Pre-production of USTC-IME LGAD for ATLAS
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Technology Silicon Low Gain Avalanche Detector (LGAD)

Time resolution ~ 35 ps (start); = 70 ps (end of lifetime)

Time resolution uniformity No requirement

Min. gain 20 (start); 8 (end of lifetime)

Min. charge 4 fC

Min. hit efficiency 95%

Granularity 1.3mm X 1.3mm €
Max. inter-pad gap 100 pm 5
Max. physical thickness 300 pm =
Active thickness 50 pm

Active size 39 mm X 19.5mm (30 x 15 pads)

Max. inactive edge 500 pm

Radiation tolerance 2.5 x 101° Neq cm ™2, 1.5 MGy

Max. operation temperature on-sensor —30°C

Max. leakage current per pad 5pA

Max. bias voltage 800V

Max. power density 100 mW /cm?
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Good sensors:
No premature breakdown
for all 225 pads and GR

* Ith =500 nA for pads

Overview of USTC-IME Preproduction

USTCIMEPre-W3 VBD Hist

* Ith=1uAfor GR - LeToure s e
1600;— E::s , z{fz Production version | Wafer No. GL.Dose | Implantation | LGADs | VBD mean | Labelled | Thinned | Backside (Al) | UBMed | Diced Yield Quality
s Wi Medimum B+1C 15x15 | ~182.8V | Done 17/52 ~33 %
:Z::_ w2 Medimum B+1C 15x15 | ~186.5V | Done Done Done Done 2/52~4%
8005_ w3 Medimum B+1C 15x15 | ~193.7V | Done Done Done Done 26/52 ~50 % Good
6005_ w4 Medimum B+1C 15x15 | ~190.8V Done Done Done Done 24/52 ~ 46 % Good
40(,;_ w5 Medimum B+1C 15x15 | ~191.7V Done s Yona Done 24/52 ~ 46 % Goad
200 W6 Medimum B+1C 15x15 | ~188.5V Done Done Done Done 22/52~42 % Good
L R w7 Medimum B+1C 15x15 | ~1849V | Done | Done Done Done SUSEatnte Good
- Vth>150V w8 Medimum B+1C 15x15 | ~186.2V | Done Done Done Ready 22/52~42 % Good >— Normal VBD
w9 Medimum B+1C 15x15 | ~195.6V | Done 13/52~25%
.QC_TS_MLGAD TS 1 LoAD W10 Medimum B+1C 15x15 | ~193.6V | Done 16/52 ~31 %
i acTBaLeA wil Medimum B+1C 15x15 | ~1923V | Done iraii aita Ready 26/52 ~ 50 % Cood
e sl R M (S} LGP e w12 Medimum B+1C 15x15 | ~193.1V | Done Done Done Done | 13/52~25%
Pre-production w13 Medimum B+1C 15x15 | ~188.8V Done Doie Doba Ready 21/52~40 % Cisd
W14 Medimum B+1C 15x15 | ~191.6V Done Done Done Ready 18/52~35 % Good
W3 — VBD RMS and Mean w15 Medimum B+1C 15x15 | ~193.0V | Done Done | Done | 12/52~23%
W16 Medimum B+1C 15x15 | ~1524V | Done 23/52~44% M
- I VBDRMS[%] | . - B 8D Mean (V) w17 Medimum B+1C 15x15 | ~1504V | Done 27/52~52%
o et T rr2z2rnmoem W18 Medimum B+1C 15x15 | ~137.7V | Done 25/52~48 %
f “soar W19 Medimum B+1C 15x15 | ~146.5V Done 26/52~50 %
ir W20 Medimum B+1C 15x15 | ~1389V | Done 20/52~36 %
L w21 Medimum B+1C 15x15 | ~1275V | Done 17/52~33 %
e [ w22 Medimum B+1C 15x15 | ~143.6V | Done 18/52~35% | e
i w23 Medimum B+1C 15x15 | ~130.6V | Done Diiiie Done | 13/52~29%
W24 Medimum B+1C 15x15 | ~151.8V | Done Done Done Done | 21/52~40%
w25 Medimum B+1.3C 15x15 | ~1169V | Done Done Done Done | 10/52~18%
W26 Medimum B+1.5C 15x15 | ~111.8V | Done Done Done Done | 13/52~25%
. B w27 Medimum B+0.7C 15x15 | ~158.1V | Done Done Done Done | 25/52~48% o

*VBD: the voltage where the pad’s leakage current is 500 nA. The “Good” quality means the yield isn’t smaller than 18/52 (~35%)

[178.20, 209.20] (V)

Vidpad spread over the Sensor*” | RMS(Vbd,pad)/<Vodpaa> <0.05 Variation of the Via between different
Sensors

+8% from the average Via
Good/Total: 26/52 ~ 50 % Good/Total: 26/52 ~ 50 %

* Combined results: yield ~ 50 %
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