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Amplifiers

 Definitions

— Used to increase the amplitude of an input signal to a
desired level

— This is a fundamental signal processing function

— Must be linear (free of distortion) — Shape of signal
preserved

o—— AMP |—o
vi(t) Vo(t)

v (t) = Av,(t), where Ais the voltage gain

Voltage Gain: A =
v,

1

Power Gain: A = Load Power (F))
P Input Power (P)
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Amplifiers

Current Gain: A =-*

Note: A, =44

Expressing gain in dB (decibels)

Voltage gain in dB = ZOlog‘AV‘

Current gain in dB = ZOlog‘AI‘

Power gainin dB = lOlog‘AP‘
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Amplifiers

Since output associated with the signal is larger than the input
signal, power must come from DC supply

< By =V +V,1,

+V
“» V1
P + P P + Pdlsszpated
Vl RL
! 5 .
1 n =—=—x100 = Power Efficiency
2 Y2
¢| Vv P,
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Biasing of Amp

Bias will provide quiescent points for input and output about which
variations will take place. Bias maintain amplifier in active region.

g f VARV,

quiescent — > uies%’ent point

point time Qo

time

V,(t) = VQI T Vl(t)
V(1) = Vo +v,(1) 4, =2
v (1)=Av, (1) HarQ

Amplifier characteristics are determined by bias point
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Small-Signal Model

What is a small-signal incremental model?

— Equivalent circuit that only accounts for signal level fluctuations about
the DC bias operating points

— Fluctuations are assumed to be small enough so as not to drive the
devices out of the proper range of operation

— Assumed to be linear

— Derives from superposition principle
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Biasing of MOS Transistors

 Bias Characteristics

— Operation in saturation region
— Stable and predictable drain current
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Single-Supply MOS Bias

VDD

out

— Choose R, and R, to fix Vg
V : RE RS . .

sig Choose Rg and R, to fix Vg
— Vg determines Iy
— Choose Ry to fix V

v
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Common Source MOSFET Amplifier

; g

Bias is to keep MOS in saturation region
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Common Source MOSFET Amplifier

Small-Signal Equivalent Circuit for MOS (device only)

Oo———0 1 +O
Vgs nggs Mds Vo
O— -G ! 0
| .4 2
Iy ==k, —(Vas =V7) Which leads to
ol , 21 .
g = ==L g, =2k WL (I,
aVGS Vos=Vaso Veﬁ
where V..~V =V g is proportional to= NW /L

eff
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MOSFET Output Impedance

To calculate r,, account for 4

W ) 1 R
ds ~— o o
6]D Vos=Vaso /AL/JZVIZCOJC [VGS — VT ]2 i[DP
1 v W 2
L pp = Ekn I(VG - VT)

r,s, accounts for channel width modulation resistance.
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Midband Frequency Gain

Incremental model for complete amplifier

Rg D
o}
G

Vin RB gmvgs rdS RD A}

S

A _ vout _ RB rdsR

MB = Em
v, Ry+R, "1, +R,
ds
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Example

For the circuit shown, k=75 pA/N?, V,=1V, A=0
(a) Find Voo Vso
(b) Find the midband gain

20V

R 20x5
Vi =Vpp— 2 = 2 = 4
“w "PPR+R 25
20 kQ 10 kQ
VGSQ = VGQ — VSQ =4 — 2IDQ
0.1uF
[ |
J T Iy =K[Vesy =V, | =0.075[4-21,, 1T

- ok 2 kQ —— Large
% % I,,=0.075(9-121,,+41},)

415, —121,,+9=13.31,,=1,,-6.331,,+2.25=0
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Example (Cont’)

2
[, =3.167% \/6'32 ’ =0.378 mA or 5.953 mA
Crop across &y wil
[DQ _ 0378 mA be too large

Voo =Vop —Rplp, =20-10x0.378 =16.22 V

Veo = Ryl =2%0.378=0.756 V
Vo =1622V

Vip =0.756 V
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Example (Cont’)

g _\/Zk —1I,, =V4x0.075x0.378 =0.337
A,=—g R, =-0337x10=-3.37

A, =-337
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Low-Pass Circuit

In frequency domain: ¥, =

V d :AV:VO 1

"1+ joRC V. 1+ jwRC

P .
"1+ joRC 1+ jf/ f,
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Low-Pass Circuit

1 1
)= =

2TRC 271

20 log|A,| (dB)
=

10

o
f/f, (log scale)

7 =27 RC = time constant
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High-Pass Circuit

I $
| -0 . —
+ % i
Vi R v, %P i
-c E ! >
01 ! 10 #_(log scale)
o= ViRl - Vll 4 =Yoo 1 1
Ko 1 jore IS ByE—. A
/¢ JY 27 fRC
1
)= 27 RC
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Model for general Amplifying Element
C., and C,, are coupling capacitors (large) =» uF
C,and C

oyt are parasitic capacitors (small) = pF

I I
WV L °a rWVW || Y
+ +
C. —= —_—C R
Vin<> in TRin ? AV out L Vout
ob - 0
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Midband Frequencies

- Coupling capacitors are short circuits

- Parasitic capacitors are open circuits

RQ |:{c:put
Vin() Rin -<-> Avab RL
°b
A — Vout — Rin A RL

n

MB
V. Rg+Rl.n R +R,
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Low Frequency Model

- Coupling capacitors are present

- Parasitic capacitors are open circuits
REI Ce Rout Ceo

I H I -

Vi R — Vinj a)CclRin

v, = in”in — .
R.+R,+ 1 1+ joC, (R, +R,)
.]a)Ccl
Rin ja)Ccl (Rg + Rm)
vab =V

"R, +R, |1+ joC,(R,+R,)]
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MOSFET High-Frequency Model

Go

gd

—Cy ImVgs <¢> 9me¢5<¢>

C
Csb — sbo
1+&
V
W
=uC
gm lLlI’l oxX L
gmb =
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L Vs
/4
= gm
220, +V,,
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Mds
—_—C
—1 “db C
Cdb dbo
1+@
v,
1
r, =V, /I, =
/1[
2
C,==WLC, +WL,C,

ng — WLovcox
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—~|(dB)

CS - Three Frequency Bands

VDD

Vv
R,
1 E ! . .
= < Midband "“l‘ High-frequency band
Low-frequency - : -
hand s All capacitances can be neglected I
L N » Gain lalls off
* Gain falls off | (0 + |
i VY due to the effect
due to the effect| 3 dB |

of C,, and C,,

ofCailC
and C,

20 log

Ay

\

(dB)

b

Ji Ju f(H.;}
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Unity-Gain Frequency f;

f;is defined as the frequency at which the short-circuit current gain
of the common source configuration becomes unity

ng ly
'0_
|
c — Define:
Ii gs T gmvgs rds S — ja)
(neglect sC,,V, since C,,is small)
_ / g

]0 :nggS VgS:S(CgS;ng)

ECE 546 — Jose Schutt-Aine 24

cCr ILLINOIS

'P P ign




=y oy =y
Electrical ar
University of Il

ILLINOIS
1d Computer Engineering
linois at Urbana-Champaign

Calculating f;

For s=jm, magnitude of current gain becomes unity at

g g
@, = = f = L
Cc +C, ! 27z(CgS n ng)

f7~ 100 MHz for 5-um CMOS, f,~ several GHz for
0.13um CMOS
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