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MOSFET small-signal model

» Small-signal motivation - revisited
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Small-signal model is valid in the narrow linear region around Q.
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MOSFET small-signal model

» Small-signal operation - intro

7 Gome components ,\

G D—{ small-signal
Some connections

S

small-signal model of T

Oy

A 4

o
E
Hints:
- keep names of terminals
- use voltage-controlled current source
- values of parameters are computed in Q (Vys; Ip) or Q (V¢; 1)
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MOSFET small-signal model

» Small-signal model — low & medium frequency

li lo
o *— 5
1 A
Vi l Vi ngzl Vo lvﬂ

O

e two-port network
v input resistance: r;
v'transfer: voltage-controlled current source: g, v,
v’ output resistance: r,
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MOSFET small-signal model

» Small-signal model — high frequency
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e,

O
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e two-port network

vior i . . _
v + parasitic capacitances between terminals
gmvi

vor,
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MOSFET small-signal model

» Small-signal model — low & medium frequency

li lo
O I O
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Custom model for MOSFET?

v rl.:?

— — VDs
v Im= ?’ Vi= ?

v roz? 1‘K1
S

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits /



MOSFET small-signal model

» Small-signal parameters

Input resistance r;

Vs

0V;g
l"f-='r' =

_ Ygs
95 i, '

vps=cst lg vps=cst

Py - derivative of v, with respect to i,
lg

the gate is electrically insulated from the rest of structure: i, = 0

ID

the input resistance is infinite (open-circuit) j

VDs

ol
— G -S> )

1‘& !
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MOSFET small-signal model

» Small-signal parameters

Output resistance r,

r =1, = 1 . avDS @ avDS
0 ds J, id Vos = cst alD
A 0
T ==
ds ID
lp = 5(VGS_VTh)2(1+ el
V, - Early voltage e
V,=100 V for n-channel MOSFET _,::f-:‘_:-s*""'#
i
V,=50V for p-channel MOSFET ¥
1
Vy = e A — channel length modulation factor [V1]

ID

|
)m

i

- derivative of v, with respect to i,

o slope = 1/r,
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MOSFET small-signal model

D
» Small-signal parameters G o, )
VDS
Transconductance g, \
- shows the transfer from variable input voltage v to variable output current i, ves _1
_ 9 _ la ip = B(wgs — Vrn)? S
Im dvgsl vps = est Vgs| Vps = et KW
ip =~ (Wes — Vrr)? - integrated transistors
0(B(wgs — Vrn)? :
Im = 5 = 28Ves — Vrn) o4
Vgs
215
Im = 2(Ves — Vrn) = = 2,/BIp slope =
Ves — Vrn I i
integrated transistors: KW 0 »VGs
Im = 2 ETID

MOSFET: voltage-controlled current source for small signal | lg = ImVgs
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MOSFET small-signal model

» Small-signal model & parameters - summary

_ _ o

Im = 2BWVes — V) = 24/B1p ~

KW Vo ¥ o
Im = 2 /ETID ® & gl Fds

Vy \

Y = VTi. = —

0] ds ID a L

iq = GmVgs = 2BVes — Vrn)vys < hybrid-t model

Small-signal model, low & medium frequency
o—eo ” . o
(7 Cea T D . .
~ Small-signal model, high frequency
Cg == SnVes =y lys  Parasitic capacitances (pF or less) between
Vs terminals
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MOSFET small-signal model

» Small-signal model & parameters - examples
Ex.1 B=2mA/V? V,=100V; /,=2mA

v, 100
Gm = 2+/BIy =22 -2 = 4mS rdS=I—A=T=50KQ
D
Ex.2  B=2mA/V? V=15V, 1,=100V; V=25V
= 28(Vss — Vi) = 2-2(2.5 — 1.5) = 4 mS

ID — ﬁ(VGS — VTh)Z = 2(25 — 15)2 = 2 mA rdS — ID — 2 — 50 KQ

Ex. 3 K=100 pA/V?, W/L=1, V,=100V; I,= 100 pA

,W
Im = V2K T‘/E =+/2-100-v1-V100 = 0.14 mS
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MOSFET basic amplifiers

» Configurations

Common drain (CD)

Common source (CS)

Where do the names of the configurations come from?

Why are the capacitors necessary?

How are the circuits analyzed?

-Vog
Common gate (CG)
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MOSFET basic amplifiers

» Configurations

= Where do the names of the configurations come from?

The terminal that is connected to ground in the small-signal equivalent schematic gives the name of
the configuration.

= Why are the capacitors necessary?

Capacitors separate the variable signals from the dc ones (at the input, output, or in other points of
the circuit).

The capacitances need to be high enough so that they can be considered short circuits at the

operating frequency (their equivalent impedance << the series/parallel resistances connected with
them).

On the dc equivalent schematic (the one used to determine the operating point @), the capacitors
are considered open circuits.

= How are the circuits analyzed?
See next slide(s)
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MOSFET basic amplifiers

» Transistor amplifier analysis - steps

Start with full amplifier circuit (transistor, resistors, capacitors, dc sources, ac sources)

1. Draw dc equivalent circuit —
(E — open-circuit

« compute the operating point Q (V,s; 1)
« determine dc potentials in the three terminals of the transistor

« compute small-signal parameters of the transistor: g, 1,

2. Draw small-signal equivalent circuit LC— short-circuit j
ve

. : dc sources - passi
« compute amplifier performance: gain A,

input resistance R, output resistance R,

3. Plot waveforms in various points of the amplifier
« small-signal waveforms

« full waveforms (dc + small-signal)
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MOSFET basic amplifiers

» Common source (CS) basic amplifier

1. Draw dc equivalent circuit

)

« compute the operating point Q (V,s; 1,

 determine dc potentials in the three
terminals of the transistor )

- compute small-signal parameters of the )
transistor: g, 1.

_/

See Seminar 1 and C2
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MOSFET basic amplifiers

» Common source (CS) basic amplifier

2. Draw small-signal equivalent circuit
compute amplifier performance:
gain A,

input resistance R;

output resistance R,

C'G D I 8]

~ Rg - N
oIV,
O

s, _T_ — J— RDJ_
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MOSFET basic amplifiers

» Common source (CS) basic amplifier

I C:G D I )
N R ; g . v
o] IR VAL
S (o]
- Rs I &y -T- — J— RD J_
R; = Rg Usually, Rp < 145, SO| Ay = —gmRp
1%
Ay == R, = Rpllras = Rp
Vi
Vi = Vgs A, < 0 —inverting amplifier
Vo = _gmvgs(RD”rds)

If R, is present:

Ay, = —gm(Rp||7gs)

A, =
A, =

—9mRp||ras||Rr)
_gm(RD | |RL)
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MOSFET basic amplifiers

» Common source (CS) basic amplifier - example

R.=1MQ; R,= 50 KQ;

I=0.1mA; Vpe =12V
K=0.1mAN2, W/L=2, V,=0.6V
V,= 100V

a) Draw the dc equivalent circuit.

b) Determine Q(Vyg Ip).

c) Compute the small-signal parameters of the transistor, g,,.and r,..

d) Draw the small-signal equivalent circuit. What is the configuration of the stage? Justify.
e) Compute the gain, input and output resistances.

f)  For v({) - triangular wave, 50 mV amplitude, plot v{{?), v(9, vLD), v{?).
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MOSFET basic amplifiers

» Common source (CS) basic amplifier - example

a) Draw the dc equivalent circuit. Ip =1=0.1mA Vee = 0V
b) Determine QA Vyg Ip).
c) Compute g, and rg. Vps = Rplp + Vps — Vs + Vi
Vbs = Vps — Rplp + Vs — Ve
Vs kW
Ip = 2L (Vs — VTh)Z
Ro lj‘f”:j I 0.1
Vs = Vin + ﬁ= 0.6 + /E= 1.6V
2L 2
Veg=0 Vps=12—-50-01+16—-0=8.6V
_ l Vs
Q(8.6V;0.1 mA)
Ro VG> w
lj m = V2K |7 \Ip =V2-01-V2- V0T = 02m$
v, 100
Ve 'rdS=ID= 01 = 1MQ
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C3 — MOSFET basic amplifiers

» Common source (CS) basic amplifier - example

d) Draw the small-signal equivalent circuit. What is the configuration of the stage? Justify.
e) Compute the gain, input and output resistances.

MOSFET basic amplifiers

[

—

vgs 4 mvgs r
ds

I . s

[

]

L

A, = —gm(Rp||rgs) = —0.2 - (50|]1000) = —9.5
or Ay~ —g. R, =—02-50=—10

R=R.,=1MQ

R =Rp||rys =47.6 KQ or R ~ R,=50KQ
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common source, terminal S
is connected to ground
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C3 — MOSFET basic amplifiers

MOSFET basic amplifiers

» Common source (CS) basic amplifier - example

f)  For v({) - triangular wave, 50 mV amplitude, plot v{?), v/, v, v{D).

Ves

(_-,TCD —

|
= v-v.-ri=7v

V.= |4, V; = 9.5 * 50 = 475 mV
V() = A,v(8) =-9.5v(D

v() =V, + v,() =7-9.5v()
Ve=-V.o+ V.=-16V v,()=0V
vd) =V + v () =-16V
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W, =ve MY
GJ]

Vb(l) =:LQf+'[G(Z) LQ;==()\/ 50 |

4?5 R S ——

475 o

7,475

6,550\

Vo 4 [V]
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MOSFET basic amplifiers

» Common gate (CG) basic amplifier
+ —0 (7 D - . 's)
) P L
D
C —>w N v, Ves gmng,L [] Iy [] Rp
’_I + I—o A Vo
- I: C—aw o—1
S
- Rz 1 = ImVgs — L fa‘T 4Rf
C — w Vo = —Rpl AT
T Vi = —Vys 1 l(;D 1 E
, (JP:{ J’I Rpiy = iy1gs +v; = |
1 liz_gmvgs R _ENL
T vi:_vgs i_ii~gm

_ RD (gmrds + 1)

A
v RD +TdS

If gmrd5>> 1 Av ~ gm(RD“Tds) ~ ngD

R,=ryl|Rp=Rp >3
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C3 — MOSFET basic amplifiers

» Common drain (CD) basic amplifier

MOSFET basic amplifiers

3 P +Vps
C—>w

1D e

-Vpg

Vo = (Rsllrds)gmvgs

V= Ugs'l' VU,

A = Vo _ (Rsllrds)gm - ngS
Y (%1 1+ (Rsllrds)gm 1+ ngS

Ifg R>1 | A, =1

—

R

°G

521

Iy

r, - resistance seen into S when v;= 0

Ty = —Ygs
s —9ImVgs—Vgs/Tds
Im + 1/7"d5

=Tds||_

Im

S

|
3
Bl Rl g |

Voltage follower (source follower)

1 1
Ro = Rsl|rs = Rs||ras|l —— = Rsl| —

Idm Im

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits
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MOSFET basic amplifiers

» MOSFET basic amplifiers - summary

Common source CS Common gate CG Common drain CD
Ay = —9gm(Rpl|7ras) Ay = gm(Rpl|ras) = gmRp A, ~ 1
R: =R R: = ﬂ ~ i R. =R
S Nl e e
Ro = Rpl|ras = Rp R,=r4||Rp=Rp RozRS”i

Which one is best? What does best mean for gain, input/output resistance?
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C3 — MOSFET basic amplifiers

Summary

» MOSFET small-signal model
» MOSFET basic amplifiers

Next week: BJT basic amplifiers.

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits

26



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47

