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Transistor Amplifiers (11)
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Content :

» Common-drain amplifier
» Common-gate amplifier
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Key questions

» What other amplifier stages can one build with a
single MOSFET and a current source?

» What is the unigueness of these other stages?
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How does it work?

Ve lsyp, @nd W/L selected to bias MOSFET in saturation, obtain
desired output bias point, and desired output swing.

V5 T= Ipcan’t change = Vg1 T (source follower)

* to first order, no voltage gain: V,, =V,

* but R, small: effective voltage buffer stage (good for making
voltage amp in combination with common-source stage).
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O Small-signal analysis
Unloaded small-signal equivalent circuit model:

Vin =V gs +Vout
V.=0, gs(r [r.)
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Vin <T>gmv.gs rot'r/{rc,c Vout 1
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Input Impedance: R;, =
Output impedance:
" + Vgs - o ﬂlt
+
HS§ Vin T> 9ImVgs % fo//Toc j)
Vgs=-Vt
effectively: : R = 1 ~ 1
resistance of —" " O, + 1 On
value 1/g + m' .
m SN L >gmvt § ro//Toc O wu o /o
- ' Small!
. R,
Loaded voltage gain: A, = A\/o > ~ 1
+ R 1
R +—
I
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OEffect of back bias:
If MOSFET not fabricated on isolated p-well, then body is

tied up to wafer substrate (connected to V):

VDD
signal source
| iy : |
: W L ves signal
| Ve "D : + load
e G)isup %F{L
VOUT
VGG =—
hvd A4
Vss

Two consequences:
Bias affected: V; depends on Vs =V —Vour #0
Small signal figures of merit affected: signal shows up between B and S

(VBS - _Vout)'
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Small signal equivalent circuit model:

G D
+ +
Vgs <l ImVgs l> ImbVbs % o
- S
Vin +
Vbs % foc Vout
o- + B
Vbhs=-Vout
T + Vgs - i
Vin T>Qngs ngbVouté ro//foc Vout
0 1 out —
m mb // gm gmb
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O Relationship between circuit figures of merlt and deV|ce parameters:

10

_ Y
2 gmb _ gm
\/ :un (0) D 2\/_2¢p _VBS
Circuit Parameters
R - S
Device (Al | Ry Rt
Parameters | —9m | oo | —+ —
Im+9mb Imt9mb
IJSF[;P T - - g
W1 - - l
l—f--n. < Ox - - $
L T N a A

CD amp useful as a voltage buffer to drive small loads (in a
multistage amp, other stages will be used to provide voltage gain).




DrFiizt

SHANGHAI JIAO TONG UNIVERSITY

3. Common gate ampllfler

Need to handle current mode signal sources:

VDD

Vss

11
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How does it work?

* Since source is signal input terminal, body cannot be tied up to
source (C, Is significant)

* Isyp lg1as, @aNd W/L selected to bias MOSFET in saturation,
obtain desired output bias point, and desired output swing.

* no current gain: i, = I, (current buffer)
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O Bias: select Igp, I5,5, @nd W/L to get proper quiescent It

~ 7 |

and keep MOSFET in saturation

VDD
Isup (¥)
louT

f%l

A
(*) IBlAS

Vss

ISUP + IOUT + IBIAS =0

Select bias so that 15,1 =0=> V1 =0.

Assume MOSFET in saturation

(no channel modulation):

W

5 :I:uncox(vGS _VT)2 = lgup =—lgias

but V; depends on Vgq:

V: =V, +7, (\/_2¢p Vs — \ —2¢,)

Must solve these two equations iteratively
to get V..
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O Small signal circuit (unloaded)

+ G ; ‘IOLJ[
Vgs gmvgs <Dmbvbs < fo

.S 2 too
Yos (D s

+ B

1 Vbs=Vgs

is(1)  Vgs <’ng\’gs <T>me“fgs fo
+

—>
lout
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is(D % Im % 9mb % o

. . i
_ _ out __
Is __Iout — Aio =———=-1

S

Not surprising, since in a MOSFET: i,=0.
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Input resistance:

+

Vgs > 9mvgs gmegséro

Do KCL on input node:

Vas=-V :
gs="V1 it—ngt—gmet—Vt_(rO(;//RL)lt 0
: 0
St Hgmv 1o THEN: 14 foc TR,
@ Wi R. = o T~ 1
= roo//RL I Gy +E IS

Very small.
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Output resistance:

< s

Vgs <1>Qm‘v'gs <l gmbVgs % ro (I
roc % ()4:-.”
2 ks Do KCL on output node:
y V, +V,,
l — gmvgs - gmbvgs - =0
rO
+ -
Vgs <l>gm\-r’gs <1 gmbVgs % ro i Notice also:
-

O vt Vi = —i, R,

Then:

R, =Toc //{rO {1+ R, [

O

1
gm + gmb +r_]:|} ~ rOC //[rO (1+ ngS)]

17 Very large, because of the feedback effect of R..
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Summary of MOSFET amplifier stages:

stage Avor, G, Aio R;, R, key function
COMMON source Grno = Om X "o/ [ Toc transconductance amp.
common drain P e —. xC 1 voltage buffer

vo Imt9mb Gmtdmb g b

common gate A;, = —1 Qm‘l{gmb Toe//[To(1 + gmRs)] || current buffer

In order to design amplifiers with suitable performance, need
to combine these stages
= multistage amplifiers

18
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O CMOS multistage voltage ampllfler
Goals:
* high voltage gain
* high R;,
* low R
*Good starting point: CS stage

Rs ro//foc
—\/\/\f\—_ol_ _MN -
+ +
Vs C> Vin ()-Im(ro//roc)Vin - Vout
Rin =0

A, =—-0,(r, //r,.), probably insufficient
R =T, //r,,toohigh
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O Add second CS stage to get more gain:

RS o1 f'.fl'om r02'!!r002
VW< VAR 1 VAR 1
+ + =
Vg () Vini ()-9Im1(ro1//roc1)Vini Vout1=Vin2 (-9Ima(ro2//foc2)Vin2 Vout2 é RL

R =0

In

'A\/o — gml(r01 //rOC1)gm2(r02 //rocz)
ButR,, =1,/ /ry,, still high

20
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OAdd CD stage at output:

Rin = 0
A\/o = gml(r01//rOC1)gm2(r02 //rOCZ)
1
R = ,now small
gm3 T gmb3

gm3

gm3

gmb3

still high



=i x x 7 v
@) S EILE

SHANGHALI JIAO TONG UNIVERSITY

€ Amplifier requirements are often demandlng
* must adapt to specific kinds of signal source and load,
* must deliver sufficient gain

@ Single-transistor amplifier stages are very limited in what
they can accomplish

= multistage amplifier.

signal source

—_—— — — — —

S

vouT % RL

Vss
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Key conclusions

Different MOSFET stages designed to accomplish different goals:
« Common-source stage:

large voltage gain and transconductance, high input resistance, large
output resistance

excellent transconductance amplifier, reasonable voltage amplifier
« Common-drain stage:
no voltage gain, but high input resistance and low output resistance
good voltage buffer
« Common-gate stage:
no current gain, but low input resistance and high output resistance

good current buffer
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