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 CG Amplifier
e Examples
* Biasing in MOS Amplifier Circuits
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Common Gate (CG) Amplifier

* CG Amplifier- Input is applied at
the Source and the output is
sensed at the Drain.

e The Gate terminal is used for
establishing  appropriate  bias
conditions for the transistor.

e |ts characteristic can be studied through large-signal behavior as well.

* ForlargeV;, i.e.forV;,, >V, —Vp: M, is off and therefore: V,,: = Vpp
1 W
* Forlower Vj,: Iy = E,Un OXT(Vb -V, —V; )2

1 W 2
Vour =Voo — 1bRp =V _(Eﬂn ox T(Vb Vi, _VT) jRD

* Then small signal gain is: % = —(lun OXVTV(Vb -V, =V )(—1— Ny D Rp

oV.

in in
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Common Gate (CG) Amplifier (contd.)

: V W
* Since, aVT/aVin = aVT/aVSB =1 aavout luncox L (V _V _VT)(1+77)RD

m[ﬁﬁg (1+7)R ]/ \

Non-inverting Amplifier Higher as compared to CS stage

—> @Q % Hen % D

KVL in loop-1: ‘i ' I KVL in loop-2:

v, —Yarg Ly =g
RD out - 0 R _g V gmb ] I_-\?Ut R +V

D D

[ out A\/ — (gm + gmb)ro +1 REJ

I+ (9, + 9)Rs + R + Ry
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CG Amplifier (contd.) Non-inverting with slightly higher
/ value as compared to the CS

+ r +1 stage - body effect is useful in
out A\/ — gm gmb 0
V. r+(g,+9.,)LR +R+R, ° this scenario
* Iftheresistor Ry is replaced V_ Rp = oo for an ideal
by a current source then: vV, =A = (0 +G)F, +1 current source

In

* Let us look at small-signal model — without channel length modulation and biased
with a constant current source

|||——+
Vi
;; x| = t
KVL in loop-1: As KCL at this = A= \;U =(9 + %) Ro =9, L+ 7) R,
V,+Vv. =0 vo() no in

(90 + 9 +Rﬂ =0

D
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\ CG Amplifier (contd.) /’\

VDD |||—-— -

——
Rp gmvi =rg Gbgmhvhs %RD

* Input Impedance: M,

Voo

_Er° KVL in loop-1: % KVL in loop-2:

L V, =V,
Ry Roly + [ 1y = (9n + 9o Vy | =V,
Rin :VX R s ~ RD + 1
IX 1+(gm +gmb)r (gm +gmb)ro (gm +gmb)
* Case-l: R,=0 mm) R, Vi L I,

Iy 1+(9, + 9wty

* Case-ll: Rjisanideal currentsourceie, Ry > mmp R, >

It is apparent that the input impedance of common-gate stage is low
only if the load impedance connected to the drain is low




Hp ECE315 / ECE515 C)

CG Amplifier (contd.)

e Qutput Impedance:

Rout = {[1+ (gm + gmb)ro]RS T ro} ” RD

Example-1

 Derive the small-signal voltage
gain expression for this amplifier.
Consider the cases when
channel length modulation are
absent and present.
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Example -1 (contd.)

* Case-l: A = 0 both for M; and M, - In such a case M, presents a
degenerating impedance of 1/g,, to a single stage CS amplifier as shown

below.
Voo

Vin :V1 + gml\/l-i

m2

Simplification gives: V,, =-9..V/R, SA=— Ry
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Example -1 (contd.)

* Case-ll: A = 0 for M; and A # 0 for M, - In such a case M, presents a
degenerating impedance of (1/g., || r.,) as shown below.

Yoo f\

Ap Vin
Vout
IIIiIrin‘:'_l M-I
1
g— ” r02
ma2 1 1
5 Vin :Vl + gmlvl{ | rozj :Vl 1+ gml( | IFozj
gm2 gm2
4 )

simplification gives: | A= 1 1
+ ” r-02
' Y,
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Example — 1 (contd.)

* Case-lll: A =0 for M,and A # 0 for M; = In such a case the small
signal model looks like:

: WL Vout
+
Vin ) VJ ¢ g m1V1 I, Imb Ybs Rp

1

- gm2
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Example — 2
 Derive expression for the small-signal voltage gain of the following circuit.
(Assume: A # 0 for both M; and M,. Neglect body ~ffect)

Voo . S
Gate and Source are fixed.

Vil M, Therefore this NMOS Yl L T ——
works as a constant N
current source with an

Vout

Vo . . a
impedance r_, across its e
drain and source |

- gml(vin _Vout)(rol ” roz) :Vout

Vine— &
KVLin Iooa Y}
e S N . A\/ =V0ut — (r01|| r02)
Vin =Vl +Vout B V |: 1 :|
) — Tt (rol ” roz)
gml
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Example -3

* Whatis R, in the following circuit. (Assume: A # 0 for both M; and M,
and both are in saturation.)

R
{ °'  Gate and Source are fixed. Therefore this NFET
j works as a constant current source with an
Vi L M, impedance r_, across its drain and source

— outJ

?Vx = Ix I + (I X gmlvl - gmblvl)r°1
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Biasing using Single Power Supply
We typically attempt to satisfy three main

e The general form of a .
single-supply MOSFET bias design goals:
lifier biasi reuit is:
amEDI ier |a2ng circuit is 1) Maximize Gain
Typically, the small-signal voltage gain
;Q %él% of a MOSFET amplifier will be A o« G
. proportional to transconductance g,,.
R |I: o Thus, to maximize the amplifier voltage gain, we must
clN maximize the MOSFET transconductance.

Q: What does this have to do with D.C. biasing?

A: Recall that the transconductance
. In = 2K (VGS B VT)
depends on the DC excess gate voltage:

* Another way to consider transconductance is to express it in
terms of DC drain current I.
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Biasing using Single Power Supply (contd.)

* Recall this DC current is , I,
related to the DC excess gate I, = K(Ves - VT) = (Ves - Vr) = K
voltage (in saturation!) as:

T
* And so transconductance can be g, =2K(V,s —V,)=2K /?D =2,/KI,

alternatively expressed as:

* Therefore, the amplifier voltage gain is typically /koc\/l'i
proportional to the square-root of the DC drain current: D

To maximize A,, maximize I,

2) Maximize Voltage Swing

Recall that if the DC drain voltage Vp is biased

too close to V/pp, then even a small small-signal VD(t) =V + Vd(t) >V,
drain voltage v,4(t) can result in a total drain

voltage that is too large, i.e.:

In other words, the MOSFET enters cutoff, and the result is a distorted signal!
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Biasing using Single Power Supply (contd.)

To avoid this (to allow v, (t) to be as large as possible without MOSFET entering
cutoff), we need to bias our MOSFET such that the DC drain voltage Vp is as small
as possible.

Note that the drain voltage is: Vi =V, - R, I,

Therefore Vp is minimized by designing the bias circuit such that the DC drain
current I is as large as possible.

However, we must also consider the signal distortion that occurs when the
MOSFET enters triode. This of course is avoided if the total drain-to-source
voltage remains greater than the excess gate voltage, i.e.:

Vos(t) = VDs + Vds(t) > (VGS B VT)

Thus, to avoid the MOSFET triode mode—and the resulting signal distortion—we
need to bias our MOSFET such that the DC voltage is as large as possible.

To minimize signal distortion, maximize VDS]
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Biasing using Single Power Supply (contd.)

3) Minimize Sensitivity to changes in K,V

We find that MOSFETs are sensitive to temperature—specifically, the value of
K is a function of temperature.

Likewise, the values of K and V; are not particularly constant with regard to the
manufacturing process.

Both of these facts lead to the requirement that our bias design be insensitive to
the values of K and V. Specifically, we want to design the bias network such
that the DC bias current does not change values when K and/or V; does.

Mathematically, we can express this d I, d dI,
requirement as minimizing the value: dK anc dV.

These derivatives can be minimized by maximizing the value of source resistor Rg.

So, let’s recap what we have 1. Make Ip as large as possible.
learned about designing our 2. Make Vps as large as possible.
bias network: 3. Make R; as large as possible.
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Biasing using Single Power Supply (contd.)

maximizing
this term.

Minimize distortion
by maximizing this
term.

VDD - IDRD - VDS - IDRS

or

IRy +Vos + IyRs =V,

Vas :
3@ é%
v \4
Maximize A, by

Minimize sensitivity
by maximizing this
term.

the three terms
must equal this!

=0

D
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Example -1

16.0 16.0

2 3

and Vy = 1.0V, determine the resistor values to bias
this MOSFET with a DC drain current of I, = 4.0mA.

J(ID * If the MOSFET has device values K = 1.0 ™4/ ,
v,
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The MOSFET Current Mirror

* Consider the following ¢ Note V) = Vg, therefore: V. =V,
MOSEFET circuit:
Voo  andthus: Voo >V, -V,
* The MOSFET is in saturation if V; > V7.
IDl R * We know that for a MOSFET in — Vv
saturation, the drain current is: bs &S

[Say we want this current I, to be a specific value—call it I..¢.

H.

Y * Since I's = 0, we find that from the above T
es . . ) V. = ref V.
- equation, the drain voltage must be: b K + Vi
Likew ¢ * And thus the resistor
T CIRGWISE, Tom Vi, —V value to achieve the V V
- _ DD D —
KVL  we find Iref N R desired drain current R = —22—2
that:

Ly is: re
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The MOSFET Current Mirror (contd.) Voo Voo

Q: Why are we doing this?
A: Say we now add another component Lfl R I‘l R

to the circuit, with a second MOSFET that
is identical to the first :

Q: SowhatiscurrentI,?

Vst Vo

A: Note that the gate voltage of each MOSFET is the same (i.e., Vg1 = Vo),
and if the MOSFETS are the same (i.e., K; = K5, V1 = V75,), and if the second
MOSFET is likewise in saturation.

IL — Kz (Vesz - VT2 )2
— K1 (Ves1 - VTl )2 - Iref

 Thedrain current I; is:

Therefore, the drain current of the second MOSFET is
[ equal to the current of the first! J ‘ L=1,
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The MOSFET Current Mirror (contd.)
Q: Wait a minutel You mean to say that the current through the resistor R, is
independent of the value of resistor R, ?

A: Absolutely! As long as the second MOSFET is in saturation, the current through
R, is equal to / ,—period.

N 2
Sign Res®

Voo Voo Voo

* The current through R, is
independent of the value of ;p R
R, (provided that the MOSFET

remains in saturation). Think

about what this means—this ? .
- [ M re
device is a current source ! |——| h Lor

Current Source

e Remember, the second MOSFET
must be in saturation for the current
Vos2 > Vis2 — Vo,
through R, to be a constant value
Irer- As aresult, we find that: *  For this example: V,,, >V, =\,
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The MOSFET Current Mirror (contd.)

* Since Vpy = Vpp — RyL.r, we find that the

V..-RI >V, -V =V -V
MOSFET will be in saturation if: DD TLTref ~ Ye2 Y2 T Vel VT

e Alternatively, we find the limitation on R < Voo = Vor + Vi
. L
the load resistor R;: I.:
Voo Voo

|  Weknowthat: V, =V, -RI

ref
gp 29‘ : V
. ThEJS we can aIter.natlver R <R+ o
Pl write the above equation as:

Lt
J7:||——| -

* If the load resistor becomes larger than R + V“/,ref, the voltage Vg, will drop

below the excess gate voltage V5, — Vry, and thus the second MOSFET will
enter the triode region. As a result, the drain current will not equal I,.s—the
current source will stop working!
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The MOSFET Current Mirror (contd.)

Although the circuit is sometimes referred to as a current sink, understand that
the circuit is clearly a way of designing a current source.

Vss

e We can also use
PMOS devices to
construct a lﬁfl °
current mirror!

R

Vss

|z

This better be
in saturation!

I, =T

ref !
regardless of the
value of R,/
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We can bias a MOSFET (It is evident that the DC drain current /,, is equal to
amplifier using a current

the current source /, regardless of the MOSFET
source as: values K or V!
V. V.

DD

Thus, this bias design maximizes drain current stability!
lr

S
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MOSFET Biasing using Current Mirror (contd.)

* We now know how to implement this e Since Ip = I, it is evident that
bias design with MOSFETs—we use the V-5 must be equal to:
current mirror to construct the current

source! V.. = \/ZH/T
v v K

;l * Since the DC gate voltage is:
2 ]
A

R
V. =V | ——
6 DD£R1+RZJ

“ ¢ * Therefore:

Mo M.
:II : . II: Vs =V5 — Vs

A v/ Vesz Vs R 1-
v - -V — 2 _ -
VDD [ Rl n Rz ] { K + \/T J
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MOSFET Biasing using Current Mirror (contd.)

Since we are biasing with a current source, we do not need to worry about drain
current stability—the current source will determine the DC drain current for all
conditions (i.e., Ip = I).

We might conclude, therefore, that we should make DC source voltage V. as
small as possible. After all, this would allow us to maximize the output voltage
swing (i.e., maximize IpRp and V/pg).

Note however, that the source voltage Vs of the MOSFET is numerically equal to
the drain voltage Vp, (and thus V/ps,) of the second MOSFET of the current
mirror.

Q: So what?!

A: The voltage must be greater than: V.

652 _Vz VGSI V
= (VDD _Ir'efR)_VTl

in order for the second MOSFET to remain in saturation.

There is a minimum voltage across the current source in order
for the current source to properly operate!
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MOSFET Biasing using Current Mirror (contd.)

Voo oo « Thus, to maximize output V. =V.., -V,
swing, we might wish to set: 5 7651
.Qaglfb
? R (although to be practical, we should make Vs slightly
* greater than this to allow for some design margin).
4| Vs
i I: Q: How do we “set” the DC source voltage Vs??

; 2 - . A: By setting the DC gate voltage V. !!

I ¢ V> Vesr-Vr
-  Recall that the DC voltage T
Vgs is determined by the DC Vo = ‘/E +V

current source value I:

v

e and the DC gate voltage is determined by the two R,
: Vs :VDD
resistors R; and R,:

e Thus, we should select these resistors

) . l_
such that: _{\/;JFVT}L(VGQVH)
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MOSFET Biasing using Current Mirror (contd.)

Q: So what should the value of resistor Rp be?
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A: Recall that we should set the DC drain voltage Vp :

a) much less than V,, to avoid cutoff.
b) much greater than V; — I/ to avoid triode.

 Thus, we compromise by setting the DC drain V- Voo + (Vs —V4)
voltage to a point halfway in between! b 2

 To achieve this, we must select the R - Voo =V _ Voo — (V2 =V
drain resistor R so that: b I, I,
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Example — 2
Let’s determine the proper resistor values to DC bias this MOSFET. The current
source is 5.0 mA and has a minimum voltage of 2.0 Volts in order to operate

properly

150 150 e Since I =1, =5mA, we V, =\/I+VT
know that the value of V¢ > VK

should be: 5.0

R ?Ro _ ﬁ +1.0
$ Vet v _6.0V
—

 Assuming that we want the DC

. source voltage to be the Vo =Ves + Vs
RZ? 5.0 MCJ')m:z'OV minimum value of Vs = 2.0V, =6.0+20
) we need for the DC gate =80V
v v voltage to be:
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Example — 2 (contd.)

« Thus, we need to select resistors R; and R, so that: V; =8.0=V,, (—j

 orinother words, we want: ( R |_80
R

R,
R+R

+R, ) 15.0

Since we can make R; and R, large, let’s
assume that we want:

R +R, =300K

[So that Ry = 140 kQQand R, = 160 kQJ

VDD+(VG_VT)

Finally, we want the DC drain voltage to be: Vi = >
~15.0+(8.0-1.0)
RD _ VDD _VD B 2
So that the resistor is: I, =110V
~15.0-110
- 50

=0.8KQ
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Example — 2 (contd.)

15.0 15.0

R, =0.8K
R, =140K

K=0.2 mA/V?
| Vrz10V

+

R =160KS  50mA( | Jvw=20V

v



