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High-Frequency Model BJT & MOS
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BJT & MOS Capacitances Active

BJT: Ciz = Cp+ Cje = 7F9Im + Cje

2
MOS: Cgs = 3WLC0X
Cgd - Overlap capacitance

Cgs > ng
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Transition Frequency, fr BJT & MOS
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Transition Frequency, fr BJT & MOS
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lo . Imflin
—(w) = -
ij 1 4+ rin(Cin + Ce)jw
At high frequencies:
lo ,. Im
—(w) = -
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lo . Idm
—(w) =1 = =1
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BJT-CE & MOS-CS

Small-signal circuit
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BJT-CE & MOS-CS Transfer function
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Vo 1 — sf
Vi 14 a1s + ass
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K= —gm oL = —dmRoL m
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a1 = CfRoL + CfR + CinR + 9mRoLRCt
a2 = RoLRCfCjpy

R = (Rs+rx) || fin

RoL =Tro || RL
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BJT-CE & MOS-CS Poles & zeros

D(S)=1+als+a252=<1_S)(l_s)

Pi1 P2
1 a
P2 > P1| = P1R—— , P2~ ——
a1 do
— 1
LT RoL
R Cin+Cf 1+ngO|_—|— R
1 1 1 9m
P2 = — ( + + + )
RoLCr  RCin  RorLCin  Cin
S
Z] Cr

ECEN 326 Electronic Circuits - Aydin I. Karsilayan - Frequency Response 7



Miller Approximation
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Miller Capacitance

Cs
Vi o—/\/\/\, N ® I I o Vg
lin Vi==C;, ImV1 lo R_

{ Miller Approximation |
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BJT-CE & MOS-CS Approximate solution
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Approximate vs. Exact Solution

Miller approximation:
1

1= TR(Cin + Cr(1 + dmRoL))

Exact derivation:
1

o R
R (Cin + Cr (1 + dmRoL + SL))

“[rorce ¥ Ren T Rovcn T cn
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ECEN 326 Electronic Circuits - Aydin I. Karsilayan - Frequency Response 11



BJT-CE Poles & zeros

m—
. 1
P1 = — RoL
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MOS-CS Poles & zeros
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BJT & MOS Differential Pair DM
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BJT & MOS Differential Pair

A S~ ——, Z7T=2R p—
R
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BJT & MOS Differential Pair CMRR
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BJT-CC & MOS-CD Small-signal circuit

Vie— ANV Vie— ANV
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BJT-CC & MOS-CD Transfer function

1 S
v ng{_ = 1— —
°(s) = SR s
Vi ’ Rs + RL 1 —
1
Rlcin Cln
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9mb
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BJT-CC Poles & zeros

1
dm + — Im
Z] = — T -~ —Ww
1 T
Cr C-
1 R/ R/
P1 = — . Ry=rg| st L
R1Cxr 1+ agmRL

Typically, |z1]| is slightly larger than |p1].
If gmR] > 1 and Rg < R{, then Ry = 1/gm and p; = —wT.

If Rg is large (compared to Ry ), then |p1| will be significantly
less than w.
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MOS-CD Poles & zeros

I 9m _ w
1= —~ R —wT
Cgs
P1 = — ! 1= RS+RL
Rlcgs’ 14+ gmR[
1
R =ro || RL |
mb

Typically, |z1]| is slightly larger than |p1].
If gmR] > 1 and Rs < R{, then R; = 1/gm and p1 = —wT.

If Rg is large (compared to Ry ), then |p1| will be significantly
less than w.
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BJT-CC & MOS-CD Input impedance
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BJT-CC & MOS-CD Input impedance
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BJT-CC & MOS-CD Output impedance
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BJT-CC & MOS-CD Output impedance

Fin + R’s 14 SCin(R,s | Fin)
] 1
L omin 1 4 sCin [ 1| i

m

Zo =Ry ||

— > Rg = Z, is capacitive
— < R5 = Zo is inductive

— = Rg = Zo is resistive

1
Practical design goals: rk <K Rg , — = Rg
Im
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BJT-CC & MOS-CD Output impedance

BJT:

Zo =ro || RL ||

MOS:

1
Zo =trto || RL || — |

rr+ Rs +rtp 1 +SCr((Rs +rp) || rx)

g+1 1+scw(1||rﬁ)

m

1 1 + SCgsRs

Im
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BJT-CB & MOS-CG Small-signal circuit
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BJT-CB & MOS-CG Transfer function

I—— ]
lo
—(s) =K S
Ij 1 —
P1
Vo R|_ 1 1
—(8) ="K S S
Vi Rs 1_°>1_°>
P1 P2
. dm + 9mb
K= 1 1
dm +9mb + — + —
Rs Fin
+ + ! + !
Im I9mb - T
Cin CrRL

ECEN 326 Electronic Circuits - Aydin I. Karsilayan - Frequency Response 27



BJT-CB & MOS-CG Poles
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Multistage Amplifiers Dominant-pole approximation

K

1+ bys+ bos2 4 ... 4 bpsh
K

o) ) )

A(s)

) K
by = | —| , |[A(w)|= 5
P1 w
P1
The higher 3-dB frequency is

pal~
WH ~ ~ —
H P1 by
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Open-Circuit Time Constant Analysis

B— ]
Also known as Zero-Value Time Constant Analysis. Can be used
to estimate the higher 3-dB frequency (wH).

Circuit with

Circuit with .
no capacitors

no capacitors

Cx Ca N Rio
Vk
Rko = B Tko = RkoCk
b; = kil RkoCk = R10C1 + R20C2 + - - - + RnoCn
_ N 1 N 1
wH = |P1]| = by ST
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Short-Circuit Time Constant Analysis

Can be used to estimate the lower 3-dB frequency (w; ) of AC-
coupled amplifiers.

Circuit with

Circuit with .
no capacitors

no capacitors

Ck o o Rs
Vk
Rks = — , Tks = RksCk
Ik
n 1
WL~ > —
k=1 Tks
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Short-Circuit Time Constant Analysis

Can be used to estimate the nondominant pole (pp) in DC-
coupled amplifiers that have only two widely-spaced real poles.

C,
[ |
| |
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Cascode Frequency Response
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Differential Pair Current mirror load

M3
Ay
Vid ~ Vig
, O :
_ . l
CX — Vgs4 g—m3 _ gm4Vgs4
+ lo

\@ Vi OmiVi - Om2V2 \Y —\ﬂ
5 m m 2 2

ECEN 326 Electronic Circuits - Aydin I. Karsilayan - Frequency Response 34



