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Wafer 9, 9, g9 [PiN diode]

Low
doping

High doping
No doping

Wafer
Number

1

10

11

P-layer Implant (E
= 100 keV)

1.0 x

1.1 x

1.2 x

1.3 x

1.4 x

1.5 x

1.6 x

2.0 x

1.1 x

1.3 x

1013 cm-2

1013 cm-2

1013 cm-2

1013 cm-2

1013 cm-2

1013 cm-2

1013 cm-2

1013 cm-2

(PIN wafer)

1013 cm-2

1013 cm-2

Substrate features

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+£10 ym)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+£10 um)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T =300£10 uym)

HRP 300 (FZ; p>10 KQ-cm; <100>;
T = 300+10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300£10 um)

HRP 300 (FZ; p>10 KQ-cm; <100>;
T = 300£10 um)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+10 um)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+£10 ym)

HRP OXG (DOFZ; p = 5-15 KQ:cm;
<100>; T = 28525 pm)

HRP OXG (DOFZ; p = 5-15 KQ:cm;
<100>; T = 285%25 um)
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Wafer 9, f9 (PiN) [no amplification built-in]

Vbias%50==0 && Vbias=-1000
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cnmi

Wafer 6, g11, h11 [1.5x10"cm™?]

Wafer P-layer Implant (E

il 27100 kev) Substrate features A B C D E F G H | J K L

1 1.0 x 1013 cm-2 HRP 300 (-||-:Z=’ ggolfl}égﬁﬁqn;; 100> ‘
2 1.1 x 1013 cm-2  HRP 300 (TFZ= ggolfliéﬂl;nn;; <100>; 2
) HRP 300 (FZ; p>10 KQ-cm; <100>;
3 1.2 x 1013 cm-2 T = 300+10 pm) 3
4 1.3 x 1013 cm-2 HRP 300 (_II_:Z_, ggolflléﬂ-cm; <100>; 4
= pm) e ———
Low 5
. HRP 300 (FZ; p>10 KQ:cm; <100>;
dopm 5 1.4 x 1013 cm-2 T = 500£10 prm) 6
) HRP 300 (FZ; p>10 KQ-cm; <100>;
6 1.5 x 1013 cm-2 T = 30010 pm) 7
: HRP 300 (FZ; p>10 KQ:cm; <100>;
7 1.6 x 1013 cm-2 T = 30010 pum) 8
8 2.0 x 1013 cm-2 HRP 300 (FZ; p>10 KQ:cm; <100>;
9 - (PIN wafer) HRP 300 (FZ; p>10 KQ-cm; <100>; ——— e e
T = 300+10 pm) 1 ‘I
i HRP OXG (DOFZ; p = 5-15 KQ-cm;
10 1.1 % 1013 em-2 <100>; T = 285+25 ym) 1 2
11 1.3 % 1013 em=2 HRP OXG (DOFZ; p = 5-15 KQ-cm;

<100>; T = 28525 ym)



ignal [V]
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Signal [V]

Wafer 6, h11 [1.5x10"3cm™]

Vbias%50==0 && Vbias>-950
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Current [a.u.]

Ad-hoc simulation (qualitative interpretation of data):

Input:
P-bulk, Cend=10 pF, Vdep=50 V
Gain(950V)=2.8 ........ Gain(200)=2
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Gain definition

For instance, in back injection:
Reference diode: we inject 50 pC, we read 50 pC
DUT: we (assumed) injected 50 pC, we read 150 pC
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Electrons injected from the
back — travelling to n+
strips. Multiplication occurs,
then equivalent to holes
“injected” from top.

MF=(150-50)/50=2
Gain=150/50=3

| will assume gain=multiplication factor+1



Absolute gain

Doping concentration (cm™)

Absolute gain
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Bias Voltage [V] Bias Voltage [V]
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“P'
Estimation of gain without reference diode at V>>V dep ‘&‘ F

...... At V>>Vdep the RC tails are
...... short for a diode of 10 pF

______ ......,.....Measured translent

...... 980\/ M F (V=980)=Q(h )/Q(e)=3
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Time [ns]

»2 I ndf 826.5/ 81
po -393.5 + 0.9049

o1 ossassooomes | Gain at lower voltages,
extracted from CCE curve:

CCE(980)/CCE(140)=MF(980)/Mf(140)

-BIineMe.:_-m)*(time'}Q.?m E%& time<35))

N
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Then MF(140)=2.2

Su_mS([volt

00—, . .1 ..o 1| Agrees with former method but statistics=1 case!
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Uniformity scan, rear side illumination, w6 h11 tune 34
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Outliers are likely misalignment of the laser grid wrt the sensor window



Uniformity scan, junction side, w6 h11 tune 34
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Possible misalignment.

In any case, compared to former slide, we can say that the junction
side is less uniform than the ohmic side.

To be studied: effect of 2x400 nm layers of passivation (SiO_/Si.N,)



cnmi

Wafer 7, f11, k9 [1.6x10"°cm™]

Wafer P-layer Implant (E

Number 27100 kev) Substrate features A B C D E F G H | J K L

1 1.0 x 1013 cm-2  RP 300 (TFZ= ggoffégpfnn;; <100>;
2 1.1x1013cm-2  HRP300(FZ ggolﬁl*éﬂﬁﬁqn;; <100>;
3 1.2 x 1013 cm-2  HRP 300 (TFZ= ggolfliéﬂﬁﬁqn;; <100>;
4 1.3 x 1013 cm-2  HRP 300 (TFZ= ggoffégp'ﬁqn;; <100>;
S|Ight|y s 14 x 1013 cm.p  HRP 300 (FZ; p>10 KQ-cm; <100>;

T = 30010 pm)

higher
. HRP 300 (FZ; p>10 KQ-cm; <1005>;
doplng & 1.5 x 1013 cm-2 (T= Eat uﬁwn; <100>

HRP 300 (FZ; p>10 KQ:cm; <100>;

_ A —
N0 OCONOONWN-

7 1.6 x 1013 cm-2 T< 300+10 pm)
8 2.0 x 1013 cm-2  HRP 300 (TFZ= ggolflléﬁﬁﬁqn;; <100>;
9 e (PIN wafer) ~ FRP 300 (F% ggolfl'éﬂﬁﬁqr?; <100>;
10 11 x 1013 cm-2  RP gfgo(f;oTFZ; ggg;ig-cm;
11 1.3 x 1013 cm-2 HRP OXG (DOFZ; p = 5-15 KQ:cm;

<100>; T = 285+25 pm)



Wafer 7, k9 [1.6x10"°cm?], same tune (34) i
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Top illumination, breaks at -450V, before the bump due to h overcomes the e peak

Multiplication observed
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Absolute gain

Absolute gain

-450 -400 -350 -300 -250 -200 -150 100  -50

-450

Bias Voltage [V] Bias Voltage [V]

Wafer 7, K9, bottom illumination

Wafer 7, K9, top illumination

>x3 mult. factor for Vbias>100 V
x4 at Vbias~400V



Summary

= First look at the red-TCT data on LGAPDs
= PiN diode taken as reference to calculate the gain

= \Wafer 6, lower doping:
MF: ~1.5 (top), ~2.5 (bottom)
Uniformity:  30% (top), ~2% (bottom)

= \Wafer 7: slightly higher doping
MF: ~3.5 (top and bottom)
Uniformity no data yet

= \Wafer 8: results need to be understood (see backup)

13
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Wafer 8, k4, k8 [2x103cm™]

Wafer
Number

10

11

P-layer Implant (E
= 100 keV)

1.0 x 1013 cm-2

1.1 x 1013 cm-2

1.2 x 1013 cm-2

1.3 x 1013 cm-2

1.4 x 1013 cm-2

1.5 x 1013 cm-2

1.6 x 1013 cm-2

2.0 x 1013 cm-2

----- (PIN wafer)

1.1 x 1013 cm-2

1.3 x 1013 cm-2

Substrate features

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300£10 pm)

HRP 300 (FZ; p>10 KQ-cm; <100>;
T = 300£10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300£10 pm)

HRP 300 (FZ; p>10 KQ-cm; <100>;
T = 300£10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300+10 pm)

HRP 300 (FZ; p>10 KQ:cm; <100>;
T = 300£10 pm)

HRP 300 (FZ; p>10 KQ-cm; <100>;
T = 300£10 pm)

HRP OXG (DOFZ; p = 5-15 KQ-cm;
<100>; T = 285%25 pm)

HRP OXG (DOFZ; p = 5-15 KQ-cm;
<100>; T = 285+25 pm)
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Wafer 8, k8 [2x10"*cm™] i |

Vbias%50==0 && Vbias=-1000

SumE(volt-BlinehMean * [t me=3 585004 &&time<58 535004)) Vhias {Vbiass-080.000000}
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Wafer 8, k8 [2x10"°cm™]

Vbias%50==0 && Vbias=-1000
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