FastAmp with APD carrier Measurements

Oct 2018 at Penn
Laser and Fe55 sources
Output to Input pickup & resonance eliminated
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Manny Morales & Mitch



Pickup Mitigation
Output Cabling - ( primary mitigation)
 Differential output cables high speed coax soldered to fastamp board.

e Both routed together inside of a braided wire shield connected to the box but
not the fastamp board.

APD hookup - ( potential improvement in robustness of noise rejection)
e Examined sensitivity to input protection diodes - none observed

e Examined balanced inputs with a capacitor on input B to carrier board
reference plane (gnd) 5pF cap to input B likely helpful in GHZ level rejecting
pickup. Not proven.

— Result can operate FAST AMP and carrier board with APD connected with or
without shield cover on box. Previously not possible with cover on box.



Tests with APD biased

Manny has operated FastAmp several times over the past two weeks with
the bias as high as 1750V.

Trials on Tuesday evening. Bias turned on to ~ 1Kv before pulses related to
HV were observed on scope at FastAmp output. ~ 200mV

Bias increased slowly (several minutes) to 1.4KV when higher rate... several
Hz pulses were observed then output settled.

Manny increased from there ~ 50V per 15-20min from 1450 to 1750V when
measurements began.

Pulser ( biased quiescent at .5V and then “on” at 1.4V for 380ps)

...probably too low “on” voltage for reliable shot to shot uniformity.
Tests at 1750 with Laser & Fe55

Tests at 1780 to increase gain for Fe55 observations



Laser pulses
16 Average
APD @ 1750V

700ps leading Edge

27mV Amplitude
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Setup Measure Analyze Utilities Help

40.0 GSa/s #Avgs: 16 e e

Freguency( f1¥) ACVrms(f1) V amptd(fl)
Current 26.9524 mV 116.7 mV¥
——————————————— 27 .6442 mV 119.22 mV
--------------- 25.0845 mV 1e8.6 mV
Max - -Penn FAST-AMP- witBRAPH hasirement35s.0 mV

Rise time(fle)
721 ps
691.7 ps
663 ps
770 ps
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4GHz Standard BwW

Fall time(fl#)
697 ps
721.4 ps
665 ps
820 ps
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40.0 GSa/s 1.00 kpts 4GHz Standard BW

Laser pulses
Single Shot
APD @ 1750V

460ps leading Edge

EEEEEREN

2,

More
{10f2)
rements | Scales
Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 22.7865 mV 89.7 mV 729.23 ps 460.73 ps

|
Mean --------------- 7 26.7146 mV ? 120.74 mV 831.044 ps ? 730.241 ps
Min Peoon_FASTAMP with ARD measuggments 71 1 my 533.07 ps ? 460.73 ps
--------------- ? 39.8006 mV ? 172.0 mV 1.46057 ns ? 1.19093 ns
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40.0 GSa/s 1.00 kpts e e e e e e e e e e e e 4GHz Standard BW

Laser pulses
Single Shot
APD @ 1750V

760ps leading Edge

EEEEEREN

2,

More
{10f2)
rements | Scales
Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 22.1456 my 97.1 mV 593.40 ps 761.45 ps

|
Mean --------------- 7 26.6919 mV ? 120.50 mV 806.207 ps ? 781.715 ps
Min Peoon_FASTAMP with ARD measuggments 71 1 my 533.07 ps ? 460.73 ps
--------------- ? 39.8006 mV ? 172.0 mV 1.46057 ns ? 1.19093 ns



File Control Setup Measure Analyze Utilities Help 9 Oct 2018 6:05 PM

40.0 GSa/s 1.00 kpts 4GHz Standard BW

Laser pulses
Single Shot
APD @ 1750V

735ps leading Edge

EEEEEREN

2,

More
{10f2)
rements | Scales
Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 31.1399 mV 144.7 mV 666.17 ps 735.29 ps

|
Mean --------------- 7 27.3431 v ? 122.58 mV 779.129 ps ? 773.132 ps
Min Peoon_FASTAMP with ARD measuggments 71 1 my 401 .75 ps ? 460.73 ps
--------------- ? 39.8006 mV ? 172.0 mV 1.46057 ns ? 1.19093 ns
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40.0 GSa/s 1.00 kpts 4GHz Standard BW

Laser pulses
Single Shot
APD @ 1750V

616ps leading Edge

EEEEEREN

2,

More
{10f2)
rements | Scales
Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 22.2465 mV B7.7 mV 733.57 ps 616.98 ps

|
Mean --------------- 7 27.1801 mV ? 121.97 mV 784.190 ps ? 767.098 ps
Min Peoon_FASTAMP with ARD measuggments 71 1 my 401 .75 ps ? 460.73 ps
--------------- ? 39.8006 mV ? 172.0 mV 1.46057 ns ? 1.19093 ns
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40.0 GSa/s 1.00 kpts - 4GHz Standard BW

Laser pulsed
Single Shot Noise
APD @ 1750V

e

5.3mV

Notice lack of GHZ harmonics

EEEEEEN

More |fIT _=| ® | N0
(1 of 2) ﬂ ’i . @ ST .
i ements
Delete Freguency(flv) ACVrms(f1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current Edge? 5.2688 mV 29.0 mV Z2.99612 ns 7.00766 ns

MPRNR BASHLALAG Wik APD gagsisemgnts 19.1 mv ? 166.72 ps ? 202.50 ps

|
Mean 7 231.54818 MHz  5.890761 mV 30.13 mV¥ 7 2.883416 ns 7 1.983341 ns
Max 7 982.813 MHz 7.1280 mV 40.0 mV ? 9.91650 ns 7 8.17953 ns
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Acquisition is stopped.
40.0 GSa/s 2.00 kpts -~ - - 4GHz Standard BW

B B e

Help

Fe55 pulses
Single Shot
APD @ 1750V

EEEEEREN

E

More

{10f2)

Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current Edge? 9.6445 my 97.7 mV 1.35811 ns Edge?

MinPenag/ssgaly Myyth APY mEgsupyments  18.9 my 212.01 ps ? 157.73 ps

|
Mean ? 363.773 MHz 1@.9233 mV 79.08 mV 1.165143 ns 7 1.888914 ns
Max 7 681.008 MHz 38.0213 mV 201.9 mV 3.81340 ns ? 17.82B18 ns
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Acquisition is stopped. J
40.0 GSa/s 2.00 kpts = T e 4GHz Standard BW -

Fe55 pulses
Single Shot
APD @ 1750V

340ps leading Edge

EEEEEREN

2,

More
{10f2)
rements Scales
Delete Frequency{flv] ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 9 9283 mV 47.2 mV 400.56 ps 336.93 ps

| : : :
--------------- 9.9283 mv 47.2 mv 480.56 ps 336.93 ps
Mln Penn _FAST.AMP. with APIypgepsyjements 472 my 400.56 ps 336.93 ps

--------------- 9.9283 mV 47 .2 mV 400.56 ps 336.93 ps
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Acquisition is stopped.
40.0 GSa/s 2.00 kpts

Fe55 pulses
Single Shot
APD @ 1750V

616ps leading Edge

EEEEE XN

2

More

(10f2)

Delete Freguency(flv) ACVrms(f1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 9.9525 mV¥ 51.3 mV 640.30 ps 616.93 ps

10.0189 mV 67.4 my 873.08 ps ? 620.20 ps
5%9557 my_ . 22.9 mV 190.41 ps ? 300.72 ps
N 8777 v 104.9 mV 1.74424 ns  ? 873.73 ps




Acguisition is stopped.
40.0 GSa/s 2.00 kpts -~ — 4GHz Standard

Fe55 pulses
Single Shot
APD @ 1750V

1100ps leading Edge

EEEEE XN

e

Il Freguency(flv) ACVrms(f1) V amptd({fl) Rise time(fle) Fall time(fl+)
BN C,rrent 7 9.7619 mV 57.4 mV 694 .84 ps 1.108398 ns
I 9 94445 mY 66.30 mV 825.378 ps ? 701.93 ps

9.0557 mV 22.9 mV 1968.41 ps ? 300.72 ps

Max ith ARD, gyeasugEgments 1p4.9 v 1.74424 ns ? 1.10398 ns




Acquisition is stopped.
40.0 GSa/s 2.00 kpts 4GHz Standard BW -

Fe55 pulses
Single Shot
APD @ 1750V

490ps leading Edge

EEEEEREN

a

i ks
Il Freguency(fl¥) ACVrms(fl) V amptd({fl) Rise time(fle) Fall time(fl+)
B rrent 10.4482 mV 61.1 mV 681 .34 ps 489 .78 ps
I 9.78629 mV 68.75 mV 988.843 ps ? 619.23 ps

Min 8.1803 mV¥ 48.6 mY 324.40 ps ? 421.70 ps
Max Perr-FAST-AME with AFD, 7883 uméments 92 .8 mV 1.88508 ns ?1.11791 ns
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Acquisition is stopped. J
40.0 GSa/s 2.00 kpts = e e e e e e e e e e e e e e e 4GHz Standard BW -

Auto Triggered
APD @ 1750V

5.2mV

Notice lack of GHZ harmonics

EEEEEREN

2,

More
{10f2)
rements | Scales
Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 53.43664 MHz 5.2238 mV 19.5 mV 1.74628 ns B26.74 ps

Min 7esn D278l mMpyith AP0 sEasmgements 195 my 123.69 ps ? 319.15 ps

|
Mean 7 107.63289 MHz  5.75700 mV 33.16 mV 3.226787 ns ? 6.391275 ns
Max 7 501.832 MHz 6.6255 mV 43.7 mV 13.94307 ns ? 20.92316 ns
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Acquisition is stopped. J
40.0 GSa/s 2.00 kpts —— -

Fe55 pulses
Single Shot

APD @ 1780V Increased Gain APD at 1780V

1000ps leading Edge
Amplitude 12.5mV

EEEEEREN

More

{10f2)

Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 12.5020 mV 82.4 mV 679.45 ps 1.60111 ns

Min Peno_FASTAMP with APlpgyEasmements 49,2 my 425.73 ps ? 281.15 ps

|
HZEM =====c===c====2 12.0661 mV 88.86 mV 1.859866 ns ? 2.499191 ns
——————————————— 14.2148 m¥ 135.9 mV 2.06215 ns ? 16.40218 ns



rie L R [ARW]] LU IMicdasUl = AllalyLse UL mcip) DULL AULO ULl IV

Acquisition is stopped.
40.0 GSa/s 2.00 kpts =

Fe55 pulses
Single Shot

APD @ 1780V Increased Gain APD at 1780V

520ps leading Edge
Amplitude 9.8mV

EEEEE XN

%

rerments | Scales
Il Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time{fle) Fall time(fl+)
B rrent 10.8183 mV 67 .4 mV 623.92 ps 516.57 ps
I 9.87324 mV 66.90 mV 916.712 ps ? 619.998 ps

Min pann FAST AMP With AT fRYements 27-0 mV 234.50 ps ? 395.04 ps
Max 18.8183 mv 92.8 my 1.88508 ns  ? 1.11791 ns




File Control Setup Measure Analyze Utilities Help 9 Oct 2018 6:18 PM

Acquisition is stopped. J
40.0 GSa/s 2.00 kpts —— -

Fe55 pulses
Single Shot

APD @ 1780V Increased Gain APD at 1780V

958ps leading Edge
Amplitudel2.6mV

EEEEEREN

More

{10f2)

Delete Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time(fle) Fall time(fl+)
All Current 12.6688 mV 71.5 mV 455 .82 ps 958.54 ps

Min Peoon_FASTAMP with APIpgyeaspgements 2 3 my 425.73 ps ? 281.15 ps

|
HZEM =====c===c====2 12.0020 mV 83.59 mV 1.835367 ns 7 1.949363 ns
——————————————— 14.3760 m¥ 135.9 mV 2.06215 ns ? 16.40218 ns



rie L R [ARW]] LU IMicdasUl = AllalyLse UL mcip) DULL AULO U 1T VI

Acquisition is stopped. J
40.0 GSa/s 2.00 kpts e e e e e e e e o] 4GHz Standard BW -

Fe55 pulses
Single Shot
APD @ 1780V

818ps leading Edge
Amplitudel3.7mV

EEEEE XN

%

Il Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time{fle) Fall time(fl+)
B rrent : 13.7229 mV 87.6 mV 729.55 ps 810.53 ps
I 12.1644 mV 84 .28 mV 1.0866978 ns ? 2.218642 ns

20.2 mV 127 .37 ps ? 156.60 ps
143.0 mV 2.86215 ns ? 21.93222 ns




rie L R [ARW]] LU IMicdasUl = AllalyLse UL mcip) DULL AULO U 1T VI

Acquisition is stopped. J
40.0 GSa/s 2.00 kpts - 4GHz Standard BW -

Auto Trigger
Single Shot
APD @ 1780V

RMS 5.8mV

EEEEE XN

%

n Freguency(T1lv) ACVrms( 1) V amptd({fl) Rise time{fle) Fall time(fl+)
B Crrent 42 . 33501 MHz 5.8256 mVY 34.7 mV 10.03090 ns 5.70758 ns
I Mean 7 127.62226 MHz 5.95248 mV 32.74 mV ? 3.269300 ns 5.116305 ns

Min 3.26.736148 MHzich ABRI3 Mo menss 20.4 nV ? 154.47 ps 187.00 ps
Max ? 754.278 MHz 6.5695 mV

41 .4 mV ? 25.73188 ns 39.40292 ns



Conclusions / next steps

e Stable Robust operation after multiple manipulations, no magic
positions to eliminate noise.

* Noise seems random
* APD still working
-  Return to Charged Particle Test Beam.

e Experiment with/Optimize digital filtering starting with the highest
BW available.

Next Step at Penn —

e Experiment with trenched substrate 8X8mm Carrier board to achieve
a more balanced differential input. Milled out ground plane by Stan
will have one installed APD by Bert.

e Improve Laser biasing as per Kirk / Sebastian
e Study shot to shot Fe 55._amplitude/ shape variation.



