.4 3 3.1
20WS2128002205 28 22 5 18.1 18.3 3.7 3.7
20WS2128002330 28 23 30 18.8 18.6 3.1 3.1
20WS2128002430 28 24 30 18.5 18.4 33 3.3
20WS2128002530 28 25 30 18.1 18.4 3.5 3.5
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Preproduction acceptance criteria:

Delivery 3 — Batch 30 Ul 1033

ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2
20WS2130000130 30 1 30 18.4 18.7 3.1 3.1
20WS2130000230 30 2 30 18.2 18.4 2.9 2.9
20WS2130000330 30 3 30 18.6 18.5 3.1 3.1
20WS2130000430 30 4 30 18.7 18.8 3 3
20WS2130000530 30 5 30 18.5 18.5 33 3.3
20WS2130000630 30 6 30 18.6 18.7 3.2 3.2
20WS2130000730 30 7 30 18.5 18.7 3.2 3.2
20WS2130000830 30 8 30 18.6 18.6 3.1 3.1
20WS2130000930 30 9 30 18.3 18.3 3.2 3.2
20WS2130001030 30 10 30 18.4 18.4 33 3.3
20WS2130001230 30 12 30 18.4 18.6 33 3.3
20WS2130001330 30 13 30 18.3 18.3 3.1 3.1
20WS2130001430 30 14 30 18.1 18.2 2.9 2.9
20WS2130001530 30 15 30 18.2 18.2 3.2 3.2
20WS2130001630 30 16 30 18.5 18.3 3.1 3.1
20WS2130001730 30 17 30 18.3 18.4 3.1 3.1
20WS2130001830 30 18 30 18.3 18.3 3.1 3.1
20WS2130001930 30 19 30 18.4 18.4 3.1 3.1
20WS2130002030 30 20 30 18.6 18.3 3.1 3.1
20WS2130002130 30 21 30 18.3 18.3 3 3
20WS2130002230 30 22 30 18.1 18.3 3 3
20WS2130002330 30 23 30 18.2 18 3.1 3.1

20WS2130002430 30 24 30 18.6 18.5 3

3
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° Preproduction acceptance criteria:
Delivery 3 — Batch 15, 34 & 35
) A Gain> 2.7
ATLAS ID Batch Wafer Position Vgl 1 Vgl 2 Gain 1 Gain 2

20WS2115001830 15 18 30 18.2 18.2 3.3 3.3
20WS2134000230 34 2 30 18.5 18.3 34 34
20WS2134000330 34 3 30 18.4 18.2 3.4 3.4
20WS2134000430 34 4 30 18.2 18.2 3.1 3.1
20WS2134000530 34 5 30 18.2 18.4 4 4
20WS2134000630 34 6 30 18 18.2 3.5 3.5
20WS2134000730 34 7 30 18.3 18.4 3.2 3.2
20WS2134000830 34 8 30 18.3 18.2 3.2 3.2
20WS2134000930 34 9 30 18.2 18.1 3.5 3.5
20WS2134001030 34 10 30 18.3 18.4 3.2 3.2
20WS2134001130 34 11 30 18.5 18.4 3.2 3.2
20WS2134001230 34 12 30 18.7 18.3 3.1 3.1
20WS2134001330 34 13 30 18.7 18 3.6 3.6
20WS2135000130 35 1 30 18.1 18.1 3.9 3.9
20WS2135000230 35 2 30 18.2 18.1 3.7 3.7
20WS2135000330 35 3 30 18.2 18.1 3.7 3.8
20WS2135000430 35 4 30 18.2 18.2 3.6 3.6
20WS2135000530 35 5 30 18.2 18.1 3.9 3.9

!
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CC and TR summary

Collected charge vs bias voltage

delivery3 | IHEP B34-12-30

delivery3 | IHEP B27-1-30

W
o

delivery2 | IHEP B36-11-5

delivery2 | IHEP B36-11-30

delivery2 | IHEP B36-7-5

B4-pilot | IHEP B4-10-30

B4-pilot | IHEP B4-12-30

B4-pilot | IHEP B4-13-30

B4-pilot | IHEP B4-19-30

B4-pilot | IHEP B4-9-30

Collected charge [fC]
[

B4-pilot | IHEP B4-3-30

batch1 Dec25 | IHEP B6-8-10 (243)

batch1 Dec25 | IHEP B6-8-10 (296)

15—

10

batch1 Dec25 | IHEP B6-8-30

batch1 Dec25 | IHEP B6-2-30

batch1 Dec25 | IHEP B6-25-30

batch1 Dec25 | IHEP B7-18-30

batch1d2 Feb25 | IHEP B18-13-5

batch1d2 Feb25 | IHEP B18-25-30

batch1d2 Feb25 | IHEP B18-1-30

| | | | | | | | | | | | | | | | | | | | |

100 200 300 400 500 600

h BiaS VOItage [V] batch1d2 Feb25 | IHEP B21-8-30 2.5E15

batch1d2 Feb25 | IHEP B18-13-30 SE1S
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Time resolution vs bias voltage
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600

® delivery3 | IHEP B34-12-30
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Temperature Dependance of Gain in Production Sensors

Measurement setup Goal of the scan

e Measure LGAD/PIN IV curves versus temperature

e Extract gain after surface-current subtraction

e Determine | (T), effective E_, and V_(T) scaling
gen g BD

PROBE

3 WIRE PT100 Measurement details

Probe station scans from 0 to 550 V
Temperatures from about -20 °C to 25 °C
PT100 mounted directly on sample face
Three repeated measurements averaged

G=( ] Y/ -1 ) Surface current is estimated from linear fits to the PIN diode IV
LGAD “surface” © TPIN - “surface curves, then subtracted before forming the LGAD/PIN ratio.
T1 75 I(Ti)Tg
The effective energy gap: E, = —2kg log
Jy gap g To—T1 - I(T,)T2
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Gain vs temperature at fixed bias

Key results: cold operation increases gain, V shifts with T

50 1

40 A

Gain

20 A

10 -

—_—
——
——
—_—
——
——

Vg =-100.0 V
Vg =—200.0 V
Vg =—300.0 V
Vg = —400.0 V
Vg =—500.0 V
Vg =—-550.0 V

T[°C]

10

20

14

12 A

10 1

PDF

Igen scaling

1w Data
—— Gaussian fit, y=1.112, = 0.031

At fixed bias, gain is higher at lower temperature,

Veo(T)

520 4

470 4

460

]l e Data

=== Linearfit, y =1.48x + 489.81

especially near 500-550 V.

Effective energy gap: Eg

=1.11 £0.03 eV.

Breakdown knee appears above ~450 V;
Vgp increases by 1.48 V/K.
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Conclusions

We have so far tested QC-TS from 117 wafers (17 Pilot, 100 Batch1)
All the wafers passed irradiation hardness acceptance test

Wafers needed a retests:
o Wafer 9 from Pilot batch — which although passed acceptance has a lower radiation hardness

o Wafers Batch1/B1-W4 and Batch1/B7-W18 needed a retest and were found ok — radiation hardness in line with
the rest. Possible dust/residuals obstructed the light?

o Four wafers from Batch1.2 are at the limit, but received 10% more fluence — retest successful

We need to pay attention to those wafers that are close to the limit in all parameters even though
they passed acceptance

o Keep track of the modules using these sensors and possibly place them in less harsh positions
o We can put a comment in the Wafer database entry.

We now use central irradiation channel in the reactor core which removes fluence uncertainty .

SQC - irradiation tests show :
> Very good and expected performance of sensors

> No difference between different classes (defined at CQC)
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