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A A tr'cud'
mSaTur'a'hon |

Determine aﬂ currgnfs for the BJT in the circuit below.

107 V

Hey! I remember this circuit
its just like a previous
example. The BT T /s in acﬁve
mode!

Let's see if you are correct!
=99 ~ASSUME it is in active mode
and ENFORCE V¢ = 0.7 V and

%C = ﬁ 13

Ica The B-E KVL is ?herefore

f ,z

57 - IG ip-0.7 - 2(99+1)1B=O

Therefare ip=23.8 pA




Q: S0 what do we do now ?

A Goto S?egs 5; change the assump ion and tryi agam

W’m T S

Le"rs ASSUN\? instead that the BJT is in| samraﬂong Thus,
we ENFOQCE the conditions:

vcg.,oz v vgg.,o?v Ves = -05 V

Neéu lets AN&L\/ZE the cif'cai‘f 1

Note that we cannot directly
determine the currents, as
we do not know the base
voltage, emitter voltage, or
collector voltage. |

But, we do know the

differences in these

voltages!

For example, we know that
the collector voltage is 0.2 V
higher than the emitter
voltage, but we do not know
what the collector or emitter
voltages are!



Q: So, how the heck do we ANALYZE this circuit ,{:}

" A: Often, circuits with BJTs in saturation are somewhat
more difficult to ANALYZE than circuits with active BJ Ts.
There are often many approaches, but all result from a
logical, systematic application of Kirchoff's Laws!

ANALYSIS EXAMPLE 1 - Start with KCL

We know that i + ic = ie (KCL)

But, what are ig, i, and ig 2?

Well, from Ohm's Law:

_57-V, , )
- Tho €510 LRET,

“Therefore, combining with KCL:

5,7~ ¥ 107+, V.

s
s ey

0 10 10

Look what we have, 1 equation and 3 unknowns.

> We need 2 more mdepersdem equations involving
ng Ve, and Vel




Q'\ Two more independent equations 12 It looks to me as if
we have written all that we can séaw‘ fﬁe cireult using
Kirchoff's Laws.

A: True! There are no more independent circuit equations
that we can write using KVL or KCL But, recall the hint
sheet:

"Make sure you are using all available f?ffgrmamm -

There is more information available to us - the ENFGRCED |
conditions!
V;:E:: Ve-Ve=0.2 Ve=Ve+02

Vgg P Vg - Vg =07 VQ - ‘VE +07

Two more sn&epeadem" equaﬁensf Comb nmg wﬁh The
earlier zqmmn

57-(0.7+W.) ',4_ 107-(02+V) VL
10 | 10 10

One equation and one unknown ! Solving, we get Vg =2.2 V.
Inserting this answer into the above equations, we get: |
\!g:ZSV VC: 24V

ic=083mA  i3=028mA ez L1l mA




ANALYSIS EXAMPLE 2 - Start with KVL

- We can write the KVL equaﬁoﬁ
for any two circuit legs:
B-E KVL:

| 57-10i3-07-2i=00 |

57 V—"VVV'

C-E KVL:

107-10ic-02-2ic=00

Note the ENFORCED conditions are included in these KVL
equations. - | | ‘

Simplifying, we get these 2 equations with 3 unknowns:
50 =100z +2ig
105 =10 §g+ 2 §§

We need one more independent equation involving ig, ic, and
iE. ‘ ‘



Try KCL | g*ic=ig

Inserting the KCL equation into the 2 KVL equations, we
get: 7 | e |

= 50 =121y + 2
105=2ip+ 121,

Solving, we get the same answers as in analysis example 1

Lesson: There ar‘e'muiﬁpte ‘sfm“tegiés for analyzing
~ these circuits; use the ones that you feel most
- comfortable with !

However you ANALYZE the circuit, you must in the end
also CHECK YOU?‘ results.

First CHECK to see that all currents are positive:
c=083mA>0 ¥ i,=028mA>0 ¥ ic= 111 mA>0 ¥

Alsé CHECK collector current:

EC:O,Sg mA < Bég: 277 mA ¥

Our solution is correct !l



Problem 5 — (10 points) %\

nggff—(}?gizg(}} Vr=25mV, ignore 1o, and 1y, vg ={2+0.1sin(ot)} Volts. Assume that the capacitor acts as

an open for DC operation and short for AC operation. Assume saturation for the transistor. Use the
attached datasheet. e

+HoV

What is Broreea?

= .7 —to
Te= 10448 = NS —/
T e ~

2 Pfored =AWl — 9% | <




Problem 1 - (35 points)

Use: ignore r, |Vpp/=0.7, $=99
Viig = 3+0.005sin(20t)
For DC analysis, assume that the capacitors act as an open

(a) Solve for the DC currents:

a Is C1
b I

C. IC A 100m 7
‘ Ehoc-
(b) Solve for the DC voltages:

a. VB
b. Vg
c. V,

(c) Prove that the transistor is operating in active mode.

(d) Sketch the TOTAL instantaneous waveform observed for Vo if -
the AC amplification is Vo/Vg=3V/V.
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Problem 2 - (40 points)

Use ignore «, {Vyp[=0.7, B=100
| Vi = 7+0.004sin(500¢)

L frL gue ot e =25 |
iFor the following hybrid-r equivalent circuit below, find the following values: "V‘“ (ir { '
{{a) Rix (input resistance --ignore only the input source, Vsig and include all resistors at the base)

'(b) Rou (output resistance-include all resistors at the collector{no load s connected}) Hint: A floating
resistor does not have a pathway to ground.

rg=d, 000 g,,=100mA/V, and I3=25pA {DC value)

Vo) dbandisaito e,
) Vsig

Rm = 0D R GEYE 1)
{Zw\ = 100+ (4E) + (4k)Uo1) |
fl\\,\: 4OR . | P—E]

anr_;: L{(\(\.k' \\

KOU\;T = [0oF + 2ook

v}

Y2 ks

(OO A

e
3
H
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Problem 5 — (5 points)

Vg

et

=0.7, B=100, ignore 1, , Vsig 1s shown in the graph below.  Assume that the capacitor acts as an open for

DC operation and short for AC operation. Does this circuit operate as a linear AC amplifier? If so. what is

_ay : e :
the gain, ;;2—3 of the following circuit? If not, explain why

36
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ECE 2280 Midterm #3
Name s tiale A7
Scores:
Prob1 of a possible 35p
Prob 2 of a possible 40¢
Prob 3 of a possible 151
Prob 4 of a possible 5pt
Prob 5 of a possible 5

Total of a possible 100




