Homework #1 Ty
1. Itis required to design a voltage amplifier to be driven from a signal source having a 10mV
peak amplitude and a source resistance of 10kQ2 to supply a peak output of 3V across a 1kQ

load.
(a) What is the required voltage gain from the source to the load?

; e - = ig 3y
(a) Required voltage gain - ==Y _ =30V/V
Ey 0.01V

(b) If the peak current available from the source is 0.14A, what is the smallest input resistance
allowed? For the design with this value R;, find the overall current gain and power gain.

_ 10mV
(b) The smallest R, allowed is obtained from Bl R; + R,

Thus R, = 90 k(). For K, = Y0 kil i;= 0.1 pA peak, and

= Rs+ R; = 100 kQ

Overall current gain = yU{RL 3mSR A
i 0.1 nA

[
/R,

Ugfrins) x Ei(rms)

(73_-}11' 1000
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=9 x 10¢F WIW

(c) If the amplifier power supply limits the peak value of the output open-circuit voltage to 5V,

. o Vimg
Overall power gain - =

what is the largest output resistance allowed?

The voltage across Ro will be 5-3V = 2V. The current through RL and thus also Ro is
3V/1k=3mA so Ro=2/3mA=667Q
(d) For the design with R;as in (b) and R, as in (c), what is the required value of open-circuit
voltage gain (ie, Vo/Vi as RL goes to o) of the amplifier.

R.= 10k}
+
b
peak 3 =
= ' [Use Ri=90k 2 and Ro=667 (2]
00 1

e K —
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a
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2. An amplifier with an input resistance of 10k(2, when driven by a current source of 11A and a
source resistance of 100k, has a short-circuit output current of 10mA and an open-circuit
output voltage of 10V. The device is driving a 4kQ load. Give the values of the voltage gain,
current gain, and power gain expressed as ratios and in decibels?

_ Qpen-circuit output voltage _ 10V = A
R, = = Ay
“ Short-circuit output current 10mA =1 k(2 Yo 10 X T 8
ke Ry=1k0t  fo
100 kQ i i
0kl g v, v 4k
I ud o 0V
A, =2 = S
w1 x107x (100] 10)x 10° =888 V/V or 58.9dB
Pl da s ik T BTG
S 3 100 1072 x 100
e g 170 = 2200 A/A or 56.8 dB
o W /R, _ 8% /(4 % 10%)
SEE A 3
[10 x5 r10) 071 _ 1936 x 10° WiW or 62.9 dB
_ i, _ w/E _ B/ x10%)
Overall current gain = I_ﬁ,ﬁ 1 HJA 10 = o zﬂm ASA or 66 dB

3. Avoltage amplifier with an input resistance of 10kQ2, and output resistance of 200L2, and a
gain of 1000 V/V is connected to an input source with a 100kQ resistance. It also has an open-
circuit voltage of 10mV and a 100Q2 load. For this situation:

(a) What output voltage results?

(b) What is the voltage gain from source to load?

(c) What is the voltage gain from the amplifier input to the load?

(d) If the output voltage across the load is twice that needed and there are signs of internal
amplifier overload, suggest the location and value of a single resistor that would produce the
desired output. Choose an arrangement that would cause minimum disruption to an operating

circuit (Hint: Use parallel rather that series connections.)

- 2000
R,= 100K RN

v, R
10mY ok
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(b}t"__o = 3’%%_%‘1 = 303 V/V
'US m
(© %2 = 1000 x 100120200 - 31333 V/V

Ui

(d

Connect a resistance R, in parallel with the 1
and select its value from

Saary RS
R, | R)+Rs 2Rt Rs
R
Do
¢ | R
1 18 =]
==
R T
1 = 9.1k
R

4. For the circuit below:

(a) Find the resistances looking into node 1, Ry; node 2, Ry; node 3, R3; and node 4, R,.

(b) Find the currents I, I,, I3, and I,in terms of the input current I.
(c) Find the voltage at nodes 1,2,3, and 4, that is V4, V,, V5 and V, in terms of IR.

IlilI2 l|'IJ
e ]
B B3 SRRD RO

Tﬂ!u

UNIVERSITY
oFUTAH

+
b)v =Rl = RI,=1, =1
112=1+r=2r=w]+21><g=mz
a)R =R RI+RI = RI,= I, = 21
2 i B
Rg_(-ﬁ” R)“‘: 2+: R I|_3=I2+I|2=41:51’"2—’_4!)(%:}?!3
R R
B R+2 =R Rt =
= R 2 (= & 2 Rx21+4f><§=m3:>f3=4f,
e ({3 e
Re=W| B+ =RIBM+Z =R ; _ _ur+ani, - 8l
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C) T’I|=Jr|l,:‘|= _!R
v,=—6LR=-2IR
T s _lrtR = —4JR
o= iR f% = —4IR ----BI‘; = —8IR

5. A particular enhancement MOSFET for which V=0.5V and k.’ (W/L)=0.1mA/V? is to be
operated in the saturation region. If ip is to be 12.5uA, find the required Vss and the minimum
required Vps, Repeat for ip=50UA.

Saturation mode for ip = 12.5 pA
Upg = (tgg — Vm} Vpg = 1.0 ¥Wand vps = Q3 ¥

e

=0.1 mA/V?

for i, = 50 HA

vgs = 1.5 V,andvpg =10V

6. Calculate the overall voltage gain of a CS amplifier fed with a 1M£2 source and connected to
a 20k load. The MOSFET has g»,=2mA/V and r,=50k€, and a drain resistance Rp=10kQ is
utilized.

_ R
G, = _[m]ﬁmffdwn" R,)

SMALL SIGNAL MODEL D
Ak —_ © O 1
Rg;, = 1M} _
+ To RD RL
ug, Rg Us EmVy 30K Tiok0) T20kQ
: .
_ — Rg )
Rg+1 M0 (2 mA / V)50 kLY ]10 kL)) |20 kD)
_ K . — - fs 136 viv
R Mﬂu mA / V)(5.88 k0 Trimn"

If RG>>1Mohm, then Rsig can be neglected, and GV=-11.76 otherwise the gain if smaller.
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7. Asingle measurement indicates the emitter voltage of the transistor in the circuit below to
be 1.2V. Under the assumption that |Vge|=0.7V, what are V5, I, Ig, Ic, Ve, B and a?

+5V
i i 2 *5"2 = 0.76 mA
Ve=12-07=05V
e, = Uﬁn'kg = 0.01 mA
Ve I.=1—-1,=075mA
50kQ y Vorsas G il on o =] 25 %
C
g
— 5kQ = == =— =17
= B o
a=P_ =1 _ gog
-5V Bl 16

8. Two identical CE amplifiers are connected in cascade. The first stage is fed with a source
Vsig having a resistance Rsig=10k€2. A load resistance R =10k is connected to the collector of
the second stage. Each BJT is biased at I,=0.25mA and has =100 and a very large V,. Each
stage utilizes a collector resistance Rc=10kQ.

(@) Sketch the equivalent circuit of the two-stage amplifier.

(b) Calculate the voltage transmission from the signal source to the input of the first stage.

(c) Calculate the voltage gain of the first stage, Ay;.

(d) Calculate the voltage gain of the second stage, Ay,.

(e) Find the overall voltage gain, V,,/Vsig.

Rﬁig
+
+ it +
Vsig Ui € | Entn <€ Ry v €Tm Bl SR, Ry rv,
b) Woltage tranfer from sig to first stage input ©) Ay = vpluy = —gn(Roy || o)
7 Sincer, = r., = r, & R- = R, = R, = 10k}
vy, / Vs = e ;
Frl sig Ay, = - V_C(m k2| 10 k)
Given I. = 0.25 mA; B = 100; V, — o, L :
L nRsEm =
R.= 10k R, = 10k} ==Y = -5
ke d) Ay, = vyl = —g, X (R,| R
gm = V_. rﬂ == ‘..gE — ]EVT } V2 T"‘D Urg gm ( cl[. _L:
05 v, 0.025
ry = ————(0.015) = 10kQ S o
0.25% 107 ' A
b A e
v ,;T.J i 10 kﬂ curil 1 ,;2 e) G'.-" UO{ U“g Usig 3 Uiz i Uiz
.I ‘l- e mn e e — . e pon 3
EE el 10 k) + 10 k) = (0.5)(—50)(—50) = G, = —1250
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9. For the circuits below, find values for the labeled node voltages and branch currents.
Assume B to be very high.

22k}

-3V
@ @© )
(c]
(a) ) -
= JE it
e 35 162|—14V V=m0l o R
Les x : Lo 0B AB T s since I =0. +V5=0
Ig=~0 B >>1 R 22k o e L
Vp=0 S ) V.= 3= 16X 105 = +132V
V= V=i =00V et e e e Note: essentially identical to (b) since Iy =0
) gince: Ig =
150 X6 _
v =k
[ = 320707 _ gagmA 3 150 + 9
: 3.3 Vy = Vp+ 07 V=+l58
- = 14V
i ke _ 37143 _opisml
Ve = ~3+048x51=-0355V e -
Va=0.7V V. = — 34048 x50
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10. Itis required to bias the transistor in the circuit to the right at I;=1mA. The transistor is
specified to be nominally 100, but it can fall in the range of 50 to 150. For V.=+3V and R¢=2kQQ,
find the required value of Rg to achieve I.=1mA for the “nominal” transistor. What is the
expected range for I and V? Comment on the efficacy of this bias design.

3N
1 mA
2 kL)
mmg
oV,
e |
For B = 100
i .
Ini— -Ef = 0.01mA
V — 1k
Ry = 297 - 230k
Il

Ve = Vee = IcRe

Yo N bl =1V
For 5 = 50

fpo — TpM 50 — O5mA
Ve=3-05X2= +12V
For B = 150

I- = Iz X150 = 1.5mA
e e B Bl e
. saturation

Circuit too sensitive to 3
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