Practice 7:

CMOS Capacitance

Digital Electronic Circuits — Semester A 2012




MOSFET Capacitances



MOSFET Capacitance Components
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Gate to Channel Capacitance

» In general, the gate capacitance is similar to a parallel plate

capacitor:
e, —[ALE, w-L
O tOX V)/’ C
/L ___%_)4;3

» However, what is the other terminal of the gage capacitance!?

» This is dependent on the existence and characteristics of the
channel.

» But we have to attribute the capacitance to one of the
electrical terminals (i.e. G, S, D, B) of the transistor.
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Gate to Channel Capacitance ‘D%
/ 3

» In cut-off, no channel exists.
All capacitance is to the body: Ces

Ceeg =C,=C, -W-L r:}b

Coo =Cyp =0 \/ﬁ—ﬁb
C

CC¢
» In linear, the channel extends across the entire length.

There is no capacitance to body.

We attribute half of the gate capacitance
to the source and half to the drain.

1 1
Cos =0 Cas =Cep =56 =5 Calll

—_—
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Gate to Channel Capacitance

» In saturation, the channel ends before the drain.

There is no capacitance to the drain! U‘y‘(\\)

There is still no capacitance to the body.

The total capacitance is smaller than the full value.

C,,=0 C,=0 C, zgcg :%COX.W.L

» Velocity saturation does not affect the channel. Caut
—l

Capacitance components should be calculated act./fsrding : g
channel approximations! \ -

C—

N ¢~
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Overlap Capacitances

» Overlap capacitances exist independently of the channel

» The length of the overlap is deterministic, t

C ~ Cox WL — CD,overIap -W {"—;
ov
7

» We will assume that the source and drain are equivalent.

GD,overlap D,overlap

In actuality, this is layout dependent.

CD,overlap = CS,overlap :
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Diffusion Capacitance

» Diffusion capacitance is made up of the reverse-bias

capacitance of the source and drain diodes.
» This capacitance is voltage dependent and is pro ‘@ﬁ?

the junction area of the diode.

Cbottom =C j W Ldiff / n—=
=Cy, (W +2Lgy )

Csidewalls _

CDB — CSB — Cbottom Csidewalls /k »[_—

!‘ 7

<

» We will usudlly give you this as a pre-calculated capacitance.
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MOSFET Capacitances - Summary

Component Cut-off Linear Saturation

Ces cC WL |0 0

Ces Cc. W 0.5C_ WL + C W ML + C_ W
Ceo C. W 0.5C_ WL+C W [C W

Cos: CDE Cait Cait Cait
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CMOS Inverter Capacitances



Delay Capacitance Assumptions

» We would like to estimate the capacitance of a CMOS stage
for propagation delay calculation (t,;—=0.69RC)

» We only care about the relevant capacitance during the 50%
transition!

» To make things easier, we will assume all capacitances are to
Ground and lump them together:

Driver

+C . +C.

wire in,load

=C.

Int

C — Cout,driver

———————————————

+ Cext Cint  Cext
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Input and Output Capacitances \7}:”_—-|>o

s

» Input Capacitances for CMOS gates are
the Gate capacitances:

Con
CG
C D
ED Vig:_ Conn D_l__Vout
» Output Capacitances for CMOS gates

are the drain capacitances:

CDB

P

Cop -
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Co - A
Driver Capacitance ‘>r# ! ot

» We will start by looking at the Output Capacitance

of the Driver:
Cpg, is between Vout and ground.

Without losing too much accuracy, we will
assume that Cpp, is to ground.

» But we have another component of
the output capacitance:

in

The feedthrough capacitance from Vin to Vout

CGSP

(CGDp and Cgp,)-

These are mainly overlap capacitances!
But what is their size!

C

out,driver

=Cie = Cppn + CDBp + a(CGDp T CGDn) B
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Driver Capacitance

AV

“A capacitor experiencing identical but opposite voltage swings
at both its terminals can be replaced by a capacitor to ground,

whose value is two times the original value.”

SO we get 2CGD,overIap

C = Cint — CDBn + CDBp

out,driver

Voutl AV

== 2Cy4
S—
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» We need to consider the Miller Effect:

CGSP
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Load Input Capacitance | | o1 >

)T
. (2
» We look at all the capacitances connected to -
the gates of the load:
CGSP JS
Cgs, and Cp, are between Vout and ground. N ¢
Without losing much accuracy, we will G =
assume Cgg, and Cgg,, are to ground. |§ Cosp
. CGDIRBJ-
Since we change from 0 to V/2, most D
of the time one transistor is cut-off, VQV.[W_ Ceon D Vout
while the other is linear. Y — X -
DBN
So we can say that C.=C_ WL and not gy e g
separate Cgg, Cc and C. Csen
CGSN

Cin,Ioad :%\Nﬁpﬁﬁn + %yryﬁl-LQGBp
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Load Input Capacitance

» But what about Miller? _

Remember, this is a non-accurate approximation!

\

CGSP J
There is very little Miller effect on the Y\%_

) , Cspp
second stage because it hasn’t started to Q@»-Ib {
switch. B Cosp
Considering that@. +2L_, We will CGDR%J
usually just use C. =C_ WL. Vir— Coon D Vout

Y\
CDBN
G GBNB
CSBN
A5

- =
\Cin,load — Coan Ln + CoprLp

—
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CMOS Capacitances - Summary
Driver jﬁ_

Cout,l__ = __Cin,z
1 1 TLlov

Cint C:ext//' (,6\)‘

S

Cout = Cout driver + CW|re + Cln load — Cmt T C

C mn =C._ —cDBn+cDBZ+2(CW+CW)

out,driver ov''n

Cyo = Core + FO-C

wire in Ioad

—CWL+CWL

in,load oXx' 'nmn
—-—’_\

—_—

17 Practice 7: CMOS Capacitance February 15,2018



Examples



Exercise 1 / — /o

» Find the output capacitance of an inverter driving 4 identical

inverters with:
C, =0.31fF/um; C,, =61F/um’; Cpg, =1.5fF; Cpg, =1.15fF

m /L, =0.3754/0.25u; W, /L, =1.1251/0.254; C,,, =0.5fF

o
o
o
o
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Exercise 1

» We’'ll just use the estimations we developed:

Cout,driver = CDBn T CDBp + 2CovVVn T 2Cov\Np
=15fF +1.15fF +2-0.31-0.375fF +2-0.31-1.125fF =3.58 fF
Cin,load = Coan Ln + Cox\Np I—p

— \

=6-0.375-0.25+6-1.125-0.25 fF =2.25fF

C.. =C +C. +4-C

out — “~out,driver wire in,load

=3.58+0.5+9=13.08 fF

——
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Exercise 1

» Now find the total power consumption of the circuit
operating at a frequency of IGHz with a 2. 5V supply.

o\

Cswitch = Cout (Stagel) + Cout (Stagez) Cout + 4 Cout driver
=13.08 fF +4-3.58 fF =27.4 fF
_"
2
dyn = f CSWItCh VDD \

~1GHz-27.4fF (2.5V)" =171.25.W

P =0 - \T >O@
o) >O@
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Exercise 2: Moed B 2010

(10%)3 78w

~Vdd
T T

- 1 - =

N1 N2

N7 99N MDY 727 LT’y 0T2N0 0aPE oUrtnn 9ntvh 7152 NMOS iu0eIa0 1w otang
L8V nnn® N2 nR 9amm S2 anmt mns® N1 R qanm S1annm snonnm asng SORTTR

e

Con) Cop ,Cas "M2'P 5% 0973 DX 10592 77053 2% &° 2 00an0n TR 93 My (4) &
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Exercise 2: Moed B 2010

/ol
oS o 1w
“ oo N1 ¢/ n2 S

» NI — cut-off

C/(,‘\) ~ Co)( WA

» N2 - linear

QD Z(Xb\)\/
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Exercise 2: Moed B 2010

T AR LD TR DYI00NTINNG YW oTEwn NR 12 0YanmY 2%n 0°9hnn ooanng e nyo (6) .2
Q17 T DMNV0TINUAN TR 72 72y 7300 RS TR 0W0TI0aR TR 92 9w ewa YRTImen

2nan KT Cap-1 Cop .Cos ™20 52 097103 N 1munao 782

b Veri1 =Veny=Vop/2=0.9V gyd_ Voo ot ]

N1 _‘__IEI__L
NI, N2 - linear —

C&é (’(ﬂb - C°X W yr _
e Vi

Lin
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