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Amplifier?

* A device that generates output signal that is proportional to the

input signal in a “constant” ratio. Gain is defined as AV

out

IAV,

* We will focus on “voltage” signal first and note that “voltage
change” is amplified.
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Utilizing a Single MOSFET
as an Amplifier

 There are three nodes, which nodes should be allocated as
“input” and “output™?

» Consider the two following things:
1) Vg or Vpg can change lpg in MOSFET
2) Inthe saturation region, l¢ is less sensitive to V.
=> Input should be reflected to V5 while output is related to I
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Three Survivors

« What will we do the remaining third node?
=> It can offer “reference” both to input & output commonly
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Common Source (CS) Amplifier

* How should it work? Roughly,
V,, changes =» Vs of MOSFET changes = |, changes = ??

* We should think of the there following things:
1) Better to fix source voltage, so that AV, is reflected into AV 4.
2) We need something that can converts I5g into voltage, V,
3) Is there any constraint for operation region of MOSFET?
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Grounding Source

* There may be other many ways but simply,
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* Now, AV, is reflected into AV g, that results in Al

* Next it is time to converts Al into AV,,. How?



Remember that
MOSFET Is a Variable Resistor

* How do we design a circuit so that variable resistance effect can
be observed at OUT in terms of V_,?
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Adding a Resistor

 Now we can realize
AV, > AV s > Al = AV,
* Ry can be realized in many ways.
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Gain Determination in CS Amplifier

* Procedure is AV, = AV5q = Al =2 AV,

« Gain = AV /AVIn can be determined step by step
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Transconductance, g, of MOSFET ouT
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» Transconductance is determined by the following N —I

model that relates AV to Al .
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Triode or Saturation? Or Both?

* Which region is desirable for MOSFET to
operate as CS amplifier?
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» Consider AV, = AV5g =2 Alyg =2 AV

out-

* It is desirable to make 155 only dependent to AV,
and V¢ effect on |55 should be minimized.
= MOSFET should be in the saturation region.

OuUT



Aim of Biasing

« MOSFET should be in saturation region, that is

Ves > Vi

and

Vbs > Vgs - Vy

* IN and OUT range may not make the MOSFET saturation

=» We should design a circuit that forces MOSFET be in saturation
region for interested input range.
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IN Acceptation

* We can utilize a capacitor. What is the definition of a capacitor?




Determine the bias current of M; in Fig. 7.1 assuming Vyy =05V, u,Co =
100 uA/V?, W/L = 5/0.18, and » = 0. What is the maximum allowable value of R

for M to remain in saturation?

4kQ =R,

VDD= 1.8V

2r,
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In the circuit of Example 7.1, assume M, is in saturation and Rp = 2.5 k2 and compute
(a) the maximum allowable value of W/L and (b) the minimum allowable value of Rg

(with W/L = 5/0.18). Assume A = (.

4kQ =R,

VDD= 1.8V

2r,
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Efficient Way to Guaratee
Vbs > Vs = Vy

« Self-biased MOS Stage

—_—V
Vpp=1.8V bb
4kQ =R, = Rp = Rp
Y Ra
Yo I
10kQ ‘:SERZ Rs = 1kQ Re

IpRp + Vgs + Rslp = Vpp

1 W ,

Ip = iﬂncﬂ E[VDD — (Rs + Rp)Ip — Vrul]



Calculate the drain current of M, in Fig. 7.3 if 4,,C,x = 100 uA/V?, Vg = 0.5V, and
A = 0. What value of Rp is necessary to reduce Ip by a factor of two?

VDD=1.BV
Rp = 1kQ
20k Q2
| ﬂf= o
=M T ~0.18
200 Q2

Example of self-biased MOS stage.
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Revisit Transconductance

* Recall that in CS amplifier

AV, =AVes D Alpg D AV, and St = Blps (AVo,

AV, = AV s Dlos

* If input varies in sufficiently small range with biased MOSFET, it
IS highly efficient to assume gm is constant for input range.
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Small Signal Model

1) Only considers the “change” in signal of V,., 15, V. €tc.
Ves + AVgs P Vs
Vin + AVj, P v,
Vpp = 0 (Grounded)
Ip + Al = ij
Vour ¥ AVou 2 Vour
Vs + AVpg P Vg
=» Bias condition is not visible
2) Transconductance g,, IS constant

= g, = Al/AV g = Ip/vgg = 00V s (as “small” change in voltage)



Application of Small Signal Model

Vop

Vino—— 2 Vout
V. ¥ ﬁa R
I'p \iﬂ V1 IV D
Output Sensed - T
Vino—| M at Drain

Input Applled/ - )

to Gate

* The value of g ? Neglecting channel length modulation,

W 2Ip
Em = ju'ﬂ 0X (V(_":T - VTH) \/zﬂncwc ZID* _
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Gain of CS Amplifier

Avout Al AV,

e That is,

W
AL‘ — _'\/Z:UJHC{}I I!DR[J-

« Bear in mind that MOSFET is all of the above is based on the
assumption MOSET is in the saturation mode. That is,

Vbp — Rplp > Vgs — Vru.

* What if I Is Increased to achieve higher gain? Then saturation
mode may not be sustained.



Calculate the small-signal voltage gain of the CS stage shown in Fig. 7.6 if Ip = 1 mA,
1aCox = 100 ,uA/VE, Vi = 0.5V, and A = 0. Verify that M, operates in saturation.

Example of CS stage.
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