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MotivationMotivation

Why study the impact of feedback on noise parameters?

To understand the impact of negative feedback on:

Minimum noise figure

Noise impedance

Noise matching bandwidth

Sensitivity to noise impedance mismatch 

To select the best feedback topology  for noise matching

To select the appropriate feedback topology that minimizes 

circuit noise in LNAs, mixers, VCOs

To understand the fundamental trade-offs between 

noise and DC power

Noise and linearity
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Technique to derive the input noise sourcesTechnique to derive the input noise sources

Short circuit the inputs and outputs of the original noisy two-
port and of the final noiseless circuit,

Calculate the short circuit current at the output in both 
cases and force them to be equal. You will get the 
expression for v

n

Open circuit the inputs and outputs of the original noisy two-
port and of the final noiseless circuit

Calculate the open circuit voltage at the output in both 
cases and force them to be equal. You will get the 
expression for i

n
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Shunt-Shunt Feedback Shunt-Shunt Feedback 

[Y1 1 Y1 2

Y2 1 Y2 2
]=[Y11f Y12f

Y21f Y22f
][Y11a Y12a

Y21a Y22a
]    and    [Cy ]=[Cy a ][Cy f ]

Y

vn=f v n f , in f , v na , ina

in=g v n f , in f , vna , ina
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Calculating the input noise sources Calculating the input noise sources 

vn=
Y21f v n fY21a vna

Y2 1

in=in fina
Y11a Y21f−Y21a Y11f

Y2 1

vn f
Y11f Y21a−Y21f Y11a

Y2 1

v na

V
o 1

= V
o 2

Step 1

Step 2

I
s c 1

= I
s c 

2

I
s c 1

I
s c 2

V
o 1

V
o 2
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Unilateral amplifier approximationUnilateral amplifier approximation

vn≈vna in=in finaY11f v na−v n f 

Y2 1≈Y21a ; Y1 2≈Y12f

in=iuYcor v n

Rn≈Rna
Gu=Gu fGua∣Ycorf−Y11f∣

2
Rn f

Ycor=YcoraY11f
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Noise in Circuits with Shunt-Shunt Feedback Noise in Circuits with Shunt-Shunt Feedback 

Noise voltage is that of main amplifier

Noise currents add

Z
i n

 and Z
s o p t

 both decrease

F
M I N

 increases if feedback has resistive elements

Use shunt feedback only when amplifier noise 
impedance is higher than source impedance

Z
0

R
F

V
S

V
S

V
0

R
F

-A
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Application example #1:Application example #1:
Parallel Connection of N Identical 2-PortsParallel Connection of N Identical 2-Ports

■ Ci
y
, Yi, R

ni
, F

M I N i 
 etc. represent the params of 2-port i.

■ C
y
, Y, R

n
, F

M I N
, G

u
 represent the params of the final 2-port

■ R
n
 = R

n  i
/N, Y

s p  t
 = N× Y

s o p t i
, F

M I N
 = F

M  I N i

■ By connecting transistors/fingers in parallel the F
M I N

 is preserved 

while Z
S O P  T

 and sensitivity to source  mismatch are reduced

Cy=∑
i=1

i=N

Ci y=N×Ci y  and Y=∑
i=1

i=N

Yi=N×Yi Rn=
Cy22

∣Y2 1∣
2
=

NCiy22

N2∣Yi21
2∣
=

Rn i

N

Ycor=Y1 1−
Cy12

Cy22

Y2 1=N Yi11−
NCiy12

NCiy22

N Yi21=N Yicor

Gu=Cy11−Rn∣Y1 1−Ycor∣
2
=NCiy11−

Rn i

N
∣N Yi11−N Yicor∣

2
=NGu i
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Useful case #2: CMOS InverterUseful case #2: CMOS Inverter

 Wp = kWn, 

g'm p  = g'm n/k, C'gsp  = C'gsn; C'gdp = C'gdn, C'dbp 

=C'dbn; gmn=gmp; IDn=IDp; Rgn=Rgp, kgop=gon . 
W

n

W
p

1
2  f T , CMOS

=
1k

2

Cgs, nMOSCg d, nMOS

gm , nMOS


1k

2
Cg d,nMOS Rs , nMOSRd , nMOS ; f T , CMOS=

2
1k

f T , nMOS

FMIN,CMOS−1=
1k

2
[FMIN, n−MOS−1 ]

1k
gm

IDS

=
2 gm , nMOS

IDS

;
Rn

IDS

=
Rn , nMOS

2 IDS

;
Rsopt

IDS

=
Rsopt , nMOS

¿ IDS

; Xsopt=
Xsopt , nMOS

1k
; XIN=

XIN,nMOS

1k
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Noise in Circuits with Series-Series Feedback Noise in Circuits with Series-Series Feedback 

in=
Z 21f in fZ21a ina

Z2 1

vn=v n fv na
Z 11aZ 21f−Z 21aZ 11f

Z 2 1

in f
Z 11f Z 21a−Z 21f Z11a

Z 2 1

ina

[Z1 1 Z 1 2

Z2 1 Z 2 2
]=[Z11f Z12f

Z21f Z22f
][Z11a Z 12a

Z21a Z 22a
]    and    [Cz ]=[Cza][Czf ]
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Noise in Circuits with Series-Series FeedbackNoise in Circuits with Series-Series Feedback

in≈
Z21a

Z2 1

ina≈ina vn=v n fv naZ11f ina−in f 

Z2 1≈Z 21a ; Z1 2≈Z12f

vn=v uZ cor in

Gn≈
∣Z21a∣

2

∣Z2 1∣
2

Gna≈Gna

Ru=Ru fRua∣Zcorf−Z11f∣
2
Gn f

Zcor=ZcoraZ 11f
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Noise in Series-Series FeedbackNoise in Series-Series Feedback

Noise current is that of main amplifier

Noise voltages add

Z
i n

 and Z
s o p t

 both increase!

F
M I N

 increases if feedback has resistive elements

Use series feedback only when amplifier noise 
impedance is smaller than source impedance
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Series Connection of N Identical 2-PortsSeries Connection of N Identical 2-Ports

G
n 
 = G

n i
/N

Z
s o p t

 = N× Z
s o p t  i

F
M  I  N

 = F
M  I N  i

By connecting 2 identical transistors in series the 

minimum noise figure is preserved while the optimum 

source impedance and sensitivity to source mismatch 

are reduced ....
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Example: Lossless Series Inductive FeedbackExample: Lossless Series Inductive Feedback

Add loss-less series element L
s k

The series feedback network is formed by L
S
 and L

G
.

V 
nf
=i

n f
 = 0; Z

c o rf
=0; Z

1 1 f
 =  jω L

G 
+  jω L

s
, Z

2 1 a
 =j R

P
 f

T
/f 

F
M  IN

 is slightly improved! M is preserved.

R
s o p t 

 is unchanged (slightly increased at higher f)

X
s o pt 

 is modified

Gn=
Gna

∣1 jLS

Z21a
∣
2
≈Gna Ru=Rua

Zcor=Zcora jLsLg  V
BB

V
DD

V
IN

V
OUT

L
G 

L
S 

L
D 

R
P C

D 

Z i n=Z1 1−
Z2 1 Z1 2

Z2 2ZL

≈RERb
2RP f T LS

2 LS
2

RP

≈RERbT LS
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Noise in Series-Series Feedback:  Diff StageNoise in Series-Series Feedback:  Diff Stage

vo1=A [vns1vn 1Zs1 in 1−vns2v n 2Zs2 in 2]

vo2=A v ns1−v ns2

F=
v o1

2

v o2
2
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Noise in Series-Series Feedback:  Diff StageNoise in Series-Series Feedback:  Diff Stage

F=1
vu1

2
vu2

2

vns1
2
vns2

2

∣Z cor1Z s1∣

2
in1

2
∣Z cor2Z s2∣

2
in2

2

vns1
2
vns2

2

F=1
Ru1Ru2
Rs1Rs2


∣Z cor1Z s1∣

2
G n1∣Z cor2Z s2∣

2
Gn2

Rs1Rs2

Z s1=Z s2=
Z s
2
; Ru1=Ru2 ;G n1=Gn2 ; Z cor1=Z cor2
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Noise in Series-Series Feedback:  Diff StageNoise in Series-Series Feedback:  Diff Stage

F=1
2 Ru 1

Rs


∣2 Zcor1Zs∣

2 Gn 1

2
Rs

Ru=2Ru 1 ; Gn=
Gn 1

2
; Zcor=2 Zcor

FMINdif=1∣2Rsopt2Rcor1∣
Gn 1

2
=FMIN

Xsoptdif=2 Xsopt ; Rsoptdif=4 Rcor1
2

4
Ru 1

Gn 1

=2 Rsop
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Series-shunt  feedback exampleSeries-shunt  feedback example

[h 1 1 h1 2

h 2 1 h2 2
]=[h11f h12f

h21f h22f
][h11a h12a

h21a h22a
]    and    [Ch ]=[Cha][Ch f ]

V
DD

V
IN

V
OUT

L
B 

n
p
:n

s 

M
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Shunt-series feedback exampleShunt-series feedback example

[g 1 1 g1 2

g 2 1 g2 2
]=[g11f g12f

g21f g22f
][g11a g12a

g21a g22a
]    and    [Cg ]=[Cga][Cg f ]

RF
IN

L
S L

P 

Q
1 

T
1 

n
P
>> n

S
 

Z
IN

 = L
S
(1-k2)ω

T

L
S 
(1-k2)

  

L
P   

Q
1 

β= g
12

=  M / L
P

a
I
 = f

T
/f
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SummarySummary

Feedback used for noise and signal impedance matching

Fundamental properties of negative feedback with respect to noise:

Tor reduce noise impedance matching sensitivity minimize R
n
/G

n
 

Noise impedance matching over broad band: want B
sopt

/G
sopt

 or 

X
sopt

/R
sopt

 minimized i.e. low-Q noise impedance

Lossy feedback helps matching at the expense of increased NF

Lossless feedback does not affect the minimum noise figure

BUT: Lossless feedback does not affect R
sopt
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