Electronics in (some)
particle detectors



https://en.wikipedia.org/wiki/Charge amplifier
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Reminder: HPGe and Charge amplifier
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e Detector design is often integrated with readouts ot
e Charge detector: Sensor () ==C. =Cup |,
o Collecting charge on its capacitance .. ;éuo

o Amplifying via “charge amplifier”
o Discharge via feedback resistor
Qin — 4f
Vout = Qf/Cf — Qin/Cf
Decay time: R*C,
e Detector capacitance critical for noise
o Voltage noise (v_) amplified by C. /C.



https://en.wikipedia.org/wiki/Charge_amplifier

Operational Amplifiers

Operational amplifiers (“op amps™) are probably the most important active
components in analog electronic circuits. These integrated circuits have a complex
internal structure, but their ideal operation is relatively simple.
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ldeal Op-amp Vm+ Vout

IN—

An ideal op-amp is a voltage source that supplies an output voltage
Vi =Apen Vi, - V. )
] ) pen in+ in-
where Aopen is the “open-loop” gain without feedback

e Infinite gain
e Infinite input impedance, so the input draw no current
e Zero output impedance, so the output can supply infinite current

For an op-amp in a closed loop with feedback, the output adjusts itself to make the
voltage difference between the inputs zero.



Input and Output Impedance

e The input impedance of a circuit is the ratio of input voltage to input current:

V;
Zin = 7,
o To evaluate this for an isolated circuit, assume that its output is open (i.e.
connected to infinite impedance).
e The output impedance of a circuit is the ratio of output voltage to output
current: A  Vout
out — T
out
o To evaluate this for an isolated circuit, assume that its output is
short-circuited.




Source Circuit Load

7.1 i
%A | 0
@

A Source producing a signal that passes through a Circuit that delivers it to a Load
that can be another circuit or instrument.
e Output impedance (“internal resistance”) of the Source is Z.
o Max current that could flow out of the Source is V/Z,, which would
happen if Z,=Z_=7 =0
e Inputimpedance of the Circuitis Z, + Z.
o Max current that could flow into the Circuit if Z = «is V/(Z, + Z,).
e Output impedance of the Circuitis Z,.
o Maximum current out of the Circuit is VC/ZA, ifZ =0.
e Inputimpedance of the Load is Z .
o Maximum current that could flow into the Load is V,/Z, .

Input/Output Impedance example

-




Input/Output Impedance example

A Source producing a signal that passes through a Circuit that dglivers itto a and
that can be another circuit or instrument.
e If Z isinfinite, the ratio of output to input voltage for a circuit is
Vvout . 1 L Zout
Vi Z;
e Filters are circuits whose input and output impedances have different
frequency dependencies




Band pass filter impedances

Zin = R1+ C1//(C2 + R2)

Zow = R1+ C1//(C2)

t=11.43ms
f=5.38 kHz
4.33 kHz: -16.4 dB
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ldeal Op-amp working rules

V+=V-

2. No current flows

through op-amp

u1
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Inverting Op-amp

Vout

https://www.allaboutcircuits.com/too
Is/non-inverting-op-amp-resistor-cal

culator/
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Vout

Non-inverting Op-amp
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Non-inverting Amplifier

1. V+=V-
2. No current flows through op-amp

Vin =V, =V_

Iowt =0

I_ =0 Vout _

Ir =1 Vi  R2
Vo =1Ip x Ry Vout Rp

V;,utZIF*(RF—I-Rz) Vin R2

https://www.electronics-tutorials.ws/
category/opamp

|

ek
_|_
|

Input and output
impedances?
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https://www.falstad.com/circuit/e-amp-noninvert.html

|ldeal vs realistic op-amps

e Infinite gain
o Real op-amps typically have A =~ 10° - 10°

e Infinite input impedance, so the inputs draw no current
o Real op-amps have Z, | - 10°-10"2 Q
o theirinputsdrawZ__ ~10°-10"24

input

e Zero output impedance, so the output can supply infinite current
o Real op-amps have Z_ ~10 -1000 2

utput

e Realistic modeling of feedback

Vin ©

- vl >—_°Vout
Y'= ¥Yin- IBVout Af=V°"t — Aqp el
B Yout = Ag¥Y Vin |+ AUB B

Substituting: Yout = Ao(Yin - BYout)
Yout | + AoB]= AgVin
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http://hyperphysics.phy-astr.gsu.edu/hbase/Electr
onic/feedn.html

Input/Output impedance in realistic
Non-inverting amplifier

o~ , .
Zoutf = \.’out - AoV¥ - ToutZout
L Z Tout Tout
lno‘
vf" - _ AolVin~BVout)- loutZout

iout

This gives Vout = AoVin~ loutZout

a
©

| + AoB
Using the gain expression Yege = Yin—t®— gives i = vio| 1 - —BHo This decreases the Impedance
g g p out = ml+A B g in = ¥ip Era— Zoutf = _OV¥out — Zout _ byafactor of 10to 100 in
o 1+AoB] o Jiout | + AgB tramsistor circuits and to
Zino ou ° practically zeroin op-amps.

v.
so the effective impedance is /¢ = ]ﬂ =(1 + AoB)Zino
m
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https://en.wikipedia.org/wiki/Charge amplifier

Coming back to Charge amplifier

' C
qin’ 'IN
e Inverting amplifier Sensor ] =—=C. =C )
— s "= “inp
din = 4 Pl
Vour = a5/Cs = qin/Cy —>——1GND

e Near zero input impedance
e Discharge via feedback resistor
Decay time: R*C,

out
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https://en.wikipedia.org/wiki/Charge_amplifier

Not all op-amps are the same...

*" XAS LF155, LF156, LF256, LF257
’}E{S’]‘RUMENTS LF355, LF356, LF357

SE\%LCOE% UItranw'Dlstortlon, LFx5x JFET Input Operational Amplifiers ] ]
Ultl'a|0W N("se Up Amp 1 Features 2 Applications

| AD 7 97 -+ Advantages «  Precision High-Speed Integrators
- Replace Expensive Hybrid and Module FET - Fast D/A and A/D Converters
FEATURES GENERAL DESCRIPTION Op Amps +  High Impedance Buffers
- Rugged JFETs Allow Blow-Out Free Handlin: . i i i ifi
Low noi: The AD797 is a very low noise, low distortion operational amplifier Co?ng ared With MOSFET Input Devices g Wldet?and.' Low Nq'se' Low Drift Amplifiers
0.9 nV/VHz typicalf 1.2 nV/YHz maximum) input voltage ideal for use as a preamplifier. The low noise of 0.9 nV/VHz and P > . _ +  Logarithmic Amplifiers
noise at 1kHz low total harmonic distortion of =120 dB in audio bandwidths - E_xcellen_t for Low Noise Applications Using « Photocell Amplifiers
50 nV.p-p ir!put voltage noise, 0.1 Hzto 10 Hz give the AD797 the wide dynamic range necessary for preamps Either High or Low Source Impedance—Very - Sample and Hold Circuits
Low distortion in microphones and mixing consoles. Low 1/f Corner
. -1:0 etna to:lal ha:mz_mic distortion at 20 kHz Furthermore, the AD797 has an excellent slew rate of 20 V/us — Offset Adjust Does Not Degrade Drift or 3 Description
xcellent ac characteris! A 7 : s s X . ; ) . " .
800 ns settling time to 16 bits (10 V step) and a 110 MHz galn bandwidth; which makes 1t highly:suttable '\Cﬂomnll‘ohr) IVIAoderlleeJecnon asiin’Mast The LFx5x devices are the first monolithic JFET input
110 MHz gain bandwidth (G = 1000) for low frequency ultrasound applications. lonolithic Amplifiers operational amplifiers to incorporate well-matched,
8 MHz bandwidth (G = 10) The AD797 is also useful in infrared (IR) and sonar imaging — New Output Stage Allows Use of Large high-voltage JFETs on the same chip with standard
280 kHz full power bandwidth at 20V p-p applications, where the widest dynamic range is necessary. The Capacitive Loads (5,000 pF) Without Stability bipolar transistors (BI-FET™ Technology). These
20 V/ps slew rate low distortion and 16-bit settling time of the AD797 make it Problems ampllﬁ:arlls feaf}uretz I(ﬁw |an§ ?flast alr:d o;fsgt
Excellent dc precision ideal for buffering the inputs to 2-A ADCs or the outputs of — Internal Compensation and Large Differential Eg:elgs \?v‘i,tvh ooffssem ‘;%.32{3 v?:ﬂicho dffes V:Otagg rar:jé
80 uV maximum input offset voltage high resolution DACs, especially when the device is used in Input Voltage Capability upi jjust, \ | g
1.0 pV/°C Vos drift critical applications such as seismic detection or in spectrum «  Common Features gr'ﬁ_ or Cclomfmon-l':not?e I'lfljemlonl. The (_jdewcis a&e zl'[sho
Specified for +5V and +15V power supplies analyzers. Key features such as a 50 mA output current drive ¥ | BiAs G : 30°6A eitsrlegr?]il faosrt Seltgtlin Stma [g;vvonva' Z an?jnuvj‘/:remr
High output drive current of 50 mA and the specified power supply voltage range of +5 V to +15 V - Low Input Bias Current: 30 p. roisa ané’ 2 low 1K ngise cc;rner g
APPLICATIONS make the AD797 an excellent general-purpose amplifier. - Low |npu[ Offset Current: 3 pA .
i . 1012 . .
Professional audio preamplifiers ’ - ngh Input Impedance: 10 Q Device Information™
IR, CCD, and sonar imaging systems T — Low Input Noise Current: 0.01 pA/NHz PART NUMBER PACKAGE BODY SIZE (NOM)
E X s "
Spectrum analyzers é - High Common-Mode Rejection Ratio: 100 dB SOIC (8) 4.90 mm x 3.91 mm
Ultrasound preamplifiers ¥, - Large DC Voltage Gain: 106 dB LFx5x TO-CAN (8) 9.08 mm x 9.08 mm
Seismic detectors ]
Z-A ADC/DAC buffers § PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
g’ LFx55 5
S
5 LF15x: Ay =1 LFx56, LF356B 15
1 SR Slew Rate Vlus
=z LFx56, LF356B 12
; B LF357: Ay = 5 LFx57 50
10 100 1kFREqu|E:kcy(Hx1)Oﬂk m 10M g LFX55 25
s Gain Bandwidth
Figure 1. AD797 Voltage Noise Spectral Density GBW  pBroduct LFx56, LF356B 5 MHz
AD797A AD797B LFx57 20
Supply LFx55 4
Parameter Conditions Voltage (V) | Min Typ Max Min Typ Max | Unit t Seﬂan ‘;rime 10 [ Fy56, LF356B 15 us
INPUT CHARACTERISTICS 0.01% o e
Input Resistance @ T 2'5
Differential 75 kQ X
Common Mode 100 100 MQ f=100 Hz LFx56, LF356B 15 nVAHz
Input Capacitance - Equivalent Input Re =100 0 LFx57 15
Differential* 20 20 pF 1l Noise Voltage ] LFX55 20
Common Mode 5 3 pF f=1000Hz | LFx56, LF356B 12 YAGH
OUTPUT RESISTANCE Av=1,f=1kHz 3 3 mQ LFx57 12




First stage amplifier noise is important!

e Usually control first stage 107 Ll iine
amplifier noise to be lower
than other intrinsic noise

e Eg SQUID noise lower than
TFN for signal bandwidth

n

/

Noise [pA/rtHz]

e Early stage noise gets 10° 4 ) ,.
amplified together with —T" L/
signal! . LU ¢
- - — TFN 2n/t
e Put low noise op-amp in — SQUID :
front — Total :
10-2 1 § 1 = 1 § ' L] L L .
o Later stages can use 100 10° 10° 10 10° 10° 107 10° 10°

less expensive op-amp Fikz] 16



SQUID

e (DC) Superconducting QUantum
Interference Device

e Operates based on Joseph
Junction magic

e |V curve changes as a function
of magnetic flux

e Quantum-limited magnetometer

e Can measure current when
coupled with an inductor

AV

&9
A

https://en.wikipedia.org/wiki/SQUID
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D,
AV 7 \J U \ Potentiometer ' . VGA
— 128 Taps 5<A,<5
&) . AD8251
| . Lock Point LA “Ev L PGA
0 1 2 . Driver A,=1,2,4,8 THS4522
QET . Offset L Phonon
Bias T ¢ ADC
QET | |squid_,, |vsADAdggE ™ 5 2
Test —"™° Gain
Signal i:d Sel
RsHunT 2

TES Feedback
Test Signal
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