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2x1 NUV-MT Silicon Photomultiplier Array

e Broadcom 2x1 unit ($50/unit), 10 units grouped in parallel

e V, =27V (LN2), data sheet uses 12V above breakdown
 Manufacturer claims 63% QE @~420nm, this is ~30% higher than HPK/FBK @ VD
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Broadcom 2x1 array board and schematic

C1 - C6 changed to 22nF (solve undershoot)
R7 removed (broken pad), associated SiPM column also removed
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https://docs.broadcom.com/doc/AFBR-S4N66P024M-DS

Readout

 Readout with Alan’s Argon_Simpx3 v1 channel2 (at warm)

* Designed for VD, uses VD style laser diode and Koheron
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Signal Waveform
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Broadcom 39V Bias from Keithley LED 4.9

SNR (p4-p1)/p2 = 5.37 SNR (p4-p1)/p2 = 5.04

SPE resolution p5/(p7-p4) = 22.3% SPE resolution p5/(p7-p4) = 23.1%
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Signal-noise-ratio Summary Plot
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SiPM Bias from PoF

 Expect dedicated SiPM bias from PoF (instead of LDO+DC-DC step up) should improve noise
« PoF PT*30 OPC unit can provide bias up to 36.9V and tunable!

Broadcom PT*30 OPC in LN2 Broadcom PT*30 OPC in LN2
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SiPM Bias from PoF

e 22uF cap across PoF to enable stable bias, otherwise bias drops when SiPM detects O(100kHz) pulse
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Broadcom SiPM Biased at 36.9V from PoF

SNR (p4-p1)/p2 = 4.47
SPE resolution p5/(p7-p4) = 26.3%
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Summary

* Preliminary tests show Broadcom SiPMs performance comparable to HPK/FBK SiPMs used in VD

» Tested Broadcom SiPMs in LN2 with one VD-style readout electronics: decay time ~ 1.5 us
 Observed best SNR is 5.37 @ bias 39V in LN2, with a 2us-long charge integration window

 Demonstrated PoF can provide SiPM bias
A new PoF PT*30 OPC unit in LN2 can output bias up to 36.9V (same end-to-end VD PoF set up)
* Provide bias for Broadcom SiPM: observe a SNR of 4.47 @36.9V
* EXxpect noise performance to improve compared to VD readout where SiPM bias is from PoF-
LDO-DCDC step up chain
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A Few ltems to Discuss

* Need shorter SIPM decay time? (now 7 ~1.5 us, integration window up to 3.2 ()

 OPC units need to have more dynamic range: 36-45V?

 With as low as possible input laser power
* Reference: VD per XA has 160SiPMs, DCDC: 30mA®@GoV, i.e. 180mW (~360mW laser power)

* Need to demonstrate one OPC unit can reliably provide bias to more SiPMs (i.e., multiple APEX
PD modules)

* Although adding 22uF cap across OPC makes bias more stable, still observe some minor shifts

when use very large LED pulses
* In reality maybe less a concern as we probably don’t have high frequency large signals

o 22uF cryogenic certified not available: several smaller cryo-certified caps in parallel
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Back up
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2x1 NUV-MT Silicon Photomultiplier Array

Figure 6: PDE vs. Wavelength at 12V OV Figure 7: PDE vs. OV at 420 nm
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Readout Spice Simulation from Alan

Diode current response to difference current mode excitation:
difference mode current gain
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 Readout with Argon_Simpx3 v1 channel2 (at warm)
* With VD style laser diode and Koheron
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Readout Spice Simulation from Alan

 Readout with Argon_Simpx3 v1 channel2 (at warm)
 With VD style laser diode and Koheron
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Signal over fiber

Koheron PD100 low noise photodiode

* single channel commercial solution - found early 2021
* Indium gallium arsenide (InGaAs) photodiode

 DC-coupled
: 09 A/W - 39 kV/A ampliﬁcation Koheron output signal vs laser power (warm)
600 pW maximum input at 100 MHz | — m=1662.16 b=2.03

e + 6V bias, ~40mA
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Broadcom 38V Bias from Keithley LED 4.9

SNR (p4-p1)/p2 = 4.68

SPE resolution p5/(p7-p4) = 25%

SNR (p4-p1)/p2 = 4.38

4) =27.1%
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Broadcom 38V Bias from Keithley LED 4.9

SNR (p4-p1)/p2 = 4.11

SPE resolution p5/(p7-p4) = 27.2%
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Broadcom 39V Bias from Keithley LED 4.9

SNR (p4-p1)/p2 = 4.73
SPE resolution p5/(p7-p4) = 24.2%

SNR (p4-p1)/p2 = 4.39
SPE resolution p5/(p7-p4) = 25.4%

2400 Entries 61859 2 = § , Entries 61859
2500 I\S/Itza[r; 34-23 3 e ] Mean 35.75
ev ;
X2 / ndf 170.7 / 65 LIJ 2000 : I """""""""""""""""" S;[d Dev 41.36
2000 Prob 1.945e—11 E 5 v [ ndf 174.3 / 56
pO 2208 + 21.6 1800 [ [ Prob 4.603e-14
1800 p1 ~0.3407 + 0.0310 PO 2035 £ 19.2
p2 3.955 = 0.029 1600 & [ S pi -0.3807 = 0.0352
1600 03 1444 + 16.8 é P2 4.426 =+ 0.032
p4 18.37 =+ 0.05 1400 R L LA 3 1327 + 14.1
1400 p5 4.501= 0.055 é P P o
06 816.1x 12.2 1200 58 SO U SO p4 19.07 = 0.06
1200 p7 36.92 = 0.10 5 PS 4.828 = 0.049
p8 5.399 + 0.130 1000 F— e frobefeele b P6 767.4 +10.8
1000 P9 470.4 + 8.8 ; ; P/ 38.06 = 0.10
p10 55.72  0.20 800 R R S R p8 5.663 = 0.144
800 p11 5.906 = 0.279 09 4477 + 7.9
p12 282 + 7.1 600 — |- A0 O UUONE NNV S B S A4
600 p13 74.54 + 0.30 i i P10 °7.95 = 0.18
400 p14 6.592 = 0,499 400 2 ¥ O A |1 _6.699 = 0.276
200 e S e, N s e 0 e e Mg e e
O l ] ] l O l l l l | ] ] l l | l ] ] l l
100 150 200 50 100 150 200
V*ns V*ns

700x4ns integration time, trig offset 32x4ns 800x4ns integration time, trig offset 32x4ns



Events

2500

2000

1500

1000

500

Broadcom 41V Bias from Keithley LED 4.9
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Broadcom 41V Bias from Keithley LED 4.9
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------------------------------------------------------------ p10 70.16 £ 0.35
p11 7.771« 0.665
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800x4ns integration time, trig offset 32x4ns
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Broadcom 42V Bias from Keithley LED 4.9

SNR (p4-p1)/p2 = 4.82
SPE resolution p5/(p7-p4) = 24.6%

e A pronnnn e Entries 61861
B ' Mean 35.48
B : Std Dev 45.63
n v2 [ ndf 337.1/57
j Prob 2.299e-41
~ pO 2286 = 21.1
B é p1 -0.1575 = 0.0352
B p2 4.42 + 0.03
L 5 p3 1100 = 13.7
- p4 21.15 + 0.06
B PS5 5.304 = 0.071
- + p6 560.7 = 9.3
I L Y A T p7 42.66 + 0.14
B P8 6.202 = 0.178
- P9 3419+ 75
B p10 65.22 + 0.33
oo L AL 1t 7.293 + 0.505_
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500x4ns integration time, trig offset 39x4ns
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4.4

SPE resolution p5/(p7-p4) =25.8%

— Entries 61861
I | S Mean 37.1
— Std Dev 4717
Y 1 |t S v2 / ndf 286.8 / 64
| Prob 5.707e-30
Y K R PO 1939 + 18.3
— p1 0.01986 + 0.04426
- p2 5.169 + 0.047
I I . pP3 970.6 + 12.2
[ p4 22.78 = 0.08
I [ e R PS 5.814 + 0.089
— p6 494 + 8.3

---------------------------------------------------------------------------- P/ 45.26 + 0.19
B P8 6.933 + 0.244
IR R IO I | D SR P9 296.6 + 6.6
— p10 69.39 + 0.29
— N p11 8.606 + 0.535
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Broadcom 42V Bias from Keithley LED 4.9

SNR (p4-p1)/p2 =
SPE resolutlon p5/(p7-p4) =

4

25.0%

Entries
Mean
Std Dev

v? [ ndf

61861

38.3

48.33

179 /52
7.41e-16
1695 + 16.5
0.2776 = 0.0540
5.873 + 0.062
873.5 +11.3
23.77 + 0.10
6.046 + 0.104
4479 = 7.5
47.94 + 0.18

8.972 + 0.259

700x4ns integration time, trig offset 39x4ns
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SNR (p4-p1)/p2 = 3.65

SPE resolutlon pS/(p7-p4) =25.9%

I Entries 61861
B Mean 39.07
3 SO Std Dev 49.03
N w2 | ndf 122.8 /53
Y N T Prob 1.836e-07
- PO 1507 = 14.5
- p1 0.4869 = 0.0607
I S P2 6.647 = 0.072
N p3 797.1+ 10.3
R I B R p4 24.77 + 0.12
N p5 6.331+ 0.130
I ST R TN ST S P6 425.7 + 7.3
B p7 49.14 + 0.21
N L o U/ S WO W s 9416 £ 0.338
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Broadcom 40V Bias

SNR (p4-p1)/p2 = 4.38

from Keithley LED 4.9

This dataset seems not LED 4p9

SPE resolution p5/(p7-p4) = 24.3%

Entries
Mean
Std Dev
¥2 / ndf

Prob

61859

64.55

48.78

96.8 /48
3.848e-05

1036 = 18.2
-0.5537 + 0.0641
4.211+ 0.062
1475 = 21.3

17.9 = 0.1

4.578 = 0.070
1343 = 19.7
36.73 = 0.09
5.283 = 0.115
1125 + 17.8
55.59 £ 0.13
5.575 = 0.183
838.6 = 15.5
7413 £ 0.24
6.013 + 0.351
620.9 = 13.7
93.05 + 0.36
6.728 = 0.680
472.4 = 12.5
112.3 £ 0.5
6.474 + 1.074

500x4ns integration time, trig offset 40x4ns

1200

1000

800

600

400

200

SNR (p4-p1)/p2 = 3.92

= 25.7%

SPE resolution p5/(p7-p4)

— Entries 61859
| “ ; : Mean 68.2
T | L o Std Dev 50.58
| l‘ i § %2/ ndf 93.47 / 51
— y : : Prob 0.0002655
- | | ; ; p0 863.3 = 15.2
— | : : p1 ~0.5517 = 0.0844
e ) ............................... e p2 5.063 = 0.079
B A ; p3 1280 + 18.6
‘ ; : p4 19.32 = 0.09
| g \ g p5 5.117 = 0.092
| \ : : p6 1147 + 17.5
-------------------- Forflereefeee s e 7 39.22 + 0.14
[ § | \ § p8 5.903 = 0.171
\ 5 ‘ | [ 5 P9 961.6 + 15.2
: 1 ] : p10 59.71=+ 0.21
I I _________ ‘ ____________ 1 T p11 6.868 = 0.326
i \; \ ) p12 655.3 + 29.8
: . p13 79.19 = 0.34
\ 2D p14 6.389 = 0.428
: p15 551+ 10.7
____________________________________________________________ Nl pte 101+ 0.5
5 p17 10.62 + 0.86
] ] ] | ] ] ] | ] | ] ] ]
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600x4ns integration time, trig offset 40x4ns



Broadcom 40V Bias from Keithley LED 4.9

This dataset seems not LED 4p9

SNR (p4-p1)/p2 = 3.6 SNR (p4-p1)/p2 = 3.59
SPE resoluti.on p5/(p7-p4) =27.5% SPE resolution p5/(p7-p4) =31.5%
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5 B 5 ‘ 5 5 Mean 70.73 5 ' ‘ | . ; Mean 72.32
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1 OOO _-' ----------------------- ‘ ----- --------------------------------- -------------------------- PrOb 0002414 L ‘ PrOb O 002166
_ 5 | 5 g PO 754.3 + 13.1 : ’ ‘ : , : .
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5 1l p 5 0 £ 777 » 0.103 B 5 ! 5 p1 ~0.4498 = 0.1461
800 — oo b oIy - o3 1121+ 16.4 i ' I 1 7 | p2 6.054 = 0.152
5 ] g \ 5 p4 20.36 = 0.11 - I g p3 996 + 15.0
B t ’ ‘ 1 : ‘ : PS5 5711+ 0.127 — : | I : p4 21.31+0.16
- [ W g 6 1030 = 15.7 600 — oo 60 T — SO U ) 1| A PS5 6.675 = 0.198
- [ , Ay p7 41.13 = 0.18 B -\ ! A g p6 931.5 + 17.9
(5100 R o R SR Lll ......... .. ..... N - p8 6.46 = 0.23 | ’ v/ g g p7 42.46 = 0.21
B | N 5 1 \ p9 804.9 = 31.3 — [ ] 5 ; p8 6.373 = 0.270
N 5 \/ 5 1 P10 61.45 + 0.32 - -\ | 5 5 p9 830.3 + 14.3
B k p]; 6.805 = 0'1‘}105 4001— - N SRR R B p10 64.31+ 0.26
N ; ; P 659.6 = 11.9 [ 5 i 5 5 p11 8.455 = 0.536
400 1 S R It TSR S P90 i1 XN p13 84.36 = 0.47 - ; ; ; :
- .\ 5 5 p14 10.74 = 0.98 N
B | : : : : B ’ 5 5 5 5
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5 5 5 5 200 e IR SUIRITEIRNTE IR STIIR O | 211 7 SRIRE
N e o S - | s s s
— [ ; ; ; ; ;
-] i
O ] l ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] O | ] l ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ]

0 50 100 150 200 0 50 100 150 200
V*ns V*ns

700x4ns integration time, trig offset 40x4ns 800x4ns integration time, trig offset 40x4ns



