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m High Frequency Response 2
> Frequency Response of Common-Source Amplifiers
» Open-Circuit Time Constants (OCTC) Method

> High Frequency Response of Common Gate Amplifiers

B Reading: SEDTRA/SMITH book pages 686-715
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Review: Discrete vs Integrated Circuits

EisHBKRF

ShanghaiTech University

Discrete Circuits

m Resistors and capacitors are
frequently used

m AC coupled with coupling
capacitors

m High DC power supply voltage

m Transistor choice limited to
available parts

m Mostly BJT, some MOS
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IC

m Use mostly transistors
> Resistors and capacitors
occupy too much areas

m Mostly DC coupled
(without capacitors)

m Low DC power supply
voltage (~1V)
m Can vary device size

m Predominantly CMOS
> BICMOS provides BJT
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Review: CS Amplifier with Bias Circuit
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m Both coupling and bypass capacitors are DC-open and AC-short

Capacitively Coupled Amplifier
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Rer » * + +
Rg:
Rin = Re1l|Rg2
Rin
G, = " Ron t Ropg ImRp|IRLI|75)
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Review: Cross Section of MOSFET w/ Internal Cap.
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m Gate/Source capacitance:

2
Cys = 5WLCox + Coypy

3
where
s — 2
CSb_L_ _)= | _)= :(__l_cdb ’Cox_gox/.tox[p/c:m]
L,  ptype substrate Lo > W: Transistor width
(body) > L: Gate Length
! > Loy overlap between

B MOSFET has several internal capacitances,
which take time to charge/discharge,
limiting the transistor speed.

Gate/Source or Gate/Drain,
typically 0.05-0.1L

m Gate/Drain capacitance:

Ca = Cov 517
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Review: Unity-Gain Frequency, f;
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m f7: frequency at which short-circuit current

gain =1 i
B
> FoM for transistor speed Yos = 5(Cys + Cga)
> Drain is grounded (short-circuit load) . Iy Gm—5Cea
Combine: P s(Cgs T ng)
G@ Y I n g
G R D - |—”(s:jw)z—"‘ =1
+_L h [ i g wr(Cys + Coa)
7
I Ves T G v Unity gain freq.: wr = (Ci—gmc)
- 'gs gd.
> 3 Im

g 1

"~ 2n(Cys + Cya)

As gate length reduces in advanced
technology, C,, reduces and f;increases
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I, = nggs - SngVgs = (gm - chd)Vgs
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Review: MOSFET High-f Equivalent-Circuit Model N R
C, Cu
o [l
I & I 2
+J_ IL’MV¢ 2 V¢ i V:J|=c\ gm¢ ng ==,
Vas Cy b =5 8 ‘; ® _ & p: a
_—|— 1 = =—C» ‘E
Vie == Cs <Ir;¢
+ © ) I b
Ve J_CK ZnVe > .
s B =
N
B Source is connected to the body (no body effect)
W Capacitance between drain and body C,, neglected
—m=A=L 6/17
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High Frequency Response of CS Amplifier pount el
g &R L [l e ‘
+ U + ”“+€' = =0 o
- S — 3 = 7j=|j = = %
e Igq = Sng(Vgs -l Vo)
mMiddle band gain, 4, = CoalVys — (= gmRLY)]
»Cyq, Cys ignored = SCpa(L+ GBIV s
v,
Ri=Rillty Au=73"—=—gmRi Vo = —(gmVps — Iya)R}
4 . Middle band
7= ~lom = 5Cpa( = gmRDIR, = ~guR;,
s
iz —m=AT Tedious, not intuitive. 8/17
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Miller Capacitance
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Equivalent Circuit
g ’—: 2

T 3dE=2N
N
| -20dB/decade
| /
20log 4| 1
1 \
|
|
i

i f(Hz)
(log scale)
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Iga = $Cqa(1+ gmRDV g5 = SCeqVps

Ceq = Cga(1 + gmR1)
Miller effect, (1 + g,,R1) is known as Miller multiplier
1
Vgs = H_iVsig

@p

Where, w, is the pole frequency of the STC circuit
wp = 1/(CinRsig), Cin = Cgs + Coq = Cgs + Cga(l + gmRL)
Yo gmRL _ Am

Vgl S i
sig 1+wp 1+wH

Wy = Wp = 1/(CinRsig)
M | arge input capacitance in CS amplifier

due to Miller effect, which greatly
reduced the bandwidth of CS amp 917

Miller’'s Theorem
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Miller Equivalent

High Cut-off Frequency

Open-Circuit Time Constant (OCTC) Method for
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capacitor, G;

> wy =
H ™ 5. cRrg

§ ﬁ —=A=L
BEES

> Signal source becomes zero

> Replace all capacitors by open circuit

> Consider one capacitor at a time, find resistance R;seen by the i-th

11/17

Input side:
1 L 7 4 2 V; Vi — KV,
° — - 11 — Z_l == 1 ~ 1
+ 1
v, V=KV, = 7= A
e B (1=K)
r 1 Output side:
Z1=7/1-K) Z,=210-2)
P i T T
IfV, = KVy Za7 Z, 7
Vi — KV Z
I= T Zy =
1
(1-%)
—m=A=L 10/17
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Applying OCTC to CS Amplifier oo
Ry ¢ Gu » 1. Only consider C,, find R,
W T b I Ryie G
Vu§ y lc,, # R; l a ! - Rgs = Rsig (1)
:I: AN :I:
Capacitor = Open Signal source =0
=R
2. Only consider Cyy, find Ryy N
Va =V + Vs
Va
Iy = gml{qs o R_i
Vi + Vgs
Iy = gm gs Ri
R =E=R-(1+g R}) + R} -~ (2)
1 gd I, sig maL L 1217
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Applying OCTC to CS Amplifier

3. Only consider C,, find R¢,
Re, =Ry (3)

Rgs = Reig = (1)

Rgq = Rsig(1+ gmRL) + Ry, -+ (2)
Ty = CysRgs + CgaRga + CLRC,_
= CgsRsig + CgalRsig(1 + gmR}) + R] + CLR]
il
= om,

fu

Ty = [Cgs + Cga(1 + gmRD|Rsig + (Cga + CL)R],

v |

= Time constant m Time constant from
from input port of output port of
Miller Equivalent Miller Equivalent
Circuit Circuit

Capacitor = Open Signal source =0
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High f Response of Discrete Circuit CG Amplifier

D il 1
1} il = 41
2Cye (Ruggll =)
(CL+Cu) G
J —edm 1 _ 1
Tgs = Cgs sig”gm =

= il
foz = 211(Cyq + )Ry,

Equivalent circuit with r, neglected
7ga = (CL + Cga)RL = 2fs
m Discrete circuit CG: early effect can be ignored 3
a o 3 1
m No Miller effect since both capacitance are grounded Ty = Cgs (Rsigug—) +(CL + Cya)R,
m
m The dominant term is likely to be Cy, (Rsig||i), which
Im:

High f Response of Common Gate Amplifier
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B
e 11

(a) CG amplifier with cap.(ac equivalent)

(b) Equivalent ac small signal model

Ry I (CL+ Ci)
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1 1
is small — High fi, fo = omey =1, L
> Common-Gate is a broadband amplifier for " o2
Why early effect can be ignored in discrete circuit? 15/17

High f Response of IC CG Amplifier
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m IC CG: early effect must be considered.
= Apply OCTC method.

Capacitor = Open Signal source =0

Rgs = Rsig” Rin

T, + Ry :ro+RL

Tt Gty GmTo

Rgd =RL|| R,

Ro=1+ Rsig + gmroRsig

Ty = Tgs + Tga

1
T 2mry

fu
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Example: frequency response of CG amplifier 3, cann s
Consider a CG amplifier with g,, = 2mA/V, 1, = 20kQ, Cgs = 20fF, Cgq = 5fF, C, = 25fF, Rgjg =
20kQ, and R, = 20kQ. Determine the input resistance, the midband gain, and the upper 3-dB
frequency fH Solution:
Vo = IRy Rgq = Ri|IR,
Vsig = i(Rsig + Rin) Ry =15 + Rig + (gmTo)Rsig
G =t R =20 + 20 + 40 x 20 = 840kQ
Vsig Rsig + Rin Rga = 20]|840 = 19.5kQ
_ hhtR
e s Ty = CysRygs + (Cga + C1)Rga
_ 20420 _ =20x 10715 x 0.93 x 103 + (5 + 25)
= Trowan ~ 008k x 10715 x 19.5 x 103
. 0.95V =186 T 10712 + 585 x 10712 = 603.6ps
VY T ST o "
= 20+098  V = =
Rys = Ryigl|R;
I R,,F os = Roig|Rin = = 2637MHz
Midband equivalent =20]]0.98 = 0.93kQ ! 1717




