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MOSFET High-Frequency Model
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CS - High-Frequency Response
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CS - High-Frequency Response
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CS - High-Frequency Response
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CS - Miller Effect
Define C,, such that

sC V =Sng(1+ng'L)VgS

eq’ gs
I/0 = _g mRL Vgs
C,=Cgu (1 + ngL) = Miller Capacitance
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CS — Miller Effect
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CS — Miller Effect
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Example

RSig =100 kQ, RG=4_7 MQ, R, =15 kQ, gm=1va,
I’dS=15O kQ, RL=1O kQ, CQS=1 pF and ng=0-4 pF

R, =7 ||R,||R, =150]|15||15=7.14 kO

R, . 4.7

A = R —_
M Ent =T 0

. x1x7.14 =-7
RG+RS,-g

Miller Cap :C,, =C,, = (1 + ng'L)ng
C,, =O.4><(1—I—7.14) =3.26 pF

Electrical and Computer Engineering
University of Illinois at Urbana-Champaign

ECE 442 - Jose Schutt-Aine



Example (cont’)

C. =1.0+3.26=4.26 pF

Upper 3 dB frequency is at:

1
fH ) 27Z-Cm (Rsig ” R(;)
/, : 3.82 kH:
p— — . Z
T 27x4.26%x107" x(0.1]]4.7)x10°
f,, =3.82 kHz
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CE High-Frequency Model
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CE High-Frequency Model
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Bipolar Miller Effect
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The left hand side of the circuit at XX’ knows
the existence of C, only through the current
l,=>» replace C, with C ., from base to ground
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Bipolar Miller Effect
Iﬂ =SCﬂ (vﬂ —vo) =SCﬂ [vﬁ —(—ng'Lvﬂ)]
[,=5C, (1+ng'L)vﬂ

sC,v,=1,=sC, (1+ng'L)vﬂ

C,=C, (1 +g R, ), Miller capacitance for BJT
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Bipolar Miller Effect
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Bipolar Miller Effect (cont’)

where C, =C_+ Ceq =C_+ Cﬂ (1 + ng'L)
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CS — Miller Effect — Exact Analysis
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CS — Miller Effect — Exact Analysis
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CS — Miller Effect — Exact Analysis

We neglect the terms in s? since

PO Cu Ry« |sCug R orlsC,|<

v, G.R, (gm—Sng)
Vo G+G,+s[C,+C,(1+g,R, )+ CyR, (G +G, )]
)

Miller

If we multiply through by & :é

i
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CS — Miller Effect — Exact Analysis

v, R]')(gm_Sng)

0

% I+RG, +S{Rl. (C,+C,,(1+g,R, )|+ C LR, (1+RG, )}

From which we extract the 3-dB frequency point

I+RG,
2o RGOl R (158G,

Ju =
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CS — Miller Effect — Exact Analysis

If G, is negligible
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BJT-CE — Miller Effect — Exact Analysis
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BJT-CE — Miller Effect — Exact Analysis
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BJT-CE — Miller Effect — Exact Analysis

We neglect the terms in s? since
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BJT-CE — Miller Effect — Exact Analysis

r= I+Rg.
" 2x{R[C,+C, (1+g,R) |+ C R (1+ Rg, )|
IfR,=0
1
Ju = ,
N 27C R,
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Example

For the discrete common-source 127
MOSFET amplifier shown, the transistor T

has V=1V, uC _(W/L) =0.25 mA/V?*, 1=

0, Cgs= 3 pF, ng= 2.7pFand V,=20 V.

Assume that the coupling capacitors are
short circuits at midband and highRE C..mlarge y

frequencies. I I u

2 MQ 2 kQ

+

Vi

2 MQ
- 1 kQ ::Ccz=farg€

(a) Find the 3dB bandwidth if R.= 0 =

(b) Find the 3dB bandwidth if R, = 50 kO
EGEILLINOIS
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Example — Part (a)

Crl
G ﬁ‘ D
T 1 G
+
Vo
RG — Cg S g’" Vgs rds RD 1""()
g 5
_ I V| 20
ItR =0, f,= . :|A: =13 kQ
| " 27C,,R, T T 1516
R, =R, |r, =13]12=1.736 kO
1
fin = =33.95 MHz

272.7x107% x1.736x10°
"""ILLINOIS

llllllllllllllllllllllll

ECE 442 - Jose Schutt-Aine




Example Part (b)

R. C vd
AMM G 4D
> T | ?|.
+ lin vg+
Vi () RG T CQS gmvgx ¥ ds RD ¥,
: o
IfR,=50kQ, g R, =0.870x1.736=1.51
]
fH = , ,
27 {Rl. C,+C, (1+g,R,)]+ ngRD}
Ju = ! =32.27 kHz

27{50[3+2.7(1+1.51) |+ 2.7x1.736}
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