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Estimate of Max = 150nV/rt-Hz
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K 1.6 KB ih a1 A pd 2

Vo = 4KTo-Af (1)

where

Vpn
VW, - Thermal noise at base of bipolar transisfgr from physical resistance

k - Bolzmannii constant (1.381E-23 joule/%)
T - Temperature in Kelvin
r, - Physical resistance in base of transistor

Af - Noise bandwidth |
bn

. 2

icn = 20-lcAf (2
where
icn - Collector shot noise current
g - Electron charge (1.610 B coulomb)
lc - dc collector current

| a
.2 B
ibn = 2:0-lg-Af + Kl-—b-Af ©)]

f

Shot noise Flicker noise Burst noise
where
i, - Base current noise

Iz - DC base current

K1 - Semiconductor process dependent constant for flicker noise
a - aconstant between 0.5 and 2.0
b - a constant about unity

K 1.7 KB TEALKF
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Vbn2 = 4.kT- I'bAf

For a 20% variation in 1, vbn will vary

%_variation_vbn =

WT2- ) o s

%_variation_vbn =

4.KT-r,-Af
\) b

%_variation_vbn = 9.5%
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.2
icn = 20 1.-Af
In terms of voltage

Vep = iz~(2-q~lc~Af)
Im

Substitute gm for bipolar

o gt L_kT
™ v mokT Im  alc
q

Collector shot noise in voltage format

2
Vcnz _ (k_-:—) '(z'q'lc'Af)

q'c

B 100 F7H D e 7 6 1 i T 1

Collector shot noise in voltage format

2
Vcn2 - (s_;l;) '(Z'q'lc'Af)

assuming PTAT Ic = Tl

Vcnzz{ kT T-[Zq-(a-T-IC)-Af}

0-(o-Tlg)

combine all constants into Ka

Ve’ = Ka(l—chz.[(T-lc)-Af]

Thus, collector shot noise voltage is directly proportionate to \/T'
and inversely proportionate to \/'_c for a PTAT bias.
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assuming Zero-TC Ic is constant over temperature

2
Vcnz - [k_:—} '(Z'Q'IC'M)

q'c

combine all constants into Kb

Ven’ = Kp (II)Z-(IC~Af)

c

KpAf
|

=T

Ven
c

Thus, collector shot noise voltage is directly proportionate to T
and inversely proportionate to \/l_c for a Zero-TC bias.
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estimate worst case noise based on Iq

_ g worst_case
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Ibn = KlTAf
Where K1 is the flicker constant and is process dependent

I a
2 1 B
Yon” = K

Im

2 2| 18°
Vbn = Kd — | | —Af
o) \f

Thus, flicker noise also increases with temperature and decreases
with Ic.
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, Ign-
ign” = 201 Af 4)
where |
, - Gate shot noise current dn

19

ig
q - Electron charge (1.610"
lg - dc gate current (leakage)
Af - Noise bandwidth

coulomb)

lgns
.2 2 nzp
ign = 4-k-T-(§~gm)~Af + l%-—b-Af (5)
f
Thermal Noise flicker noise

where

ign - drain noise from shot noing{hJ%CmQOQmeination Of |g? and |92

k - Boltzmann#H constant (1.381E-23 joule/%5)
T - Temperature in Kelvin
0, - Transconductance of FET

Kg - Process dependent constant for flicker noise

& 7.16 HA FET MAIXEZH
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e = Zﬂ Broadband noise for FET
nbb =

3 O
Im= [2Kg w ‘Ip for strong inversion
m L

o [T
nbb 3 " W |
S L D

Combine all the constants into K .

e = |Ke— T Zero-TC equation
nbb = I
\[ D

Note noise for the Zero-TC bias is proportionate to \ﬁ

and inversely proportionate to f/E

For PTAT substitute Ip=alg

T
enbb = K¢
“d'OUT

Combining all constants into K 4

4
-
enbb = Kg j|:

d

Note noise for the PTAT bias is proportionate to i‘ﬁ

and inversely proportionate to 4/ Ip
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nbb = 4k-T- (3 gm) Broadband noise

g-A-l
g = D For weak inversion
m= kT
2 1 2
e = — |4k T:| =
nbb 2[ [ngﬂ
9m
e 2 8k-T
nbb =
g-A-l
3 D
k- T
L2 8T
nbb = 30-Aclp
_ T
enbb = K¢ \/I— for Zero-TC
D

for Ptat Ip=oaly

T2

2
e =K,——
nbb C aTly

-
enbb = Ky m for PTAT
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2

edn = Kz Af General FET flicker equation
2¢b in voltage form
9m
W
9m= ’Z'KS' T b for strong inversion
| a-1
edn = Kz Af for strong inversion

f
A 719 KM FET AR A
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¥ o SRR E IR wh—A PTAT MBS, EHEXRUERT a M.

a

e 2_ Ka: o -Af
dn 3 g Zfb General FET flicker equation in voltage form
m
Om= D For weak inversion
m- kT
IDa—Z ~T2
€dn = Kg' b Af For weak inversion
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