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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).

° Amplifier input impedance is controlled through Vcc. Supply
| voltage must be 3.9V for an added 22pF capacitance. See discussion
below.

Short strip Cu

Long strip Cu
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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 width 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 series resistor.

| - HVReturn §

LeCroy Pulser Tests

The charge input into the board is calculated to be 120fC, and has a 1ns rising edge with a 1ns
falling 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. The input charge from the pulser was measured by
integrating the voltage at the end of the pulser cable on the scope and dividing by the 1000 ohm
resistance that was not part of the scope readout. The output voltage is in good agreement
with SPICE simulations of the circuit.

The first two images below show the voltage response of the amplifier with NO added
capacitance for the 120fC input signal. The amplifier output was measured with a 50 ohm load
into a 4GHz scope (on loan from Princeton).
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Sample 1: No Detector Capacitance

File Control Setup Measure Analyze Utilities
Acquisition is stopped.
40.0 GSa/s G0 kpts

Help

6 Jan 2017 3:01 PM

Delete n ACVrms(1) (1) Rise time(le) Fall time(1+)
All Current 24.3927 mV . . 1.27830 ns 2.01241 ns
Mean  24.4777 mV . 1.299921 ns 2.006101 ns
Min  24.1343 mV . 1.26032 ns 1.91628 ns
Max  24.5827 mV . 1.35124 ns 2.10205 ns

o V3.8V
L4 Vamplitude: 961mV
® Tieadingedge: 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 Ultilities Help 6 Jan 2017 3:01 PM

Acquisition is stopped.
40.0 GSa/s 00 kpts = 4GHz Standard Bw

Delete n ACVrms(1) (1) Rise time(le) Fall time(1+)
All Current 22.8275 mV . . 2.13924 ns 1.25294 ns

Mean  22.7112 mV o 2.060341 ns 1.273589 ns
Min  22.5923 mV o 1.95420 ns 1.23048 ns
Max  22.8427 mV o 2.14092 ns 1.31312 ns

o V3.8V
®  Vamplitude: 88.0mV
® Tieadingedge: 1.25nS
Increasing Vcc above 3.8V didn’t change the behavior of the output signal.
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» The following measurements were taken with the same setup but with a 22pF capacitor
added at the amplifier input to mimic the maximum estimated screen capacitance from
an 8X8mm APD.

Sample 3: 22pF Detector Capacitance

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

Acquisition is stopped.
40.0 GSa/s 1.00 kpts = > T 4GHz Standard BW -

{10f2)
Delete n ACVrms(1) V p-pll) V amptd(l) Rise time(le) Fall time(l+)
All Current 28.2701 mV 131.3 mV 111.3 mV 1.34814 ns 899.57 ps

Mean 28.3260 mV 130.61 my 110.28 mV 1.396661 ns 882.611 ps
Min 27 .8964 mV 127.2 mV 187.7 mV 1.31387 ns 854.01 ps
Max 28.8958 mV 134.3 mV 112.3 mV 1.475605 ns 915.081 ps
o V3.9V
b Vamplitude: 111mV
® Tieadingedge: 1.35NnS
The circuit oscillates with a supply voltage lower than 3.9V. 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 Ultilities Help 6 Jan 2017 3:21 PM

Acquisition is stopped.
40.0 GS 1.60 kpts ~ 4GHz Standard Bw -

Th increase in amplitude here is largely due to a damped resonance brought on
by the interplay between the increase in input capacitance, connection
inductances and phase delay in the preamp response. This is mitigated by
increasing the current in the input transistor by raising the supply voltage.

More
{10f2)
Delete n ACVrms(1) ) time(le) Fall time(1+)
All B Current 27.7965 mV 128.9 mV 110.8 mV .83 ps 1.24240 ns
Mean  28.1839 mV 132.52 my 111.83 mV .352 ps 1.3174687 ns
Min  27.5278 mV 127.8 mV 1168.3 mV .08 ps 1.24240 ns
Max  28.9701 mV 137.8 mV 115.8 mV .88 ps 1.48353 ns
o V3.9V

®  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 Ultilities Help 6 Jan 2017 3:16 PM

Acquisition is stopped.
40.0 GSa/s G0 kpts 4GHz Standard BW

Delete n ACVrms(1) (1) Rise time(le) Fall time(1+)
All Current 24,9000 my 99.9 mV . 1.46296 ns 1.25201 ns

Mean  24.9553 mV 99.55 mV o 1.486204 ns 1.273638 ns
Min  24.8482 mV 98.6 mV o 1.41185 ns 1.18921 ns
Max  25.1020 mV 100.9 mV o 1.56647 ns 1.36330 ns

o V4.2V
i Vamplitude: 96.6mV
i Tleading 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 Ultilities Help 6 Jan 2017 3:16 PM

Acquisition is stopped.
0.0 afs 1.6 ts ~ ~ 4GHz Standard BW -

Delete n ACYrms(1) V p-pll) V amptd(1) Rise time(le) Fall time(1l+)
All Current 24 .5837 mV 899.5 mV g7.1 my 1.26238 ns 1.45875 ns

Mean  24.6180 mV 99.33 mv 96.73 mV 1.268000 ns 1.426682 ns
Min  24.4116 mV 598.0 mV 95.6 m¥ 1.23714 ns 1.38428 ns
Max  24.8026 mV 100.9 mV 98.0 mV 1.30870 ns 1.47753 ns

o V4.2V

®  Vamplitude: 97.1mV

®  Tieading edge: 1.42Nns
Going over 4.2V doesn’t make much difference. LTspice shows that the current through the
collector of the input transistor is 13.8mA.

Conclusions from Amplifier Bench Tests without an APD

e The Discrete AMP has been shown to be stable (with input Voltage adjustment) for a
detector capacitance of 0 and 22pF covering the range of expected values from a
screened RMD 8X8mm APD.

e The change in the leading edge time observed is 210pS between 0 and 22pF of added
input capacitance suggesting a very low input impedance of 10 ohms or less consistent
with the intended circuit design. The fact that the measured output amplitude with
22pF of input capacitance is nearly the same as with OpF input capacitance suggests that



January 9, 2017

the same amount of signal charge is being integrated by the amplifier and thus there is a
very low loss of signal for the larger input capacitance.

Note the measured noise referred to the input is approximately 1/3 fC with 22pF input
capacitance and not measureable with our equipment for the case with no added input
capacitance.



January 9, 2017

LT Spice Schematic

This design is optimized for discrete component transistors. It does
not reflect the power or final configuration we would use in an ASIC
preamp.

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




