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Amplifiers in systems
•Amplification

single gain stage rarely sufficient
add gain to avoid external noise eg to transfer signals from detector
practical designs depend on detailed requirements

constraints on power, space,… cost in large systems
e.g. ICs use limited supply voltage which may constrain dynamic range

•Noise will be an important issue in many situations
most noise originates at input as first stage of amplifier dominates
often refer to Preamplifier = input amplifier
may be closest to sensor, subsequently transfer signal further away

•In principle, several possible choices
V sensitive
I sensitive
Q sensitive
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Voltage sensitive amplifier
•As we have seen many sensors produce current signals but some examples produce
voltages - thermistor, thermocouple,…

op-amp voltage amplifier ideal for these
especially slowly varying signals  -  few kHz or less

•For sensors with current signals voltage amplifier usually used for secondary stages
of amplification

•Signal    Vout = Qsig/Ctot

Ctot = total input capacitance
Ctot will also include contributions from wiring and amplifier
Vout depends on Ctot

 not desirable if Cdet is likely to vary
eg with time, between similar sensors, or depending on conditions

•Noise     to be discussed more later
contribution from amplifier, and possibly sensor
S/N  =  Qsig/(Ctot.vnoise) can it be optimised?

vo
en

Cdet
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Current sensitive amplifier
•Common configuration, eg for photodiode signals

vout = -Avin

vin - vout = iinRf

vout = -[A/(A+1)].iinRf   ≈  -iinRf

•Input impedance
vin = iinRf/(A+1)          Zin = Rf/(A+1)

•Effect of C & Rin - consider in frequency domain
v0 = i(1/jωC||Rin)

    = i(ω)R/(1 + jωτ)

input signal convoluted with falling exponential
increasing Rf to gain sensitivity will increase τ
fast pulses will follow input with some broadening

•Noise
will later find that feedback resistor is a noise source
contributes current fluctuations at input ~ 1/Rf
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Charge sensitive amplifier
•Ideally, simple integrator with Cf

but need means to discharge capacitor - large Rf

•Assume amplifier has Zin very high (usual case)
vout = -Avin

vout - vin = iin/jωCf

vout = -[A/(A+1)].iin /jωCf  ≈ iin/jωCf

=> -Q/Cf

•Input impedance
vin = iin/(A+1)jωCf  C=(A+1)Cf   at low f

so amplifier looks like large capacitor to signal source
low impedance but some charge lost

QA = Q/[1 + Ctot/(A+1)Cf]

  e.g.    A = 103      Cf = 1pF

Ctot = 10pF    QA/ Q =0.99

Ctot = 100pF  QA/ Q = 0.90
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Feedback resistance
•Must have means to discharge capacitor so add Rf

Zf = Rf||1/jωCf

vout = -[A/(A+1)].iinZf

      = i(ω)Rf/(1 + jωτf)       τf = RfCf

step replaced by decay with ~ exp(-t/RfCf)   τ is long because Rf is large (noise)
easiest way to limit pulse pileup - differentiate
ie add high pass filter

•Pole-zero cancellation
exponential decay + differentiation => unwanted baseline undershoot
introduce canceling network

v0 = 1/(1 + jωτf)
v1 = 1/(1 + jωτf)(1 + jωτ1)

τ1 = RC  < τf
add resistor Rp so RpC  = τf

then
v1' = 1/(1 + jωτ3)  with τ3 = (R||Rp)C  < τf
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Effect of finite bandwidth
•Realistic input stage of amplifier

vout = id(RL||CL)      id = gmvin

A = gmRL         low f
A = gm/jωCL   high f

(NB phase change)

Zin ≈ 1/A.jωCf = CL/gmCf   resistive!

Irrespective of detailed design
  A ≈ A0ωh/jω       ωh = gain-bandwidth product

= 1/A0ωhCf 

•Effect  of Rin

signal current shared between Rin & Cdet

vout = iinZf ≈ i/[jωCf(1 + jωτrise)]
       ~ 1 - exp(-t/τ)           
high frequencies in leading edge

logA

logω
ω0 = 1/RLCL ωh =gm/CL

A0=gmRL
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Output impedance
•Usual method of varying vout and finding iout - generally messy algebra
•Current sensitive amplifier, open loop gain = A

vout = i2(R2 + Rin)
vin  = i2Rin

vo = -Avin = -Ai2Rin

io = (vout - v0)/Ro = (vout - Ai2Rin)/Ro

Zout = vout/iout = Ro (R2 + Rin)/[Ro +R2 + Rin(A+1)]
≈ Ro/(A+1)

since Rin >> R2, Ro

•In general
Zout = Ro/(1+Ab)   if voltage is sampled at output      b = feedback fraction
Zout = Ro(1+Ab)   if current is sampled at output

vin
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Comparators
•Frequently need to compare a signal with a reference

eg temperature control, light detection, DVM,…
basis of analogue to digital conversion -> 1 bit

•Comparator
high gain differential amplifier,
     difference between inputs sends output to saturation (+ or -)
could be op-amp - without feedback - or purpose designed IC
Sometimes ICs designed with open-collector output so add pull-up R to supply

also available with latch (memory) function

•NB
no negative feedback so v- ≠ v+

saturation voltages may not reach supply voltages - check specs
speed of transition

•Potential problem
multiple transitions as signal changes near thresholdf
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