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Amplifiers Review

« Large capacitor help to separate AC signal from DC bias

« Since capacitors are large, they are considered short circuit
during AC analysis (Z, = ]wic

* DC Analysis:

« At DC, caps are open circuit

« Since gate current = 0, R; will not impact V;, DC analysis is

very similar to basic common source amplifier (for this
example)

« After solving the DC analysis, calculate the small singal
parameters (g, 1)

« AC Analysis:
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« At AC, caps are short circuit

« DC voltage sources are short circuit

« DC current sources are open circuit

« Draw small signal model and calculate G,,,, Z,,:, and A,,.

v,l D

DC Analysis

AC Analysis




Single-Ended Amplifier Summary

« Common source amplifier: input at gate, output at drain (r, = o)

- Vis
* Rip = Rg
* Rour = Rp
* Gy = —9m
* Ay = —gmRp
R
* Gaingy: = _( - )9 (Rpl|RL)
111372023 Rg+Rsig) =™

Ccis a large cap
« S.C.for AC
e O.C.forDC

Rin = Rg

Roue = Rp
° G — gm

m 1+gmRs
. — _ ImRD

v 1+gmRs

. Rg Im
e Gaing,,; = R;||R
ot = = (7 ) 2 (Rl R)




Single-Ended Amplifier Summary

« Common source amplifier: input at gate, output at drain (r, + o)
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- Vis
Rin = Rg

* Rout = Rpl|1,

* Gm = —9m

Ay = _gm(RD”ro)

R
d Gaintot - - ( 0 )gm(RDllrollRL)
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Ccis a large cap Voo

e S.C.for AC
* 0O.C.forDC . S
1%0{@
R, Co R,
v %) %R,, =
R
- Ve I

* Rin = Rg

* Rour = RD”(ro + (1 + gmro)Rs)

. — _ _9m

Gm = 1+gmRs
Idm
* Ay, =— 1+g.,Rs [RD”(TO + (1 + gmro)Rs)]

] R m
Gamtot=—( c ) Im__ (R |IRp |1y + (1 + goTy)RS)]



Single-Ended Amplifier Summary

« Common gate amplifier: input at « Common drain amplifier (source follower):
source, output at drain (r, = o) Input at gate, output at source (r, = )
Voo Vm)
, Ccis alarge cap
S + S.C. for AC
1" |. o..forbc
JT_—1: Usig

° R — RG

* Ripp = 1/gm m
e R — R * Rour =1/9m

out — ‘D
* G =9 * G =9m

m m . Av _gm _ .
¢ Av - ngD Im
. : _ 1/9m . Gain... = ( Rg ) R 1) ( Rg ) dmRL
11/152%2lglt0t (1/gm+Rsig) gm(RD”RL) tot RG"'Rsig gm( L”gm) RG"'Rsig 1+gmRy,



Example 1

« Calculate amplifier gain given that:

0.2mA W
K’ V VTH—OSVVDD—ZVVGs—].VRD:Ll‘kQT:].O
* Solution:
¢ ID = S(VGS — Vt)Z =0.25mA ip ¢ § Rp
* Vp=VppIpR; =1V >V -V, (sat region) r—o% L.
+ e d DD
. gm:K(VGS_Vt):lmA/V 5 .': v l
' D
* Gain = —-gnR, =—4 C* | k
Ues | _
Vi )
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Example 2

* Calculate amplifier gain.
« DC Analysis:
* Ip= S(VGS — Vru)?
* Ves =Ve—IpRs
* Ip = g(VG — IpRs — Vry)? = 0.5(1.5 — Ip)?
« I5—5Ip+225=0

 Ip =4.5mA - rejected asVps <0
e ID - OSmA

1mA
* gm =2KIp ===

b VDS = VDD — IDRD — IDRS = 15V > VGS — VTH

« AC Analysis:
.« 4, = —ﬁ’;—r’:’;s: ———=—3V/V
. . _ Rg Im - 0.9 1 —
Gaingor = (RG+Rsig> 1+gmRs (R.||Rp) = (0.9+0.1) 1+1 9l116) =
—1.62V )V
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Example 3

« Calculate the overall gain. Common source Source follower
: AN A

« Assume that both transistors has gm = 10mA/V,RD = r oo Nl N
1KQ, Rsig = 0Q, RL = 100Q Voo

* Solution: R, Coy V; Ces

. Cain.. =P —Yo I |

AlMtor = v; vy v R, =

V1 / R[

* b= —gmRp = —10V/V .

o Yo _ _9mRL _ 0.5V /V = v, R, =
Vi 1+gmRy

¢ Galntoth—OZv—OXﬁ=—5V/V

Vi U1 Vi
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Example 4

* Derive an expression for the voltage gain.
Assume M2 and M3 are identical. All
transistors are In saturation. Ignore channel
length modulation.

e Solutions:
* Av — ngl
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Example 5

« What is the small signal voltage gain? « Solution:
» Assume all transistors are in saturation. * A, = —g.naT01
» Assume r,,, 1,3 and r,, are very large.

Ll
Vin \"A
v i in
_@._l ._..1“4 _@__i I ImaVin
M3
M4
V..
1 M2 - Ima vin‘ '
— Vout l @
T Viass Vou
M1 :“
Ubiase gm4vinI % To1
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