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Learn loadline analysis of transistor * circuits
Learn DC bias analysis of transistor * circuits
Learn ACsmall -signal analysis of transistor * circuits

*or any nonlmear circuit element

(diode, Vacuum tube, tunnel junction, ...)
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Transistor Amplifiers: Comments

Expertise in multistage design requires much background
137AB: transistor circuits in great detail: 20 Weeks
Basic stages. device models DC vs small signal analysis.
Biasing techniques. AC vs.direct DC coupling.
Frequency response.
The best way © teach this involves long build - up of these concepts.
With this tool set mastered, real (complex multistage) ICs can be learned in a few weeks.

***we cannot take this approach given the few weeks available in ECE2C.

In ECE 2C: mtroduction to basic principles of active circuit design.
DC bias analysis. Loadlines. Small signal models. Small signal analysis.
Transistor high - frequency models.

Fundmentals of frequency and transient resp onse.
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Transistor Amplifier Examples
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Transistor Gircuit Examples
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RL$ V =V +oV

out out, DC out
| I/in - I/m.DC—I_6 Vin o V
in out
NS 5, L‘;.
in
. i I/z’n,DC - .
time ; time

The amp lifier 1s a transistor, a load, a powersupply,and a DC bias network
An input signal 1s app lied.
An amp lified signal appearson the output.

First: step- by -step analysis



GCS Amplifier: DG Transfer Characteristics
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GCS Amplifier: DG Transfer Characteristics
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Blue lines : FET I -V characteristics
]D,,u — (/Llcong /2Lg )(Vgs B Vth)2 (1 + Z‘VDS)

(old - fashioned mobility model suitable for long - channel FET)

Red line : the loadline
I,..=V,,—=V, )/R, from Ohm'slaw.



GCS Amplifier: DG Transfer Characteristics

>

Varying¥,, =V, ou

Y

out DS n

Atany V, , theoutput votage V,

out

is found by settingV,, =V
and finding the mtersection of the FET characteristics

and the loadline.

Allowsus toplot theV, vs.V transfer characteristics.

Conceptually clear and easy. But hard work mechanical ly.

Y
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- gmum - -
CS Amplifier: $.5. Voltage Gain hy Loadline Method
|| | |

]D ‘) Varylng I/m = Vgs Vout” Vout |

oui)

Here : using graphical method to find AV,
Twomethods shown (left, right).
Conceptually clear and easy. But hard work mechanical ly .

from AV, .
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Loadline methods: Intuitive but Inefficient.
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Real ICs are far too complex to analyzeby loadline methods
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Method #2a: Finding the DC Bias Gonditions

¥ Example Parameters :
T FET Circuit
RS (ue, W, /2L) =1mAN?  Var =23V
[load l Vout, e Vth =03V RL =11kO
—0 =
1/2=10V Vipe =0TV
.
Analysis:
I, = (lucong /2Lg )(Vgs =V, )2 (I+AV)s)
s T = (1mA/V?*)(0.7V - 0.3V) (%H@ =0.16mA
*we are ignoring the (1+AV)) termin the
bias analysis. Vout,DC = VDD B [DRL
Doing this causes some small error. —25V— (O 1 611’1A)(1 . lkOhIl’l)
If we do not, the DC analysisinvolves solving =0.74 V.
quadratic formulas. Hard.
In ECE137A we will learn some tricks to
calculate this quickly yet fairly accurately.
Do not ignore the (1+ AV ;) termin the

small signal analysis.
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Method #2a: DC Bias Solution

prema | 074V

ﬂ;

m DC =<~
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Recall : g V R

Drain current
[D = (lucong / 2Lg )(Vgs o I/th )2 (1 + ﬂ“VDS)

Transconductance

Lo e, W 1LYV, ~V, )1+ A,)
OV g

Em =

OutputConductance

o _on, _ My o,
R, W, 144V, "

N
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m DC =<~

Example Parameters :

FET: Bias conditions
(ue, W, /2L,) =1mAN> Ve =07V

V, =03V Vps =0.7TV
Analysis:

= (ﬂcox w,/L )(V =V )1+ AV )

= (2mA/V2)(O.7V—O.3V)(1+ 0.74V/10V)
=0.856 mS
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Method #2c: Find the Small-Signal Equivalent Circuit

DD In this circuit

1) Replace the transistor with

=

Voo =¥ AFOIC its small - signal model

Vii=VinnctOV,, 2) Replaced constant (bias & supply )voltages
with short - circuits

in Because oV = 0 for a constant voltage.

Thisis thesmall -signal
equivalent circuit.

Vi” %n ng R R E{our

gs DS 7L

& ° The" oV " notation
has been dropped:
g, VgS pp

it is taken as imp licit

that theseare small signals.
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Method #2c: Find the small-signal gain

Example Parameters :
FET: Circuit

yR.RV g =0856mS R, =11kQ
gm a8 ()uz‘ RDS — 62 5 kQ

CI?Q s @ % % Analysis:

equivalent load resistance
R, . =R, || R,)s =62.5kQ || 11kQ

=9.35kQ2

L,eq
L.eq

From Ohm's law :
Vour =—8uRiefVin = —(0.856mS)(9.35 kQ)V.

Vou
V - = _ngLeq - _80

124

The circuit has a voltage gain of -8.0



Loadlines are a good teaching tool...
...but are rarely used outside sophomorecircuits.

(except : poweramp lifiers, logic gate transfer characteristics)

Activecircuit analysis:

1) Find DC bias conditions ( by math)

2) find transistor small signal models

3) draw active circuit small signal equivalent circuit

4) analyze(to find voltage gain, other parameters of interest).

5) use other techinque to find maximum signal voltage, etc.
In ECE2C, we will focuson 1-4.
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Example: Gomplementary MOS (CMOS) Amplifier
|

VDD
Vo=V A8V _|EV =y 48V

in in,DC in out out,DC out
8V, ( ) ‘”
n
VinDC ?

FET -V characteristics*: 7, = (1mA/V? )V — 0.3V)’(1+V,, /10V)

Supply: V,, =1.0V

. . *For both FETSs,ignoring sign changes needed for theP-FE
Bias: V, , =0.5V.



D r

A

PFET characteristics

NFET characteristics

V, =1V

V, =0.9 V
v, =0.8 V
V,,=0.7 V
V,,=0.6 V
V., =0.5V
V, =0.4 V

V. =03\

I

v

DS

I/in,DC -
!

v

D)

~|EV
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out, DC

1 D,NFET — 1 D,PFET

Vgs,NFET = Vin,DC

Vgs,PFET - VD - Vin,DC

VDS,NFET = Vout,DC

VdS,PFET

— VD -V, ut,DC

o

Next : represent these relationships on a single graph
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Represent these relationships 7
D A
on a single graph
VDD

[1 Vow,DC
.

in,DC T

...and we can make from this

aplotof V, versusV .

Once again, the procedureis clear,
but it is hard work.

Note: we have found that
V  =0.5 Volts when v

out

V. =0.5 Volts.




lass notes, M. Rodwell, copyrighted 2013

CMOS Amplifier: FET Small-Signal Parameters

% Example Parameters :
DD

70V FET: Bias conditions

E " (e, W 12L) =ImAN® p _g 5y

|| V=03V V=05V

1/A=10V
% —| [‘5 Analysis (same parameters for both FETSs):
in,DC T

gm = (/lcong /Lg)(Vgs B I/th)(l + /IVDS)
=(2mA/V?)(0.5V -0.3V)(1+0.5V/10V)
=0.42mS

I, =(uc, W, /2L )V, - V,)’ - (skip the AV, term)
=(2mA/V?)(0.5V —-0.3V)*> =40 LA.
1 40 uA 1

G,=—=, = 4.0 uS =
“ R, R ()Y #7250k
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DD
Steps:
_ .
I/.in - I/in DC+8 I/in V()ut: V(Juf DC—i_8 Vom‘
' ' A ’ Replace each FET
17 E with it small signal model.
n ]
inDC ==
| Be careful : connect S-S, D-D,G-G
L ? ,,,,,,,,,,,,,, , when replacing FET symbol
& _1s ' with SS model.
1 Vgg,P @ % Di
o & Replace Power supplyand DC

0 Vin ' 9 Emp V. a5, P Gds, P! o Vo, sources with short - circuits.
g Enn Vgg, N Gds, N Replace DC current sources
‘? . 5?_ with open circuits.
‘ ng N I
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Notethat all NFET and PFET

elements are in parallel.

Circuit thus simplies, as shown.

5V,

G,.n G

g m,N Vgs g m,P Vgs DS,N — DS P 0 Vour

gJJ@ @ % % °  Analysis:

5V0ut = _(gm,N + gm,P)/(GDS,N + GDS,P) : 5Vm
ov. . gunt8up __0.42 mS +0.42 mS

&V, Gpsy+Gps, 4.0 uS+4.0 1S

Vo _ 105

n

S



