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* This capacitance was modeled previously and exists when the
transistor is operating in triode or saturation

« But there are others that also affect high-frequency or high-speed operation




Parasitic Capacitors in
MOSFET

Recall that pn junctions have a depletion region!
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pn junction capacitance
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The bottom and the sidewall:
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Types of Capacitors in MOSFETSs

1. Fixed Capacitors
mees) a. Fixed Geometry
b. Junction

2. Operating Region Dependent
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Fixed Capacitors — Fixed Geometry
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Overlap Capacitors: Cgpo, Ceso




Parasitic Capacitance

Summary
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Cutoff Ohmic Saturation
Cos CoxWLp CoxWLp CoxWLp
Cap CoxWLp CoxWLp CoxWLp

L is a model parameter
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Overlap Capacitance Model Parameters

CAPACITANCE PARAMETERS
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Types of Capacitors in MOSFETSs

1. Fixed Capacitors
a. Fixed Geometry
mm== p. Junction

2. Operating Region Dependent



Parasitic Capacitors in MOSFET
Fixed Capacitors- Junction
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Junction Capacitors: Cgsy, Cgp;




Parasitic Capacitors in MOSFET

Fixed Capacitors

T_ CGso :i= CG DO
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C
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Overlap Capacitors: Cgpo, Ceso
Junction Capacitors: Cgs;, Crp,




Fixed Parasitic Capacitance
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Cgor and Cg,, are model parameters S
Cutoff Ohmic Saturation
Cas CoxWLp CoxWLp CoxWLp
CGD CoxWLp CoxWLp CoxWLp
Cgc
CBS Cgs1 = CgotAs*+CswPs Cgs1 = CgotAs*+CswPs Cgs1 = CgotAstCswPs
CBD Cgp1 = CgotAp+CswPp Cgp1 = CgotAp+CswPp Cgp1 = CgotAp+CswPp
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Cgor @and Cg, model parameters
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Types of Capacitors in MOSFETSs

1. Fixed Capacitors
a. Fixed Geometry
b. Junction

mmsp 2. Operating Region Dependent



Parasitic Capacitors in MOSFET
Operation Region Dependent -- Cutoff

==

CGBCO

/

Cutoff Capacitor: Cggeo




Parasitic Capacitors in MOSFET
Operation Region Dependent -- Cutoff

CGBCO

Note: A depletion region will form under the gate if a positive
Gate voltage is applied thus decreasing the capacitance density

Cutoff Capacitor: Cggeo




Parasitic Capacitors in MOSFET
Operation Region Dependent and Fixed -- Cutoff

Overlap Capacitors: Cgpo, Ceso

Junction Capacitors: Cgs;, Crp;
Cutoff Capacitor: Csgeo




Parasitic Capacitance Summary

D

CBD
Cep [ |
G T |:
- = Cas
GST |
1
S Cge
l
Cutoff Ohmic
CoxWLp
CoxWLp

CoxWL (or less)
CgotAs+CswPs

CgotAp+CswPp

Saturation
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Parasitic Capacitors in MOSFET
Operation Region Dependent -- Ohmic

C |
/_I_/_l_GCH g
T

Caen

| Note: The Channel is not a node in the lumped device model so can not |
directly include this distributed capacitance in existing models

Note: The distributed channel capacitance is usually lumped
and split evenly between the source and drain nodes

Ohmic Capacitor: Ceepy, Cgen




Parasitic Capacitors in MOSFET
Operation Region Dependent and Fixed -- Ohmic

Overlap Capacitors: Cgpo, Ceso

Junction Capacitors: Cgs;, Crp;
Ohmic Capacitor: Ccpy, Caen




Parasitic Capacitance Summary
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S FBG
|
Cutoff Ohmic
CoxWLp CoxWLp
CoxWLp CoxWLp
CoxWL (or less) 0

CgotAstCswPs

CgoTAp+CswPp

Cgs1 = CrotAstCswPs

Cgp1 = CeotAp+CswPp

Saturation
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Parasitic Capacitors in MOSFET
Operation Region Dependent -- Saturation

CGCH

TCBCH

Note: Since the channel is an extension of the source when in saturation, the
distributed capacitors to the channel are generally lumped to the source node

Saturation Capacitors: Csqpy, Cgeny




Parasitic Capacitors in MOSFET
Operation Region Dependent and Fixed --Saturation

| Caso T :|| T, Cepo
0 c 7 Cigen o c
T Ces: T Ceo

Overlap Capacitors: Ccpo, Coso

Junction Capacitors: Cge,, Cgp,
Saturation Capacitors: Csepy, Cgeny

* 2/3 CoxWL is often attributed to Cyy to account for LD and saturation
* This approximation is reasonable for minimum-length devices but not so good for longer devices




Parasitic Capacitance
Summary
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Cutoff Ohmic Saturation
CoxWLp CoxWLp + 0.5CoxWL COXWLD+(2/3)CO)(WL
CoxWLp CoxWLp + 0.5CoxWL CoxWLp
CoxWL (or less) 0 0

CgotAstCswPs

CgotAp*+CswPp

CgoTAs+CswPs+0.5WLCgotcH CrotAstCswPs +(2/3)WLCgorcH

CgotAp*+CswPp+0.5WLCgoT1cH CgotAp*+CswPp
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Parasitic Capacitance Summary
D
CBD
Coo [ I
11 _
G + II_: . B

CGST I
|

S Cac
I
Cutoff Ohmic Saturation
CoxWLp CoXWLp + 0.5CoWL COXW Lp+(2/3)CoxWL
CoxWLp CoxWLp + 0.5CoxWL CoxWLp
CoxWL (or less) 0 0
CgotAs+CswPs CgoTtAs*CswPs+0.5WLCgorcH CeotAstCswPs +(2/3)WLCgortcH

CgotAp*+CswPp CgotAp*+CswPp+0.5WLCgoT1cH CgotAp*+CswPp
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						CBD		CBD1 = CBOTAD+CSWPD		CBD1 = CBOTAD+CSWPD		CBD1 = CBOTAD+CSWPD
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						CBD		CBOTAD+CSWPD		CBD1 = CBOTAD+CSWPD		CBD1 = CBOTAD+CSWPD

								Cutoff		Ohmic		Saturation
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								Cutoff		Ohmic		Saturation
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						CGD		CoxWLD		CoxWLD + 0.5COXWL		CoxWLD

						CBG		CoxWL (or less)		0
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						CBD		CBOTAD+CSWPD		CBOTAD+CSWPD+0.5WLCBOT		CBOTAD+CSWPD

								Cutoff		Ohmic		Saturation

						CGS		CoxWLD		CoxWLD + 0.5COXWL		CoxWLD+(2/3)COXWL

						CGD		CoxWLD		CoxWLD + 0.5COXWL		CoxWLD

						CBG		CoxWL (or less)		0		0

						CBS		CBOTAS+CSWPS		CBOTAS+CSWPS+0.5WLCBOTCH		CBOTAS+CSWPS +(2/3)WLCBOTCH

						CBD		CBOTAD+CSWPD		CBOTAD+CSWPD+0.5WLCBOTCH		CBOTAD+CSWPD
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Recall:
Smalll-signal and simplified dc equivalent elements

Element Ss equivalent Simp!ified dc
equivalent
| '
i ] :
LargeT

e |
. |
-t oy ¢

Inductors

Simplified
ﬂ %Ei %ﬁ
transistors L
Simplified
(MOSFET (enhancemen t or
depletion), JFET)
g Simplified

Have not yet considered situations where the small capacitor is
relevant in small-signal analysis



Amplifiers with Small Capacitors

Recall:
Voo If capacitors are large

R1 ; Ré Cs Vour

\/ Vour
Cy
|

|
ViN l o1 % R Ql R ; R
Re VIN
R4 >~ C2 Rll/Rz

A =-0n*R; /IR,




Amplifiers with Small Capacitors

What if C; and C, large but C, not large?:

VDD

R1§ R3§ c,

C
i d
/]

|
! Q
ViN ' % R
R>
% Ri> < C;

¥ Vour
AN
Q1
R3 RL
Vin R,//R,
A4
C Vout




Amplifiers with Small Capacitors

What if C; and C, large but C, not large?:

Vbe ml

Cs - Vou

From KCL:
Q%)UT (SC3 +GL) = ‘I{SCQ’ }
(q (SC3 + Gs ) + gml‘qN = %UTSCS

Solving:
Vor _ —SC30m

Y, sSC,(G, +G,)+G,G,
Equivalently:
Yur _ ImSCsRR,
U, SC3(RL+R3)+1

Serves as a first-order high-pass filter

A

3




Amplifiers with Small Capacitors

Consider parasitic Cyg

Voo A _ Vout
+ | |
RD§ ViN Vgs v glegS Rp /’\CDB
Vv - |
out J7

L
CDB
l:Ml i By KCL:

Vin
v ‘lg)UT (SCDB +GD) = _gmlvN
Causes gain to decrease at high frequencies
Solving: ‘Av‘ 4
Yur — —Im
vN S(:DB +GD
Equivalently:
%UT — _ _gmlRD
U, sCsR, +1 W




Amplifiers with Small Capacitors

Consider parasitic Cgg, Cgp, and Cpg

Voo | | | | ~ Vout
. + I
RD§ & VgS /‘\ Ces gm]_VgS RD ”\CDB
Vout —
[
Cop - | 1L By KCL: s
DB
P~ |l:Ml ;L YUur (S [CDB T CGD] T GD) = —Om U +SCqp Yy
Vin Cos
Causes gain to decrease at high frequencies
-Vss Has one LHP pole and one RHP zero
A
. A
Solving: ‘ v
Y — ~Om +SCop
Q?N S[CDB +CGD]+GD
Equivalently:
{lg)UT __ _RD (gml B SCGD)
U, S[Cps +Cop |Rp +1




Amplifiers with Small Capacitors

Consider parasitic Cgg, Cgp, and Cpg

VDD

[
1
CDB . -, . - - -
;L Device parasitics problematic at high frequencies
Vin CGS/

Cpe: Cp and Cg effects can be significant

Value of parasitic capacitances strongly dependent
upon layout

Device parasitics usually not a problem at audio
frequencies

Causes gain to decrease at high frequencies:
has one high frequency LHP pole and one high frequency RHP
zero.
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