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Top view of the board:
Notes

. The long strip of copper is connecting a 200 ohm resistor to the
base of the third transistor. This was done to reduce stray capacitance at
the collector of the second transistor by placing the 200 ohm closer to the
second transistor instead.

. The short copper strip is connecting two 1pF capacitors (2pF) from
the base of the second transistor to the collector of the first transistor
(input transistor).

° Oscillations observed at the board’s output can be eliminated by
increasing the board’s voltage (Vcc).
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Connections

The output of the board is a two pin connector where the bottom pin is ground and the top pin
is the signal out. The board’s power is delivered by a three pin connector where the middle pin
is Vcc and the adjacent pins are ground. For the detector’s power, there is a two pin connector
the size of a three pin where the leftmost pin (see image below) sets the high voltage for the
detector at the other end of the board. The rightmost pin connects to the high voltage return,
and is separated from the board’s ground reference by a 10k ohm resistor.

HV Return §

LeCroy Pulser Tests

The charge being input into the board was calculated to be 120fC, and has a 1ns rise edge with a
1ns fall edge. The signal coming from the pulser goes through a 0.1uF capacitor and then a 1k
ohm resistor before going into the input node. On the following images, the first two show what
the output signal looks like without detector capacitance, and the rest of the images were taken
after adding a 22pF capacitor from the input node to ground to simulate detector capacitance.
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Sample 1: No Detector Capacitance

File Control Setup Measure Analyze Utilities
Acquisition is stopped.
40.0 GSa/s ) kpts

Help 6 Jan 2017 3:01 PM

Delete n ACVrms(1) YV amptd(l) Rise time(le) Fall time(l+)
All Current 24.3927 mV 96.1 mV 1.27830 ns 2.01241 ns
Mean  24.4777 mV 96.39 mV 1.299921 ns 2.006101 ns
Min  24.1343 mV 94.1 mv 1.26032 ns 1.91628 ns
Max  24.5827 mV 97.8 my 1.35124 ns 2.10205 ns

(] Vcc: 38V
®  Vamplitude: 96.1mV
®  Tieading edge: 1.28ns

Increasing Vcc above 3.8V didn’t change the behavior of the output signal.
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Sample 2: No Detector Capacitance

File Control Setup Measure Analyze Utilities Help 6 Jan 2017 3:01 PM

Acquisition is stopped. J
48.0 GSa/s ) kpts = 4GHz Standard BW =

Delete n ACVrms(1) YV amptd(l) Rise time(le) Fall time(l+)
All Current 22.8275 mV 88.0 mV 2.13924 ns 1.25294 ns
Mean  22.7112 mV B7.70 mV 2.060341 ns 1.273588 ns
Min  22.5923 mV B86.5 mV 1.95420 ns 1.23049 ns
Max  22.8427 mV 89.0 my 2.14092 ns 1.31312 ns

o V3.8V
®  Vamplitude: 88.0mV
® Tieading edge: 1.25ns

Increasing Vcc above 3.8V didn’t change the behavior of the output signal.
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Sample 3: 22pF Detector Capacitance

File Control Setup Measure Analyze Utilities Help 6 Jan 2017 3:21 PM

Acquisition is stopped. J
48.0 GSa/s ) kpts - 4GHz Standard BW =

Delete n ACVrms(1) YV amptd(l) Rise time(le) Fall time(l+)
All Current  28.2701 mV 111.3 mV 1.34814 ns 899.57 ps
Mean  2B.326Q8 mV 110.28 mV 1.396061 ns 882.611 ps
Min  27.8964 mV 107.7 mv 1.31387 ns 854.01 ps
Max  28.8958 mV 112.3 mV 1.47505 ns 915.01 ps

o V3.9V
®  Vamplitude: 111mV
®  Tieading edge: 1.35ns

Under 3.9V there are oscillations. LTspice shows that the current through the collector of the
input transistor should be 11.6mA.
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Sample 4: 22pF Detector Capacitance

File Control Setup Measure Analyze Utilities Help 6 Jan 2017 3:21 PM

Acquisition is stopped. J
48.0 GSa/s ) kpts - 4GHz Standard BW =

Delete n ACVrms(1) YV amptd(l) time(le) Fall time(l+)
All B Current 27.7965 mV 110.8 mV .83 ps 1.24240 ns
Mean  28.1839 mV 111.93 mV .352 ps 1.317407 ns
Min  27.5278 mV 110.3 mv .68 ps 1.24240 ns
- Max  28.9701 mV 115.0 mV .88 ps 1.40353 ns
o Vc:3.9V

®  Vamplitude: 111mV
®  Tieading edge: 1.24ns

Under 3.9V there are oscillations. LTspice shows that the current through the collector of the
input transistor should be 11.6mA.
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Sample 5: 22pF Detector Capacitance

File Control Setup Measure Analyze Utilities Help 6 Jan 2017 3:16 PM

Acquisition is stopped. J
48.0 GSa/s ) kpts - 4GHz Standard BW =

Delete n ACVrms(1) V amptd(1) Rise time(le) Fall time(l+)
All Current 24.9006 mV 96.6 m¥ 1.46296 ns 1.25201 ns

Mean  24.9553 mV 97.12 mV 1.486204 ns 1.273638 ns
Min  24.8482 mV 94.6 my 1.41185 ns 1.18821 ns
Max  25.1028 mV 98.7 mV 1.56647 ns 1.36330 ns

o V4.2V
®  Vamplitude: 96.6mMV
®  Tieading edge: .1.46Ns

Going over 4.2V doesn’t make much difference. LTspice shows that the current through the
collector of the input transistor is 13.8mA.
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Sample 6: 22pF Detector Capacitance

File Control Setup Measure Analyze Utilities Help 6 Jan 2017 3:16 PM

Acquisition is stopped. J
48.0 GSa/s ) kpts - 4GHz Standard BW =

Delete n ACVrms(1) V amptd(1) Rise time(le) Fall time(l+)
All Current 24.5937 mV 97.1 mv 1.26238 ns 1.45875 ns

Mean  24.618C mV 96.73 mV 1.268000 ns 1.426682 ns
Min  24.4116 mV 95.6 mV 1.23714 ns 1.38428 ns
Max  24.8026 mV 98.0 mV 1.30870 ns 1.47753 ns

o V4.2V
®  Vamplitude: 97.1mV
®  Tieading edge: 1.26Ns

Going over 4.2V doesn’t make much difference. LTspice shows that the current through the
collector of the input transistor is 13.8mA.



LT Spice Schematic
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Varying the voltage from 3.5V to 4.5V on LTspice shows the following current draw at R1:

Vcc (V) R1 current (mA)
3.5 8.7
3.6 9.49
3.7 10.2
3.8 10.9
3.9 11.6
4.0 12.3
4.1 13.0
4.2 13.8
4.3 14.5
4.4 15.2
4.5 15.9




