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Negative feedback - why?
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Using negative feedback provides:
 Stabilisation of gain (process variation, temperature)
 Improvement of PSRR and distortion
 Bandwidth-gain trading
 Negative feedback can be used to change the input or output impedances (allows for 

low input impedance CSA)

T 𝑗𝑗𝜔𝜔 =
𝑣𝑣𝑜𝑜 𝑠𝑠
𝑣𝑣𝑖𝑖 𝑠𝑠

=
𝑎𝑎 𝑗𝑗𝜔𝜔

1 + 𝑎𝑎 𝑗𝑗𝜔𝜔 𝑓𝑓 𝑗𝑗𝜔𝜔
≈

1
𝑓𝑓 𝑗𝑗𝜔𝜔

𝑖𝑖𝑖𝑖 𝑎𝑎 𝑗𝑗𝜔𝜔 ≫ 1



Feedback amplifier - descriptions
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T(s) =
𝑣𝑣𝑜𝑜(𝑠𝑠)
𝑣𝑣𝑖𝑖(𝑠𝑠)

= 𝐻𝐻
𝑏𝑏0 𝑠𝑠𝑛𝑛 + 𝑏𝑏1 𝑠𝑠𝑛𝑛−1+. . 𝑏𝑏𝑛𝑛−1 𝑠𝑠 + 𝑏𝑏𝑛𝑛
𝑐𝑐0 𝑠𝑠𝑛𝑛 + 𝑐𝑐1 𝑠𝑠𝑛𝑛−1+. . 𝑐𝑐𝑛𝑛−1 𝑠𝑠 + 𝑐𝑐𝑛𝑛

T(𝑗𝑗𝜔𝜔) =
𝑣𝑣𝑜𝑜(𝑠𝑠)
𝑣𝑣𝑖𝑖(𝑠𝑠)

=
𝑎𝑎(𝑗𝑗𝜔𝜔)

1 + 𝑎𝑎 𝑗𝑗𝜔𝜔 𝑓𝑓(𝑗𝑗𝜔𝜔)

Network function in Laplace domainFeedback amplifier described by 
amplifier and feedback network 
functions in frequency domain



Stability criterion for open loop analysis
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Assumption that a(𝑗𝑗𝜔𝜔)>>1 valid for frequencies below bandwidth limitation, at high frequency when 
loop gain approaches 1 we have to check the phase to prevent denominator becomes 0!

Barkhausen stability criterion  𝑎𝑎 𝑗𝑗𝜔𝜔 𝑓𝑓 𝑗𝑗𝜔𝜔 ≠ −1

Check amplitude and phase of the loop gain (a·f)

T 𝑗𝑗𝜔𝜔 =
𝑣𝑣𝑜𝑜 𝑠𝑠
𝑣𝑣𝑖𝑖 𝑠𝑠

=
𝑎𝑎 𝑗𝑗𝜔𝜔

1 + 𝑎𝑎 𝑗𝑗𝜔𝜔 𝑓𝑓 𝑗𝑗𝜔𝜔



Stability measure for open loop analysis: 
phase and gain margins
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Phase margin

gain margin

Loop gain

phase

Loop gain amplitude and 
phase of two pole system



CAD simulation for open loop analysis
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Test loop gain amplitude and phase:
 AC simulation of open loop circuit (sensing signal at the output of the open loop)
 STB simulation of closed loop circuit in Spectre (method based on Middlebrook 

double injection method)



Stability criteria for close loop analysis
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T s =
𝑣𝑣𝑜𝑜 𝑠𝑠
𝑣𝑣𝑖𝑖 𝑠𝑠

= 𝐻𝐻
𝑏𝑏0 𝑠𝑠𝑛𝑛 + 𝑏𝑏1 𝑠𝑠𝑛𝑛−1+. . 𝑏𝑏𝑛𝑛−1 𝑠𝑠 + 𝑏𝑏𝑛𝑛
𝑐𝑐0 𝑠𝑠𝑛𝑛 + 𝑐𝑐1 𝑠𝑠𝑛𝑛−1+. . 𝑐𝑐𝑛𝑛−1 𝑠𝑠 + 𝑐𝑐𝑛𝑛

= 𝐾𝐾
𝑠𝑠 − 𝑧𝑧𝑛𝑛 𝑠𝑠 − 𝑧𝑧𝑛𝑛−1 … 𝑠𝑠 − 𝑧𝑧2 𝑠𝑠 − 𝑧𝑧1
𝑠𝑠 − 𝑝𝑝𝑛𝑛 𝑠𝑠 − 𝑝𝑝𝑛𝑛−1 … 𝑠𝑠 − 𝑝𝑝2 𝑠𝑠 − 𝑝𝑝1

Zeroes (reals or conjugated complex pairs)

Poles (reals or conjugated complex pairs)

Time response bounded (stable system)  all poles with negative 
real parts (all poles on the left half s-plane)

Checking of pole locations for polynomial which are not factorized (rough results of 
analytical calculations):

 Routh-Hurwitz criterion (checking coefficients of Ruth array – tedious algorithm for simplified 
circuits only)

 Run PZ (pole zero) analysis in Spectre or HSpice for full or simplified circuit

After factorization
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Time responses of two-pole system, s-plane

Q=0.7

Q=0.5

Q=-0.5

Q=4

Q=-4

Quality factor Q = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 0.5 𝑖𝑖𝑖𝑖
𝑟𝑟𝑟𝑟

2
+ 1

sign=1 for re<0 and sign=-1 for re>0   

ESE seminar 2013



Close loop analysis
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Analysis of the location of poles:
 Analytical analysis of the simplified circuits
 PZ analysis in HSpice or Spectre (list of poles and zeroes in 

the circuit)

Analytical analysis :
 Simplifying the circuit 
 Finding network function (building and solving equations)
 Factorization of denominator (poles) and numerator (zeroes) of network 

function based on the assumption that all poles and zeroes are well separated 
(and are on the left half plane – circuit is stable)

1 + 𝑠𝑠
𝑃𝑃𝑃

1 + 𝑠𝑠
𝑃𝑃2

1 + 𝑠𝑠
𝑃𝑃3

≈ 1 + 𝑠𝑠
𝑃𝑃𝑃

+ 𝑠𝑠2

𝑃𝑃𝑃 𝑃𝑃𝑃
+ 𝑠𝑠3

𝑃𝑃𝑃 𝑃𝑃𝑃 𝑃𝑃𝑃
if P1 ≪ P2 ≪ P3



Open loop analysis versus close loop analysis 
(phase margin PM versus pole quality Q)
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Q=0.5 (two real poles/asymptotic response) 
phase margin from ~83° and above (*)

Q=0.7 (pair of complex poles, response with~5% 
undershoot)  phase margin ~70°

(*) The conversion between pole quality and phase margin is really ambiguous (one can 
find system with PM=85° and Q=0.55). 

 Phase margin depends on position of poles as well as type of feedback.
 Time response depends on location of zeroes and poles not on phase margin



Ideal CSA (single pole amplifier, ideal output buffer) –
closed loop analysis – analytical approach
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𝑃𝑃𝑃 ≅
1

𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶
𝑃𝑃𝑃 ≅

𝐾𝐾𝐾𝐾
𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶 𝑡𝑡𝑡𝑡𝑡

𝑇𝑇 𝑠𝑠 =
𝑉𝑉𝑉𝑉
𝑖𝑖𝑖𝑖

=
𝐾𝐾𝐾𝐾𝐾𝐾 𝑍𝑍𝑍𝑍 𝑍𝑍𝑍𝑍

𝑍𝑍𝑍𝑍 + 𝑍𝑍𝑍𝑍 + 𝐾𝐾𝐾𝐾𝐾𝐾 𝑍𝑍𝑍𝑍

𝑍𝑍𝑍𝑍 =
1
𝑠𝑠 𝑐𝑐𝑐𝑐

𝐾𝐾𝐾𝐾𝐾𝐾 =
𝐾𝐾𝐾𝐾

1 + 𝑠𝑠 𝑡𝑡𝑡𝑡𝑡
𝑍𝑍𝑍𝑍 =

𝑅𝑅𝑅𝑅
1 + 𝑠𝑠 𝑡𝑡𝑡𝑡

𝑡𝑡𝑡𝑡 = 𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶

GBP

Stable circuit  finding parameters of the feedback for which P1<<P2 (real and well 
separated poles) 



Ideal CSA (2 pole system)
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𝑃𝑃𝑃 ≅
1

𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶
𝑃𝑃𝑃 ≅

𝐺𝐺𝐺𝐺𝐺𝐺
𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶
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stablestable



Spectre PZ analysis of ideal CSA
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 Circuit in close loop configuration
 Definition of input and output nodes



Spectre PZ analysis of ideal CSA
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Access to results through direct plot form or print summary

Ideal CSA with Rf=100k,  tp0=50ns, Ku=60dB (GBP ~2GHz), tf=20ns, cd=10p, PM=86°



CSA; shunt-shunt feedback type. Open 
loop analysis.
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Feasible to include in case of simple feedback
𝑎𝑎 𝑠𝑠 =

𝑉𝑉𝑉
𝑖𝑖𝑖𝑖 =

𝑍𝑍𝑍𝑍 𝑍𝑍𝑍𝑍
𝑍𝑍𝑍𝑍 + 𝑍𝑍𝑍𝑍 𝐾𝐾𝐾𝐾𝐾𝐾 𝑓𝑓 𝑠𝑠 =

𝑖𝑖𝑖𝑖
𝑉𝑉𝑉 =

1
𝑍𝑍𝑍𝑍

𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑠𝑠) =
𝑎𝑎(𝑠𝑠)

1 + 𝑎𝑎 𝑠𝑠 𝑓𝑓(𝑠𝑠)
= 𝑇𝑇 𝑠𝑠 =

𝐾𝐾𝐾𝐾𝐾𝐾 𝑍𝑍𝑍𝑍 𝑍𝑍𝑍𝑍
𝑍𝑍𝑍𝑍 + 𝑍𝑍𝑍𝑍 + 𝐾𝐾𝐾𝐾𝐾𝐾 𝑍𝑍𝑍𝑍

(*)

(*) Grey, Meyer, Analysis and Design of Analog Integrated Circuits, chapter 8.5.1 

Loop gain: ratio of if/ii amplitude and phase of if (for ii=1)



Open loop analysis of ideal CSA – examples 
of loop gain phase behaviour
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𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 𝐾𝐾𝐾𝐾
1 + 𝑠𝑠 𝑡𝑡𝑡𝑡

1 + 𝑠𝑠 𝑡𝑡𝑡𝑡 + 𝑅𝑅𝑅𝑅 𝑐𝑐𝑐𝑐 (1 + 𝑠𝑠 𝑡𝑡𝑡𝑡𝑡)
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Rf=100k,  tp0=50ns, Ku=60dB (GBP ~2GHz), tf=20ns, cd=10p



Loop gain phase of shunt-shunt feedback 
amplifier (for comparison) – always monotonic
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𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 𝐾𝐾𝐾𝐾
𝑅𝑅𝑅𝑅

𝑅𝑅𝑅𝑅 + 𝑅𝑅𝑅𝑅
1

1 + 𝑠𝑠 𝑡𝑡𝑡𝑡𝑡 (1 + 𝑠𝑠 𝑡𝑡𝑡𝑡𝑡)
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CSA- loop partially open
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𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑠𝑠) =
𝑎𝑎1(𝑠𝑠)

1 + 𝑎𝑎1 𝑠𝑠 𝑓𝑓1(𝑠𝑠) = 𝑇𝑇 𝑠𝑠 =
𝐾𝐾𝐾𝐾𝐾𝐾 𝑍𝑍𝑍𝑍 𝑍𝑍𝑍𝑍

𝑍𝑍𝑍𝑍 + 𝑍𝑍𝑍𝑍 + 𝐾𝐾𝐾𝐾𝐾𝐾 𝑍𝑍𝑍𝑍

The loop is not fully open – the loop gain and its phase is not significant for the 
stability estimation



Open loop analysis

30 November 2015 ESE seminar 2013 19

Physical opening of the loop has some drawbacks:
 Problems with DC operating point of the circuits  neccessity of use 

replicas for generation of bias voltages, tricks for compensation of 
leakage (gate or base) currents, creation of special schematics (not the 
same as used for final circuit) etc.

 Taking into account the reverse loop gain is difficult for active feedbacks



Calculation (or measurement) of loop gain 
using Middlebrook Double Injection method 

– principles
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Any single loop feedback circuit can be represented by following scheme:

Where loop gain TL(s) is

𝑇𝑇𝐿𝐿(𝑠𝑠) = 𝑔𝑔𝑚𝑚
𝑍𝑍1𝑍𝑍2
𝑍𝑍1 + 𝑍𝑍2

Possible loop breakpoint

R.D. Middlebrook, Measurement of loop gain in feedback systems, Int.J.Electronics, 1975, Vol.38, No.4, 485-512
P.J. Hurst, Determination of Stability Using Return Ratios in Balanced Fully Differential Feedback Circuits, IEEE Trans. on Circ. and Systems, 
Vol.42, No.12, Dec. 1995
Sol Rosenstark, Feedback amplifier principles, Macmillan Publishing Company New York, 1985, ISBN 0-02-947810-3



Middlebrook Double Injection method
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𝑉𝑉𝑦𝑦
𝑉𝑉𝑥𝑥
≡ 𝑇𝑇𝑉𝑉 = 𝑔𝑔𝑚𝑚 𝑍𝑍2+

𝑍𝑍2
𝑍𝑍1

𝑇𝑇𝐿𝐿 = 𝑔𝑔𝑚𝑚
𝑍𝑍1𝑍𝑍2
𝑍𝑍1 + 𝑍𝑍2

𝑖𝑖𝑦𝑦
𝑖𝑖𝑥𝑥
≡ 𝑇𝑇𝑖𝑖 = 𝑔𝑔𝑚𝑚 𝑍𝑍1+

𝑍𝑍1
𝑍𝑍2

Loop Gain: 𝑇𝑇𝐿𝐿 =
𝑇𝑇𝑉𝑉 𝑇𝑇𝑖𝑖 − 1
𝑇𝑇𝑉𝑉 +𝑇𝑇𝑖𝑖 +2

 No DC break in the loop, all loading effects included
 Measure/calculate TV and Ti, then calculate TL



Spectre STB analysis of ideal CSA
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Based on Middlebrook double injection method
 Circuit in close loop configuration
 iprobe component from analogLib defining the loop breakpoint

iprobe



Spectre STB analysis of ideal CSA
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Access to results through direct plot form or print summary

Ideal CSA with Rf=100k,  tp0=50ns, Ku=60dB (GBP ~2GHz), tf=20ns, cd=10p, PM=86°, two real poles



CSA with finite impedance output 
buffer – close loop analysis
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𝑃𝑃𝑃 ≅
1

𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶

𝑃𝑃𝑃 ≅
1

𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟

GBP

GBP

𝑍𝑍𝑍,2 ≅ ∓
𝐾𝐾𝐾𝐾

𝑟𝑟𝑟𝑟 𝐶𝐶𝐶𝐶 𝑡𝑡𝑡𝑡𝑡

𝑃𝑃𝑃 ≅
𝐾𝐾𝐾𝐾

(𝑐𝑐𝑐𝑐𝐶𝐶𝐶𝐶 + 1) 𝑡𝑡𝑡𝑡𝑡
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CSA with finite impedance output 
buffer – close loop analysis
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𝑃𝑃𝑃 ≅
1

𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶 𝑃𝑃𝑃 ≅
𝐺𝐺𝐺𝐺𝐺𝐺

(𝑐𝑐𝑐𝑐𝐶𝐶𝐶𝐶 + 1)
𝑃𝑃𝑃 ≅

1
𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟

2.1014 4.1014 6.1014 8.1014 1.1013
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5107
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Cd=10pFCd=.1pF

stablestable

Rf=100k,  tp0=50ns, Ku=60dB (GBP ~2GHz), ro=2k



CSA with finite impedance output buffer and 
compensation – close loop analysis
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𝑍𝑍1,2 ≅ −
𝐶𝐶𝐶𝐶𝐶

2 𝑟𝑟𝑟𝑟 𝐶𝐶𝐶𝐶 (𝐶𝐶𝐶𝐶𝐶 + 𝑐𝑐𝑐𝑐)∓
𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚
𝑟𝑟𝑟𝑟 𝐶𝐶𝐶𝐶

𝑃𝑃1 ≈
1

𝑅𝑅𝑓𝑓 (𝐶𝐶𝐶𝐶 + 𝐶𝐶𝐶𝐶𝐶)

𝑃𝑃2 ≈
𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚

𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶 + 𝐶𝐶𝐶𝐶𝐶 + 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶

𝐶𝐶𝐶𝐶 + 𝐶𝐶𝐶𝐶𝐶 𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚 𝑟𝑟𝑟𝑟

𝑃𝑃3~
1

𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟

𝐺𝐺𝐺𝐺𝐺𝐺 =
𝑔𝑔𝑔𝑔
𝑐𝑐𝑐𝑐

, 𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑔𝑔𝑔𝑔

𝑐𝑐𝑐𝑐 + 𝐶𝐶𝐶𝐶𝐶

 unchanged (*)

moved up (Cf now is a fraction of Cf’)

moved down with Cf1

Zeroes in LFP and RHP asymmetric – visible undershoot 

(*) assumed effective value of Cf’=Cf+Cf1
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2.1014 4.1014 6.1014 8.1014 1.1013
1107

5107

1108

5108

1109

cf

Po
les
Hz

P3
P2
P1

Cd=10pF

Rf=100k,  tp0=50ns, Ku=60dB (GBP ~2GHz), ro=2k, Cf1=50f

2.1014 4.1014 6.1014 8.1014 1.1013
1107

5107

1108

5108

1109

5109

cf

Po
les
Hz

P3
P2
P1

Cd=0.1pF

stablestable

Stable range of Cf starts lower due to the fact that effective feedback capacitance is now Cf+Cf1
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Criterion: 
 loop fully open 
 calculate amplifier  and feedback transmittances (a and f) and T=a/(1+af) and 

compare it to transmittance of circuit in close loop configuration

or
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 a and f not two-port devices  not possible to calculate transmittances: a, f and a·f
 Cf1 acts as internal compensation (acts on P2 only) after opening of Cf1 the a

changes significantly  errors in estimation of PM up to 50% 
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We should not open loop in this place
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a and f well defined, transmittance  t=a/(1+af) the same as transmittance of circuit in 
close loop configuration  proper breakpoint for the loop



Krummenacher feedback – dual 
branch active feedback example
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 Fast feedback (signal discharge); M1 biased 
with if equivalent to feedback resistor of 
value 1/gm and feedback capacitor CF

 Slow feedback (leakage compensation); 
excess current from M1 generated by 
leakage attempting to flow from M2 causes 
lowering potential on N2 what in 
consequence increase the current through 
M4 (variation of voltage is filtered by Cl) 
 slow feedback is forcing detector 

leakage to flow through M4
 VF control voltage is restored at the 

output

30 November 2015
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Krummenacher feedback – close loop 
analysis

ESE seminar 2013 :     This slide has been revisited 30/11/2015

𝑍𝑍1 =
𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝐶𝐶𝐶𝐶

𝑍𝑍2 = 2
𝑔𝑔𝑔𝑔𝑔𝑔
𝐶𝐶𝐶

𝑃𝑃1 ≈
2 𝑔𝑔𝑔𝑔𝑔
𝐶𝐶𝐶𝐶

𝑃𝑃2 ≈
𝑔𝑔𝑔𝑔𝑔𝑔
2 𝐶𝐶𝐶𝐶

𝑃𝑃3 ≈ 2
𝑔𝑔𝑔𝑔12
𝐶𝐶𝐶

𝑃𝑃4 ≈
𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶

𝐾𝐾𝐾𝐾
𝜏𝜏𝑃𝑃𝑃

= 𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶
𝐺𝐺𝐺𝐺𝐺𝐺

Very low frequency pole related to 
leakage compensation filtering (for 
gm1=gm2=gm12)

Low frequency pole related to 
fast feedback: 2/gm12 ~ Rf

Med. frequency pole related to 
parasitic on node S  C5 should be 
minimized: C5<<Cf !!

High frequency pole related 
to dominant pole of 
amplifier  GBP should be 
maximized

Good stability provided for well separated poles: P1<<P2<<P3<<P4
Critical points: separation of P2 and P3 by minimizing C5 (or increase of Cf), separation 
of P1 and P2 if gm4>>gm1 (high leakage) by proper  value of Cl (Cl>>Cf)
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Krummenacher feedback – open loop 
analysis

ESE seminar 2013

a

f
 Breaking loop at common point of

two feedbacks at the input
 After calculation of a, f and

T=a/(1+af) the position of zeroes
and poles are the same as in the
close loop analysis  a and f are
unaffected after opening the loop
 classical or STB open loop gain
analysis can be performed

T =
𝑎𝑎

1 + 𝑎𝑎 𝑓𝑓
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Krummenacher open loop: comparison of classical 
(no reverse loop gain) and STB approach

ESE seminar 2013 :     This slide has been revisited 30/11/2015

Poles and zeroes of the loop gain (a f):

𝑍𝑍1 =
𝑔𝑔𝑔𝑔𝑔
𝐶𝐶𝐶𝐶

𝑍𝑍2 =
𝑔𝑔𝑔𝑔𝑔𝑔
2 𝐶𝐶𝐶𝐶 𝑍𝑍3 = 2

𝑔𝑔𝑔𝑔12
𝐶𝐶𝐶

𝑷𝑷𝟏𝟏 ≈ 𝟎𝟎 𝒐𝒐𝒐𝒐 𝑷𝑷𝟏𝟏 ≈ 𝑷𝑷𝟐𝟐 (𝑺𝑺𝑺𝑺𝑺𝑺) 𝑃𝑃2 ≈
𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 2 𝑔𝑔𝑔𝑔𝑔𝑔𝑔

2 𝐶𝐶𝐶𝐶 𝑃𝑃3 ≈ 2
𝑔𝑔𝑔𝑔12
𝐶𝐶𝐶

𝑃𝑃4 ≈
1
𝜏𝜏𝑃𝑃𝑃

Differences only for low frequencies PM measurement not affected

𝑔𝑔𝑔𝑔𝑔= 𝑔𝑔𝑔𝑔𝑔= 𝑔𝑔𝑔𝑔𝑔𝑔
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Krummenacher open loop: AC open loop vs. STB

ESE seminar 2013

STB analysis
PM 92°

P1=P2

P1=0

AC analysis of open loop circuit
PM 92°

65nm design for CMS CTPix ASIC, simplified circuit (all transistors and amplifier built with VCCS)

Loop gain

Loop gain

phase

phase
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CTPix preamp: STB and PZ analysis

ESE seminar 2013

Input stage:
Designed for long pixels (1500x100um), 
cd=280fF
Telescopic cascode with degenerated PMOS 
sources
Input transistor: NMOS 9.6um/140nm
Cf=6.4fF, Cf1=26fF
Consumption: 16uA (12uA input transistor)
Open loop gain: ~54dB
GBP: 2GHz (for compensated cascode)

Krummenacher feedback (leakage 
compensation for n+ on p- detectors, 
If=80nA)
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CTPix preamp: STB analysis

ESE seminar 2013

PM=86°
phase

Loop gain
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CTPix preamp: PZ 
analysis

ESE seminar 2013

Dominant poles  reals
Three high freq. complex 
pairs at 150MHz, 200MHz 
and 2GHz with Q < 0.6
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Summary

ESE seminar 2013

 Open loop gain analysis (classical or STB) and close loop analysis should be both 
used for establish the stability margins of the design

 Time response (asymptotic or oscillatory) defined by position of poles and zeroes 
not phase margin  keep in mind ambiguities between quality of the poles and 
phase margin!

 Stable design should have all poles on LHP with quality below 0.7 and phase 
margin above 70°
 lower pole quality and higher phase margin are very welcome!
 higher quality poles at frequencies ~ft and above probably acceptable (if inevitable)

 Open loop gain analysis and STB check only the feedback under test (do not 
check feedbacks related to internal amplifier architecture like regulated cascode, 
more exact transistor models etc.)  PZ analysis has big advantage from this 
viewpoint

We discussed only single ended feedbacks  differential feedbacks possible to 
analyse in STB however the differential iprobe does not exists in analogLib PZ 
analysis more straightforward for differential circuits
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