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Structure Feedback Amplifier
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Noise Transfer Functions
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T 7 = Zn(f): Driving-point impedance at nullor input. W (f): Noise weighting function

fmax fmax fmax
2 2 2 2
€., =/ S, [Ho(f)W ()™ df / Si,, [Hi ()W (f)|” df / So (W ()| df
o Contribution of Vn to o Contribution of In to " Contribution of the source, the feedback

the weighted output noise the weighted output noise and the interface network(s) to

the weighted output noise
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MOS Noise Model

R,  UgR  Ugf
OO T
O : O

. gate (series) resistance

: noise voltage gate (series) resistance: S, , = 4kTR,V*/Hz

. input-referred flicker noise voltage: S, ., = A V2 /Hz

gf CEx WL fAF

. gate leakage current noise: S;, = 2¢qlg A*/Hz
: channel current noise: S;, = 4kTnl'g,, A? /Hz
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MOS Noise Transformations-1
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_ 1 ~ _1
B o jQchdg_gm dm
D — j27TfCiss ~ j27rfciss
jQchdg_gm dm

Negative signs accounted for in the source directions
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MOS Noise Transformations-2
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9 dm

lgnore the overlap capacitances:

the input capacitance is proportional with the oxide capcitance:

_ _ Kr ~ xXKr 2
Ciss — XWLCOX S’Ugf - C(Q)XWLfAF ~ COXCisszF V /HZ

X, I' and Kr depend on the inversion level

Y =0.26---0.6 with IC =0---0ccand n =1.35
=352 with IC=0---00

2
Sy, and 5,/ rare Hopy {ﬂp%e% )n thd/MQGS @lésign2parameters g, and cig
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Feedback amplifier MOS Noise

Amplifier circuit including

feedback network(s)

Signal Vot

g (V)
>OUTEE | source +/g\— 727 [ Cigs
+ ' impedance | \ L Load
EST() and source " interface
— interface network

network

feedback network(s)

Svg _ 4k T'nI VQ/HZ

gm
_ XKFr 2
Svgf — Coxciss fAF \ /HZ

Next step: determine MOS parameters g,, and cjss at a given inversion level
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Feedback amplifier MOS noise design equation

Unweighted output noise spectrum

Set = Gox ampar [Hv[? + HTHE | Hy + Hi2mj feiss)|” + So
1 XKF‘HV‘Q

Se£ — fAF
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2 __ 1 Ciss 188
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Feedback amplifier MOS noise design equation

xKr fo |\WiH

Q= Cox fAF

B =4kTnl [ |W,H,|*df
v = 16kTnlr [ fIW 2 [S(Hy)R(H:;)—R(H,)S(H;))df = —16kTnIw [~ fIW,*S(Z,)|Hy |*df

0 = 16kTnI'n? [~ f2|WH;|*df X(Z,,) = %(Him(H\lf;{—?g(Hi)s\s(HV)

€ = fooo ’Wf’QS()df

Coefficients « - - - € have numeric values at the start of the MOS noise design.
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Feedback amplifier MOS noise design equation

Total squared weighted output noise:

c?

6%:& 1 Iﬁi_l_,-yciss Iézss ie
dm dm

Ciss dm

MOS contribution to squared weighted output noise:

Q%M:a _I_/B _I_,-yczss _|_5 158

C’LSS

Remember coefficients depend on inversion level!

Relation between transconductance and input
capacitance to meet requirement:

s (6 T "YCiss + 561258)

gm - €EMCISS—O{

This noise design equation has one minimum transconductance for: c;o > P

Im

9m min

— minimum required transconductance g,
versus input capacitance c;ss to meet the
noise requirements at a given g,,/ID ratio

Ciss

0,0—

Ciss ab gm = 9m min

<— Jower limit of ¢;ss at which the noise budget

is taken by the flicker noise

87

BV

Minimum can be below technological minimum set by the minimum channel width and length.
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Feasibility of the noise design

Total squared weighted output noise:

2
Ciss I €
dm

2 1 | 1 Ciss |
es = v b0— + )
£ P g T g

Ciss

MOS contribution to squared weighted output noise:

2
2 _ 1 1 Ciss Ciss
GEM_OéCiss —I_ﬁg_m—l_,ygm +6gm
NOT If € exeeds the requirement for the total squared weighted output noise.
FEASIBLE: _ 9m
If fr = 5 18 t00 low.
62 — _« I B I Y I J Cigs - € C: — 27TfT04—|_B
14 Ciss | 27 f Ciss | 27 fr | 27 fr | 1S50pt o .
5CHSS
Lowest noise: 2 - _«a | B | i | Opt
ee CiSSOpt | 27Tmeax CiSSOpt I 27TmeaX I 27Tmeax e

Area and current limitations may put extra contraints to the feasibility.
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From transconductance and capacitance to current and geometry

Ciss = XCoxW L+ W (Caso + Capo) + 2LCaBo

2—z (14+x)(n—1)

X= 3 3N
_ VICT035+15
(VIC+0.25+0.5)
W A 5
IDS — IOIIO IO = 272#00()va
9m __ 1

Ips
nVT\/IC<1—|— . )—|—0.5\/IC(1—|— 2 ) +1

Ignore lateral field velocity saturation:

[Cuit = (4nVipl) ™7

Ciss = aW L 4+ bW 4 cL
44

m:d_
I L

a = xCox
b= Cgso + Cgpo

c = 2CeBoO
210CoxI1C

\/1(1 (1+ 725 ) 0.5\/10 (1+ 725 ) +1
W — Cd‘|‘bgm 14 4Cld9m01ss 1] ~ \/gmciss
2a d bgm) ad

da d 9mCiss 1 -~ d Ciss
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d =
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gm/[DS
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Example

Transimpedance integrator with capacitive source

||+ ® Jout - : : "
C2 Coefficients of the symbolic noise equition
{C_t) (determined with SLICAP):
*—° term coefficient
|1 + C1 Jmax _A 9
p—— N1 1 . Kpxf AF (Cs+C)
; -5 R e
noise: 0 Jmin
° frmaz ;
.detector V_out max
etector V_ou Cisa = ff gFTIm(C +C4) le
A2 . e 7
.param C_s=1p C_t=0.2p 1G6=0 fmm
Ciss _ U A Tkn
If we ignore flicker noise: G 0 = y f C? df

Cissops = \/ 3 = Cs + C; = 1.2 pF 1 € —

U?Lout = 16];an (CS+Ct) (fmax fmin) g
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SLICAP design automation

5 II+  ( Jout 1. Select CMOS process and fit EKV parameters to BSIM
(C_t) 2. Create KiCAD amplifier circuit with nullor as controller
N 3. Define noise requirements (frequency range and budgets)
*—* 4. Define technology requirements
11 +H 1 (channel type, minimum and maximum geometry)
0 T T {C_s} N1 5. Define circuit requirements
noise: 0 (inversion coefficient or gm/ID ratio, and current budget)
° 6. Run the design automation script
" 0 0 7. Select one valid option for design
.detector V_out SLiCAP replaces the nullor with an N-channel or a P-channel
A2 noisy nullor and evaluates W, L, and Iys for six scenarios for the

param C_s=1p C_t=0.2p 16G=0 Selected inversion coefficient or gm/ID ratio:

. Mininum noise at maximum inversion level

. Minimum current to meet the noise specification

. Minimum cut-off frequency to meet the noise specification

. Minimum product of g,, and ¢;.. to meet the noise specification

. Minimum area at a given current budget to meet the noise specification
. Maximum area at a given current budget to meet the noise specification

OoOuUulhs WN K
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