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EECS 42 Introduction to Electronics for
Computer Science
Andrew R. Neureuther

Lecture # 14 Circuit analysis with
dependent sources (4.1-4.3)
A)Node Equations
B) Equivalent Sources
C) Amplifier Parameters:
Gain, R\, Royr
D)Non-Ideal Op-Amp Model
http://inst. EECS.Berkeley.EDU/~ee42/
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EXAMPLE OF NODAL ANALYSIS WITH DEPENDENT
SOURCES

Ri Va Rs VW

Vv

[ |2i Rz R4 Rml,

Standard technique, except an additional equation is needed if the
dependent variable is an unknown current as here. Note Vb is redundant.

1=V, /Ry +(Va-Ry 1) Ry andly=V,/R,
Solving:  I=V, (1/R,+ 1/R3-R, /RyR3)
S0V, =1RyRy /(Ry + Ry - Ryy)
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Game Plan 03/17/03
Monday 03/17/04
J Monday: Circuit analysis with dependent sources
(4.1-4.2)
Wednesday 03/19/03:
[J Comparators and op-amps (Comparator handout)
Next (10t") Week: After Spring Recess
J Monday: 3/31/03 Logic with State Dependent Device
593-595, 604-605

J Wednesday: 4/02/03 Logic Static: Voltage Transfer
Characteristic 606, Handout

Problem set #7: out Wednesday 3/12 and due at 2:30 3/19 in box in 240
Cory — basic dependant sources and Op-Amp circuits

Problem set #8: Half-Set - out Monday 3/17 and due at 2:30 4/02 in box in
240 Cory — input/output impedance, comparators
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THEVENIN EQUIVALENT WITH DEPENDENT SOURCES

Method 1: Use V and I as usual to find V; and Ry
(and I as well)

Method 2: To find Ry by the “ohmmeter method” turn
off only the independent sources; let the dependent
sources just do their thing.

See examples in text (such as Example 4.3).

This method also works when computing incremental
signals such as a change in the source Vg (given by AVg
or vg) produces a change in Vi or Vo, (given by AV y
or AV ralso written vy and vyr), and their ratio called
the small-signal gain (AV oy / AVg) or (voyr/ vs)
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The 4 Basic Linear Dependent Sources

‘ Constant of proportionality ‘ ‘ Parameter being sensed
Output
Voltage-controlled voltage source ... V="A, V_,
Current-controlled voltage source ... V= R I,

Current-controlled current source ... |= A |

i Tc

Voltage-controlled current source ... 1= G_ V4

¢Av vcd éRm Ic ¢ A| Ic éem Vcd
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NODAL ANALYSIS WITH DEPENDENT SOURCES

Example : Find Thévenin equivalent of stuff in red box.

Vai Ry

ve
R 2
AvVes R e
¢ ¢ *

With method 2 we first find open circuit voltage (V;) and then we
“measure” input resistance with source g5 turned off.

You verify the solution: ISSRERT AR —RT(ReF R —
Vi = SRARS RTH:n

B T PP RN R N AN
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EXAMPLE CIRCUIT WITH MULTIPLE SOURCES

Original circuit

[ I
zr O Voo

R R. Vb Pl

Vs 2 Ry Vo ¥ 3 Vour

Circuit l¥vith independent sources turned to zero
s
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EXAMPLE CIRCUIT: INCREASED INPUT RESISTANCE
iTEST —B

Add resistor Ry N *

/ The output has been
F R, assumed to be shorted

> vour=0

VIEST

Analysis: apply iyp¢; and evaluate v o <

viv = Riviresr Vigest = Riviresr +VE§ Finish this in
v v i the homework

KCL E E _: : _ H

-+ —ipsr =Gy Ryyiggsy =0 1 .

R; R, «-i Intuitive Explanation:

v R; puts Ry on a node
Check for special _TEST = RIN + (1 + GleN )RE vP o

whose voltage
i i 1 N N
case for R, infinite  Irpsy increases in response

righ 2001 Catioma to current in R,\.

W
R R Grlin + Note R, has
Ve 2 RozR, 2 oy Deenrotated
vin Ro Ry down.
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EXAMPLE CIRCUIT: GAIN = (AV; / AVg) = (Vour,Vs)

Rs
W
+ + GmVin *
s = Rez ES =
v w3 2R . | o
__R.R, _ Ry v
IN = IN =
R, +R, Rg+ Ry
RoR R RyR
Vour = =Gy - =G, R 4_1\}]3 Oty
RO +RL s IN RO +RL

7

/
Input voltage divider and output current divider
reduce the gain
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EXAMPLE CIRCUIT: INCREASED OUTPUT RESISTANCE

i
ITEST

Add resistor Ry, +

v=0

The input has been /
assumed to be shorted

Try a bag.

[ Re | It is even easier

Analysis: apply i;zgp and evaluate vpgy

Need 3 equations vix = -V anfd is not zero!
to find the ratio of
VresT Vi VE . / KCL at vy

Trest / VrEsT

Unknowns: iyggr,

KVL at v
Intuitive Explanation: GmV  burps current
which has to also go through R,. This raises
vrgst and the output impedance vypg,/ipgsr

Finish this in
the homework
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EXAMPLE CIRCUIT: INPUT/OUTPUT RESISTANCE

Ro1= *

T

1

1 5

1 = Yout
R

1

Ro;

. -~
Device Rour

R,Ry Output does not feed

Ry =—+—=>
w R, +R, back to input

R -R Assume vg = 0 => vy =0 =>no
our — o current in dependent source

Can circuit design improve R,y and R or do we need
better devices?
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JUST ANOTHER CASE OF ANALYSIS WITH DEPENDENT SOURCES
Example: Circuit (assume _

Vo

Vi)

Analysis: Outline your circuit analysis strategy here.

Hint: 1) Find V_in terms of V,, 2) plug into
expression for V; and then 3) solve for V;which
appears on both sides of the equation.

3 AR, +R R, +R
Answer: V, = Vi R, +R,) =V L TRy _ 10Vyy
(A+DR, +R, R,

if A—> o




