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Chapter 1. (0dd)

1. An "ideal" device or system is one that has the character-
istics we would prefer to have when using a device or system in
a practical application. Usually, however, technology only permits
a close replica of the desired characteristics. The "ideal"
characteristics provide an excellent basis for comparison with
the actual device characteristics permitting an estimate of how
well the device or system will perform. On occasion, the "ideal"
device or system can be assumed to obtain a good estimate of the
overall response of the design. When assuming an "ideal" device
or system there is no regard for component or manufacturing
tolerances or any variation from device to device of a particular
lot.

3. The most important difference between the characteristics
of a diode and a simple switch is that the switch, being mechanical,
is capable of conducting current in either direction while the
diode only allows charge to flow through the element in one
dlrectlon(spec1f1cally the direction defined by the arrow of the
symbol u51ng conventlonal current flow).
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7. Intrinsic material: an intrinsic semiconductor is one that
has been refined to be as pure as physically possible. That is,
one with the fewest possible number of impurities.

Negative temperature coefficient: materials with negative
temperature coefficients have decreasing resistance levels as the
the temperature increases.

Covalent bonding: covalent bonding is the sharing of
electrons between neighboring atoms to form complete outermost
shells and a more stable lattice structure.

9. W=®V = (6C)(3V) = 187

. Ga-’P Gatlivm ?hos?\mo\e E5 =2.24%eV
ZnS Zime Suifide -3676\/

13. A donor atom has five electr;h in its outermost valence
shell while an acceptor atom has only 3 electrons in the valence
shell. '

15. Same basic appearance as Fig. 1.9 since Arsenic also has
5 valence electrons(pentavalent).

17. -- :

19. For forward bias, the positive potential is applied to the
p-type material and the negative potential to the n-type material.
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25. For most applications the silicon diode is the device

of choice due to its higher temperature capability. Ge typically
has a working limit of about 85 degrees centigrade while Si

can be used at temperatures approaching 200 degrees centigrade.
Silicon diodes also have a higher current handling capability.
Germanium diodes are the better device for some RF small signal

applications, where the smaller threshold voltage may prove
advantageous.
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39. As the magnitude of the reverse-bias potential increases
the capacitance drops rapidly from a level of about 5pF with no
bias. For reverse-bias potentials in excess of 10V the capacitance

levels off at about 1l.5pF.
i L03 scale : Ta=25°%, = 0.5wA
Ta=100C, Ty = bomA
The dnowube ) siam-'-@:ca»“" 60mA:05mA = 120: |
Mé«_):-a.’t ASL Ty wid thoresan To 64mA STanTuiy witth O.5mA
C 25°¢) ardd &oub\‘uuj‘f(\e. level wwa \o’c,

43. T=2s5°cC.: ’Pm = S0O0mWS
T=100°C " 'Pm =260mWn)

Te= Cmas_ S00mN _ 714.29.mA
Ve o1V

Te= Prmat _ 260mW - 371423 mA
Ve o1V

N4.24mA: 37 *(-Svna: L192:1 220
AUS.(2) Vg = -25Vv: Cr & 0.15gF
Vg = -1OoV: Cy = _315_25
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1OPF = 0.033,F/VY
AVR. \ ‘ov — 2S5V \= SV —e7
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Iwereased smSL‘C’:v&T«b mean Vp=0V
47. The transition capacitance is due to the depletion region
acting like a dielectric in the reverse~bias region, 'while the
diffusion capacitance is determined by the rate of charge in-
jection into the region just outside the depletion boundaries
of a forward-biased device. Both capacitances are present in
both the reverse and forward-bias directions, but the transition
capacitance is the dominant effect for reverse-biased diodes and
the diffusion capacitance is the dominant effect for forward-
biased conditions.
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Vz (N ~-Ts)

0.012 = 9ISV xi00
10V C\"\-Zs)
o.012= 7.5
T-25
T-25"= 15 _1o0407°
0.012
T = 104.11° +25°= 129.47°
et

St TC =4+0,07712 =

53. (2OV"6.QV) X\00°/o - 7-7o/°
(24V —6. V)
tThe 20V Zemer is therefore
6.8V aret. 249V wmeaouved -Y—Vm*ke. 0.8V
At I,= 0mA, T 20.06%/T
LS'V—-3.(,V) 7&‘0000 =44o/°
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The S5V Zenmer is ‘“ﬂexc-(—ovc = Ha o ‘é'ﬂ'm di’:‘MC" bebocen
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55. 24V Zemer: ’
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IlwA = qs552
\OmA : = 1352
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Chapter l. (even)

7. In the forward-bias region the 0V drop across the diode
at any level of current results in a resistance level of zero
ohms - the "on" state - conduction is established. 1In the
reverse-bias region the zero current level at any reverse-bias
voltage assures a very high resistance level - the open-circuit
or "off" state - conduction is interrupted.

4. Semiconductor: materials with conduction characteristics
lying between those of a conductor and insulator. Typically
materials whose conduction level is a function of the "doping"
levels.

Resistivity: that characteristic of materials that will
determine level of opposition to the flow of charge(current)
through the material.

Bulk resistance: (from additional reading and section
1.7) the actual resistance of a semiconductor material.

ohmic contact resistance: (from additional reading and
section 1.7) the resistance introduced by the ccnnection
between the metal lead and the semiconductor material.

6. Copper has 29 orbiting electrons with only one electron
in the outermost shell. The fact that the outermost shell with
its 29th electron is incomplete (subshell can contain 2 electrons)
and distant from the nucleus reveals that this electron is
loosely bound to its parent atom. The application of an external
electric field of the correct polarity can easily draw this
loosely bound electron from its atomic structure for conduction.

Both intrinsic silicon and germanium have complete outer
shells due to the sharing(covalent bonding) of electrons between
atoms. Electrons that are part of a complete shell structure
require increased levels of applied attractive forces to be
removed from their parent atom.

8., —

—19 - -13
(0. 48eV =48(1bx10" J) =76.8x10" T
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12. An n-type semiconductor material has an excess of
electrons for conduction established by doping an intrinsic
material with donor atoms having more valence electrons then
needed to establish the covalent bonding. The majority carrier
is the electron while the minority carrier is the hole.

A p-type semiconductor material is formed by doping an
intrinsic material with acceptor atoms having an insufficient
number of electrons in the valence shell to complete the
covalent bonding thereby creating a hole in the covalent
structure. The majority carrier is the hole while the minority
carrier is the electron.

14. Majority carriers are those carriers of a material that
far exceed the number of any other carriers in the material.

Minority carriers are those carriers of a material that
are less in number than any other carrier of the material.

16. Same basic appearance as Fig. 1.1l since Boron also
has 3 valence electrons (trivalent).

18, --




20. Ty = 20+213=243

b= 1,600/ < “,GOO/‘Z Clow velue Vb) = 5800

Tp= Ts(e®Vohe _ 1) = soxw" (e (SBooX0.)

za3 "')
= 50)([0’q (e |l.877_l) = 7.197mA

22. (@) T =20 +273 =243
R= u,(-_.oo/,t-; 1,600/2 = sS800

5800)(~10V)
Tye T (e WV0Te 1) = ouAle aaz —1)

= aax19 (e -m—r,qs_“) = oax10—e (V.07 x15” B —1)
2 oxi0- b= 01uh

ans Tp=Ts=0.1uA
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24 T=20%C : X =O.|/,ﬁ . .
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Te 50°% * Ty=2(o.%uh)=0.84A

T= 60" : Tg=2C08uM =16 !:A
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28. At Ty = \S'mﬂ) Vp = 0.82V
Rpe= YD = 0.82V _si.(Ts2
Ip 1SmA
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' Ip \OmE -_—
(© guite close
32.
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46. From Fig.1.37T:
Vp= 0.25V, Cp=9pF
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c® 2wfC aw(enn3)(vzf=)
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s2. TC, = DVz % 160%
Vz (T=To)
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C hagler 2 (odd) -
4. The load line will wTersed w:tba_%.-._@l’aa-.- 24,24 m Q and
@ V, p; 0.Q[2v

W

_‘!:‘Dp =2 Z21.5mA
Ve = € -VDQ = 8V-0.42v = 7.08V
(o) Vo, = Qav
Tp, = 22.2mA
VR= E-Vp, = &av—01v="13V
) Vpg = OV
I, =24.24mA
VES | pr = 8&V—-0oVv =§l
For (@) +b) levels of Vo, amd Tpg, are quile duse. Levels
6» pM‘c(,c) axe reasw\ablv close bul ao 0)‘@¢¢Iqﬂ dans. To \eve

ac— Afe“gd vo\fabc. €.
3. Load Lwe ’ﬂmro...ql\-\ Ibg,: 1IOmA é charaCerisTics and Vo=V wil
v Tersed Tp aris oA 11.2S mA.
=n2SmA=E = IV
ID wm o) =
12smfA ——m—
5 (a) T =0mA ; dicde reverse~biaced .

(0} V, g =20V —0aV = 14.3V CKirchhoffts voffage lavo)

T = 193V _ o0465A
20382

@ :glgi - Lﬁ; center branch oem

1082,

7. (@& V,=_2en(20V-01v-03V)
2k +2kST
1 (zov-w) =5 C14v) =5V

i

(&) T = 10v+2V=01IV _ w3V _131SmA
\Zkesz +41esz Sqkse
V= TR=(LaSmAX 4Tes) =4V
Vo= V'=2V=qv-2v=1V
9. Ca) Vo, =12V-0IV=11L3V
Voz= 0.3V
) Vo, = —1OV+03v+07V=—QV

T=1ov-0av-03V _ 9V  _2mA, Vo,=—(2mAX3.3e0)=-6.6V
LZlkst +3.3e. 45k oS08
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1. (@) Ge diode Yo" ("’“’Mtdfj S¢ diode 'Q"M tum,.'“juuu".
T=19v-03V =7V =9 7mA

lesz les2z -
Vo= Yov—0.3V = 4.7V

() T=1bV-07V-07V=I2V _ 26V _ pss3mA
T Y 4Tesz ~ ———

Vo= 12V + (0.553mA Y. Tkn) = M6V

13. Feor the em‘\d Si—~2k2 branches a Theucn o z?yi.vduﬂ.' w it

vesutt (—gvr “en" dccteg) o~ Msk Sevico branch 6 OV am . lesz.
resisTor as showns below :

\Y/
1o V° = 2vrs2 (lOV-—O."V)_ 2 (q 3v)
Lav les2 2 + 2ks2 ~ 3Z U
2lesz. = .2V
Em,?"'h
I, =e2Y¥_3..Aa
ks Zes

IS. Both cdiodes *on" V,=1ov-0.v=q.3v

17. Both diodes “QG{"') V, = oV
19. OV ar owr Torminel is ‘wore gosilive thau =SV at the other inopuT
. [} (]
Teveminal . -“’\“G(orc accume. \ower diode “on" awd veper d*°°-‘¢-'°‘e'c :
The resu T
Vo= OV —©mV = — 0.1V

The resu (T ‘u«eor‘\-s the abouc “sw"?t‘m'

Rl The SU diode vecuires meve Termimal vo \Toer Yhaw the Ge Liods
To Turwa “om". 'ﬂnacév

e, with SV ak boTh ingsT Tormivedo, areome
SU diode “off" amd Ge diode “an"
The resof®: Vy= SV-0.3v =41V
The vesv (U su«@&ﬁ the aboue anpumpTions.
Uoimg Va = 0.318 (Vi — V)
av = 0.318(Vm - 0.7V)
So\vinbt Vm= 6.38V = 10n """VM"VT

Ve gagv vy R .28V f"-a“«gsmn
// 0.1V L // - /i

23.

VAR VSN B



2s. V= ¥2 oV = 155,56V

Vgc = 0318 Vm= 0.318 (IS5.56v) = #9417V
155.56V
7y

P

|
27 @ 'P"‘M = 14 W = (0. TV)IT,

I‘D = M - ZOmG
0.1V

) 4 7pallSoksz = #.34ks2
Vp = 16OV— 0.7V = 1S4.3V

I = 153.3V 26
mas = .11 A
Tidess —o

@@ Tdicde = Tmar = 36.7ImA _ 18.36mA
2z 2
Cd) 3¢$ ID =20mA> \B.%mﬂ

Ce» Taicde =36 TImAD> T, =20mA
24. T“*'

4 yA

~io0V

PV = tooV

3‘- 'Posi:c-{ve' eu‘ge V":
e left Llode “4{1“, boTom 1efT diode “on"
222 2.2k =\1ks2
1\es2 1T0V) _ 56,47V
LiesL +2.2%e82
'\’eag,att‘ve. golse 6 Ve
Top left diode, *on", LoTleom lefT diode “off”

Vo oraie. = Liksz C1T0v) _ 50V
LSz 4-2.2kS2

v°”“k=

Vi, = 0.636(S6.67V) = 36.04+V

33. (&) Postlive eu\sc Vet
Vo= 1.2kst (\OV=0V) _ 25y
L2kes2 + 2.2k sS2
NegaXive pvlse oL
‘ﬁ Qiod “oeem" ,o'o =0V
= Tosilive gu'se g
Vo= loVv =0.T7V +SV = 33V

NaaaTive v\seé o
d ¢ &iodf.“aeaa."/”‘o-‘-ov

12

Ve

3.28V

i

v%
¥.3V

7 | ov
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3S. (4) Diode “m" 3~ w2 47V
For 0. > 4V, V= #V+OaV =RV /

7/

For 0 < 4.7V, diode "off" amd M= Ve 5

(b) Asa.ufb, diodson" Avv N =TV buT N Lev
wmro defined oo tla volfo-g- acvoss e &ioda
Fovr ng Z 47y, N, =0TV

For N < 41 v, Aiode "o-H- 'l Ip=Tx=0 8l a9 Vz.u&_:m:(g:?m
Thevefove, 0, = N, = HV

Qi AT,';.-:OV) 009—4V Y,
= ~8y, W= ~&V- 4V=—-12y
: 0.7V _
o s/ o

37Ca) Sm‘tﬁ.\j with Vi = —20V, ‘the diode is an
Hu "en"sTaTe and Yhe capaciTor M c.&a:?e Ziov
To — 20V + . Duwi Yhis aTerwa A Timae o
is acvott M "t chode (Mo T-canelt C%uﬂ'-VM)

MF‘Q -%QOV
When AT{ swiThes To Mo +20V levd the dioda aterstla

* e%(—“ state C pes- el e,?...;w aleaT) ol Ro =V + ¢ =20V+20V= +4oV

No

Yov
17 .

To R o = Tolrl swor o
| §rmtsing 4 vom wrtonics

<

ov

Q) Sfm‘&}uj with A = —20V, the diode 1o sma Hhe "' sTaTe and
the wpacTlor G dhan To — 1SV +. NoTe thas & = +20V
amd ¥e SV Jum\a are. e Cive acrost h VS aciTor— Duri u&
his CTime TV Ay, s across “om" dMode andl SV Somln P/
N = = SV.
° e +20V level the diode emlers The

wWhewn &".'_ switomes o i
ZoV + ISV = 35SV

. O-Q-("' stTaTe amd Vo= NV =
N, +3Sv

/ $wov sw'-coé(?-‘ﬂ'M 60"& )

o. ] &4 7. Tr
~Sv -SVv
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32. (a) P=RC =(56ks2)(0.1uF) = S.oms

S?= Z8&ms

(b) SA=28mg > L = '™MS = 0.5ms St

2 2 4

(c) Posilive eV'se @ [\
Diocde "on” am Vo, = =2V +0,7V= —L3V
Cafau’.ter chanages To 10V +2V =0TV = .3V
Neaa‘C"uc puise A
D:oalc,;_o%%" omd” V, = —lov —1l.3YV = =213V

-\, 7 *e

/
/

- 213V

4. NeTwerk ,{, F:s.‘z.lb\ with 2V ba'trovj revevse .

o—— 1t .
$ Ay N
v &,

T

45.m)vz =12V, RL= \__% = %..F\ = (OS2
VL= Vz: lZVL-.-.?‘_VC = 6OS2 (\6\/)
R Rg oS '\"R-s
M20 +12Rs =460
12Rg = 240
e = 2052

01

b
b) ’sza/." V. I, o
=12v)(2oomA)
=2 4\'\7

%S AT 30V we haweTo be sure Zemesr diode is “on'
V =2ov= RVl . lksz(3oV)
R Nesz+ B
So\viN3)(es—__- 0.Sks2
At 50V T = SOv-20V _ comfA , T = 22 =Zomf}

———r

oSks2 ‘ \esz a
IZN = I}ZS "'II.. = GOMR-ZOMA = 4_9—'!‘-—

7. Vo = L3414 (120V) = 16%.068V
av,,=2064.68v)= 334.36V

14



Cm‘,‘_cg 2(Even)
SV. = 2.21mA

2.Ca) I = __.=
r 22h52
The load line exTends from I’D=2.2‘)mﬂ To Vp=SV,

VD 200V, Tpp e Zmé 2mA
E SV 10.64mA

Ce) xb ® o4 HTe SL
The load liroe exTamds from Tp=10.64mA T Vp=5V.

Vbq,- 0.8V :r.»,,.—.qmg
@ 1= =21.78mA
‘E O\BRSZ
1the ‘\vad linve €xTends £rom Tp=2778mA To Vp=5V.

V pz 0.43\’, I% = 22. SmfA
The vesuiTing valves Vo, are %uwte dose while Tpg,

#des&'m Z2m@Q To 2Z.SmA.

4 Ca) Tp=Tp= E-VD = 30V=0V _\332,R
2 2.2es2

&) 7 - €E-Vo_ 30V—-0V _ i3.c4mA
4 2.2w32
Vp=0V, \p = 30v
Ueo, pumca. E 5>V The levels 4 To and Vi it quiTe close.

6. (a) Dicde forward-biaced,

c =BV 40 IV —-\No=0O

Girchhotd's vo 1Tage lawsCew):
‘-y- \p= —4.3V
Te=To=IMel = 1.955mA
2-Zk -—_—

(b) Diode -‘ovwd blaced ,
Tp= 8V-0V  _(24mfA
lResz+%Tesy —

= .53V
8. (a) DeTermirnoe the Thevenino c%u.&vdou,‘l:' ciresol T .gh—’ﬂ'\c 10mA sooven.

omd 2.2 vesiSYorw
Eq = TR = QLOmAXZ.2e8) = 22V

Ry = 2.2kS2
> v Diode forward-Biaced
2.2%2 —n M To=s 22V=0V  _Gaemfl
i In 3, 2ks 2.2+ 2 S
'Lzzv S Ve = Tpll.2ks?)
, = = (6.26mAX1.2eR)
= 7.5V

(b) Diode $orward-biased
ID"’ ZOV+Sv-°'1V= 2.65mA

b.8 ks

15



Kird‘-\»\o’g{—'s volTe laws : CCW)
+V, -0V +5V =O
Vo= -4.3V
10. (a) Both diodes forward-biasel .

stminj idenTicaf diodes :
Tp=TR =
p-3

H.106mA _ z2.05mA
Z

V, = 29v-01v =14.3V
(@5 ?‘ﬁ“-‘- diode -‘oruud—biaag_&: .

Tp= ISV+Sv-07v
— 8.77
226~ olmB

Vo = \SV-0.7TV= 14.3V

Both dioccdes .covwmd— biaoed,
Vo._—_ O-’IV) Voz'-" 0.3V

12

.

I"‘g =20V—0.1V , 14.3V _ 143mA
tiesz lese
Tomen™= 0V -—-90.3V _ o0.851mA

©.H4TkSL
T (sl diode) =

Ta — Todne

= 12.3mA - 0.851mA
=18.45mA

I“'. Both diodes "o_(;(,u. 'M‘MVCSHO‘J‘\IO\T‘?- aonv umavailatsie .(..4-
either diode. )

» Vo, =OV

1. Both diodes "on".

Vo=0.17V

1I8. The Si dhode wivh —SV et the cathode is "om" while the other
is “off. The veso(Mis

Vo= =SV+o1v= —#3V
X0.

Simec atd Yhe sysTewm Tevmacals ave atr 1OV Yhe ve
o\(@(»wma. @_ Lo}
-]

gu'we_d
AV across ecther diode cammst be esTablished.
ﬂnwe-ﬁwcj th diocdes ang “off" amd

) Vo = oV

——

0o esTablished by 10V _5\,??\3 cornweclel To sy resistor-
22, Vi .= 0318V => Vay= Yde = 2V — .28V
L\ W

o318 O031%
&.28V oy
/ ’ _ oV R
1 &/ 1T .
‘ - 6.2V

16



T,,= Ym _ 0.28V _2.85mA
R~ 22rR

](

at Vo=Vac =2V _ 628V
5.318 0319

|
6.8V 0.28V

oV

4

Toay(2252) = €28V - 2.855mA
2.2S2

= Lo mog + Teayl2:2k2) = 0.42%mA+ 2.855mA = 3.718mA

2. Diodi will cmdudE whenm NG =0TV, That «o,

No =07V = 10ks2(V)
\Oksz+1kS2
S‘:a\v‘u.ma : 0= o1V
Fov ¥: > 017V Si diode is “on" amd V= 0.V
Fov A < ©11V Si dicde opewm and levet 60. deTewrmino el
"’:) VO\TA.SL dividesr role:
Py = Ol () = 040407

\okes 4\
Tor N"L-..-. -0V !
Np= 0.904 (~iov)

= —4q.049V

when n—o-.:o.'N' "€m4=v‘:m -0V
= 10V -0,1V = &3V
T a3V _2.z2mA A.3mA
2 = 3oV =—4.5m
- , "\';" Tiese
(reverse) = \——-o = o.QOGmF\ —
e 122+ 10eS2 L —5.909mA

17



28. <a) V,, = V2'(120v) = 162.7V
Vi = Vi, -2V
=164.7V - 2(01V) =169.1V — LV
= 168.3V
V4. = 0.630(168.3V) =10T.04V
() PiV= Vimload)+ Vp = 168.3v +0TV= 164V

22 Tplmaeg) = Vim = 183V_ 168.3.A
Re Tese -
) P, =VoTp =CoaV)T,,,
= (01vY(168.3mA)
= UI1.8\mw
30. Posilive half-cyele é*"a‘

P

Nelwerk 4+ o~ “diode Vo ITaav.-dividw role:
redrawn: + 1 \'A
w322 | Vo e = 2‘2“’" Emar)
I—% et ) =1 Vima)
T° =1 Qoov)
- z
. - E;Cfv

Ncésfivc, hal g"cbe(.c.e NG

$ o 0 di ’PoloA'\T:) U, acvoes Yhe 2.2ks2
) p 7 dide resistior A(fm§“ alocad is
_TE - Yhe same .

Vo

552.2h9. ~divides rule:
22en +7 VorTage - divider vy

=22k2(Vi, )
2.2%s >2.2%S%

AAAA
VvV

- \'|
22052 °

= .;.: Vi)
= -‘i Qoov)
= SOV

RSN

Vic = 0.636 Vo = 0.636(S0V)
28V

32. (a2
Si diode ogem -?ev ?osi‘l‘ivg pvise U and = oV

or =20V & Y L —O-TV diode ‘m® amd N, =V+OV
For & = =20V, Vo =-20V +0,7V=—13.3V

Fov = .-O."IV) No= — O01V40.T\ =0V
A,
oV

o = 4 .
\"/
19.3y

18



(b) For ar; < SV the SV \:mi\‘av\_., will insore. the diode is {orward-biaced
and Ng= Ué—sv

oM V=5V

Ny =SV-SV=0V
ar t)’és—ZOV
- = -20V-5V =-25V
Fov N >l§v the diode is revense—bicoed amd O, = OV

4V

34 ()
For & =20V the didcde is reuerse—~ianed and V= OV.

For #(=-SV, UL overpowers ‘Hie 2V bang amd '*'ﬂc diodle is “on".
A?f“ﬁ‘”s Kirdaho{-(-'; vo\T‘ay laws rin the clocdewise
AdivecTion :
~SV +2V-4v,=0
U= :é_\!

-3V

tb)
For A 220V ‘the 20V level ovargowers the SV supply amd “the diode

is o woms Hhe shorT= cirasiT cgou'uvdeu'[' fLov the oliode we fivd
Vo= Ay = ‘L_Q_y.

For Ay, =~5V, both U, amd the SV pm‘j yrevwense —biao the diode
amd segarate vy Lrom V- l-‘owwa; N, is conmredee Airet,
'"M'owik the, 2.2 52 resisTer To the SV sugply aud U, = sV
¥, 4 20v

/ /
; 5V
/o, /
i €
36. For the posilive region AVL:
The right Sidil is reverse— bicoefd .
the \efr St &iode is “on" levals AV gredler Haoun

5.3V4+0V=6V. Vo fack, o= oV forr AL 2 6V
Ferr A <6V both Qicces are vrenerse-bias e amd V=V .
Fov the ML4aTive regiom A At

the lefT St Aio is reverse-bieoed .

The viqhT Si diode is “on' 4or \eue\sA%'\Ta meve ULgaTive.
thasm 7.3V +0V= 8V, \-o-q-aa'; J,= -8V &,, o < -8V

For & > =3V bo# diodes are reverse~bicoedd
amd Vo= ‘\)"{_ .

19



o
oV
/.

\/.
-8v

zg'. Fovr —B8V.L AT: <6V Theve is 00 comduGiom through ‘e 10 les2
resisTor due To the lack % o compiele cireiiT. Theve fove, {g=0mfA
Fov N >0V
Np = N =N, = 6V
Fov Ar, =10V, N = 10V-6bV = X4V

omd t.t.-.-.; 4V _— o.4mA
1Ye) 278
Fov V¢ = -8V

= VU, =A% = A +8V
For 4 = -0V
° AR = =\OV4+g\= -2V
amd ig =72V - —0.2mA

38. (a) For uﬁa‘t‘-ve hatf uade. capaciler dnau;ses To peade velua
1I20V—~0-1V = 14,2V with eom“f (= A—+). *he oon»ﬂ' Ay (s
dire_d'la aurose the “om* diocle resu \Tu;b A A= =0TV eo a-Mbc‘Cé ve

@«Jﬂ. value.

Fer the ueT posilive haf cqele 0, = AL+ 143V @ ith a peade
value 6 v, = \Zov +114.3V =a234.3V.
. Vo

34.3V.

A,

A
=15 [ verTice0 shift & na.3v
/iIIQ.SV -_—

g
01V

o

(b) For posiTive half eyl capaciTor cAranges To peak V:.QA.\.L
ﬁ 120V ~20V-0,7V = 44.3V wivh eo\w\“fj (+—-le-). the Oo\eo'\_'
o & COV +0.IV= 20.1V . )

Fov magT ms‘t;“ \‘6\,@ eyeta U, = AL —484.3V Wit mﬁa,t; ve
peale vatue 6 Ay = — 12OV —94.3V = -~219,3V

1o,

-\r verTicd® shifT A-%‘sv
-443v

20



Uo.u'a3 e iclea diode @roatimcx.‘cm. he verTical shifT a ?m.‘t ) v ol
be 120V vathertam 119.3V ol =100V rather tham —49.3V ém.- \oa,.rcb).uoiml
the (decl diods a-cero).\'mal;m{ w i cuxcu'uok\ be &r@m@ric—ﬁ a0 thss

Ceae .
HO. SoluTigw is meluwsovk % Fa5.2.154l (k) u,o,o'uﬁ a OV Juee\g in fu«. a_
“Ma SV scuree . :
42. (@) Inthe closomes of the Zener diode
V_ = '80s52(20v) _qy

18052 +220s2
V=4V Vz = 10V and dicds mowdud'l:«:)
‘flaexe'(""‘/ T =T = 2 =SomA

22052 +'80s2

amd V_= ﬂ_\_’_
(o) W the absence A the Zemer diode

V = %1052(20V)  _13.02v

47052 +2205L
VL= 13.62> Vz = 10V and Zener dlocke "on™
Theredore V =10V amd Vg = 1oV _
Tw,= V%s,_ 1OV 052" ASHSEMA
T, = Yo/R = 'Vuq05, = 21:28mA
amd Tz = Tr,~I = 45.45mA-2L.28mA = 24.11mA

© P = Hoomw =V, T, =QW)I2

Zmae
T,= KoomW _ 4OomA
1oV

To .= I -Tz,, = 4545mA-40mA= S.4SmA

R= M - OV _ 8348052
Timis, SHSmA —
LMS’. R veduces T, amd -@erw more ‘&I?s To q:d.gg )
Throogqh Zener Qlode,
C4a) lu the albsemce d\“tha Zemer divde
\OR L +2200 =20
1ok _=2200
Ru= 2205%
44. Swa T = \,fé‘: =Yz s Lixed 1 Magui'l‘o&,.. tla weogimom value '&

(i (S . level aI
T, will pccur wham Ty sv o marimonte, The moxinmuom e

will ax Torm Termive ta matimom .Parm‘-SS\'\v\t level 6\":-
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Tz pay = —‘iZ_V':z::t = "N somA

T = Vo _ Vz_ 8/ =363cmA
Ry Re 220852
IRS = IZ*I,_ = SOomA +36.36mA = B6.36mA

. _N=>
1:2‘ = vV 4
s
or Vi = IR;RS‘\" Vz
=( 86.36mANAs2) + 8V = 786V +8V =15.86V
A"‘J velat. 4 M thot opceeda 15.86V will resoll ma A currenT
Ty what will spceed the magimom valus. .

6. For Ar. = 4SOV

Z, -go\—wa.h&-biuag eA O.TV
Z, venevsc—loitoe ot the Zenew gotentict anl szz 10V,

Thevefore, Vo= Vz,4+Vz,= 03V 10V =10V
Fov N, = -S0oV !
Z, revers< —biaced ar e Zener gotemTicl cnd Vzl= —\OV.
Ze -c—orwud,, ~biGoet ATOV
'ﬂ'\ag-&arc.) Vo= Vz|+ Vz”'z -0V
AW, -

\o7v

/s

-
Z

-10.1V
Fov a- SV- sc uan wave Maither Zemer ot will readn (Ts
Zenew polenTiak. I fact, for eithher polarily 660.; vz Zemer dioda
will be U aw SPMAL=- CATrcLiT STdbe vresu “-“‘“ﬂ Aan Wp= 0’,0
N, 4 sy

/,

V

7

-sv
48, The P1v {or ecads diods it ZVm
S PwW= 2aH (Veae)

22



Cha sTer 3 (Odd)

-
3. -}orwm-md reuevse-biased .
5 —
7.—
= . -
9 Tp= T => T.=io0Ts
Tg =T +Ig =1001g +Ig=\01Tg

= Te _ 8mA _ 4. a
Te= == 357 = T2

I = 100Tg = 100 (719.21,A) = 742! mA
. IE=5mn’ VCS"" \WV: vBe = mev
Veg=10V: Vgg = T10mV
Veg=20V: Vge = 750V
The chamgg s Veg o 20V:iIV = 20°1
“the mo\?:;S hange sir Veg + BCOmV:1S0mV =1.07: | (very shiqhT)
13. () T2 Tg =45mA
by T £Tg =45mf
Cen “‘eﬁ“s“"ﬁ . chmsg camnoT e delecled on this seh éohmmiﬂ'-‘cs.
(€-)] T .=Tg
15. ca) I, =xTg =(0.998)C4mA) = 3942 mA
o) Tg = To+Tg => T =Tg-Tp=2.8mA-0.02 mA = 278nA
Kge =% = 2.18mA _ 0.9943

(& = meﬂ = (238 Y(40.A)=L9emA
Te=@Te = (S )T = G oze/ O
IE ._.I¢ = I.QQmA'__.zmﬂ

< 0443 ——

7. 1= VL/RL = SoomV/, ., =25mA
I\_?: = 25mA
Vo= TR = (2SmAXie) =25V
Aq':\_’g, = _2__5_\_’ = §_Q
Y
14, —

Al. (&) Q:’-Ec_. = 2m8 _\1..S

\'140.9
W x=f . vreS _ogaz
’ G+ wWies+ T

« Teeo= ©3mA
= (1= 0.942) 0.3mA) = 2- 4 A
3. (a) @Ae_'-' Ic - 0ImA _ 8355
= somd
(B @dcf- Te - 0.85mA _ 70

) By.= Te - 34mA_ 333
Ts 39@\

23



() (B, does chamgs from ol To 6T on tha charaiTerisTics.

Low Tg, high Veg —=> highev belas
\&c‘c'h Ig, \ow Vee — lower Yelas

as. _Te _ 2.4mA _
(3“-13:]:__ 2.Am8 _ 16

® ZS/&F\
L =B -6 _ oan
(,’H—\ N+ —
a7. — .
a49. Ou'\'eo’r dnaAaJw'.s VeSSt
I €
¢ CE Curves ara essenTiarl
To) = | (FTe) Ao
b ag show .
ot - 5 -
Vee Vee

lupoT chanaTerisTics:
ummm- emiTer AA:Q.?DT chornaXerisTres ma"‘ be woedd
commom —~ colle Ao caleaulaTiows.

dirutb
31, IC'_—.:Q'W R VCB‘= ‘PCmA.‘. = 30mwW = SV
T. emA
C max
Vee = Ve.sm,‘) I = Pemar — 30-"“’: 2 A
VeB pa, isv  ——
1¢= "“mg) chz ?CM= 30mW _ 7.5V
Te “Hmb :
Veg =10V, Te= Foma _ 30mW - 3mB
V, \
MTc(mA) e ov
6 '
i |

o 5 o 1S :_V em (V)

33, ICMO* = ZOOMQ, VCEmou‘: 30V 'van‘* = 625mW

Ic=ICw »Vee = Pomay = ©25mW = 3,125V
'XC_"‘* 20omfA

Vc,g: VCE“\.,’ IQ = ’P‘D"“l‘ = 625w\ = 20.83wmA
chn“ 30V

T.=100mP, Vg = Dmer _ 025mW = .25V
:C. T 100mA

Vee =20V, T, = ’Pb"‘ﬁ‘ = 525mW _ 3125m~A
Vee 20V

24



L TemaAd
2001

150+
‘oc-n

SO.-

o] re -
10 20 30 Vr.e w)
35. heg (PAc) with Veg =1V, T=25°C
T = 0.mA, heg = 02430I00)= ‘?
Le=10 MA: hee £ 098(>100) = 48
hk (?M) with Veg=10V, T=25%¢
Te=0.0mA, hy, & '13.
I.= 1OmA, h,ce;':’ 10
Fov both hee amd hk the came rMarease Adn c.o(leo’c"w carvesT resolTed
Ur & aimilan maoreaze (reldTivel s‘xwmﬂ)m*&t fwmd-‘w
the lewedo an ‘rﬁc‘\\w &'v h# but moTe Yhaa Vi is hnﬁkw
37. @) & Tc=imA, hy 2120 |
W To=10mB, he & 160
(&) e resut™s comtirm the comclusions erebloms 223 a2t s
BTa Tends To mrreaas with inorea.o,&\ﬁ o e Ko currenl.

39. ca) @,‘-.- %_\ o temA-1z2mA _ 3.8.A 140
B I Veg =3V 80Ouf - GO/AQ 20/.\9 _—
) (4= I:::‘SB"’ ‘;;; =20L7
= 4mA-~-2mA -
© (?“' - |a/.,q-8/»ﬂ = ?9“::&99
@ (G4 - _jé_%.- ‘3__,.";‘3 = 23011
Ce) n both caas» Pdc. is “‘ﬁ\"“j
(£)(9)
lw awevo&. (3“4-@“ mwem with e e I 6«4 el Vee
Al both dicresec &tum.«ﬁ leveds ch&w .g.ugrc
%www 'i(Ic_ M esacs while Vee dacvesens whon wou
b(l.‘wew Two T ™ tha tharaddeisiics eiam g ova Ha
\wd. 4c°”' g:c W Mo daamg} M?AA&\@J . v otaor m&&
“‘tas g(ur..&. pinr coat. dor To o Lir Wedae s~ (o \ch covvems
W oy be sob\u‘a&mwm \’cz ‘e obove 0o Arweele
“"M M Ae o sT\nr% -(pes&\b (\TD P‘MC‘L%- -Q’"“L-"% pouul.
rel oKivelr Lose.

khl\nw than (3¢u:. (£ 10%)
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ChapTer 3 (Even)

2. A bifo\ar TramaroTor u.'('alises holes amd elecTirons ria the
A/;Aj(.(,tim ov O(AM%L {lowo process, while umipolar devices ulilize
either ecledirme ex holes, buT Mot both, A the dnavsjg. Lrows process.

4. The \e.m?/— corremT Leo is The miver: T:J carrien curreml L
“the collecTor:
6. —

8. Tg the \Maes’\'
Ty the smalle<t
T. 2Te
1O, —
= DV _ _ ogav-01v_
12, @) Yo = AI - GMA-F_@
(b) , Aumee 2552 is o-?l“e«\ Nélj.bi\ok comew\e_& To t othex
resistomes levels é) the muTwerk.
14, (2) Uoamg Fig.3.1 SuwsT, Tg =TmA
Then Fig.3.8 resulTs i T ¥ TmA
(o) Uo,M;J F’i\j.5.3 -(.\rs'\', Teg 2 5mA
Them F:g.'-’n"‘l resulTs am Vge £ 018V .
€3] llo,u;ij F:5.3.\0Lb) Te = SmA resolls in Vag =0-8WY
) Moms FCS .310) T = SmA resulls e Ve =0V
ce) lé», Yhe dr«uwu s lewels Vee cam be L?‘Awe&«?v
most Vicdliono i-(— Vo\'ra.au /A eral volTs axe pves '
Me the WXwosvk.
1o, —
18, T = Vi = 200mV = 200mV _ 1.6
’Ri.*"‘zs 205L+1008L  \2035L
T.=T¢ =\1bTmA
V= TR = CLeTmAXSe) = 8.35V

Ay=Vo = B35V _ y115
V¢ o.2vV
20@1Fig. 3.14 (L) : Ty Z35uA
Fig-3.14(a) T £3.6mA
i Fig 304 (D) © Ve 225V
Fig.3.14 (b): Ve £ 02V
22. ) F‘\s. Ivn(a): ICEO =2 ?_:_3__‘_’_"_6
Cb)Fig-3.14€a) 2 T, 21.36mA

(Pac=Te - 135mA_ 135
ITgs omf R

.
= 122 = 0.94
o =0 0

Tego € W= Tceo
=(1-0.9926)(0.3mA)

= 2.2uf

W Xx=
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34, a) @M._, i‘rc-\ = 1.2mA —bmA - 1.3mA = 65
Iglyg=5vV  A0uR-TT0u Zouh
b) pac-" A&\ - \Amﬂ—o.zml-'-\:__ l.‘me__: 1o
A:B VCE =SV H)/u.Q —O/ug ‘O/AA
© Pa(_._._ é_'_-f_c\ | — 425mA -235mA _ \9mA_gs
ATglVeg =10V 40}4:. -20/“9 zo/uh

@ ﬂac doec wa»? -‘-rom eo‘...;'t' ‘tbﬁ;o‘u.\ on The charaderisTics-

the hia‘ku'l"voﬁu.c was obTaun el e a higher lewel ) Vog anl lower
level /kIc'ﬂac Se,fo»va,’C‘.aM- beTweew Tp corves is the ZveaIa"l-

ria tais r;%id\&.. ‘

@ Vee! Te  Pac  (ae Te Cac/Pac
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(d) Vg = TeRe = L Re = (2.43mAYUIRR) = 2. 43V
€) vg =343V

18. ca» Vg = Bz Vee = 31k206V) _ 205y
BB 22 +a.1ER

Ve = Ve-Vge - 2z.08V—0V = .35V

—Ve — 135V =149mA
Te == = Seeen

T, %Te= 1.96mA
Veg g = Vee - T ReaRe)
= 16V~ (1LA9mA) 34k +0.68ER)

= 1V - Q.
= 6 84v

(b)) Frowm mb\am \Z.
:rc¢.. mmn V(_E =8.\1V, Tg —.—zu&/ug

@) the d{levemcesg ahoouV 1% SumesT tHaar Yha pack
dﬁréw shadld ¥ \o:xc.& whon aggoer: A=,
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R0. (&) From evob\m ”b, ‘:C—‘: 1T1mA
Frow problem12¢, Vee = ga1V
(b)) ()alaavujul To 120
From Pfo‘p\m \2a; Ev. = Z.OSV‘,?‘\M.—-‘IQ‘*hSZ-

ITg= 51_@_-_-_\_/_65 - 2.05V~—0O1V
B +(P+I0RE T 3%k sz H121)C0.68ks2)
= 1496 .4

T, = @Ta=020)0%A0uR) = LEMA

\/c£ = VCC"::C (2¢+Q€)
= 16V — CLBmAN 3G k52 +0.68ks2)
= 7.7b\
(@ AT, = \ \.Smﬂ-\-"ﬂmﬂ‘x 0o’ = S5.26%
7% DVeg = \ -"Z_";’_v_:_a_'_"—-'.v\xloo"/o = S.02°%
811V
d .
@ Ne ug 20c
ZAT. 44.83% 34.54% S.26%
% DVeg  48.79% 46.76 % S.63%,
—Q .,_‘Q Votte
ixell-bico Cmiller e
Qeedt A Am:«-
(&) PviTe obuiousl z%l vo (' ~divides m{.‘ggraf(m isxle
leasT sems iT:ve To éaawaas e~ .
22, (a) Tg= Vee - Vee _ V-0V
Yec— VEE = oV=e =
Ba+ BCRc¥Re)  uw10ks +(120)(3 ks +0.51ks)
= |$.835Q
(L) ::Cf.(QIg = (1D)(15.8uA)
= LaimA

<) ch VCC." :E(-:P.c
210V — (1Al AR Lks2)

= Q12V
a4 (@) T = Vec-Vae — 22v-01Y
Re+(3 (Re+Re) {10 ks2 +(A0X( G- LT +31 k)
= \O.OQ/MQ

Tc =(0Te=(a0K10.09,A) = 0.2 1m A
Vee = Vee —Te(Re+Rg) =22V - (0.31mAXA.les +4. 1k )

= S,4MV
() =135 g = Vec—Vee _ 22V -0V
?g-t-é Qerle) 4roks+(135) Ak +G.lks)
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IC= QIB = (135)(7.28/«.9) =0.983mA
Vee = Vee — T (R c+Re) = 22V —(0.983m AN 4.1k +F 1)
=4.1nv

——

)

0.91mA -

% BNeg =) 0V =SHM| | o 2uus
S.44V —_—

() “the resoiTs An the collder Iw-ok.w{.‘ wraliad, are closer
<to ‘H vo'\Taee —diviclor w.(;avvaxim ‘thaw To e othun Two, H’MKD“Q
e vorT —ﬁv&dwwp{-igoraam_.wﬁ&.m“ \r\m‘fe—k leasN ™

peusilivibies To JAmg.. .

&b. (a) VE.= Vg-Vgg = #V—-01V=33V
(k) Ic,g-'IE": \.LE.:: 33V =2.75mA

Re \2ks2
) \,Cz Vee ~TeRe = 18V — (2. 1SmAY(2.2ks2)
= 11.9SV

(d) vCeg VC-VE = 11.A5V=33YV= 6.65\1

(© Tg= YE!.# Ve-Va = WASV-HV _ 24 09uA
R = 30K
) B_Tc . 2758 3ok

=146
18 Q*OQF.A
8. (a) Tz = Vee- VEE  _ 2v-0aVv
R+ (B+0Re g |en +-(120+)ISRST
= b.2ufA
(&) IC - @‘I—a = \\20)(6.2/;9) = 0.744mA

(®) Vg = Vee+ Vee — 1 (Re +Re)
= \6V + \2V — (O THEmA)( 2Tk S2)
= 1.9\V

(@ Ve = Vee - TR, = 16V —(0144mAX 12k52)
= 701V

g

O.
3 (@) Tg = Vec+VEE —VBE _ GV +bv -0V

Re+(@+HHRe 330k +(121)(n2k2)
= 23.’73/«R

Ieg= (@-l-\)l-g = (2 )(237 810.9')
= 2.88wmA
—Vge +Tefke -Ve=0
Ve = —Vee +Xele = -6V +(2.88mANI.2kR)
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—_— - = 31 ZS#F\
{5 80

Reg = Ves = Vee-Vse — '2v-0.v

T = 36l.6ks2
® Te 31.25uA
Be=VRe = VecoVe | Ve -Veg, _ 12v-0V - eV
23 I T 25mA 2.5mA
0
= 2.4ks2

STamdond values :
RB =260k

— S v T ey —

'QC._.V‘RC - VC,C—V¢= Vee. -(VQEQ-\-VE)

= 24V-C8V+3V) _ aqv—nv _ 13V - 3.25k52
“+mA “Hm A HmA
Vg = Ve +Veg =3V4+0,1V=31V

VB-—?ZVCC => 3.V =TR.24Y) ¢ auukunons!

" wee (%e 2108 {or dkcreaced atabititg

(1o)(015ks) = 10K,
?z= 8.25ks2
Choose €, = 1.Sks2
vas‘(’:’\‘u‘r,.&«‘ et above g#a.ai'm..
3 7Vy= 15ks2 24Vv)
7.Skes2 + =
R=%1Sese

STamdacll valumes:
Re = 015kR,®c = 33\=s7. Re=15k2, R = 43ks2.

36. :CSJ -= YQC_- =19V _— 4\ 7mA
Re 24
From charedovirics Lo, ‘33\/44.9

Tp= Vi-Vae _ 10ov-0aV_ 5 e’z/.A
'25 \BO’!.SL

b S\.G—Z/,‘A >>3\ el PiATA A SR
v Q16y p— AU euToff T =0-1mA =Tcso
Vo = 10V = (0.ilmAX 2341 )
/ =10V ~ 0.24%V
Vee 7 | 2os =4.7¢N
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38.~ (a) From Fig- 3.23¢ ¢

I.=2mA: 't_g = 38ms, ty = 48ms, ta =120ms,ts = nOns

Ton= tr+Td = 4B ms +120Ms =168 xs

foq,z €s+tg = NOms + 28Ms = 148ns

(k) I.= \omﬂ:fg: 12ms, tr=1Sms, tg=22ms, €5 = 120ms
tov = B +td = 1Sms +22ms=3ImsS ‘
‘boq_ -_-ts-pt_@ = 120M S+ 12NnS =132n g
e Turm-om Tima hoo ol\roeee.d- dmmaliau_o,,(
loBms 13 Tms = 4.5 4
while Yo Torm-off Tne is am,e.,‘ sk \LT,Q-\ smalle—
148 ms:122ng = .12 : 1

.- é.'.'_\_& IOmA -

oM h\o.nn -_— !\\0“0
' -
1 I
i 1
] ]

_ t —Wo—, /1 38 : I 20— 142
. e — - ! 1 [a o
D ) +(wsg) © b Nyt ‘t(ﬂ’)
ton Toff =18ms ta=31Tms €ogg=132n¢
40. Ca) The base volTe N QutV reveads that tha 1852 vesisteor it

eval wS W‘a

Ve = 182 UbY) _ 264y vs. 24V

0ot %uvﬁ'o-u w S boae Teemenal 8 Y Tromars oY
\-g- o

Ig= Vee-Ve€ __ _ 1py-0.V
Rt (@‘H)Qi d\en + (100+) L. 2kS2
= T2.1 A
Ve = Vee -Tg(R) = oV- (72.\/.,9;)(4\\:57_)
= 4.4y

(B)  Siuce Ve >Vp A Tromsistor shotd be "o&”

W et I&=O/-A) Vg = 18520V) _ 2,4y
1S+ aAlk
o Masonn bae cires T ’G:"'
. HV ot the emailler 13 W vol aywm.a N
\4, Hu TradrsTor were shovicd Lolletv 5 ewni®er .
Ve = W2z QGov) _ aby
W2k +23oke
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H2.Ca) = Em-Veg 2 En.—Vae

'211,, +(6-H)?E B 4—@ ﬁg
= = Em-Vge 1 - En-VeBe
Rs@l %l Tt v t
Ve = Vee —Vee
et Ve
> Wo=ogew, Teh Tt
Vg&:‘. Vee. — Te (B +¥e)
owsl \/QEJ,
«© VQC-L) Ve 34, VE-"’ Tedy T d

@ Tg=OuR, Te=Tceo arl Tcllerle)ugliyrbie

witlh Veg 2 Vee =20V
(@) boe —emilior umdbim =cherT Tt LT Trawcitor aSim
1T ol T = OmP witle Veg = Vee =20V

“t. IB = VCC"’ VRe — \2V~0.V _ n.2V = 2204
Xe S\okSL Si10ks2 a
T =(Te = Coo)( 22 tbuf) =2.216m A
Ve = —Nee + TRe = —12V +(2.216mAX3.3%s2)
= -%.69V '
4p.

Te = V___—_-_\LBE = B—0IV _ 73V _ 22i1z,mf
Ce 33WsC 23w

Ve = —Vee +TeRe = —12V +(2.212ZmAX3.9e)

= =3.37V
48. For the emiler—lbioo !
Ce) 5-(I¢°)= (@-H) Civ+ ¥e/re) = Qoox1)C i+ S0 kS, 5k )
| (B+) + V—qge C100+1) + 510k /1.5kS2
= 78.\
(b) S(Vgg) = -‘ﬂ _ _~—wo
' e +—(@-H)Qe sSi10ks2 + (loor) LSk
= —-l.‘S\ZX\o“"S

@) s((ﬂ'): Iwe) — 2.32mA ( 1+340)
@‘(‘*’ (az. 4'?3/0-6) 100( \-l—\ZS'I-B“"’O)
= 21.37x10”°A
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(d) AT, = S(T) AT +S(Veg)AVge + SL@)A(J’
= (78.1X9.8uM+(-1.512 x1o~1$)(=0.2v) +(21.37x107CAX2S5)

= 0.154¢mA +0. 0302mA + 0.5343mA
= 1.33mA

5o0. For oollec.&—-geedkuck bias:

=
@ ger, )= (0t ‘_i’_,.“_“/_;&) = b3zt SeoeSHsqes)
(@+1)+Fofe 046.32+1)+ ST aLe)

= (147.32) {1+ 143.59)
(18, 32 + 143.59)

= 83.64

(b) S(Vge) = "é
<) Y -\-(?-\-l)?c

= — l.&77 mo“‘s
NIV

—196.32
seoksz > (14632 +1)3 ks

—
-

= 2.5Q,MA(5lao\zsz+3.q ks )
196.32 (560 ksz + 33es2(245. 4+ V)

@ 5((3) = Xe, ‘.?g-\-?c,)
G. (g +T(c((31-l—l))
= 4.83x0"° A

Boxwo -
(@ DT, = S(Teo)ATco +S(Vee)BVae *s@af
= (83.64)(4.BuP) + L_.‘.,_.-,-,,m,--*h,;)(.-o.‘z.v)-«-(*\r.82»(m""fi)(llr‘i.o

10 4 o.quX\o""('A +2.312 x10~ 1A

= 8.20%10
MA — :
= 10.8671X10 A = 108TmA
s52. h
(a)
Fixed-biax: .
$S(Xp) =91 , AT .= o.gazmA
$(Vgg) =-'\-°l‘2x\o"“'s) bj'c_z o.0384mA
S(@) = 32.Sbx \0"“A, AIC.-: 01326 m A

(=) Vo\Ta.s; -dwider bice:
S(Teo) = 11.0B, Blc= o0.0q0mA

SVae) = —1-27 x2S, AT = 0.2540mA

s(@r = 2. 41x10"%A, AT = 00482 mA

©) For the Rized-bics comfiquraling Theve is a-sTvew
semsiTiviTy To damzes s~ Tes mclpmd less To chhame®s m~ Vae-
For the voiTage - Ay videv e figoraTin “he opgosile occuns
with & ‘ﬁa‘\ﬂ sems{TiviTy To d"“‘“a"’ i Vg and less To c/bww-.?n
pa T aml p
o THTa2 Yo volT
meve sTaloie thaow “the

~divider w‘i alione is wmsidwwl&
-%174&0—\0{04 cam iaoro‘CiM..
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Chapler S (0dd)
1 -
3 ) Vbs-z-\-""v
B =V ='\-_‘!xa= 233.3352

T oom

(e) Vpgzi16V

@ vy =V =16V_ 5333352
T mA

3
@ Npg=1Lav

@G ry= ’).,E = \‘:\L N 9333352

() v, = 233332

vy=_Yo 2 = 233.3352 , = 23333,
L1—Ves/vo] Li= CV%euv)l 0.562S
= 4148152
W v - 2333302 , = 233312 _ q13252
1= G2V 4] 025

(L) ©533.3352 vs 4414 3iIs2
q33.3335L v 933,252

5. The collector characteristics of a BJT transistor are a
plot of the output current versus the output voltage for
different levels of input current. The drain characteristics
of a JFET transistor are also a plot of the output current
versus output voltage. However, the curves are for different
levels of input voltage. For the BJT transistor increasing
levels of input current result in increasing levels of output
current. For JFETs, increasing magnitudes of input voltage
result in lower levels of output current. The spacing between
curves for a BJT are sufficiently similar to permit the use of
a single beta(on an approximate basis) to represent the device
for the dc and ac analysis. For JFETs, however, the spacing
between the curves changes quite dramatically with increasing
levels of input voltage requiring the use of Shockley's
equation to define the relationship between I_ and Vese Vesat
and vV_ define the region of nonlinearity for Bach defifce. ©S2
That is, operation at voltage levels less than either guantity
will result in a distorted, nonlinear response.

T Ves =0V, Ty = Thss =12mA
V6$=\‘P= -0V, To=0mA
S\AD,C\J':D'S e.%v..ati&‘o : Ves= —-\W, = 8.33m ﬁ,‘ Ve.e,-.—-zv, Ip= g.33mﬁ')

Ves = -3V, ITp= 3mA; Vee = -4V, I5=133mA; Ves = —SV)ID=O.333mq
‘ID(MR)
Togst-—- - —

% IYCRY valic® !

104
-y
5 -2v
-3v
-~ _sv
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A.(b) Tpss=10mA, Vp= ~6V
. &) Tp=Tpss= QMA
@) Ty = Tpes (L - Vos/VpF
= 4mA (\— (—zv)/(-g_sv))
= 1,653mA
@) Vgg=Vp=-3.5V, Tp=0mA
G Vb$< Vp-‘- -3.5V, Tp= Omg
(3. Veg=oV, Tp=Tpss=7.5mf
Ves= 0.3Vp = 03¥4V) =12V, Tp= Ioss/z- 7.Smfy, =3.15m! a5mA
Vgg = 0.5 Vp = (0.SXHV) =2V, Tp= Toss/y= 7S =1; 815mA
Vgg= Vp =4V, Tp=0OmA
Tp = Tpse (1= Ves/vp)* .
3mA = Tpgs (V= (-3VV-6V)
3mA = Ipss (0.25)
IDSS = l?mﬂ

V1. \bs= V‘DSW'-'-‘ZE_V, Ip= Fomar _ 120mW _ #.2mA

V‘DSW - aASV
Ip= IDSS— lOMQ VDS" ?Dmﬁ = \2ZOmW = \2V
Toes om @

'D = '7w-a V‘DS = %—M - \ZOMVJ VvIasdy
#IQ(W\A) To 7ma

° :5 16 \& 2o zs

Vs
14. ka“, AN kmees -3 Vg; curues A ov below \Vp=3V

at =Toes Q= Vos/\p,)*
= AmA (1 = VV-3n)
"\mg whichh comepares vfﬂa well wnith Yhe level sbTaun ef
u.oms F\5 S.21.
23, —
5. -
A1, Ves =0V, Ip=Tpes=12mA; Vs = -8V, TLo=0mA; Ves= \_‘P_——‘W Ip=3mAQ;
VGS O3Vp=—2"\\’ Ip=6mA, Vos=-6V, Tp=o0 ‘ISMQ
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24. Tp=Tpes(1— Ves/vp)*
IDSS = e 2 = Hw N
Q- Vesivp)* Q1= (~2v)/(-sv))

= .\imA

3l From ¢§5.5»3O, ?Dm&,“-: ZOOMV{, Tp=8mb

P=VI
Q- V‘Dgz ?MM = 2oomw) = 25V
I 8mA —_—
33. (a) IpszVe,g—V-\-)z = 0.4XI0-3(V6Q—'3.S')7'
Ves Ip
3.5v (o)
4v O.1lmA
sv 04mA
eV 2.SmA
IV H44mA
eV 8.\mﬂ
) Tp=0.8x0"3 Ves—35)
;i‘-’-é I For same levebo A Vos, Tp allains
-SY o ; v . .
AV o2mA  Cwie Y cuvredt "Q_‘..“” g \“)
SV  1.8mf Tramefor covve hae sTeeper slope.
bV S5.0mA Cov both wrves, 1-p= omA 6@*
™V a.gmA Ves < 3.5 V.
8V 16.2mA
35. Fm F:é. s."‘-') V1-=2.OV

6.5mA= R(S.SV-2V)*
k= S.3|>n0"‘*’

Tp= 5.3\x% l0_4( V(,s _2)2.

37. Tp=RlVgs-vwr)*

% =Vgs -Vr)?
Ves = Vr -\-J_%—' = sV +J—§_{—_§;.3
= 2136V
. T_ = le(VgsVr)* = 045x10"3WNeg =SV
= o0.45x10"3(Ves -\-5‘:)"
Ves = -5V, Tp=0mA; Ves= -6V, Ip= 0.45m A3 Vos= -1V, Tp= 1.8mA;
Vos = -8V, Tp= #05mA; Ves= -4V, ITn= 1.2mA ;) Vos=-10V, Tp= 11.25mR
41—
43, —
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Chapler 5C Even)

2. From F:S

.S.10

\,GS = oV, Ibzg_n:_"_‘

Ves = -1v, Tp =4.5mA
Vos= -1.SV, Tp=3.25mA
Ves= ~\.8Y, Tp=2.5mA
Ves = =V, T =omA
V(,s: - (oV) ID = Q_M__a

HaVes =0V,
Ves=-1V,
BTy =

ITop=8mA (-?ov VD.',)V‘P)
Tp = 4.5mA
2.5mA

Vos= -2V, To = ZwA

DIp =

Z.Smﬁ

) Vegg=-2v, Tp=ZmA
Vos= -3 v, Tp= 0.50A
DIp=1.SmA
=
b Ves=-3V, Tp=05mA

Ves= -4V, Tp = OmA
AID‘.'.' 0.5~A

@) O3 Vg3 becoames move ma‘\'{;uc e d«awgp_ wmnTp Sﬂs @nregrecsin\j
Smallesr éﬂv e oovme clramse amn Vos. :

(2-) vwn-livaean . Evan "ﬂ«ouﬁk Hu arn Vo3 B‘QGM A iV Ha
daa.ue‘e sm. Tp Jrne:_é:m a ek imum 35Q To o mimimom ao-s*g-

o T1:\°
~ b. (a) The
since the JFET
operation, and
resistance.
(b) The
reverse-biased
(c) The
electric field

A
AAA

put current I_. for a JFET is effectively zero
gate-source jungtion is reverse-biased for linear
a reverse-biased junction has a very high

input impedance of the JFET is high due to the
junction between the gate and source.

terminology is appropriate since it is the
established by the applied gate to source voltage

that controls the level of drain current. The term "field" is
appropriate due to the absence of a conductive path between
gate and source(or drain).

8. For a p-channel JFET, all the voltage polarities in the
network are reversed as compared to an n-channel device. 1In
addition, the drain current has reversed direction.

10. Ves :'OV) To=Tpes = 12mA
Veg = VP':—HV, Iy =omA
V@s: \_IE' - —-ZV, ID=:°S$ =3Mg
Zz =

VbS'-: 0.3\,?: "‘-2\/) ID = {,mﬂ
Ves= —3V, Ip= 0.75mA (Shockley's Bg.)

49



12. Vgs=0V, Tp=lomA
Ves=03Vp = 0.3(-5V)=-1.5V, Tp= To83 /5= BmA
Ves= 0.SVp= 0.5(-SV) = - 2.5V , Tp=Tpsc/uf = 4mA
Vos = VP =-S5V, I"._._. OmA

4. Ca) Ip= Toss 1= Vos/vp)* = bmA(\— 2V y.5v) )

= \.8S2mA
- 2
Tp = Toss (1= Ver/vp)* = EmA(1=C36Y4.50)
= 0.24mA ‘
(B Vgg= Vo (1= T2 ) =C-u50v)(1 = (2=8
&= v Im;) S TmA )
= ~-1L.318yV

Vet= Vo (1= | T Y= (—4. _ [ssaa

es= Vp "Ipss) 451 — | (’MQ)
= —0.192V

1. From Fis.s.\et

. =0.5V <Vp <=6V
1A < Tpgs KSmA
For Tpsg= Sm and Vo=-6V!:
Ves=0V, Tp=SmAQ
Vos= 03Vp= —1.8V, L= 2.5mA
Vos= Vp/p = -3V, Tp=1.25mAQ
Voss Vp= -6V, Ip =0mA
For tpgs = \wmA amd V«p =—0O.SV:
Vesg ov, To= 1A
Vey = 03V =—0.15V,T = 0.SmA
‘Ves=Vefa=-0.25V, Tp = 0.25mA
Vos= VPz -0.Sv, :b=OmQ
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\8' ng = —O.SV, rD= A.SMA
bs= — IV, Tp = 4mA
bél:ovm'\n:, 5:\:” cloove MHw® e

'3;?.’:5 =% —~x=LSmA
0.5V 0.3y

Tp= A+ 1SmA= S.SmO oorrcsem&w'a( witlh veloua
Aelemr minoed &vm Arufaau‘ Brofkialnmro..gg_
30. Erown F‘s. S.‘Zl) iDJS Q’QMQ
Rr VGS: -\V) I‘D'-'" "‘wnna

Tp= Toss C1- Vosvp)™

Toss
Ves . \— | I
VF Tpss
Vo = Ves — =V

Tecs aAmb
= -3V (am egadh malel)

22. (a) Vpg 20V @ Tp=4mA Cdn Ves=oV)

BT, mA-omA

(BY g Vg = —0SV, @ Ty=3mA, Vps =0V

v= OV _ 23352
3G
S rd= Yo = \ISs2

a—

(= Ves/ypY (= oSV Ye-3any)

= 2S2S% vs 23352 Aron pasT (L)

24. The construction of a depletion-type MOSFET and an
enhancement-type MOSFET are identical except for the doping in
the channel region. In the depletion MOSFET the channel is
established by the doping process and exists with no gate-to-
source voltage applied. As the gate-to-source voltage increases
in magnitude the channel decreases in size until pinch-off
occurs. The enhancement MOSFET does not have a channel
established by the doping sequence but relies on the gate-to-
source voltage to create a channel. The larger the magnitude
of the applied gate-to-source voltage the larger the available
channel.

26. AT Vgs=0V, :D"'é_'_“ﬁ
AT Ves= —1v, Tp= omA(1= CWV)/-31)) = 2.c6mA
Ac Ves= +1v , Tp=6mB(\~ (-Hv)/(-gv))z-— bmA(1.333)%= m.__cz_@:lmﬂ
At Vs =#2V, Tp = bmA (1= G2V VE30)) 2= 6mPR(166T)2= 16.6TmA
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Yo Tp
N 2'%"‘“%“, =334mA
o e.omfA ATy =4.6TmA
v m.é‘lmﬂ‘g = bmA
+2V 16.6TmA

owe -V T,0V, Ax, =3.34mA .
while ‘»rm +lV To+2V, BbTp= 6mA —almosT « Aliman .

\n M) & V(,s becimes more amd meve @Oﬁ.f‘wc. T caddl AMCMM
ai'&-&p&ﬁwawm&<&qﬂazVWJE-Q&ULTb*in-s ahqﬂjﬁun1ﬁik3hwokh1q

}8 . grom evob‘m 20

Vos +\V

- = 1= | mA I-{id? 1 —Lu34S
Toss 9.5mA
= 2= 2 -4V
—0.21345 -_

30. Fom evob\m 14 (b),
=V (\—4: =(sv)(| — “ 2o0mA
Vés P —:E_:g-s ) )( Z.QMQ)
=(=SV)( 1-2.626) = (-5V)(—1-62¢)
= 8.\3V

32.

-—"—.'—'
(a) In a depletion-type MOSFET the channel exists in the

device and the applied voltage V

channel.

In an enhancement-type

c controls the size of the
ﬁOSFET the channel is not

established by the construction pattern but induced by the

applied control voltage V

GS*
(b) -
(c) Briefly, an applied gate to source voltage greater

than V.. will establish a channel between drain and source for
the flow of charge in the output circuit.

3,

(a) =
= Thew 2 = *+. 8 = lmA/yZ
Wggtmy = V)" (eV=40)%
2
To=k(Vge-Vr)* = 1x1073Weg —3V)
(b) V_G_s_' I._.tl For Vos < Vr= ‘-\V, ID =0mfA
Y Om%‘
sv im
v 4mbf
v amA
aVv \emA
(C) V@& ID
sV \ ma
10V 3mb
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36.

38.

Ib = h(\lég““} -— V-r)z
amd (Vescom — VYo = -‘E:_‘E-
e
Vestmy — VT = | I
R,
Vr = Vesce) — \{fé

= &V — \lzmn p— *V.—- 1S V
O.4xio >
= 4V -~-2.7324

= \26\V

Enhomement - :)fc MOSFENX :
ID= RLVGS —V'\')z‘

a‘l—’\i - 2 (Vg - vf)i%vési\f{z—"ﬂ‘\

dTp = 2k (Vge-Vr)
dVes
DepleTim - ng WMOSFET -
Ty = Tpss (1= Ves/p)*

aTp _ Tpes & (V- Yé})z
Ve

Mes AVes
= — Vesy & (y— Veit
Toss 2 (1= Vet) Tt %\\;) |
=2Tpes (A= \f\é/.; )G -;)—?-) A

—

= == Tpss Q- Vos

Ve Ve
= —2Tpss VP \ — \!gi
V? (_\7?)( Ve)

L’rp = o’lfos: (Vbs-\,?)
MVe,s

Yo

42. Ca) —

(b)) Fov M “sw" Trauas Do =

Feor Yhe "o(—("ﬁmxi%: P

v
T sea~d |
Byso\sTel, , the IM'el\d ressSTames a LY “9&(" resulanes. wi )
ursure Vp mu\c,Qe-yL Y3 SV.
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Chapter b(0Odd)

1.¢a) Vgy=0V, Tp=Tpgs=12mA
Vos = Vo= =4V, Ty=OmA
Ves = Vplz = =2V, Tp=Toss/4 =3mA
Ves = 03Vp= -L2V, Tp=Toss/p=bmA

tb)

—§ -3 -2 |o =\-’6$
@ I”p = “4mA, .
Vpg o= Vpp -tpp'e,, =12V - GImA) (1 2kR)
= 636V A
@ xo=Tpi- Vesfvp)t = \ZmA(1— LEVYw))
= %.9mA
Ve o= Vop —Ip p'zb = 12V - (4. 69 AX .2k 2)
= 6.37V
ercellent™ campanisos

3. (a) 3:1,9, =Vop - Vp = 14V-4av = 2.125mA
?p 1.bkS2

(1) VDS = Vp-Vs = ]qV-oV = iv_
() Tp= Topss (1~ V‘?é/v‘a)z=> Ves = Vel 1 — J':l_:_,:

Txcs
Veg= Cav)( 1 — [ 3.\;5;:?)
wm

= —\L.SV
“ Voo = LSV
s I’D;Omg
and Vp= Vpp “Ibp(e‘b = 18V —(0)(22kR)
=&V
7. Toe I?” G- V"’/Vp)z‘-‘-' Toss 1+ 25pRs Ivz'R;")
TossRs® v %"
Ds3 g 2. prd
R R

SulpsT.‘Tu‘\"ms T 35.S6 Ipi-' 4’-1519 +10mfA =0
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Tp = —BE {R:-u’ - 10.41mA,2.0mA
2A

TIpg =2.0m A (erack mdlell™6)

= ~ 145V -2V %
q' ('a') IDQ = V_i - “1 V =3.33Ma

Rs 0.5\
e Ves¢= —Tpg Ry =~(2.33mANCOSlkes)
= -'\'7V

© To=Tpss(1- VGS/V?)?'
323mA = Tpss (1 — EHTVY-av))©
3233mA = Tpss (0.23))
Tpss =10.0mA
) Vg = Vpp ~TpyRp

= 8V —(3.33mQ\szSZ) = I®&V=—=6.66V
= 1.34V

(&) Vpg = Vp-Vs= IL34V—11V
= Q.o4V

. NeTwerk redrauwno:

14V V@;-.:OV) I,,::\:m, = Ltm@A

2.2k32 Ves= k" -3v, Tp=\5~A
Tpee=bmA Vos= Qg\,? - 1.8V, Tp=3mf
Vp= —bV —_— *Iémﬂ)
- Vé&‘-" ~-TRs= -Tolo33kew)
6
S
From 51'4?\&. I:DQ = 3.85mA : "
Veose, = —14V et [
? ‘r"' "ID9
Vg = -(Vasp)z -1 L3V) 1 i3
1 2
|
I =
|
. 4\
- ~-s % -3 -2 !} o
e (V Ves
6S¢
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13_(4)1D= Toss= ‘OMAJ V-Pz -3.5V VG = “om(ZOV)

V(,sz ov, Tp=Toss= 1omA NokR+<No
Vos= Vp=-3.5v, Ip=0mA = 2.1V lg
Ves= ?: —?’_—_E‘,’,; -\.-ISV) ITp= 2.5mA 5
Vos= 0.2Vp =—\.0SY, Tp=Sm A  Ipy25.6ma
Tp,25.8mf vs 83mACEI2) _bsf':n=_2_;!§’_\.’=4.2"‘mﬂ

Ves, & -0.85V ve —=L5V @12) osiest
Q" e

”.—-‘-.—. - -

T s 2z A L. P 2 Vgstv)
‘ Ves, 2 —o.8sV
(b) ﬂs ?,5 dearcaoen tHie mTovseLinm m Yhe veaTical ouf i
Macveases. the magimum occune et Tp=Tpeg= 10Om A
CRs L= \_’_G_'_ £ ? ._____'\GV = N3
mn I a
DSS 10 m Tp(mAd

15. (a) Vbszov)Ib:: Toss =omA
Ves= VP= -6\, Tp=Om a
Vos= Vo, = -3V, To= 1.5mAQ
Vesw 03V =~1-8Y, Ip=3mfA

VGS = vsg '-IB’ES 4
Ves = 4V -Ip(2.2k02) I3
Ves=ov =4V =1.818mA fad
© ) Ip T2k Pev ID?-Z.'IMG

To=0mA, Vgg=4V

]
'
a 1
Tp, =21 I
DO N-———M .
Vg,s¢ g -2y ‘
" —t- 4 4
~b ~5 -4 =3 -2 N-l :] ' 2 3 % Ves(v)
Ves., = -2V
(&) Ve = Vpp +Vss —Tp (Rp+Rs)
= 1 VHHV —~(2.7m A)(H. 4 S2)
= 8.2V
Vg = =Vgg +XiRs = —#V+ CR.TmA)(2.2KkS2)
= .94V
or Vg = =(Vesg) = —(-2v) =42V,
17. V)
=0V = = ﬂ
6s=0V, Ip=Tos = bm Ves = -IpRs = -Tp (0.432k%)

Ves = Vp = =4V, Tn= OmA
Vor= \3;/2 —_-._-‘2 v, Tp=Tess/y = LSmQ Tosz4mA, Vos = —172V
Ves= 0.3Ve=~1.2V, Tp= Toss/p =3m A
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TolmA)

L5
.-A‘
s M\JA = ""Lsrog*—'z,qma
Vs, = ~1.2 h =
k2 | 2
I
O\
I
R 2 o
Ves,,’.--i.zv

(.b) VDS - VDD"' Ip (‘254-12:)
= 14V —2.amA(1.2k + 0. 43kR)
= .27V
Vo= Woo-Tp%p
= 14V =(2.amA)1.2kR)
= 10.S2YVY

19, 2
=Voo -1, f'<
k= Tpm = _5mA = SmA \cx Vm D(?VD* s)
(Vescmy— Vi) Clv-av) >+D EoaRe
Ipj = o.ssex1073 ANz 2 = 22V
omd |To= 0.556 x10-3(Ves =4V) 1.2k52+0.51kS2
S Wi =12.8TmA
\2-&1...(:‘:- To-= omg) Vie “Vop
ut =22V
104
(¢Y)
1 -To,=8.25mA
8"_— -t TTT T T T T T |
+ i
|
- I
54 !
! =omc
s \" £749V |
DSQ LAy l
% |
|
1t .
Y, d -
6 . z 3 <4 < (4 2 & b | o [ 12 3 ¢ ves
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) Vp = Voo - ITpRp

= 22V — (B.2SmAX1.2k)
=12.1V

V= TRe =TpRe
(8.25~A)(0.51v)
42
@) Vps =Vp-Vs

= 12.4v-4.21v

= 7.84V

—
—
—

vs 74v oLTame& 3"4‘1“"—‘*‘3
au (a) V@.-

T M m\v.a.-t-\&gsz.
= 3.3V

Zp(mA)
(b) Vot =0V, Ty =Tpss=bmA

VGSf VP= —ve\lJ Ib-.-OmA

Ves= Ve _ _3v, T, = 1SmA
2

Vos= VP=—“$V) I’=3mﬂ

To =375.A
Ve 2 =125
esg, \'

6 5 4 B -z gor o vz 30 4 Veww)
@) Tg=Ty=3ISmA Vesy,
€)) Tg = T = 31SmA
—p—- oo = 7.3.44/.&
@ Vo= Ve = Va-Vee Vee ~TpRe-Vag = 20V — (Z2.44uAX330eR)-07V
€3]

Ve = Vee-TeRe = 20V— (3aSmA)11eR)

= \S.88\

3.y =Vp(l- ‘/]E:E_z ) = CenCi—y ) ")
= =\ISsV o e
Ves = -IpRs ¢

Rg=—=Ves _ ~(AT5Y) _ oatlesz
I'b Hmbr
Bp=3Rs=3(0M4ks) = 1.32ks2

STaumdard valies: Re=0. 4352

aS. To= k(Ves—-Wr)*

-f_.: = (Wes=Ve)©
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{i_gz V@S ‘Vl"
o gvesz\/-r-\- &:JIV-I- bmA = .46V
v V\b o.5xw SANT
Rp= ¥ = Vop-Ybs _ Vpp - Vos - 16V=T34LV _ 8 SHv
Ip I N omA omA
= lH2es2
STomdacd vatus » Kp= 015ks2
Re = IOM2

al Ve = ISksa(2ov)
7Sksz +330k52
Ves = 371V—6.25v ==-2.55V (gossibly oleay)
Tp= Toss(\— Ves/vp)*
= 1omA(1— 2S5V V(o)
= 33mfA (reasomable)

owewerr Ty=Vs = e2sY 6.25m0 #33mA
’ Ve e

VR, = ToRp = TxRp = (6.25mAN2.2kx)
= 13,15V
and Vgs ,,VRD = 625V =135V
= zov = Voo

——

=31V — seems covrechk |

- Vos =0V
v Possthle shevT- eireon T &vm D-S .
2. AcTua’. Toss omd /ev Ve wmas be \m?» s maan:“:.am
aym%ie&.

2. ca) V=0V, T =Tpes=8mA

V6$1= VP-z 4""’\6 ID=Omn

Yes = VB 42V, Tp= 2mA

2

Voy = 03Vp= 2V, Tp=“mA

VGS = ID?S
Ib‘-" "‘Mg >
Voi = (4mA)(0.5) | 119
= 2.08V

(b) Vg = Vpp+ Ty (Bp+Rs)
= =18V +(3ImAX 2. 71R)
= —-4.81V

(<) VD = vbb - TpRp
= =18V —(3mA)2.2k52)
= -\\.*W
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3\ Ves _ -\.SV
\Vp\ hv
Eund —0.31S5 e The horiqomlal oris.

Theu move vertlicedly To the Ty =Tpss (V= V"Slv‘ﬂz“'vc-
*vm. e virTorsecTima with Hha corve T Hae

=—0.371S

Fim\\:) ) wMove NevigmTe
\edT Tothe To/xpeq ovis.

:..E?- = 0.39
Ipcs

-t-ID-.-O.%%(&Z'MA) = 4 6BmA vs H.AmAE
Vngp-_-. Vop— FpRo =12V = (4.68mAY( 1.2k2)
= .28V vs .27V ¥I
33. V, = ?sz - “omCZQV) - 2.\
&&= - = 2.\6V

R+R, 1oks +dokse
= pl
m= \V = -——-—3.5\, = 03\8

Toes Ry C1omAX LikR)

= V.
M= mxY66 - og (’2.\9\1),0_‘4‘0
1Vpl 3.5
Famd 0.140 ow Yhe vaTical opir lobeled M and manie whe locaTion
M hov i3omT To Yhe verTical ayis \abeled w and Yheun adl
mz= 0.318 To e verTicd holquT” (2 1.318 s Fow-ﬂukm;?g—:

p VY

=3 m g

0.14906

e 2
ConTimvue e lime umtil T iwlerseds Ibsruss( \—\/6’/\'9) covrve

P Mre MaTorsedi om mmove kw;'sm‘r‘-ll%,‘&dofa'»o “1he Tp/Tpss ratio
amd maove dowe VCNTRCAM) To otsTaws the “/‘W\ vaTio.

033(‘0 a)-:'. 3.3mn
Io _ 032 and :"’p = v':.s.smq *12

Toss
Vos - —0.425 and Vesp = 0425 ( 3.5V)

vs. LSV #12
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ChapTer b CEven)

2. (8) Tp=Tpss(1— Nes/p)®
— 1omA(\ =3V =sn)”

= 10mA (0.333)*
r,p = 1.\lmA

'l =-
(b) %5 = 3V
(c) Vs = Voo —Tp(Rp+Rs)

= 1V —0.WmA(2.2k2)

= eV = 2.444V

= 13,56V
Vp = Vps = \3.56V
Vo= Vosp =3V
Vo= 0oV

X, ng¢=. oV, Tp=Toss = SmA
VD: Vbb- ID‘R'D
= 20V— (SmAN2.2k5)

= 20V~ 1\

- av
Vot = VP= -V, Io’OmA
Vos= ¥ = -2V, Tp=2.5mA

2
Vos=0.3Vp=—-12V) Tp=5mA

Ves = -Tp¥s

Ibe. Smf:

V(:,g =-(SmAXO0.7 skes2)
=-375V

() ID¢ 22 7mf

(o)

VDS = VDD —In ('RD+'Rs) -

=18V-(2.ImAX ISR +.T15kR)
= 11.93V

Vp = Vop— ITpRp
=18v-(1m A)(LSkR)

=1345V
Vo = QY
Ve =Ty = 1DT2$

= 2.03V

61

TolmA)

-8

3




Ves =ON, Tp=Tpss = omA

IntmA)
©
V68= VP= —-BVJ Ioz omA
Ves= ¥p =-3V, Tp=L.SmA e
F)
Ves= 0.3Vp=-18V,To=3mA L
V6$ = ‘I‘b?s
Ip=2mA, -3
Vos= =(2mAX 1.6 ks2) ©
(3 2
=-32v N ______ g%
() Ibw =LTwmA : | Do
Ves, = -2.8V i
-6 :s - jz :z -) V‘
< 1 Vesy )
Bs = Voo =T (p +Ry)

= 12V =CImA) 2.2k + l.6ER)
= 5,54V

Vo = Vpp - TpRp
= 12v - (LIm A)YQR.2kR)
=8.26v

Ve = ov

Vg = TRy = Tp'Rs
= UImAX1.6RI2)
=272v (s 2.8V {'rm Vg = -CVespD

10. (&) Vgs=0V
- Tp=Tpss = 45mA
(&) Vos= Vpp — Tp (Rp+TRs)

=20V- (4.SmAY(2.2kSn+0.68k52)
=20V -12.90

= T.0MV
(C) VD - V“D —:D?'b
= 20V - {(4.SmA)(2.2k)
= \0.\V
V¢ =Is’25 =T R

= (4.5mA)0.68kR)
= 3.06V

Y

2.

R Qioksy+ hokS2

a 2.16V
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Vés:OV) To=Tpss= lomA

Ves= Ve = -3.5V, Tp=0mA
VNos= VP/:_: -8y, Tp=2.5m@A -
Ves= 0.3Vp= -\.05V, To=SmA

Vésp‘-‘ V(y -'19’23
\1“?: 216 ~Tplines)

ks

) Tpg, & 3.3mA
Vesp 21,5V

) V= vop- To,Bp
= 2oV—-C(3.3mAX2.2k)
= |_‘2_,:1:!_V
Vs=TRs=TpRs -4
= (32mAN L1kR)
= 3.63V

(d)Vps, = Vo —I‘Dp (Rp+Rs)
= 20V - (2.3mAX2.2k2+1.1kL)
= 20V - 10, 84¥Y

=4.1V
. @To = Yoo o VeecYe - v-av, v _ shsm
R Ry 2K 2es
® Vs =TsRy =TpBs = (H.5mAXD.68ks52)
= 3.06V

Vops= Vpo - Tplep+s)
= \BV-(4SmA)(2kR2 +0.68kSQ)

= I8V—1(2.06V

= 5.94V
el V(,--.::Q}_. \pp = Aiesn(18Y) _ g5y
R ISbeR +A\eR

V@g = Vé—\lgz .95V —-2.06N = —L.1V

(d) Vo= Ves = =\uy

Vi— = \I |— J[u.smf
Toss SmA
= —1.48V

V = Vep +Vss =Vbs_ |2v+3v—HV
" Rp+Rs Zen+2nst  Sen

.ﬁ-i =2.2mfA




W) Vp= Vpp—TpRp=12V—(2.2mAX3ks)
= 51V
VS= I.s'?-s +Vgg =ID'R3 +Vsg

= (2. 2mAY(R k) +(—3V)
= H4V-3V

= L4V
(© Ves= Vo-Vs
= —L4YV

——

18. )
Ves =0V, I, = Toss = BmA
Ves= Vp: -8V, Ip= omA
V(ﬁ =¥ =-4V, Tp=2wA
Vos = 23\/9'-'—2.4\!) To=4mb
\/6}=“'\V.) Tp=10.125mA
Ves=+2V, Tp=12.5mA

Ves =Ngs — TpRs
= =(—1v) —Tp(0.39kR)
Vs = 4~ p(0.39k=)
Tp=0: Ves= +4HV

Vev=o: T =_f_"‘___ =10.26mA
es >” 53R

- 1 -6 -3 -
(L) Vns = Voo

Mpimad

-3 -2 -t
-Tp (Rp+Rs) +Vse

\8V —AmA(1.2e2+0.39kn) + 1V
22V = 14.3\V
7. 64V

VS = -(V6$¢)= -0.SV
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20. Ca)

V= Rz Vpp = &8Mn2 24V) = 9V
R+Ry lOMR + 6.8Ms2.

Vgs - VQ-ID’RS
V@S =471 - 19(0.15k33)
AT ‘I.Tp-:OmG, V@gBQﬂ\V
v6S > =D o——nsm 2 Smﬂ

we= :D(OVI) - gmﬂ - smn
(Ves (omy— Vot )>  Cev=3v12  (3W*

= 0.856x10" 3 Afy*
- Ip = 0.550x10"2 ( Ves —-3v)%&

Yes  Ip
3V oméA
2\ 0.Ss6mA
(mQ) sV 2.22mA
FD ev SmA

v 8.9mA

q4
3..
1Y
o4
Slta P _ o ___ ‘
4+ l '
3t 1
I
2} l
"T I
+ 4 + ye " o
() 1 2 3 o s ‘\.Ib; 2 ) 3 o - Ves(v)
Ibpg 5_'!3 P
Vosg & €V
(o) Vb= Vpp —TpRp = U4V —-(SmAX 2.2k)
=13V
Vs = Ig?; =Tb’2$
=(B5mA)(0TSks2)
= 3.715V
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22. ‘Tesf'u}té :

@Re 210E,
<100)C1.2e52) = 10(10kR)
120Ks52 > 100k 52 € saTisfied)

a)y Vg=Ve =R Voo — 1woka(ibv)
R+*+R,  yoknt+ \fo'ﬂt
= 3.2V

) Vg =Vg—Vgg=32V-0V=25V

@ Te=VE =25V — 208mA
€= T e %8m

T 2Te =2.08060
Tp = Te=2.08mA

@ IG-IC_.-.Z;‘%?_"_".‘E=M
Q

@ Ve= Ve - Ves
Ves = VP( - d]-:::—b )
DS

=Cov)(\ - ,l?-oama
owmA )
= —~2.47V
Ve= 3.2 =(~2.47V)
= 5.6V
VS=VC = 5.6V
Vp= Vor-I5®p
= \oV—(2.08mAX2.2kx)

= 1.42V
142V
&) Vg = Ve-Ve = 5.6TV-2.5V
=317V
(8 Vpe = Vp-Vs = 1L42V-S.61TV
ad. _ -{= )= 1— [z.5mA
Ves =Ve<1— 122 ) =ca(1- {2220)
= -2V
Vg = Ve - Vs
améb Vs = Ve -Ves = HV=-(-2V)
=6V
Rsg= Y_‘_ =V =as+desz (a STandaud Velua)
Ip 2smA —

2
Ro= 2.5Rs = 2.5(24k) =6eR => Ut 0.2k

V(, .—.’R’- Voo #\V =Rz (24v) => 88WMst 4R, =AM Ry
R 2Ms2. ¥Ry, 20K, = 88MS2

R = 4.4M352

MQZ = &.3'4\3
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. () Tp=Ts= Vs = 4V

= 4mA
Rs k2
Vos = Vob ~To(RparRs) = R2V—-(4mAX 2k +1k2)
=12V & max3es)
=2V -2V
= OV
TEET ma s&lowra Time !

(b)Y V=0V reveeh Yhar the TFET is noneamduncting and the IFET

is either defedlive or am opam-circoiT exisTs anthe oSS cireu T
Vs is o the same poTeuTiaQ as the grovacled side A Hhae k2 vesishrs

@ Typt ,the vo acxoss Hu 1M resicior ts 2OV, Thar fack
‘thot the vol across the IM32 resisTor iseqgmaR To Vop S

esTs
Yot theve i3 a shnT-crecoiT canmedion

m aart To draam with
To=0mA. Lither The TFET is dlefecTive ov am imgroger ciresi T
commecTion was made.
ae. Ip=Ts = Vs =625V _ czsmA

®Rs ks
Vos = Vpp ~ TplRp+TRs)
=20V — (6.25mAX 2.2 sz + Ve )
=20V~-20V
= OV (sTurcTiow emdiTiow)
Vo = R2Voo _ 15ks2 (20V)
R+R.  3I30um+ 15k

Vos * Vg =V = 37v— 625V = —2.55V

= 377V (eoiTehoult \f—)

To=Toss (1 Ves ) = 10mA (1= C255V) ey

= 33mAa ;f (a 25mA

lw all fmbabuh‘l:j , Om o@em —cAveiT exisTs belween the
voiTaee Aivider smchoerc avd the f)cTe. Termancl ‘\1‘«. JFET
with Yhe Tramislon eock‘\mfuu-l o T ureliom emdaTions.

30. 4 = Toemd

= %#mf 2 = #mA
Wescomy=Vos(rwy)> (=7 V=-(3v)) C—av)*
= 0.25xw0 3A/y2

Tp = 0.25x10™3( Vos+ 3V )"

Yos o Ves = Vs = Vop +TRo

- (3]

-?‘.\(/ o?az'gmn Q‘t tb = Omg) V& = Vbb - =\6V
-0V 2.25mA Yo W
=V 4mA
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Ib9 Z x4mA le
VGS¢ - VDSQ% "1'zsv ————————— »:I%

4

“T7 ~te =4S < —13 02— -0 -4 -8 (7 -¢ -5 -4 -3 -2 - IOVG:(V)

VoS, = Vps
) vos =Ves= ~7.25V P P

v(‘) Vb = Vpg = - 7.2SV
or V‘DS‘ Vpp +LgRp
= ~16 V +C4mAXN2le2)
= -6V +g8.gV
Vos = 1.2V = Vp
32. w= Vpl < 4V _
Toss Ry GomA)(0.15R)

= 0.S33
M =m !92 = 9-533S9)
\vpl 4v

—me o STrai Wl linve ‘ M=° %N‘ﬁh m= 0,533 T T Crosses
the 'norm¢1~33d cvrve To=Toss (\— !6_‘)2' At the srTowseclion with
v

the wvve dvop o liwe dewon To deferm ine

Y:‘.s = —0.49
\Wel
s0 that Vosg =~ 04 Vp= —0M4 (v)
= =186V (vs.—1AV¥0)
1§ o horigmTel lime is drawen {vem the i Torsecliom To Y lefT
verTical oris we -q-iud TIp _ .27
Toss
amd Tp = 0.27(Tpss) =0.27C10mA) = 2Tm B
¥s-2TmA from £6)
@ Ve,sg,g —1&\:,%;—. 2.7mA

(b)—
«©r—

(d) Vps= Vpp~Tpl R +Rs) = 1193V Ciik®e)
Vp = Vpp-TpRp = 13.45V (like ®b)
Ve=wOV, Vi=TyRs =2.03 (lik #6)
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TossRs  (6mAX2.2kR)
= O.NSHS

M= m Ye& = 0.4s4S (4V)
1) (6V)
= 0.303

Find 0.203 M e varTica? M axis.

Draw ahorigmTel Sanea. a«m M=0303 Tothe
VerTical m opis.

Add ©0.MS4S To ‘the verlical LOocaX:mn an Yhe M axis dqiu& |~1
e hwi-smfc.& e,

Draw o sTraliqhT Lt between W = 0203 aw- Htha gowT ™ Yhs

m ogis resuTi owm the c@diTion /\ m = O.HSHS,
ConTatve Hhe S \rw{q\ﬂ" lime aa ¢ belnw unTit iTvosses Yia
Movmalized Tp=Toss (\- Vé%e)zcorvc.
{ ™ AM
‘ID L 3 °.*
Ihes m=O.NSHS
Vos 0.2
el
At he amrTorselion drop a vevTics liwe To deTevmine
Vi
Y6s ——-034
Ivel

= —2.04v (vs. =2V Lo Pro.15)

At the wlorsecfion draw a hor'.a«mfal liwe To Yhe Tpfr
atis To deTormiwe

I _ 046
Tpss
¢ Tp = 0.46(6mA)

= 270w A (ve. 2.TmB JromProb- 1s)
& e
(&) Tpp=200mb, Vs, =-2.04V

(&) Vpg = Vpp+Vss —Tp(¥o +¥Ry)
= oV +4V = (2T mANHMER))
=186V U+ B2V 4r o Probn1S)
Vs a —Vgs & TeRs= =4V +( 2. 7emf)2.2kes2)
= —~4V +6.07V ‘
= 207V (vs. 194V -gv'm Prob.15)
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Chapler 7 COdA)

i.¢a) 1§ e de power 6“"@‘3 is sel To 2uvove f\"s} The
awm (\:Qicava. will be éaro

(b) Too lows a-de lenel will resuT amr & cli ﬂ?ug. ogeT w:&vm,
() T =T =(sma)22.2es2= 55mv
Pz VeeT =08VI3.8m@) =684 mnl”

7= R0 _ S5 _ ok o
Plae) 68.4mW —

3. x. =2 - 1
= T —— = 154
< anfc .’It\'(lnl-l3)(l0},,(7) 25>

X—='\Ook \-&3 1 X, = O\5952

‘-Am, belen ak \ookl-\é

5. (a) The primary difference between the r_ model and
the hybrid parameter model is how the model is derived. The
re model is based on the internal transistor parameters of beta
and the effective internal resistance of the base-emitter
junction. The hybrid model is based on the terminal
characteristics of the transistor under specific operating
conditions. 1In practice, the two models are very closely
related, the major difference being that the rg mcdel does
not include the output impedance of the transistor, but
this parameter is often included from the hybrid model to
correct the deficiency. Once one model is known the important
parameters of the other can be determined from that model.

(b) Application depends on the available data, operating

conditions, and suitability of a linearized approximation as
the result of the calculations.

7 (a) Vz, =V = To Reamce
= 60O mV — (\o/,,m(tom)
= GOOm V= 10OmV
= SOoom\N

Zo = \igg = ‘5_'9_92\__\! = SOk
I, WOuft ——

o) CorrenT-Adivider role:
T = Zo(Tang) - Sokn(6mA)

Z. 4+ Soksz +2.2¥R
= sa41mA
4. o) .= Vi_‘__\_(_': = \2mV—=4m\V _ 8wmV _ 4R
les2 lese en L

W@ ziz Yo o 4V oo
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«© Qu.q.- Vo = -\80
V¢
Vo = (—180)(4mV) = =720 mV
(d) I.= \_/2- = 7___2_0____'“\, = I.~41mA

v 0.51e32
@ Aj= T = L4ImA_ 5 o5
4 Ac= -ArZ: = - (-180)(S00R) = 17647
= 0.5\
(d.') re Vv.. = "‘BMV \SQ
I, 32mRA

b) Z: = Ye=1552
(¢) T.=xT, = (044)(3.2mA) = 3.168mA
(D V,= TR =C3.168mA)(2.2kR)

= .41V
e Ay= U = 47V _ 14521

W 1, o (1~x)Te = 1-049)Te = €0.01)(3.2mA)

=~3Z&A
13, () zZ; =(9 Fe = C140)¥e = 1200
Ye= 200
140
= 8.87\s52
b I, = V., = 30mV a
2. " Taen- oA

) I¢_=(.?I.,-.- <x4o)<zs/ua)=3.smﬁ
@ T = voTc _ S0RGBSmA) _ 5.5, o
Yo+ RL SOk +2.7ks2

IC 2 ,»A

® pe=Ve = - Bu - (32849 (27e)

\/# Z., T2k
= —-29g.249
1S, —
177, —
19. (a) Au-=\_l.‘3=-lbo
Ve
Vo = —160V(

() T= V{.-’hve ° \I{-—hm,g\r\u_ V{,U"'"‘\re Av)
We Wie Wie
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= Ve 1= (2x0m(160))
s
Ig = 4.08x0~" V{

@ T,=Ye = 1xw073V
\EJZ. - "
@ o Difleremee = VKO3V —AEBRITHVE o
X\~ 3V

=32% °

@) Va\id -Q—i\rsT a@@foxima‘&a&_
Al (&) N, =-180VC Chie=4¥s2, hve = #.0Sx10%¥)

W Ty= W — (#.05 x10~)(\BOV,)
3pse
=2.32 x10"4V{

@ Ty=Y = M = 25004V,

hie  Hm
@ Diffevamce = 2. Sxwom4 Vi —2.32%107 VL o5,
2.50™ VL
=7-2 ,c

@ Yes, less than 10°%

A3 (a) "‘Qe-" AT, ©.SmA-S.SmA — m@A

DIb\ ASouR b =2
Vee = consTant eOom Op \Op
Cb) hpe = AT, = 2.2mA-WImA = 0Lmd_ 150
Atb\ Veg = emslant 5'/““ O/;“ s./“‘g
5. () = BVie - 074OV-0.725V_ 1SmV _\5k0
AT, 35‘/“&—\5/«95 ‘o/“A
() hie= DVee — 0125V — 0-66V _ 0.06SV _ (.SkS2
a7. \!\“e-: A____:C-\ = 3.8wmA —2.8wA - \MA - \Qo
BTo INeg = comst, 3%9«-20/\9 ‘O/A
hie= BVie = OaASV=03V _ qpq
hoe = AT
= 29%uA-1.8m& _ wS
AVCL‘Ig’WT a:;:,_ sv =5
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a4q. Wie =@ Ve = h& Ye =SS
Ye= L.S¥R2 _ .Sk2_ g5

Nee oo ——
P‘-‘-‘ h.(!‘= 100
o=l =1_. =z2o3esx
hoe  33uAlV

3. Las-loj ocats !

) j.-c = O-2mﬁ, \'\;e= 4' (mvmﬁ%cd.)
Te = \mA, h;e-_-,-i C* )

% chamss = | “_'_:__;_.'\ xlo% =15%
(b) T.=SmA, h;=03 (Nnm&isd)

7 =|1=9-3 x100% = 70%

% chamag !__‘__l

33, Ca) I = 10mB, ho = \o(z%s)-.: 200, S

L) ro=l_ =l . =5k vs 8 6kS2
Vige 200uS

Vet aynﬁ. appr rrimdlinma_

(b) \\oe

) h =30 (mormetized) To
"‘oe Forv( )Y abh \ow \oudoérc.
@) mid-regio

73



Chagler 7 ( Even)
.-
iy —

G. Cay Vi = VS -Ic‘[sus‘
= HOom\ - (20/0\9)(0 Sesy)
= HOmV- 1omV

=30mV
B o ZO/wﬁ

(b) Vo \"b? ~Qividesr role

L S VA

= L5622 (izmV)
0.4y +1.Skes2

= QM4 I¥mV
B(O.)V( = Vs —I,;'R;
T18mV — (10LAXO-6¥R)
=12 mV

(o) Zi=Ve o 12mV
I ‘omA
= L2kS2
e
e) -~ 3.
@ Agy = y_g_ = 3.6V

=& '.‘.'.e ’2; .
= €0.48)(0.5m~RAY(1.2lkes2)
=0.588V

@ Ap= Ve _ 0SSV
—\_I-.', lomq

e Zo=0632
=) AL'—'—E?' = xXe _x -04a8

&) X
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\2. Ca) ve= 2mV - 26wm\V — 1352
Tetded 2mA

Z . w(3ve= (86)(1222)
= .04z

W T T =xTe T
(SA é (= f (S-ZE\
=2Zma ©
& = a4 qﬁﬁ
«©) 'QL= 5 = :.1:‘_'.
I"_ Ilp
Il_.-: Y',( Ib)
yoﬁ"—\zl-

Aie%a..'@y{’ = F
}y’\. o+,

Yown +\.2ks2

= 7767
@ [ R _ _LzkWYoks
re 1252
= _ 1165k
252
=-eac

1t Ve = 26mV = ZomV
TE(de) VLZmA

(-3'2: C20)(2\..TN) = 2.6

=2167s52

\ 6. —
o N/ o
20 % 'D.«Q-‘wwu_ 1A ToTaQ loadl = ?'- _(ZL\ / %€ x100%
X 4 =
= 2.2ks2 —(2.2e150ExR) X AOSL
2.2%32
= 2.2kse —2.1073RS2 <00/
2.2

= %27
lw Hhis caet Hha e,“mé%mm be ng-wv&
2R. Frowm Fig-7.28 .
mMin Mol
L‘eei

l/u.S 30/“8 Aﬂb = (_Lti_"_),éé = 15543
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'
% D;{.f.”ma. me ToTak ool = R Bl /"'oe ~100%
Re
3.3k -3.3ks2 UL Xs.s/“s x100%
33ks2
= 33N -3.3es2 l 6452 K o0
33k
33k —-3.139kZ  00%,
3.3
= 486%

AYA»%L vw.o,(, éf Yoo Cann bx agwa-w.& PO Aé«v&%fs'r“—'amim‘&u

Q =t
= 6.3mA-S8mA o5,.A
1oV -V - Qv
=55506 10" Ay
W) = b__{‘_—
= 12mA=0.8mA _ 6.4mA

—1

2A0V =10V \OV
= %o x10~PAJy
Pt

I\

"

D Vee Tg=cmdl.
= 0.75V-0.13V _ 0.02V
—in
20V — OV K0V

=1%x10"3

93 hye = DVee
b\/u \IQ:M
= 0.765V=0125V _ o.0dv _
K20V — OV . ROV
3

=2x\0

ag. |, =MNbe \
AIb Vcc-:ms'\'

= o.1s‘5V—°-"73S - 0.02V = 2RS2
3oun—0omuf  1OWA
ho, = DT
t bIb\Vc,escm!\'




W = DX
= Sal
DVee Ta=cm<T.

= 3.‘-lm9-3-2'"a= 0.2mfA _ 40x,07¢3 = 40/“8

ISv—10oV SV
kie:@fe, => Vo= hi& -_--_Z,b()()S?.= 22.2252
p""‘-@t—"" 3_0-
Yo=—-— = - =2Sk
° T vge Hous 2

30. (@ hge (0.2mA) = 0.6 (nev malized)
hge Cimf) = io

. _ | hge Co.2mA) —hge CimA) o
% d&\Mél. = ‘ e C0zm A) lxtoo/.

=\o.e—l

‘moo’/.

0O.b
= (96.'1'%
) g (ImA)= 1.0
hie (SmA) 2 1S
% shamgy = | e eSS o)
M&_(\mﬁ)

= \ |—-l‘.S \ x100%,

= S0%

32. (a) \‘OG = 20/.,3 @ \mA
Te=02mA, L ,=02(h,@ImA)
-.-.0.7.(740/«57

M v, = _é;'e. -%—S;ZSokS).)) G.8es2.
\3-oqw_ Vw.

. (2) \»\n (0.lmA) =+ ( hye( ImA))
- &4 (2x104)
= gxio~
) WypeVee = hpe Ay VE
= (Br10™4)(210) V_
= 0.168VL

In Yhis caen. \\"ch Too ‘AA?. %To be ‘8‘“‘&’
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36. (2) hj, is the wosT Tempevaluve semsilive parameler é Fig. 7.47.
(B hoe exhibiTed the smallesT JAMT
© Mﬂmaﬂw! hx‘@”)= \S, k&,__(m“)=9:_s_'
For Wy = oo the roass. ol Q #TM&VM SO L5 VSO A
ceTamnlly - st {‘Qicm?
(4d) Ow &« M.e'vmaﬂ.y.& baois Ye MacH G0 e O o —6LS°C
To 3 st aooC — & ntqnilieank du
(e) the garameay 3 shrns the Md«a«%u st reﬁim&.

O°—m 100°C
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C,b\a-pfw 8 (Odd. )
~
1. (@ Ye: Ta= Vee - Vgg = 12V -0V = 5!-3?«9

Re 220R2
Tes= (€+l) Tg = (Lo )(.‘51.‘36/,\,9)
= 3.3 mfA

Ye= 26mV _ emVY - g3isz

Z. = Reli(frg =220k52 I(0)(83152) = 220k W %#98.6se

= 4q7L.% 7152
o2 10ke . Zo= ZC =2.2
®) A —Re_ —22k2 _ o0
Ye 8.3lsa
A: <=0

©) 2= 497 4752 (Yhe samme)
Zo= v, = 20ksz f2.2ks2 = 198lks2

7)) Qtr‘ - Yo = —198ksy _ - 238.27
Ye 8.3isz
A= — R TR = =(~238.27(H4GTL +Is2) /2.2 ks

= 53.89

3. (@) Tg= Vec—Vee , 1OV—O0Y _ 53 g5,
28 3GocksL —

Te = (P+1)Tg = GOV (23.85uA) =2.41mA

re= ZomV_ 26mVY 01952

Te 2.4wmA
T, = PTe = (001(23.85.R) = 2.38m A

&) Z; = €ghfre =390k 1C100)00.7952) = 3q0kn Il .08k
= 1.o8ks2
ro 2 Iozc__ .’ Zo‘.-.. ﬂ{_: 4 3Jks

e — ke _ — 43k - _398 sz
Ree = Z€ < (0. 7952
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e \0. 1952 1019 52
A‘& = —Aw _Z_l- = — (—348.4%7) (].08ks2) = 8152
(& ) Xr N
%
s. @E/E = ‘0(27_

Qo0)(\k) Z10(S.blsn
ook >Tersn (dheckes!) + Yo Z10Rc
Uoe a,‘a@vorx.i\ma:\‘f. Wvow .

Q-“-:'. -e_g‘_ = Ye= —_2_9.=——ng¢ 0.6253%%

Ye Qc —10
Ye = 2ZemV = I& = 2bmVY = 2emV - 1.261mA
ITe

Ye 20.0625sL
Tg = VE.

= Ve = Tgle =U.261mA) (\ks)=\261V
Vg = Vgg +Vg = OV +\L261YV = .96V
Vs = S.orst ’Vc& = lLge1Vv

Sblks. +82ksz

S.oksz Vec = (LGB k)
Vee = 30.68V

Ce *-(.P-H e
= \Q.3V — 2SS
SS59.2k$2 A /“A
Te = (B+0Tg = GHOFXD(E4FLA) = 86omf
Xe “+ 8cowmA

390k sz (1% \(L2RS)

= S.34%s2

o) zbzé’r,_ +(B+NLe

= O0)(S.3Y2) + (4o F)D (L) = 14T. b+ \6G. L e s
= 169.95k s2~
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2. = ﬁ'&“zb = 3q0ks2 N16G.95ksy = 118.37ks2

= €c =22k

@ Rp= -@FFLe . — Qs0)(22k) _ —1.81
2. 1699Skse -
A= -ArZi_ _(—renws.3eeyzz ks
R
= 917329
@ Z, = pre_ +[(M’fb Ce

1+ (e e vy

= ‘H‘l.(.:ﬁ'. Qi) +2.2ks2/200ns2
A L+ (3.4k2)/20kse

TH 7.6 + \44. T2 \es2
= IS 4k
Z, =

L2lke$2-

-

Qe Zy =2390kst || 145.47ks2 =

Z, = ?C,_ = 2. ‘?.kS?_ Camy levet 4 )
Ar= Yo = L ARl S =
\+ K

Yo
= - @e@ks) (1. s3@
1% S.47kS2

a—

198. 9Sksu

s 2.2k

20k

\ 4+ 2.2k
oSt

181 -_—
A’i = = A\r _Z__~
Kc_ 2.2KS5L

q (o) dc amalsis Ha same

L Ve= S.34SL (Go i FETD)

= — (-1.81)(10SAFkR) = 87.17

® Z;= QaliZ, = ﬁe,\l(;fe = 390k || (140)(S.3452) = T4b. 17S2
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Ye

S.3Ns2 -
Q‘C: < _;_ ZB

- (40)(3a0ks2)
Zg+Zo

ook » 0. 146k =139.73 ys. G1.39 o #7

@ Z.= M™e.\1sL  vs. ms.qsn:z.ém.t-z

Zo= Leiv= 2.2k W20oksz =1L98ka o 2.2k L&¥7
A= —Fciin | — LG8 _ _370.1F vs. —1B) 4 #*7
e
A:= —AU‘.ZQ. = —(—370.71NN(TH¥11s52 )/2.2kS2
e

-
—

125.Te vs 8107 o %7

gigﬂ;s,u‘a.m" o‘a“xw‘uu. o thae vreaty A«M Ry arel R
I (&) Ig= Vee— Vae

g +([f+OTe

= 26. 86/,.A
IE =

= lov— 0.7V = 1S3V

270k ) (2.1 kL) S69.1kes2

C@ +\)ITg= Q10+1) (Zb.séy,‘,a)
= 2.98 mA

Ve = umvc 2ZemV = 8.12 s

@r = (M0)(8.7282) = 459.=_s2

k) sz @re +(€+\)2€

4s59.z252 +<)(2.7kR)

]

-

= 200.6CRsS2

Z.= RglZp = 270ks2 || 300. ok 52
= |42.25kSs2

Zo= Lglre = 21ksz || 87252 = 86952
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@ Re= Yo _ 2aks £ 0.947
Le+vre 27 1esz - B. 64952
R = Ry 2o /@ = —(oQas87)(142.25ks2)/21ks2

= -S2.53%
)

12. (ap TestT Ple ZI10R,
(200)(2ks2) = 10( B.2%sL)
Hookst 2 82ksu(cthede)!

Us e G—Wrey-imaxc. “\VN% :
= 8.2% (20V) = 2.554SV
8.2k +SowsL

Ve = Va-Vieg = 2.5545v= 0.7V & 1.855Y

Iea VE = ‘ﬂva 0.G271mA

e 2YsL

Tg= Te « 0927mA _ A (LA
Qp-&-t) (200 +~\) __’L

Ic‘e Prsa (200) ("\’.G}uﬁ) = 0.922wA

Te 0.921mA

® Zp= Bre+(f+r)Le
= (200) (28.0S52) +(200+V) 2lkSL

= S.elless +M402ks2 = “4oT.C\ kS

Z:.= Serst | 82kl H01T.6l YL
= 7.5ksz | 401.6lle 2

= 7.03k S2.

Zo= WglYe = 2s2\| 280552 2276652

W A= Bu o 2em - o.q86
Ke+rVe 2l +28.0Ssn

Ac= —RrZifge =—(0.a86)(10Bks2) 2152 = — 3447
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\S. o(—:@ = 15 = 0.9868

= 76
Te= Vee —YeE = S¥—0aVvV _ 4.3V _ \amA
2.9 3.a9%s2
Vo = ZomV _ 2emV o 3.58ST

xTe ViR

A o Cc . €0.9868)(34Kks2) _ 1032
e T 23.5852

Ar= To ==<Te o x = 09868 = 1
ju wity 16

17 Ry= —-gf—_ = —160
e
e = 160 ve) =\oollos) =lbks2

A-B‘-’-Q_._ﬁ" - \g => 19= 200«
e *62" Ke »oolielen)
18 Lg +3800¢%c =2000F
e = 2ecc e o 3go00 (1. bR
181 1 en

= 3359k s

Tg= Yee— Ve
Re +f@lc
Tal ﬂ/pg-@rzc) = Yee - VRe
+— Vee= Vee +Ta(€e ‘*"E@C/)
wiTh Tee ZomV _ 2ZemV _2.6mA

e \oJ2
Tg=z Ie Z.emA 2.4, A
L+ T Lo+t

“Vee= Vag+ Tel ke + @Qc)
=01V + clz.qt“m( 32.59 5z +(200) (16 R))
=5.28YV

Q. (1)

Taez Vece-Vege _ Qv —0av
Ke+fllce (3Gen +22kn2) + (80)(1.Bks)
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Gl + iV ilcs. 205K

Te =« (P+dTg = (80 .._\)(ffo.+<=|/,~a) =328mA

ve = 2omV _ 2ZemV = 1.93S%

ﬁ T g.28mA
2: = e |\€V‘¢
e 29ksz V(80 (1.935) == 3G les2 WOttt = O.62ksT
Zo= TNt e, = LBk I22K52 =160k$2
® Ag= —R _ —Qlilsg _ _ 8erz W2k~
re }“e _ .93s52
= — LeeHR . _204.82
2.43s2
Re -

l.8ks2

21. @) re= 8.31sz from prowiem 1)
(L) h_“ = (; =60
hie = Pre = arazin) ~H48.c02

@) Z.= Ralhie =220ws2 1l 4498. b5z = 49747192
Z.= Bc = 22ks2

@ Are -hp,Fc o - o) (2.2kR) = -204.74
hee 498.cs2
A; The =0

€) Z: = 447. 4152 Clhe Same)

Zo = Rlik, %= L =tk

2548
=4okst I12.2kn.
= 2.09kes2

& Ap=- fe Crollle) o - (60) (2085 k) _ - 250.40
hie #98.692 -
A;= - ReZi/e. = —(~250.40)(#4%.4752)/2.2k52. = S6.73
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3. a. Z; =Relih;,
= L2ks2 \4.4YSs2

Q.3852
Z= ‘2¢\l e ‘2‘.7!&\\‘,‘ ~ony = 2Tk | \MZ =272
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Vo= Ay Ve = (m1DaS)(20mv) = —203mV
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%4 3. V&? = "",3\/} a.m = Z}L( V@sp —Véfono) =2.(0."“)glp-3)(‘l'.ev—3V)- ""‘4")5

r= ‘3.« (YAI\ QD) —( 1.44mS) (+OkQ— |l ‘5.3'&41.) = —.4‘3q

V,= ao- c = (—4-3‘\) (0~8JMV) = —-3.Simvy

Tpg = Toss (1~ Veig)™= 12mA (| =V =5.33mA
, Ve . , .
Rg= % _ 1V = 187.6257 . hae Bg = 802
I'Dﬁ S.33nA ‘
om =2 I“s(\ Vesp ): 2(i2mA)( | - -“’) = S.33mS
V? Ve 3y
Re= "8m C&plirg) = =10
or Rpll 40RSZ = <10 = .&7eks2

S5.33mS

Ro 40k _ | gTersz
Rp 40 RS
Ok Rp = BTokst Rp + ISotess

38.124Rp = 1S. otk sL

®Rp = 1.9 7ks2 = Rp= 2hks2
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a«a?fw 9 (Even)
2. 5”05 2, Toss -> ‘V»Pl = Z:tOSS - 2(\27“‘“3: 2.4V

l\/P\ " 8mo 1OmS
(Vv — Ves - 2( 1ZmAR) (| — -\V = 5. 3mS
4—. SM = SMO (\ @ ) \_3\/\ ( —3V
b. 3'“ = Smo Io = 2 Xoss IDSS/“' - 2(|Omﬁ)' —‘\T:
Toss [Vp) J [T svY

= 20mA s Ly = 2,8
20mf (1)

8. (» O’"‘:b‘FS = 4. SmS

(M) Y= = 2—  =aHpks2

Jos 25/“5 -
w. Ar= O TR T2 Zm= __6_9:-: (=200) = ‘st
4 Qoo)r.n)
2. @ rg = DVos _ Qsv-sv) = 1oV o= 332.33ks2
= T L A_B.8mA 03mA —
nb Vs = consTanT (9.1mA —8.6m )

) AT VDS .‘.IOV) Ib = AmA M \/6$=°V wrve

" Smo = 2Toss = Zﬁq‘”‘n)- “+.SmS
(el %v

4. Ca) 3"‘(‘Q Ves= =eV) = O, 5 (@ Vis= OV) = Gmo ™ Z‘:E/D:Sl =2 (E:R) - 2.61mS

() gm(@ To =0mh) =0, Gm (@ Tp=Touss=2&dmR)=g,0= & eTmS

'LIDSS(\— VC" )=s L(‘OmA)(l_. =2V = Z,5mS

\b. =
" T “v v

= _\ A = 40kse
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18, V“p =— LSV
- 2Tpss (| — Ye50) w 20 1zZmA)(|— =LZY)=3mS
= S o9) = 2lEmA)(1— Z550) = 3
&326“Mﬂ
Z,-_-@Dllr‘g ) y=Jd_ -\ =25rS2

= Lekalzsxse
= .6Blks2

R = — 5m (oM7) = — (3mS)(1-6BR2) = ~s.0%

20. Vap =06V, Hm=gmo= 2(:::\: = z,.(b.:ﬂ)a 2mS , rd"g: ,aq_lo_»sa 25kS2
P e ]

Z':,‘= M

Zo= rallRp = 25ksulzk = £852ks

A= — g (rqhlp) = -~ (2meX1.852ks2) & — 3.7

2z Im =Yg ® %oac}.,Ss 2mS

4= = - = 100ksZ

Yos 10

Z.= Ce = \oMs2 (Yhe same)
Zo= rdlip = 100lesz 13.3e2= 3.195 k52 (higher)

Re= —5m (rat &)
- —( 3mS)(3.195k)

=_4.594 (hi:,hw)

ad. Ves, = =045V befove) gm = 5.47mS (o befove)
Z. =92 o befwe
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Zo= Ro
l-l—ém zs

Lg” 3

bvT rd = o(Cp+ &)

.2, =_Fo _ _Zks2 - 2k _ 2k
H—amrlzs L+ (S 4 TmSXo.eles2) 1+~ 3.337 4337
= X6l 15T

A'u.-:z -— ZZ:Qb AU "dz' \O(KD*&S)

14+ G (s
= _(5.41--5)(2-““-) = _ w_q.[— = —2.52 (« bigretudkim)
1. 337(Jrrm atwove) 4237

Vo = RrVe =(~2.52X20m V) = —50.40mV (companet To — 214 4mV earlicr)

2-(0. V(,sg) = "O.qs\/<h be%rc), 2yn = 5“4_"“5 C“ bv&cfc.)
Z: =4.7s2 o> %ﬂre.

Z, = o 2o+ @s e Ty < 1o (Ep+&s)
rgmbs ¥ =07

= 2k

SL4A O.0C\N.
L+ (S.4TmS)(0.blieS2) + Zent oLl

ok

= 2kSL - 2k
_———-'_-_- ———————
\+3.334+013 w46

= K48 A2 (1T loar tham 461152 BTanis ol cin bl 24D

Ar= ~ 3%

Y&
= — (S.4TmsS) (2kes)

| 4 (5. 4TmS) (0.61kR) + 2L +0.6\kSL

20X S
—10.94
T T = - oat = — 245 (s\.ﬁmz‘1 \eor than — 2.52 sbTarindd
14+ 3.33+0.1> FTRNT -

M graclemm)
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28. V“P == 2.85V, gm= L4TmS

Z; = \0MS2 (ce mn probium 27)

Z.= val kgl YGm =20Rs 2.2k 11680.2752
N\ et

=506. 452 < S12.95 (*27)
1.982keS52

Ar = ga(rall &)

= L47ms (2okn2l2:2kkn) - =2 m+4.
2.2k 1+2.9)
L+ G (*d,ﬂ@s) T4 L4TmS( 20ksz s2)

-—
——

0745 < 0154 (&2
30. Vesp= —LTSV) g,, = 214mS
rd2 ORy oo Z{ 2R g =15ksz | YV2.14ms

LSksa || 467.2952
= 356.352
\"d Z.IOQD/ o Zo g?bz 3-3k$2.

rL 210 Kp, Ra 35,.,,

=(2.04m S)(3.3kes2) = 1.06
V, = ApV; = (7.06)(0.1mV) = 0. 706mV

32. V“’P; —L2V, g, = 2.63mS

ry 210 &, Z L '/3..,. =\kes2 | Y/2.63ms =\ks2))380.252 = 21S.S52

A~ 25‘”" Ry =(2063mS)(2.2kes2)= 5.79
3'4. VQSP = -0.75\/) 5M= 5..""”‘3
Z; = oM
ro 2108y, . Zo = Rp =L8ks2
rozio €, « Ry 2 - Sy = =~ (SHmN (L85

= =4.12
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3. B = 34@53 GOOO/.LS‘-: omS

Yos 3ISmS

ry< 0kp, " Rr=~3m (ranp)
2 —(emS ) 28.5Tksz | G.8kst)
N T —
5. 49k s2
= -32.9:¢
Vo = RyVi = (~32.90 (4mV)
= -131.76mVY
38. gm= ?-)Q-A(V@sa— Vé& )
= 2(0.3x10"3)(8vV-3V)

=3mS

40, Gm = 2k (Ves, = V) =2(0.2x0~)(6Iv-3V)
= \"'\‘Sms

Z.', = Ke + fa“ \QD = \oMs'z_ +100ks2 || 2.2k
1+ %m (yulﬂ_b) 13+ (142 mS) (1ooksz | 2.2)ks2)

= loMsz +2.15ks2
1+ (1. 48mS)(2.15 k)

= 2.3z >\ 13 s2(F39)

Z. = Ll = 215k = 2.Sks2 (#39)

As= “9m (e Mgl Rp) =— Q.48mS) (2.15ks2)

——

= —-3.182 < —477(#F3])
2
&2, :b = \'L(V(os—-\/-r)

R = Tplowd = 4mA = 0. 44 x 10>
G = 2k L\/(o&Q -Vcs(‘m)) =2(O&\Hx\0—3)('7‘/—*\/)
2.66mS

]
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4—I=

Are —gm (e vyl lp) = - (2 bbms)(22Ms | Soks N1 ckes)

A
8.33xsL
W
= 8.33k
= —22.1¢
V, = Re Ve = (m2216)(4mV) = -88.64mV
AT YL T s
V — e S = = ZToss _ 28 A) — G.4wmS
Co&sa _OV) a ?mo IVP\ =V
1AA = b, b (V‘Aﬂab)

8 = (L4mS) (Aoksz i)

8 = L2Sksz = ~oks2z ' ¥d
64 ms : Yokl +Co

orf Rp = 1129k

tae By = B2
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ChapTesr 10 0dd)

1. a.

b.—

c.

-V -
IB:V“ 8¢ 18V—0.1V

e X

Ry, 80ks2

P+ Ig = Qoo+ (zs.ﬁ-\*{/aﬂ)
= 2.57 mA

= zs.ﬂ—‘-&/*ﬂ

Z:= RgU@Bre = GB8oRksZ )l (oo)(10.116x)
= bBORSZII L,011.LR
= l.O\RS2
1L OVRSE
Zo=Re= 3.3ks2

a——

,2..;2" L

Ay = R A = Hlesz  (-326.22)
Qlesz +3.3kse

= —141.65

i= -ArZi —_-(-141.65)0.0RR)
Re T ese
= XL\

Ay= Vo = —@FFCRMR) _ - 1961 93%eR)
Vi o (@ re) A’_‘-

}96 G10.1bs2)

= =¥41.48
Ze =’2¢g “Qre, = \.Olks2
TL:?;‘_-__(_@*) = 4128 T,

= 0434851

Ne=Te_ T _ T Te = &1.25)(0.aa85)
T = T T

B= daks: fv= 47R (32022 - _\§16S

Y4 lent +33kw
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Ri=z2es2: (\ _ 22052 (-326.20) = —130.44
z,zkn-t-‘s'sm

'2;: o.5ks2: AU" 0.5k (~-320. 2D = —-42492
: O.Sksz+3.3¢s5L

At Asd
L. looub\a.v.g /&«. Z., 2o~ Qr,

5 0. Tg= Vee—VBE _ 24v—0aV _ .. -6l
Rg Soors2
Te = (@+0Tg = (Bo+N(H4LbLuA)= 2.37mA

=2emV = 26mV _ 752
Ie 3.3 1mA

A"‘NL"’ R _ _ %3¢ _ _s57.30
Ye 7SS

Z. = RpVQre =Seoks (BO)(T.71S%)
= SookR N\ (G\7.252
_ = bl\b.S2s2.
Zo =?C= "(’-3';57.
b.—
c. Ap= Yo = X Apy 2.1ksz (-S57.36)
Vi RerReo L= 2.5z eI
= —214.9%
v Ve
V; Vs
VizZiVs _ @522V  =0381Vs
Z;_-\—’zs GC\b.5252 + \2S2
Ry, = (-214.98X0.281)
= — 819l

4. P, =_Q‘,-C25+z~)_ ~eran( e ;b_\'t;zg

A= Ve
%

= 4‘\0'—\'

€ Ryl o B Ry, o SeEA(-SS7.30) - _us.er
Ve € o+, S.oks +:3kI2

Vi Hhe same = 23IB1

Ay = Ve Vi = (-31s.27)X0.38)) =~ 12012

'\T- Vs
AB’?\.T A\\'g
L. Aam,m¢=-zﬁ(—qa
Vi o 2L = 0652 = o552

Vs Z:+Rs  (1b.S252+0.5ex
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RAgg = Ye. Vi = (-214.98)(0.552) = —18.67
Ve Vs

A Red, Agt
(9 wo daau.g_!
7. a. e Veg = Vee = T (Re+Re) =10V -1 (2.2x +05kR)
Ve = 1oV =TI (2.95%)
Loa.ﬁ-\llu‘_’.
Veg=o0V, T = 2‘——_qu = S.42mA
Te = omA,Veg= 16V
Rmaysis: e @R 210R
oo aSkRn) = vo(ilbks)

- .C : -rsusz.fmo_h.a_ N |

R, = bBRszll bk = 12.95Rs2

Ewn = \o'es2 (Vo V) = 3.0%BV
‘o RTL -8R

Te= E‘_“_:.ﬁﬁ_ = 3.048v-0aV
R “’C@*')‘Ze 12.4Ses2 +(\OCO. ISR )
= ze.q‘ZAg
Frowm b\r“fk'. CE¢"=" 8.2\’) :.'cp 2 7. mA

AC. VoTical inTivseh i :
RB!/=2.2e2 S orvn =158k

pc Loal
live I"g,"' \I&E_Q. = 2.6mA + 82V _ 7.79mA
’ -
on\SMTGL iw‘;‘azv;'c IS 9 PV 1.S8lesz
' foip T Ri=82v *(2.mAX1LS8k D

b. Frow ev‘ob\m 1)

Fo \l';—:. Qosi.""ivc,@‘k_ % \OwV
To= VO mV »
QA12.65%
. = \O.ZS/AQ
anl Ty wiN vise To zg,a-ﬁ/ug +\o.z§,,g=3b.‘1§/‘A

Fov Yhe Mc.gf;un. @za.k —10wm\/
35.4‘(/..#»—-\0. suh=16.14
Ow> Hhe ac loal Lve w Tp= 30TSuA,; Vee 26TV
“” an Ib’ \ 6. \a A) Ve =q.4V

AVo= AVeg = 84V~ 671V =3.2V

= AV, _ 32V _
lH ENC~ Zomu =2

C.om@M,w_a\ very well LoV Hha —\@2.*‘- % r{k\w C
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Aa  1p = Vee-Vee

— \8V-0.aV
Ry +((F+O%e  o8oksz +(111(0.82k9)
= ZZ.MIMQ
Te = (P+OTg = (\lo-l-l)(zz.'-}""/an)
= Z.99m0

Ye= ZGmV’ 26mV

= 104452
Te 2.4ame
Ao' =-?C — — 3Sks2
L = s
ret+Re 10,4452 +0.82ks
= — 2. 61

Zi=RglZ, = C8oksz |\(Fre+ (f+)%e

= 6BOlksz || (110)1oNY)+(10+1D(0.82152)
= 020k N 42.47lsz

= B8lLiTksy
Zo= ’EC.: Slesz
b, —
e Ar=Vo = Re Ar, = HTkz (-3.61)
. ReRo 4 T7len+3lkese
= =2.2
A= Vo_ L. Vi
S Vi Vs
Vi=2WVs _ 8lilkesz \k = 0.992V
Z.+R el TRsz +0.6kS2
By, = (~2.2)(0.942)
- —'20‘8
4. MM!

e. A\r-MM‘.

Vio 20 = 8k\lkR - oass
Vs Z:aBs Blilex +iks

Ry, = (-2.2)C0.988)
= =277

————

?,T) ﬂu;-l, (buTmly s(iﬁkﬁ‘\ _gav wodevaXe cla.
Tpe;g._p_(k\wdﬂ \n.«.gw"\"\l.o:?:)
M. a. Te= Vege- VBe . V-0V _ 2.41mA

Re 2.2 LS.
Fe = 2bwmV — 2omV = 10.71952

Te 2.4wmQ
Ry _ Bc _ 4Tks2 = #435.54
" e 10,1932
2= ?ell Ye = 2.2 ilroa3e = lO."‘l‘-‘-sz,

Augr 1K prren Z; 13
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Z,-;'?C-- 4.‘7 l&_
lo.

e fAv= B A, = Soerm(%#3554)
Re+%s ML soks rTesz

=236.83

Vo= 2L vy = 102 = ©.097
Zi+s 1052 + 1oOSL

R, = Ve. Yo _ (220.82X0.047)
Vi Vs
= 22.91

d V= Ter.
VQ 1 —IOQL.

To= —+Te2(Te) = — 0.4s63Te
4w +S.6ksz

Do Vo o +COMS63 IR _ 0.4SE3(S-Chr)
d -i'-“ = %‘ re 10.714 32
= 236.8Z (v:.236.83 6-« Pk <)
A"‘s'- 22ks2l(10.7952 = 104,
Vo= 20\ = 1os2 Ve 0.091 Vs
Zi+Rs  1071Ys2 H100R

Rus= Yo. Vo _ (226.82X0.047)
Vi W

= 22.491 (samue regulitl)

2.2ks2  (%435.53)

No.,"-"

R+ %o Z.2ksz+4Ths2
= 128.88 :
A-%s\_lg,,\_l.:_ , YL o286 _ 10Nse = 0.021\
Vi M Ve 2Z.%Rs oy + 50052

Q\’s = (138.88)0.021) =2.42
-_"
Q\y‘ voryy, sensiTive To ancercgoa s R dr T r&nI:o,,L‘

smae Z: - R,T Asd
AJo 5m:'ctzu o B ; B, Asd

£ Zo=Rc=4ks52 M‘Q(LJLQ- \-u.‘ valua AR, 1
Y- Ze = Rellre =0, T 52 amd—KuS;,&, »,.1 Wé?d

‘3' O B V@s= —ID’Esz-Ib3.3hSZ.
Fromm wstenvsecking ﬂwc&.&.\-a ¢X"" aleove e‘y.
VéS;,: ~3.45V, I‘pp'.: LOSmA
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Yower = 2Tpes_ 2(om_ 2,8
Vel GN

- -V -2 — -34SV _ o. 3
Bm= gmo (1= VeSg) = 2mSCAm F225) = 085

Ar, = 3% = (0.85mS)(33ks2)
t+3mRg \ 3 C0.85m8)(33k)

= 0.737
2¢ "-‘.(26 = 2N
Zo = 33ks2 “EJ:"= 23kn | = 33eR|nT68TISZ

0.8S s
= 0.867ks2

b. —
¢. A=Y Oy - z2.2e52(0737)
B+ 2.2 152 +0.867kS2

= 0.529
A‘fs!
V(' = "ZIMSL(V_O » i

Z2Msz +0.Sks

Ry = \_\”9. Yo _ o.s29)A)
[ S

= 0.524 .
d A, zRAs= R A, - %7k (0.737)
Ro+¥e 47z +0.867eR
= 0.622
(R,j‘) A'Ux 2A, \

e. L:iWie q)k‘q,b mies Q(,>>?st5.
£. Ne o i 2iev 2o )

1S, a. Ag= Rufoy, _ e (-420) = _3q767
",EL.‘—(Z' sz 433k

AU’,.: o A“‘NL = Zks2(-420) = —1894
RLUF R, z 7 ez +33en

b. 2
As= Qw,- Q\r,; (-4 61)X—184) = 18.46x 10
A‘TJ"‘ \L‘_ = !"- . \.’2'_ . Yﬂ_

Vs Ve, W Vi
= Ag -Ag - VO
Vs
Vomw ZL5 _ s _ pgas
Zi+Rs sz 40.0kR2
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Ac, = (-18aX~41.67X 0.025)

= u.s‘(»a(\o3
€ Riz= - AsZ — ~(-a7.61V k) g7.¢7
Bipe —Bozi —(-18)UrR)_ 70
Re 2.7es2
d.

. _ 3
Qz,_r = A.:‘- A'“z = (47.61X 0)= 6.8%x10

e. Mc%(u,{,.:
o <t

3 iw ?\‘“’_'
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Chagler 10 (Evew)

R. a. Dc load Viwe
vog = VCC, -Ic_ec, ‘
VegeOV: Te= \LC_«_C_ = '8V - S.ASqR(\uTwsanM M vt calTe arss)
e 3.2%es2
Tes= OmA: Veg = Vee =18V ( inTer 2eciiom on he-vlsm‘l‘dl Ver ogis)
From e*e’al-uu— 1, Ig= 2,5.-}4/,A
Resoua 9 K. : T, 22.5%4mA, Veg,, ¥A.LV
Ac Loot line
WwTovteLim o veuTical T oxis:
:"—;a * V_.o..e_P R =RME L= 3.3k 4T = LAHRS2
'Y
254 mA + 9.6V
1.94e2
= 7.49mA
INTerseTiom o hovigmT Vegaris:
Vee,, + T, = ALY+ (2ShmaXiades)

= 14.53V

b, Honn yvob\m. 1) 2. =\ollesz
Whew Vi= pousiTive geak vawé 10mV

Te= O™V _ g4,.A
(=13 A1 2 e

e Ty = 25404, A +AWh = 3s:34un
Eor «;,8‘1?'.\:& fesd é.vi’: _
T.= 25.*H/~R—-‘i.¢i/A= lsv.S“"/a.A
O»n grn-()k ar Ib=3$-3"('/.ﬁ w the ac load ’l.inz.i

Vo = 8V
O Tp= !S.S‘(’,\.‘A:
Vg 2 1.8V
_ AV, _ n.8v-8vV _ g0
IA“ - AV, 20mV -

which ompares vovy Wil with the JRil= 19165 é%b. i

*.aTg = Vec -VBe = 12V-0IV_ w.3uA

Xs WMs2
ITg = ‘@-\-\)Ig = U8 N3uA = 2.045mA
e = 2emV - ZomV = \2.1\52

ITe 2.045Sm

Ye \2.711se
4 ="\23i\6 e = M2 1(180X12 1) = M2l 2.288k52
= 2.283k32
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b, ~
C. mo-load: Av:“‘u‘m_'—' "'2_3__@_
4 Ry 2zt
Zo+Rg
= 1865
e. Vo= —Tolle = "QIbQC

Vi = Ib@’f¢

A\,-m_ = 2.283¥52 (~230)
2.283ks2+ 0.6ks2

AveVo o —Ch%e_ _Re__3en __23¢
Ve GTs ve ve  12s2
A\’:s = :_V:_ = ',V_?. . \—/:'
Ve Vi Vs

V; = (meliBve)Vs  _ z.zegesz Vs

———et? = O"42
(Ms |l FQ ¥+ 2.288Ka+ 06kSL Vs
Av‘; = (~236) 0.7142)

=186.9 (same vresu XT)
-e. oo daaw%;!
Zi+Rg 2.283%kn+le -_

-
=

h. oha.u-?.!
6. a. WM&:'.

Env="Cz_ V. = leks2_ (ibv) =3.048Y

RN, 68en+ bk
B, = W, = 682 Mibesy = 12.95ks2
Ip= Em-Vee _ 3ougv-oav
R +(f+)le 1295k0+001X0.15%R)
= T
Te= <(9+|)1:€ = Qo(26 H Tk )
= 2.6T3mA
Ye=26mV _ 2omV  _gm06s52

Te Z.613mB

ﬂu.m_g —Be _ .22k _ _226.2
re aN26S8e

Z.= eam\hekszll@"e

= 1295 M(100)XA2652)

= 12.45kseNAT72.652
= Qo%teon

L

c: Ay =_Re CAy = S (-226.2) _ _
RrZo o) S. b +2.2k = -lezed

——
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A= —ReZe

® .
= —(- \c,z:nc%‘{%sz)

S.6esz -
= 26.24'
€ fea —Relle _ _22e2lS6kn
Ve 472632
= - lb?.'-"

Z: = o8k liblw 1972.652

= God.bbg E ve
Z° = 'Rc =22k
pome resultz!

8. a. A\yz ®o

+ZQ

A"'m.

R=4Tee: Az 43R (-226.4) _ -15%.2
Yem +2.2%2

Ri= 2.2kn’ Rre 2.26R (—226.4) = -n32
:zzy,a_-\-? 2k

Ri= OSRR: i, = oSk ( -22¢ )

0.Slew +2.2%e52 =-—1a3
R 3, Acd

b. MW‘&!

10. U-oma) ‘e 2padh spproadi:
Ty = Em-Vee

Em= ?-—-z,g Nee
(hifar 2
?“""L(?sze = W2k (20V)_ 2323V
= 2}},";9%100 2es) Aaritwes
10.6kes2+ * ’21“ -’?\\\’\Zl = q‘m“ 2k = 10.6es2
= \O."&'b/ua
Te = (G.H) Tg= (\2\\(;0.&(-2)‘59)
: = L.26bmA
re=2emV_, 2omV =20.5%52
Te L26bmA
a. P, = Re L2les2

= 0483
Ye+rRE zo.SMs+\2kRSZ  ——

Z: = RN N (Pre+ (B+) Re)

= Aikoil 1252 L CQzo)( o540 + G120+ )1 2es))
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Chapter 20 (0dd)

1. a. The Schottky Barrier diode is constructed using an n-type
semiconductor material and a metal contact to form the diode
junction, while the conventional p-n junction diode uses both
p- and n-type semiconductor materials to form the junction.

3. A surge current rating is typically 20:1 cor higher. For
the diodes of Fig. 20.5 a 30:1 ratio or better is typical
except for the smaller and larger devices where a 10:1 and
20:1 ratio occurred. For some the ratio is 100:1. These high
levels of surge current rating are possible because the surge
currents only last for a relatively short period of time.
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\S. The primary difference between the standard p-n junction
diode and the tunnel diode is that the tunnel dlode is doped at
a level from 100 to several thousand times the doping level of
a p-n junction diode, thus producing a diode with a "negative
resistance" region in its characteristic curve.

193



17. The heavy doping greatly reduces the width of the depletion
region resulting in lower levels of Zener voltage. Consequently,
small levels of reverse voltage can result in significant current
levels.
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_ The ICD display has the advantage of using approximately
1000 times less power than the LED for the same display, since
much of the power in the LED is used to produce the light, while
the LCD utilizes ambient light to see the display. The LCD
is usually more visible in daylight than the LED since the
sun's brightness makes the LCD easier to see. The LCD, however,
requires a light source, either internal or external, and the
temperature range of ‘the LCD is limited to temperatures above
freezing.

41. The greatest rate of increase in power will occur at
low illumination levels. At higher illumination levels, the
change in V drops to nearly zero, while the current continues
to rise linggrly. At low illumination levels the voltage
increases logarithmically with the lipsar increase in current.
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Chapter 20 (Even)

2. a. In the forward-biased region the dynamic resistance is
about the same as that for a p-n junction diode. Note that the
slope of the curves in the forward-biased region is about the
same at different levels of diode current.

b. In the reverse-biased region the reverse saturation
current is larger in magnitude than for a p-n junction diode,
and the Zener breakdown voltage is lower for the Schottky diode
than for the conventional p-n junction diode.

4.
~0°°O

0.3 =0.30100-25)=22.5C
T=25% +0.3x =25%C+22.5¢c = 41.5¢
™ e’.”*mé"’ As indicaled o the greph, o Te =1044, Te= —23mV/oc
sy S¢ 17 7 while s Te= 100mA Te = ~0.2mV/°c
ﬂm{ovc) the larger Tempevalure oot‘(:c{ou‘\‘s occuyr
v ar the lower CurrenT levels.
m
6. At Va.‘. ov, Cr —:éPF’J At Vg =2V, {2 O.g‘[?F
the M‘X“iv\’d‘ A olamé’.:
( 1=0-67(x100% => 33%
1 - ~
At Vo= 8V, (2 037, F; At Ve =tov, CT+= o.zsq,:
The m‘xv\i'!‘m a*ﬂ»\( ob\msg :
\ 037038 o5 =2 5.4%
0.277 -_—
33%:S.4% = Ga:\ which is asigmifieanT dif(wwa n~
semsiTivily To cAwmv_ 2n vo\ft%v..
B. a. AT -3v, C=4GF
At —v2v, C=20pF
DC = 4OpF-20gF =20F
©. -8V, &C o \3 Ay
Ae-ov, hGs TH= %W
Pt —2v bDC _ oxFf 2l
? Ang 7;%- = ¢.cv

%%0. yaeneases a Luso wg;Iwc Vﬂ@u‘oé\’v..

0. c(3v) =30F CS/ =3%€_ o
cesv = B« Cas e —
mo T Mol
Fig. ZoA: Céévs o éﬁ‘ gt
C“;(:S() Tyiaﬂ values —
12. Oreslest Ma Cﬂ-qawfmu. pov ve\T 2ppeare To be
bLelwear O arnd 2-3volls reverse bias Voﬂ‘aﬂg
AcCo-2v) =2 ZS@F-
Ac (s-1ov)Z10pF
1*(-. High power diodes have a higher forward voltage drop than
low current devices due to larger IR drops across the bulk and
contact resistances of the diode. The higher voltage drops
result in higher power dissipation levels for the diodes which
in turn may require the use of heat sinks to draw the heat
away from the body of the structure.
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A (5000 )(10™'%m)
= 2337x107"7

2491x10~'% [Jﬁl— ] =2
,0( Léxno"q)a’ 2. 48eV
2"}. —Qw 2 ‘
HxOT W 2486 fe
1604 x\0™'2
Frowm Yhe ma TevsecTion Va= 30Vaud 2:‘486-(:‘: WC'&"“&
Ta ZyioufA

26. NoTe hat Va is 5"\)&“ amd moT V
At He inTevseTiom ) Va=25V amd 3000§c we ek Ta ¥ Scoufl
Vg = T, R = (Sooxio™*AX100x103R) = Sov
28. The “dark curvent" 6‘:. hotbdiode is Yhe diod correuT lewel whew
o \ighT s sTrikv.Qﬁ*’ka. oxm Tt is essenTs e vevevse ""T‘J_‘”"I‘M
coreenT 6m oliode_, M'is"& mM\J .é m‘-uw:&.\ conciovs .,

9, Cindus lammee

30.
1o e . Except for low tlivminalion levels
Co.01fc) The % cmdudonca corves appear
. o.01fc sloove the 100% level fov the th_ .
——— Tmewﬂaxc. [T Add).fiw\l LT is iwTeveks

‘251; 7 Z.S 2% — To moTle Yhet othev thaun Yhe low
TC) ilominogTio Rvelo the °6 corduclomen

% Covodn Fames is \Mc'hov adoove and beAno voom

T evaluve (25°%). \w evef, Y

% e dmcTammen level is wo“'a&uwsdj

a,“di‘..l by Tempordlunre ‘the .

illumiaTion levelo WW!N@&.

T e -
-25] o 2§ So 1% TC%)
32. The highesT % semeiTiviTyy, oceurs belween S2S0 A and 5‘7504\.\'—'3,&010

revests Yhat he CAS uniTlo m2& e wosT gameiTive To pellow.
e CdS umiT ¢} Fiq. 2030 ts e Yhe 39% lewe?

the %/ SmsL‘Cim‘.Tj .] ‘th
the ram “+306A 7000 A. This rM%g, ra cludes Wem’ ac“m
ovamage Ma F'.S.zo.zo.
3 4. RelaTive radiamT aaTeunsil 0.9

. ——RelaTive radiomT inTonsiT
° vs degvrees wvﬂ\-'; ek
o1s . 6>30" amd rddlive w;&‘mﬁ—m‘("mgfﬂ.l
o e%mTiJQ\y—o—
025 s _ Ms M VWJ sha»f\:) g{\'w 2sl
degvees laﬁ vertic
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6. 6,7,8%

38. The LED generates a light source in response to the
application of an electric voltage. The LCD depends on ambient
light to utilize the change in either reflectivity or trans-
missivity caused by the application of an electric voltage.

40, _ o
X% = Pway x\c0%

(A, 2)100mW/e )
e\ 0OMWY, )
?m“ = \BMV\)
*2-a. Fig. 20.48 => 1AmW/au®
b. TT is the magimum Qow&us{'&] avoileltls ab sea level .
C. Fas.w4e 212.7mA

44, Suier Vog scalieo are @reseuT, the AffoveuTials musT be 67 smatl

- R _ (7000~ 1000)2
~ 20° _A__. - _L GOOOQ___: IS A
=22 }X 5T - T-or oo S
' ,

=3
oo.
y e _(z_use_z2s2
L_-.:x 'K_T,-'-——;' --—-‘-:..OOS%LC
i
] ]
1 I
286"  320°

From the adboove 15082/ : ©.0Ss2/°c. =3000:1
‘ﬂne‘m%cve., the h(c‘ha'\" \raxca ola.aau?. occvors atr \ower
TempevaXuves mada. ce Z0°<.
4. a. Z10-5A = 10ufA

-
b. Power & O.imw, R 210352 = 10Ms2

c. Lob peals. £ 0.3mNW
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Chapter 21 (0dd)

1. -

3. -

5. a. Yes
b. No

c. No. As noted in Fig. 21.8b the minimum gate voltage
required to trigger all units is 3V.

d. v, = 6V, I, = 800mA is a good choice(Center of preferred
firing aréa). ”
V. = 4v, I, = 1.6A is less preferable due to higher

power disgipation in the gate. Not in preferred firing area.

7. The smaller the level of R, the higher the peak value of
the gate current. The higher tﬁe peak value of the gate current
‘the sooner the triggering level will be reached and conduction
initiated.

q.—-

. . =0 TmWim?

b. 0% —=0.82mW/em”
\00°C. = 0.1b mW/cm™

0.82-0.16 x| os% = 80.5%

0.82
13.—
15—
Re
\7. a.m= L - 0.5 =_2k32 ® e}
K ¥, +¥8, ‘Igeo 2w ¥hy, BT 1OBER

b. Reg = (Cer-Re) |, =2k rio8en =3.08En
c. V‘Rg‘= otvgg =0.6S(20v) = I3V

d. Y= m Vge+ Vp= 12Vr 0V = 13av

Tg=25.0

T = W Tr = (H0)@SuAY = ImA

—

14,

2‘. a. DF"—'— bl‘
ISy
=045-0 _ 045 _ \20%/r
as-(-s0) 15
b 8“, cvrve floWous 061:" 258°%.
a3 1“’--: :£C-_ =ZO_____mG = O.4%
I % Pema —
lapg, relo.tnwla—\ ‘3601“"\
aS. a. T, 23mA
b, At Tp=bmA, B =1k, t=86us
1L=\oun§:=2¢4s
\kf2:110052 = 10
B-(o)asizlus =443:1
AR:fat 2 2.3:)\

7. sze,"l\l) 'I?s |°0jl~q , ZF':%:: 8av =6’“’.9—(;°e“)
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= 181.852 (velalivey ow)
SmA '
\

22. a. Mivimowme Vg ©
Ro = VB8P 2 20052

P
Vee —(yVes+W)_ oo v

T
Vgu (l—7) = Tp2okarVp
ke = TezoknrVo
\—
- mea—onv
\=0.67

=e.ev

oV ok

—

b. RL VBQ“VV = \2V=lV -m2ksSe

:v S.Smﬂ
R 2k
c. ~ Re
T2RC loge (14 ZB1)
, '23,_
3_ -6)1 |+ 10k
z2xi6° =R(Ixw 05e. C Sk
3=\.0480
1 =\
R = 2xi0”3 e
Cotro-eX1.098¢6)
2= \.82ks2
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Chachr 2\ CEven)

R.-

4 a. p-m JMW\d&OdL
b. Yhe SCE will woT five onee Hae curvent is reduced To o leod
Tt will coune a wond B&q vrezin. To exTe-Q 5«1(“&. ‘a
droser uiads. —To- m.vo:fj : o WAQ)MTG&WMJ%‘
blo ira, VO 1T v weS o sl N eaoe.
e e sl« ...;'usfga.xm amnds-Tb - cathode v=\‘\7~3¢. is less Yhaw
e .nguoouﬂ \o\odn.,w‘j:raim AT evmuned \u“\‘f—t XIQ ewrreuX chosen .

4. o lu:\dule‘ vl wedoeo wiw.&wvwﬁ \eueooa ?AIZ.

LAV -
6. \w M erduXinm sT&,‘ﬂu.SClL hes charadoviiicn VW'—\ gimilaas
To Hiose A a p-m jmcrmmcwm V< 0V).

8 a. \lP = ( Vuc(rm:)){i"
2
= “_‘_;_2’. D) = 82a&v
Voe = 0.636(82.18V)

= 52.65V
b Vap= Voe— Vapir = 5265V—1I\V =315V
€ Vp= Vz +Vex

= \V + 3V

= 14V

At 11V, Scl, cmduds amd sTops the dAuauu\ prowas.
d. fAc \eadT 2V To Torm o S&z

e Vp ¥ 1V, = 1(82738v) = 4139V

10. 4. %Mﬁ;fomd 200V bsT will be limiTed bj ﬂchvclofmm'r '6#—

neepdive vo Woy. Ver (= Vz - VC\) That will mex»laa.l Torm ke 6TO o‘“

b. 2= 'ESC. = (20?52)(0.%?)
= 2msg
S52=10ms
¢ 5p'=1(52)=Sme == ®eroCs .
©, = —-———5"‘; = ___.s“"‘ = \Olks2 =’-L(z°!a'— )
€7 5, SloanireF) —— == )
12, VC = V‘B‘z +Veox =6V+3V= 4y
Vo= #o(1-e~7Rc) =9
Ho-4oe~ T —q
noe T = 3
e_q‘cz 3%030-175
BC =Cox103X0.2x1076F) =2x107 3%
loge (e™90c ) = 1oy 0TS
.—t/u =-t/2>&lo“3= -0.285
Mf = 0.255'(2%‘0‘3) = 0.Simg
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1t Ve = Ver, *10% Ve,
= 6.¥VE Q4N =D 5.6V —T.04Y

lo. V= Vp -3
T

4%ov - [o.0(+ov) +0v] = LS3Msz SR,
10x 106G

V=W . & > Hov—1v = 4.81Se <R,
Xv 8 mf

LS53R SR, >4.815ks2

‘8. Q. 4( - (23| \
Bes -0
055 = Bg,
\Oks2
%Iz S.Sks2
Ree= ®g,4%g,
ok = ‘5.‘5\:47,+’232
?glz 4.Slkes2
k- Vp = M Vgg +Vp = (0.S5X(20V) +01V = 1.V
< R, & V-Vp_ 20v- uav_
Te 5‘0/.A
O : 6Bk <ILLRRZ

-V,
t = (‘23.4-?2) C.\‘lo; Ve _ (0.2kn+2.2%52)(0.1x 1p=6) |053 w7
= O-S¥bms Vv 2
T= ¢, +Ty = 6.106mg
Pl t_ 163,77

T Gadbms
C .

+,=5.56ms

. A% =%V _22kx (ov)
-';o el Pt b th R+%gn 2.2k +\0ESL

= S.6\V
Vg, &8 (Vp-0V)
3.6M 2+ ¥R,

2 = 2.2%S LAV -0TV)
— - ~c 225 +0.Z%kSL

= 10,08V
> e - oo ok
R.C los,_ﬁl/(l-\o) %_gmxow ‘622'22 = 184%.1
: levils pasTly dua. To thefack thad T EWLAT, .
deleomce 1 freguomen lewite pasty
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20.

1

<

~

.
—
ENA R

i

22. a. At 25°¢ Tegq =2mA
At S0°C T e, = 30mA

ATceo _ (20-2)xw0 A _ 28mA _ 112m P/ep

AT (so-25)°C 25°C
Teo (35%) = Tego (25°) + QLIzMA/E)(35%- 25°%¢)
= 2ZmA +11.2mAQ
= 13.2mA

From Fig. 2"S§-I—C,—e°(35°¢) = 4mA
Derdtmg, «fu;\'ers,‘ﬂnove.‘em.l cammct be, A«g%cﬂ @ lcuy. regivwo

Mnon -linvear curvea. Althowh the euvve ig 2 o be linoean,
-QMI that the valical oaxis is alog ¢ reveats %4?» Teeo aw.l."l_"(°c)
have & wm—Liscan \rda‘t'am:htw. o b N

at. a. Pp =VeeIle =z00mwW

8- —————————

= P
Te="2 = 209mW_ (7A@ Vee=30v |-
ViR pax 3OV

Veg= Po L z0omW _20y@ I . ='0mA X

- -

|
—-qe—tT

1 ' !

' f '

' ( [

'

1 ! !
' i
A 1

Te 1OmA 2
I’C:’ 'E.f.— - 200mW = B.OMQ@ Veg=25S\N \
Vee zZSV 8l s 10 'S 20 25 30

AlmosT the emTire arta | Fig- 2457 falls withain the power Limi Ts.

b. (zdc= e - 4mA =o.¢ Eie 2050 Tc 2 1mQ =0sb
et 1 > Te. \Omtﬂ -
The fact that the I_ characteristics of Fig. 21.57 are

fairly horizontal reveals Fhat the level of I. is somewhat
unaffected by the level of V except for very low or high
values. Therefore, a plot of I, vs. I, as shown in Fig. 21.56
can be provided without any refgrence ¥o the value of Veg®

As noted above, the results are essentially the same.

26
: 41-.—.323,_ = 3 =05 = =0 1S (20V) =15V
3932.1:2‘; “ _— 2 VG'— %Vgg oas(C e
28, €¢.21.23: T=Rc \loge (. Vgs )-QC‘%e( Ve
- ) \V/ Vgs-Vp vgg . ) ,
Assomi o R 68 >>'> = re loge (‘)’{;%‘—:"‘0) =RC loj;(ﬁ?-g:t)v‘:;\él)obg(\_‘tg\ \
_ 2+ Ep 2
= RCVose ( e t)=re loge C1+ B8, /pg, ) E,\,zl.z&‘ B+ %8,
—_—



Solutions to Laboratory
Experiments

Prepared by Franz J. Monssen
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EXPERIMENT NO.1l: OSCILLOSCOPE AND FUNCTION GENERATOR

PART

Part

1

a.
b.
c.
d.
e.
f.

g.

h.
i.

j.
k.
1.
m.

\V]

TQQ DD Q

it focuses the beam on the screen

adjust the brightness of the beam on the screen
allows the moving of trace in either screen direction
selects volts/screen division on y-axis

unit of time/screen division on x-axis

selects

allows for ac or dc coupling of signal to scope and at
GND position, establishes ground reference on screen
locates the trace if it is off screen

provide for the adjustment of scope from external
reference source

determines mode of triggering of the sweep voltage

the input impedance of many scopes consists of the
parallel combination of a 1 Meg resistance and a 30pf
capacitor

measuring devices which reduces loading of scope on a
circuit and effectively incrases input impedance of
scope by a factor of 10.

The function generator

T=1/f=1/1000Hz=1ms
(calculated): 1lms*[1lcm/.2ms]=5cm
(measured) : 5cm=same
(calculated) :1ms*[cm/.5ms]=2cm
(measured) : 2cm=same
(calculated): 1lms*[cm/1lms]=1lcm
(measured) : 'lcm=same
.2ms/cm takes 5 boxes to display total wave
.5ms/cm takes 2 boxes to display total wave
lms/cm takes 1 box to display total wave
1. adjust timebase to obtain one cycle of the wave
2. count the number of cm’s occupied by the wave
3. note the timebase setting
4. multiply timebase setting by number of cm’s occupied
by wave. This is equal to the period of the wave.
5. obtain its reciprocal; that’s the frequency.
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Part 3: Vertical sensitivity

8*[.5V/cm]=4Vp-p

the signal occupied full screen; the

peak amplitude did not change with a

change in the setting of the vertical sensitivity

m: no: there is no voltmeter build into function
generator

j(calculated): 2cm*[2V/cm]=4Vp-p
k:
1:

Part 3: Exercises

a: chosen sensitiv ties: Vert. Sens.=1V/cm

Hor. Sens.=50us/cm
T(calculated): 4cm*[50us/cm]= 200us

Figl.;
R ’k: & +‘- bR —lij - ««i: T
$ SRR R R e S i
[ NGt .:~:~L¢“:jl'*f ARREES
A LN
L S
\ B 11
ool 1T Ry
A'S A1
TN
\ V.8
BERREEE RN AR EEEN
.»L-. " sl S RO S S | B . Pt
- T ]
| | |
b: chosen sensitivities: Vert. Sens.=.1V/cm
Hor. Sens.= 1lms/cm
T(calculated) :5cm*[1ms/cm]=5ms
Figl.2
1 ‘ e P
% y aLon N IS B I
/ + ,+\ ﬂ- L }‘ H C
IERV. BN N NI I S
11 P
7/ : L..,'_lw
/ - Sye
\ - I
EEET) VA .
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c: chosen sensitivities: Vert. Sens.=1v/cm
Hor. Sens.=lus/cm

T(calculated) :10cm*[1lus/cm]=10us

Y

g —

. A

——

!

I~

_J;A ,:,j,,} - -
-

S T - R SN N S N O S
Pt 13 o N | I

‘ / [ I S S

-‘2 - H . -~ ] o - e

— e 4
| Pl H
- e
i !

T T
| i
H T v H
RN N SO S
! 1
—t ]

JE ———

P
]

bolo L

Part 4: Effect of DC Levels

a: V rpg)calculated:4v*1/2%.707=1.41 Volts
b:V rms)measured=1.35 Volts
c: f(1.41-1.35)/1.41]*1oo=4.74%
d: no trace on screen
e: signal is restored, adjust zero level
f: no shift observed; the shift is proportional to dc
value of waveform
g: (measured)dc level: 1.45 Volts
h:
Figl.5
~ | {
i
jik S Enl
EN L
TN 11T
[RNEEN MRS HENS
R N -
. ; Rl
t

i: switch AC-GND-DC switch, make copy of waveform

above
The vertical shift of the waveform was equal to the

battery voltage.
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The shape of the sinusoidal waveform was not affected
by changing the positions of the AC-GND-DC coupling
switch

j. The signal shifted downward by an amount equal to
the voltage of the battery.

Figl.6
U aSi
; i . =
| | ot - ‘ ‘ - )
=~ ,v T i 7\ i ”i— "';T- 1 ] ]/
- ‘ T *“—J,V“‘ l ,
b N WA 15— ; .>} Gl
PRl R Y
T T i
SEEEEE FTTTr

PROBLEMS
1.

b: £=2000/(2%3.14)=318Hz

c: T=1/f=1/318=3.14mns

d: by inspection: V(peak)=20V
V (peak-peak)=2*Vpeak=40v
V(rms)=.707*20=14.1V
by inspection: Vdc=0V

Q o

f=2%3,14%4000/(2%3.14%*)=4KHz
T=1/f=1/4Khz=250us

by inspection:Vpeak)=8mV

V (peak-peak)=2*V(peak)=16mV
V(rms)=.707*8mV=5.66mV

by inspection: Vdc=0V

QrHhbd QAQ

3. V(t)=1.7sin(2.51Kt) volts
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EXPERIMENT NO.2: DIODE CHARACTERISTICS

Part 1:Diode Test
diode testing scale

Table 2.1
o ——— to———————— tmm———————— +
Test Si(mV) Ge (mV)
Forward 535 252
Reverse oL OL
tom——————— tm————————— o ———— +

Both diodes are in good working order.

Part 2. Forward-bias diode characteristics

b.
Table 2.3

e e +

VR (V) .1 .2 .3 .4 .5 .6 .7 .8
VD(V)mV 453 481 498 512 528 532 539 546

IDmA .1 .2 .3 .4 .5 .6 .7 .8
e —— e +
+ ______________________________________________________
VR(V) .9 1 2 3 4 5 6 7 8 9 10
VD(mV) 551 559 580 610 620 630 640 650 650 660 660
Ip(mA) .9 1 2 3 4 5 6 7 8 9 10
+ ______________________________________________________
d.

Table 2.4

e +

VR (V) .1 .2 .3 4 5 6 7 8

VD(mV) 156 187 206 217 229 239 , 247 254

ID(mA) .1 .2 3 4 5 .6 7 8
R ettt L e L L e P P L e e e +
ittt T L T L T e et +
VR (V) .9 1 2 3 4 5 6 7 8 9 10
VD(mV) 260 266 300 330 340 360 370 380 390 400 400
Ip(mA) .9 1 2 3 4 5 6 7 8 9 10
et e D e L L L B Lt +
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Fig 2.5
EETSEen [Gel - e
1™ 7] iV /RN /

/
i U /
IR / /
INNEREN/. Y/
e 7c ama s K
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,/{{'.;;/4i;§nﬂx;:1kgrg

f. Their shapes are similar, but for a given Ip, the
potential Vp is greater for the silicon diode compared to the
germanium diode. Also, the Si has a higher firing potential
than the germanium diode.

Part 3: Reverse Bias
b. Rm=9.9Mohms
Vg (measured) =9.1mV
Ig(calculated)=8.21nA

c. Vg(measured) =5.07mV
Ig(calculated)=4.58uA

d. the Ic level of the germanium diode is approximately
500 times as large as that of the
silicon diode.

e. Rpc(Si)=2.44%10%chms
Rpe (Ge)=3.28M*10%chnms

These values are effective open-circuits when compared
to resistors in the kilohm range
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Part 4: DC Resistance

a.
Table 2.5
B ittt e D ettt bt +
.2 350 1750
1.0 559 559
5.0 630 126
10.0 660 66
Fmmmmm— e e +
b. Table 2.6
B e e bt bt +
.2 80 400
1.0 180 180
5.0 340 68
10.0 400 40
B e e e bt +

Part 5: AC Resistance

a. (calculated)r,.=3.4 ohms
b. (calculated)r,.=2.9 ohms
c. (calculated)r,,=27.0 ohms
d. (calculated)r,.=26.0 ohms

Part 6: Firing Potential
Vp(silicon)=540mV
Vp(germanium)=260mnV

Part 7: Temperature Effects

c. For an increase in temperature, the forward diode
current will increase while the voltage Vp across the diode
will decline. Since RD=VD/ID, therefore, the resistance of a
diode declines with increasing temperature.

d. As the temperature across a diode increases, so does

the current. Therefore, relative to the diode current, the
diode has a positive temperature coefficient.
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EXPERIMENT NO.3:SERIES & PARALLEL DIODE CONFIGURATIONS

Part

1: Threshold Voltage Vq

Fig 3.2

Part

b.

Firing voltage: Silicon: 595mV Germanium: 310mV
2: Series Configuration

Vp=.59 V
Vg(calculated)=5-.595=4.41V
Ip=4.41/2.2K=2mA

Vp (measured) =.59V
Vo (measured) =4.4V
Ip(from measured)=2mA

Vp=595mV
Vo(calculated)=(5-.595)1K/(1K+2.2K)=1.33V
Ip=1.36mA

Vp=.57V

Vo=1.36V

Ip(from measured)=1.36V/1K=1.36mA

Vp (measured) =5V h. Vp (measured) =5V
Vo (measured) =0V Vo (measured) =0V
Ipmeasured)=0A Ip(measured)=0A

V, (calculated)=.905V k.
Vo(calculated)=4.1V
Ip(calculated)=1.86mA

EXPERIMENT NO.4: HALF-WAVE AND FULL-WAVE RECTIFICATION

Part 1

a. VT=.64V
b. Vertical sensitivity=1V/cm
Horizontal sensitivity=.2ms/cm
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c. Fig 4.4

~

V.
>
N\ | N
\

+—t 1 1 :
AN D U ISR LR I S
b N S
‘":L“ FO bod do ke . e

e o et e d

d. Both waveforms are in essential agreement.

e. Vge=(4-.64)/3.14=1.07V

f. Vdc(measured)=.979v
%difference=(1.07-.979)/1.07*%100=8.5%

g. For an ac voltage with a dc value, shifting the
coupling switch from its DC to AC position will
make the waveform shift down in proportion to the
dc value of the waveform.

Fig 4.6

3 4
$ i
; -
.
1 1 T
i i ;
I S O N i H
5 . i
1
Gt +
i id §

OO0 U SO S S S ST T S PR 4

i. Vgc(calculated)=-1.07V
V4c (measured) =-.970V
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Part 3 Half-Wave Rectification(continued)

b. Fig 4.8

the results are in reasonable agreement
d. The significant difference is in the respective reversal
of the two voltage waveforms. While in the former case the
voltage peaked to a positive 3.4 volts, in the latter case,
the voltage peaked negatively to the same voltage.

e. Vqc=(.318)*3.4=1.08Volts

f. difference=[1.08-.979]/1.08%100=9.35%
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Part 4: Half-Wave Rectification(continued)

Figsa.11
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There was a computed 2.1% difference between the two

waveforms.

Fig4.13
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We observe a reversal of the polarities of the two waveforms
caused by the reversal of the diode in the circuit.

Part 5.

a.

Full-Wave Rectification(Bridge configuration)

V(secondary) rms~14V

This value differs by 1.4V rms from the rated voltage
of the secondary of the transformer

V (peak)=1:41*14=20V

Fig 4.15
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Vertical sensitivity: 5 V/cm
Horizontal sensitivity: 2ms/cm
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Fig4 .16
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Again, the difference between expected and actual
was very slight.

e. Vgc(calculated)=(:6326)*(20)=12.7V

Vdc(measured; = 11.36V

% Difference -10.6%

g. Vertical sensitivity=5V/cm
Horizontal sensitivity=2ms/cm

Fig4.17

i. Vdc(calculated)=( .636)*(12)=7.63V

dc (measureSd) =7.05V
$Difference ="-7.6%

1. The effect was a reduction in the dc level of the
output voltage

Part 6 Full-Wave Center-tapped Configuration
a. Vrms(measured)’:'G‘93V
rms(measured)"6'97V

As is shown from the data, the difference for both
halves of the center-taped windings from the rated voltage is
.6volts.
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b. Vertical sensitivity=5V/cm
Horizontal sensitivity=2ms/cm

d. Vgc(calculated)=3-5V
=3.04V

Fig4.21
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EXPERIMENT 5:CLIPPING AND CLAMPING

Part 1
Vp(Si)=.618V
Vp(Ge)=.299V
Part 2. Parallel Clippers
b. Vg(calculated)=4V
c. Vg(calculated)=-1.5-.618==-2.2V
d Fig.5.2
o
SRRREARERN ¥ o
s |
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Vertical sensitivity=1V/cm
Horizontal sensitivity=.2ms/cm

.
e. Fig.5.3
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No measured differences appeared between expected and
observed waveforms.

f. Vo(calculated)=4v
g. Vo(calculated)=.62V

Part 3 Parallel Clippers(continued)

b. Vo(calculated=.61V
c. Vo(calculated)=.34v

d' Fig.s.?
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T
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Vertical sensitivity=1V/cm
Horizontal sensitivity=.2ms/cm
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The waveforms agree
Part 4 Parallel Clippers(Sinusoidal Input)
b. Vg(calculated)=4V when V= 4V
Vo (calculated)=-2V when V;=-4V
Vo(calculated)=0V when Vj= 0V

Fig.5.9
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c. Waveforms agree within 6.5%
Part 5 Series Clippers

b. Vg(calculated)=2.5V when V=4V
c. Vo(calculated)=0v when V=0V
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d. Fig.5.12

Vertical sensitivity=1V/cm
Horizontal sensitivity=.2ms/cm

e. agree within 5.1%

f. Vg(calculated)=5.5V when V;=4V
g. Vg(calculated)=0V when V;=-4V

h. Fig5.14
‘*gm“i'u . Ll
' ] r |
| 1 Lo |
t + . Vo i!S
ERRRRRRERRRRRE ¥
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Vertical sensitivity=2V/cm
Horizontal sensitivity=.2ms/cm

i. no major differences
Part 6 Series Clippers(Sinusoidal Input)
b. Vg(calculated)=2V when V= 4v

Vg(calculated)=0V when Vi =-4V
Vo9 (calculated) =0V when V= 0V
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Fig.5.16
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Vertical sensitivity=1V/cm
Horizontal sensitivity=.2ms/cm

EXPERIMENT 6: CLAMPING CIRCUITS

Part 1
Vi=.62V

Part 2

b. V.(calculated)=4-0.62=3.38V
Vo(calculated)=0.62V

c. Vy(calculated)=-4-3.38V=-7.38V

. Fig. 6.2 L& lv | i
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f. Vo(calculated)=-3.38
Vo(caleculated)=-0.62V
g. Vg(calculated) =7.38V

h. Fig6.4
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Part 3 Clampers with a dc battery

b. Vc(calculated)= 1.88V
Vo(calculated)=0.62V+1.5V=2.12V
c. Vy(calculated)=-1.88V-4V=-5,.88V

d. Fig.6.7

Vertical sensitivity= 1V/cm
Horizontal sensitivity=.2ms/cm

e. Fig.6.8
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f. V.(calculated)=4.88V
Vo(calculated)=1.5V-0.62V=0.88V

g. Vp(calculated)=4V+4.88V=8.88V
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Part 4 Clampers(sinusoidal input)

b. Vg(calculated)= 0V when V=2V
Vo(calculated)=-2V when Vi=-3.6V
Vo(calculated)=-1.6V when V; =0V

Fig.6.11
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S S ’!fﬁﬁfﬁf' A A A

N N,

7

AAAAAAA

B .

. J'1-. 71 . Vertical sensitivity =1V/cm
SRS i ~ | Horizontal sensitivity=.2ms/cm
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Part 5 Clampers(Effect of R)

a.Tau(calculated)=R*C=103ms
b. T(calculated)=1/f=1ms
T/2(calculated)=1ms/2=.5ms

c. 5Tau(calculated)=5*103ms=515ms 227



d. otherwise the capacitor voltage will not remain
constant

e. 5Tau(calculated)=5ms
f. 5ms/.5ms=10

g. Fig6.13
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Vertical sensitivity = 1V/cm
Horizontal sensitivity .2ms/cm

i. 5Tau=.5ns
j. .5ms/.5ms=1

k. Fig6.14

Vertical sensitivity=1V/cm
Horizontal sensitivity=.2ms/cm

m. 5Tau=2.5T or Tau=1/2T
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EXPERIMENT 7: LIGHT-EMITTING AND ZENER DIODES

b. Vp(measured)=1-6V

VR (measured) =492 .1nV
ID(calculated)=49.lmV/lOl.4Oth=484uA

€. Vp(measured)=1-9V

VR(measured)=1l55V _
ID(calculated)—l.55V/101.40hms—15.3mA

d.| E(V) o 1 2 3 4 5 6
VD (V) 0 1 1.71 1.84 1.93 2.01 2.08
VR (V) 0 0 .34 1.2 2.2 3.1 3.9
ID=VR/R(mA) O 0O 3.3 11.8 21.4 30.6 38.5

+ ———————————————————————————————————————————————————
Fig7.2
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h. The reversed biased Si diode prevents any current from
flowing through the circuit, hence, the LED will not
light.

k. VR(V)=3.48V, therefore Ip(mA)=1.6mA and LED is in the
"good brightness" region.

Part 2: Zener Diode Characteristics

Table 7.2
ettt e L L L e L +
E(V) 0 1 2 3 4 5 6 7 8 9 10
Vg (V) 0 1 2 3 4 5 6 7 8 9 10
VR(V) O O o0 o o o0 o0 o 0 1 .97
IZ(mA) 0 0 0 0 0 0 0 0 0 99 9.6
L ettt +
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Table 7.2 continued

T +
E(V) 11 12 13 14 15
Vo (V) 10 10.1 10.2 10.3 10.4
VR(V) 1.9 2.8 3.7 4.6 4.6
Iy(mA) 18.7 27.6 36.5 45.4 45.4
e +
d.

YEm 7

e. Vg (V) (approximated)= (10.4+49) /2=9.7V
f. ryy(ohms)=(10.4-9)/(.045-.0099)=39.9 ohms

g. Ry (ohms)=39.9 ohms
Vg (V)=9.7V

Part 3: Zener Diode Regulation

a. R(meas)=979 ohns
b. Ry (meas)=986 ohms
Vg (V)=10.2V

Vp,(V)=986*15/ (979+986)=7.53V
VR(V)=979%15/(979+986)=7.47V
IR(MA)=7.47/979=7.64mA

I7 (mA)=7.53/986=7.63mA

IZ (mA) =IR‘IL=1OUA

c- VL(measured)j7.5v
VR(measured)—7L49V
IR(calculated)--7.65mA
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IL(calculated)=7-60mA
Iz (calculated)=50uA
d. VL(calculated)=11.5V
VR(calculate<:1)=3‘54V
IR(calculateq)=3.62mA
IL(calculated)=3'48mA
17 (calculated)=-14mA

€. VI (measured)=2-82V
VR(measured)=3'54V
IR(calculated)=3'54mA
IL(calculated)=2.98mA
IZ(calculated)='56mA

The difference is expressed as a percent with calculated value
as the standard of reference.

percent change of: Vi= -14.6%
VR= 0-%
Ig= —2.2}%
I;= -14.4%
I;= 30.0%

f. Rpin/ (Rpin+979) *15=9.82V
RL(Calculated)=1-86K0th

g. Since 2.2Kohms>Rp i ,=1.86Kohms, therefore, diode is
in the "on" state.

Part 4: LED-Zener diode combination

b. Vp=1.86V
Ip=15.8mA
Vz=10.07V

Vab(calculated)=11.9V
C. VL (calculated)=11.9V
I, (calculatedq)=5-41mA

e. E(calculated) =VR+VL=6 .93+11.9=18.9V

f. E (measured) =19.1V

The two values are in agreement within 1.06% using
E(calculated) as reference.
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EXPERIMENT 8:

f.

<
o

WWWwWwwwww
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e o e o 0
AN OO OO

A O OO

[YoJ Vo JVe JaVe BV}
L]
[(e Vo T Ve JuVe Ry Vo]

13.2
13.2
13.2
13.2

16.5
16.5
16.5

10
10
10
10
10
10
10
10

20
20
20
20
20
20
20

30
30
30
30
30

40
40
40
40

50
50
50

CHARACTERISTICS
VCcE VRe Ic
v v mA
2 1.18 1.21
4 1.19 1.22
6 1.21 1.24
8 1.22 1.24
10 1.23 1.26
12 1.25 1.28
14 1.26 1.29
16 1.27 1.30
2 2.39 2.45
4 2.42 2.48
6 2.45 2.51
8 2.48 2.54
10 2.52 2.58
12 2.56 2.62
14 2.59 2.65
2 4.28 4.38
4 4.31 4.41
6 4.36 4.46
8 4.41 4.51
10 4.48 4.59
2 5.82 5.96
4 5.94 6.08
6 6.01 6.15
8 6.17 6.32
2 7.20 7.37
4 7.33  7.50
6 7.48 7.66

VBE
¥

.65
.65
.65
.65
.65
.65
.65
.65

.65
.65
.65
.65
.65
.65
.66

.66
.66
.69
.69
.69

.69
.69
.69
.69

.70
.70
.70

232

BIPOLAR JUNCTION TRANSISTOR(BJT)

Ig

mA
1.22
1.23
1.25
1.26
1.27
1.28
1.29
1.31

2.46
2.49
2.49
2.55
2.59
2.63
2.66

4.39
4.42
4.47
4.52
4.60

5.97
6.09
6.16
6.33

7.38
7.51
7.67

ALPA

.99
.99
.99
.99
.99
.99
.99
.99

.99
.99
.99
.99
.99
.99
.99

.99
.99
.99
.99
.99

.99
.99
.99
.99

.99
.99
.99

BETA

124
125
125
125
125
125
125
125

125
125
125
127
127
127
127

138
144
149
149
150

152
152
154
153

147
150
153



Part 3: Variation of Alpha and Beta

b. the variations for Alpha and Beta for the tested
transistor are not really significant, resulting in an almost
ideal current source which is independent of the voltage V.g.

c. The highest Beta’s are found for relatively large values
of I- and Veg. This is a generally well known factor.

d. Beta did increase with increasing levels of I..

e. Beta did increase with increasing levels of Vi g.

Exercises

l1.Beta(average)=141
The arithmetic average occurred in the center of Fig 8.3.

2. VBE(average)=:678V )
Given that .7V 'differs by only 3.14% from .678, and given

that resistive circuit component can vary by as much as 20%,
the assumption of a constant .7 V is entirely reasonable.

3. The Beta of the transistor is increasing. Table 8.3 does
substantiate that conclusion.

4. Beta would be a constant anywhere along that line.

EXPERIMENT 9: FIXED AND VOLTAGE DIVIDER BIAS OF A BJT

Part 1

b. Vpg(measured)=-67V
VRC (measured)=4-9V

C. IB=(VCC-VBE)/RB=(20—.67)/1.108M=17.4UA
IC=VRc/RC=4.9/2.73K=l.79mA

d. Beta=In/Ig=1.79mA/17.4uA=105
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Part 2. Fixed-bias configuration

a. Ip(calculateq)=17uA
IC(calculated)=1.79mA

b. VB(calculated)fVcc'IB:RB=.67V
VC(calculated)=Vec~I¢*Re=13.4V
VE(calculated)=0V(emltter 1s at ground)

VCE(calculated)=Vc~Vg=13.4V

c. VB(measured)f'67V
C(measured):13°4V
E(measured) —

VCE (measured) 1334V )
the 'difference between measured and calculated wvalues in

every case is less than 10%. It's almost too good to be
true.

d. VpE(measured)™=:68V
VRC (measured) =16-7V
IB (from measured)=17.4uA
Ic(from measured)=6-12mA
Beta(calculated) =352

Table 9.1
i sttt e e +
Transistor Type Veg(V) Ic(ma) Ig(uh) Beta
2N3904 13.34 1.79 17.4 105
2N4401 3.2 6.12 17.4 352
o e +
e.
Table 9.2
it e L e e e e +
‘ % delta Beta %delta I, %delta Vi g %delta Ip ‘
242 242 -76.0 0
it e e e e e e e +

Part 3: Voltage-divider configuration

b. Table 9.3
L ittt +
2N3904 Vg (V) Ve (V) Ve(V) Vegr(V)
(calculated) 3.52 2.82 12.47 9.7
(measured) 3.3 2.6 12.9 10.1
o e +
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Table 9.3 continued

Fm +
2N3904 Ip(mA) Ic(mA) Ig(ud)
(calculated) 4.07 4.05 30
(measured) 3.76 3.87 36.5

Fmm e - +

c. The agreement between measured and calculated values fall
entirely within reasonable limits.

d and e. Table 9.4
e et +
Transistor type Veg (V) Ic(mA) 1IB(uA) Beta
2N3904 10.1 3.87 36.5 103
2N4401 9.6 4.03 17.2 234
e +
f. Table 9.5
o +
%$delta Beta %delta I, %delta Vo %delta Ip \
56 41 4.9
e +

Problems and Exercises

la. IC(sat,fixed bias)=20/2.73K=7.33mA

1b. IC(sat VoltTdivider.bias)=20/(1.86K+§9%)=7.83mA
lc. the saturation currents ‘are not sensitive to the

Beta’s in either bias configuration.

2. In the case of the 2N4401 transistor, which had a higher
Beta than the 2N3904 transistor, the Q point of the former

shifted higher up the loadline toward saturation. (see data
in Table 9.4)

e o Fomm e - +
| 1 | 314 | 0 |
o Fomm e ———— e Fomm e e +
|[Volt-divider| .732 | 087 | 94 |
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tomm tommmm e Fomm e o +
The ideal circuit has Beta independence when the ratio of
%deltaIlo/%delta Beta is equal to 0. Thus, the smaller the
ratio, the more Beta independent is the circuit. Using this

as a criterion of stability, it becomes apparent that the
voltage divider bias circuit is the more stable of the two.

4a. IC=Beta (VCC-.67) /RB mA

4c. In equation 4a, the Beta factor cannot be eliminated by a
judicious choice of circuit components. In 4b however, if the
quantity R;//R,/BETA is made much smaller than Ry, then I¢ is
no longer dependent upon Beta. In particular:

In that case, we have achieved Beta independent biasing.

EXPERIMENT 10:EMITTER AND COLLECTOR FEEDBACK BIAS OF BJT'’S

Partl. Determination of Beta

b. Vg (measured)=5-04V

RC(measured)=4'0fV
c. Ip(from measured)=(20-5.41)/1.1M=13.6uA

Ic(from measured)=4-04/2.2K=1.84mA
d. Beta=1.84mA/13.60A=135

Part2. Emitter-bias configuration
a. Using KVL:
-20+Ic*(1.01M/BETA) +.67V+Io* (2.23K)=0V

therefore: I-=(20-.67)/9.1K=2.1mA
Ig=2.1mA/135=15uA

Table 10.1

Calculated Values
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Transistor type Vg (V) Ve (V) Vg (V) Vg (V) Veg (V)
2N3904 5.4 15.3 4.7 .70 10.6
2N4401 8.2 12.6 7.4 .8 5.2

Transistor type Ig(uld) Ic |
2N3904 15.0 2.1
2N4401 11.7 3.3

T ettt bt L L +
Measured Values

Transistor type vB (V) Ve (V) Vg (V) Vg (V) Ve (V)
2N3904 4.75 15.9 4.2 .66 11.8
2N4401 8.0 12.5 7.6 .62 4.9

Transistor type Ig(uA) I-(mA) Beta
2N3904 14.7 2.2 150
2N4401 11.9 3.4 286

T ettt ettt TR e +

d. see Table 10.1
e. see Table 10.1

f. In every case, the difference between calculated and
measured values were less than 10% apart.

g. Table 10.3
et +
%delta Beta %delta Ic %delta VeEg %delta Ig
90.7 54.5 -58.5 -19
e +

Part3: Collector Feedback Configuration(RE=0 ohms)
b. Using KVL:
-20+IC(3.2K)+IC(395K)/150+.7V=0V
from which: Ig=21uA and I-=3.4mA
TablelO.4

Calculated Values
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Transistor type Vg (V) Ve (V) Ver(V) Ig(uA) In(mA)
2N3904 .62 9.1 9.1 21.2 3.4
2N4401 .55 6.2 6.2 14.4 4.3
+ ———————————————————————————————————————————————————————————
Table 10.5
+ ———————————————————————————————————————————————————————————
Measured Values
Transistor type Vg (V) Ve (V) Veg(V) Ig(ud) Ig(md)
2N3904 .68 9.6 9.6 22.4 3.6
2N4401 .63 5.8 5.8 15.1 4.4
+ ———————————————————————————————————————————————————————————
Table 10.6
o e +
%delta Beta %delta I %delta Veg 3delta Ip
83 22.8 -39.9 -33
e +

Part 4: Collector Feedback Configuration(with Rg)
a. for 2N3904:
—20+IC(3.2K)+IC(395K/150)+IC(2.2K)=OV
from which: Ig=15uA and I=2.4mA
for 2N4401:
-20+In(3.2K)+Ic(395K/286)+Ic(2.2K)=0V
from which: IB=9.7uA and IC=2.8mA
b. see Table 10.7
c. see Table 10.8
d. see Table 10.7
e. see Table 10.8
Table 10.7
Calculated Values
Transistor Vg(V) Vo (V) VE(V) Veg(V) Ic(mA) Ig(mA) Ig(ul)

2N3904 6.2 12.1 5.4 6.7 2.45 2.5 15
2N4401 6.9 10.8 6.3 4.5 2.8 2.9 9.7
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Measured Values
Transistor Vg(V) Ve (V) Vg(V) Veg(V) Ig(gA) Ig(mA) Ig(ul)

2N3904 5.9 12.6 5.2 7.4 2.4 19
2N4401 7.0 10.8 6.5 4.3 2.8 2.9 9.2

o e +

Table 10.9
o e +
%delta Beta %delta Ic %delta Vcg %delta Ip
83.2 23.8 -41.2 -50.3
o e +

Problems and Exercises

1.

a. Ic(gat)=20/(2.2K+2.2K)=4.55mA

b. IC(sat)=20/3K=6' 67mA

c. Ic(gat)=20/5.2K=3.85mA

d. Beta does not enter into the calculations

2. The Q point shifts toward saturation along the loadline.

3.
a.
Table 10.10
Emitter bias %delta I %delta Veg %¥delta Ip

%delta Beta %delta Beta %delata Beta

b. The smaller that ratio, the better is the Beta stability
of a particular circuit. Looking at the results, which were
computed from measured data, it appears that the collector
feedback circuit with RE=0 ohms is the most stable. This is
counter to expectations. Theoretically, the most stable

of the two collector feedback circuits should be the one with
a finite Rgp. Since the stability figures of both of those
circuits are so small, the apparent greater stability of

the collector feedback circuit without Ry is probably the
result of measurement variability.

4. using KVL:
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from this:
IC=(Veoe-Vpg) / (Rg/BETA+RE) mA
this division results in:
IC=Beta(Vpe-Vgg) / (Rg+tBeta*Rg) mA
If Beta*RE>>Rp then IC=(Voc-Vgg) /Rg mA
5. Using KVL:
-Vee+Io*Re+Ic/BETA*RR+Vgp=0V
from this:
IC=(Vee-Vag) / (Ret+p/BETA)
if Rge>>Rpg/Beta then Io=(Vee-Vgg) /Re mA
6. Using KVL:
=Veet+Io*Ro+Ic/BETA*Rp+Vpp+Io*RE=0V
from this: '
IC=(Vee-Vgg) / (Rg+RE+Rp/BETA) mA

EXPERIMENT 11: DESIGN OF BJT BIAS CIRCUITS
Part 1

a. Re=(15-7.5)V/5mA=1.5Kohms
Ro(commercial)=1.5o0hms

d. Vpe(measured)=5.14V
Vego (measured) =7.7V
Ic %from measured)=3.4mA
Beta(calculated)=104

e. The most critical values for proper operation of this
design is the voltage VCEQ measured at 7.7V. It being
within 2.7% of the design value makes this a workable
design.
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f. RB/ (Beta*RC)=214K/(104*1.5K)=1.37

Rp(commercial) +214K
h. No, the value of Ry is fixed both by VCC and VBE,
neither of which changed.

i. VRe(measured)=5.64V
Vego (measured) =9.27V
Ic ?from measured)=3.76mA
Bega(calculated)=3.73mA/[(9.27-.7)/214K]=108

j. The measured voltage Vip is somewhat high due
to the measured current IC being below is design
value. In general, the lowest IC which will yield
proper VCE is preferable since it keeps power losses
down. For the given specifications, this design, for
small signal operation, will probably work since most
likely no clipping will be experienced.

k. RB/(Beta*RC)Ecalculated3=214K/(103*1-5K)=1.4
RB/ (Beta*Rc) (calculated)=1.34 gee above)

The parameters of the circuit do not change
significantly with a change of transistor. Thus, the
design is relatively stable in regard to any Beta
variation.

1. S(Beta)=(3.76mA-3.4mA)/3.4mA=.8
Part 2: Emitter-bias Configuration

a. Rc(calculated)=[(VEC—(7.5+1.5)]V/5mA=1.2K

C(commercial)~1:
b. Rg(calculated)=1:5V/5mA=3000hms

E(commercial)=2850ohms

d. Rp(measured)=R1*tRp=392.K
(commercial)=3924K

RC (measured) =004V

CE (measured) =/ 55V

Ic(from measured)™4-7mA

Beta(calculated)=144 L
f. All measured values are well within a 10% tolerance of

the design parameters. This is acceptable.
g. Rp/(Beta*Ry)=9.6

h. Rp(calculated)=950K

e.
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. RB(commercial)=1M
i. Yes, 1t changed from 214K to a value of 950K

The increase in Beta was compensated for by the
increase in Rg in such a way that Iy, and consequently
Ver VeEQ and Vy remained constant. Hence, so did Re and
R

. E-

3. VRC(measured)=>-2V
vCEQ(measured)8 6V

IC%(calculated)=f'2mA
Be a(calculated)_372

k. The important voltage Vcgg was measured at 8.61V while
it was specified at 7.5V. Thus, it .was larger by a about
12%. This is probably the largest deviation to be
tolerated. If the design is used for small signal
amplification, it is probably OK; however, should the
design be used for Class A, large signal operation,
undesirable cut-off clipping may result.

1. The magnitude of the Beta of a transistor is a property
of the device, not of the circuit. All the circuit
design does is to minimize the effect of a changing Beta
in a circuit. That the Beta’s differed in this case came
as no surprise.

m. (calculated)RB/(Beta*RE)(2N3904)=1O.4
(calculated)RB/(Beta*RE)(2N4401)=9.6

n. S(Beta)=.66

Part 3: Voltage-divider Configuration

a. Rc(calculated)=[25—(l.5+7.5) 1V/5mA=1.2K

Re (commerical)=1-25K
b. Rg=1.5V/5mA=300 ohms
RE (commercial) =285 ohms
d. Ry(calculated)™2-94K
2 (commercial)=3-2K
Ry (calculated)=17-1K
1(commercial)=18'2K
e. VRC(measured)=6-47V
VCEQ (measured) =7 - 09V
Ico(calculated)=2-2mA
Beta (calculated) =144

The difference between the calculated and the measured values
of T and V are insignificant for the operation of this

. —CQ CEQ
circuilt.
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£. Ry//Ry/(Beta*Rg)=.066

9. VRC(measured)=6:-98V
CEQ(measured)=6-47v
IC%(calculated)=5-6mA

Be a(calculatedl=368 )
h. The measured values of the previous part show that the

circuit design is relatively independent of Beta.
i. The Beta’s are about the same.

Rl//RZ/ (Beta*RE) (2N3904)='066
k. S(Beta)=.051

Problems and Exercises

1. Table 11.2
e e +
Configuration Icg(mA) Verg (V)
Collector-feedback 3.4 7.7
Emitter-bias 4.7 7.5
Voltage-divider 5.2 7.1
e e +
The critical arameter for these design is the voltage
Vego- Given that its variation for the various designs is
less than 10%, the results are satisfying.
2. Table 11.3
ittt ik +
configuration stability factors
RB/ (BetaRC) S (Beta)
Collector-feedback 1.4 .8
Emitter-bias 0.6 .66
Voltage-divider .06 .051
e e +

The data in adjacent columns is consistent.

The voltage-divider bias configuration was the least
sensitive to variations in Beta. This is expected since the
resistor R2, while decreasing the current gain of the
circuit, stabilized the circuit in regard to any current
changes.

3. Using KVL:

from which: I~=(Vee-Vgg)/ (RctRg/Beta) mA
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for stable operation, make: Rc>>Rp/Beta
4. Using KVL:
"’VCC+Ic/ Beta*RB+Ic*RE+VBE=OV

from which: IC=(VCC-VBE) / (RE+RB/Beta) mA
for stable operation: make Rp>>Rp/Beta

5. Using KVL:
-VBB+Ic/Beta*R1/ /R2 +VBE+IC*RE=OV
where: VBB=R1/ (R1+R2 ) *VCC

from which: IC—(V B-VeEg)/ (RgtR1//Ry/Beta) mA
for stable operatlon. make Rg>>R,//R,/Beta

EXPERIMENT 12:JFET CHARACTERISTICS

Part 1
c. VR(measured) - 754V
d. IDss-— .44mA
?' VP (measured)=~2:53V

1. IDgg=8.3mA, Vp=-3.1V
IDSS=9 .1mA VP=‘3 .9V

It is extremely unlikely that two 2N4416 ever have the
same saturation current and pinch-off voltage.

Figl2.1

Part 2 Drain-Source characteristics
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a through d.

Table 12.1
Vcs(V) 0 -1.0 -2.0
Vpg (V) Ip(mA) Ip(mA) Ip(mA)
0.0 0.0 0.0 0.0
1.0 4.63 2.1 .25
2.0 5.61 2.6 .28
3.0 7.32 3.06 .34
4.0 7.40 3.1 .36
5.0 7.43 3.2 .39
6.0 7.5 3.16 .42
7.0 7.5 3.31 .43
8.0 7.5 3.33 .44
9.0 7.3 3.36 .46
10.0 7.3 3.36 .50
11.0 7.1 3.36 .50
12.0 6.81 3.36 .51
13.0 6.76 3.36 .52
14.0 6.71 3.36 .53

IDgg(Figl2.3)=7.5mA
IDSS (Partl)=7.44mA
Vp(Figl2.3)=-3V
Vp(Partl)=-2.53V

Part 3:Transfer Characteristics
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Tablel2.2

Vpg (V) 3V 6V 9V 12V

0 7.32 7.5 7.4 6.81
-1 3.06 3.26 3.36 3.36
-2 .34 .42 .46 .51

d. given that the various variables in the above Table vary
by less than 10%, it is reasonable that the curves can be
replaced on an approximate basis by a single curve defined by
Shockley’s equation if the average values of both IDgg and
VGS(off) are used.

Problems and Exercises
1. Shockley’s equation involves four parameters. Given two of
them, such as Ip and Vgg, an infinite number of curves can be
drawn through their interception all of which can satisfy
Shockley’s equation for particular IDgg and Vp.
2. Vg=Vp*[1l-(Ip/IDgg)1/2] Vv
3. For: IDgg=10mA; Vp=-5V; and Ip=4mA
Vgg(calculated)=(-5)*[(.4)1/2]=-3.16V

4. a. gmg(calculated)=2%*(7.44mA)/2.53=5.88mS

b. The slope of the Shockley curve is maximum at VGS=0V.

c. gm(calculated)=gmn(1-VP/VP)=0S when Vgg=Vp.

The slope of the transfer curve at Vgg=Vp=0S

d. +-——————— e +
VGS/VP=1/4 VGS/VP=1/2 VGS/VP=3/4
gm 4.41mS 2.94mS 1.47mS
note:gmp=5.88mS
e +

e. The slope is a constant value

f. It is the proportional to the derivative of Shockley’s
equation.
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EXPERIMENT 13:JFET BIAS CIRCUITS
Part 1: Fixed-Bias Network

b. IDSS=12mA
c. VP(measuredi='6¥/2
d. ID=12E-3(1-1/6)1/2=8.33mA
f. VRD(measured)=8V
IDQ(measured)_=8°2mA
Rp (measured) =276 ohms

Part 2:Self-Bias Network

b. IDQ=2 .64mA
VGSQ="3 .3V

d. Vgs(calculated)=-3:3V
Vp(calculated)=12-4V
Vs(calculated)=3-1V
VDS (calculated)=2-3V
VG (calculated) =0V

e. VGS(measuredl='3'4V
D(measured)_lz'2V
Vs (measured)=2-1V
=9.1V

DS (measured)
VG (measured) ™

The percent difference are determined with the
calculated values as the reference.

I i~

[}

. B W
N Oy e

VGS(calculated
VD(calculated %
VS(calculated %
VDS(calculated o
VG (calculated $)=0%

Part 3:Voltage Divider-Bias Network

o

W o\ o o

o0~~~ o\
oe

”v

I
|

b. For voltage divider-bias-line see Fig.13.2

c. Ipg(calculated)=4-8mA
VGs(calculated)="2-4V
d. Vp(calculated)=10.3V
Vs(calculated)=>:2V
VDS (calculated)=2-1V
e. VGSQ(measuredl='2'3V
D (measured)=10.4V
Vs (measured) =2-3V
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VDS(measured)=5'1V

f. The percent difference are determined with the
calculated values as the reference.

VGs(calculated %)='4;2%
VD (calculated %)='97f
Vs(calculated %)=1:9%_
VDps (calculated $)=1.2%

g. IDQ(measured)=4'8mA
Ipg(calculated %)~

4%

EXPERIMENT 14:DESIGN OF JFET BIAS CIRCUITS

Part 1. Determining IDgg and Vp

b. IDSS(measured)=10°8mA
¢. Vp(measured)="6V

Part 2. Self-bias Circuit Design

a. IDQ(calculated)=5°4mA
vDSQ(calculated)_=15V
VDD(calculated)_30V

d. Rg(calculated)” 1/9,=333 ohms

Rg (commercial) =330 ohms
e. VRD=VDD—VDSQ— RS=30-15-1.8=13.2V

Rp=2.4K

£. VDSQ(measured)_=14'7V
IDQ(measured)_5°EmA
VbsQ(calculated) =15V

Ipg(calculated)=2-4mA
g. Agreements between calculated and measured values are

within 10% of each other and thus are within acceptable
limits.
h. VDSQ(measured)=13'7V
DQ (measured) ~
IDSS (borrowed JFET)=9-8MA
VP (borrowed JFET)= 2-1V

Even though in our case, the variations between JFETs was
relatively small, such may not be the case in general. Thus,
the values of the biasing resistors for the same bias design
but employing different JFETs may differ considerably.
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Best is not to use the arithmetic but the geometric average
for the range of IDgg and Vp. Thus in our case, the geometric
averages would be:

IDgg(geometric average)=
[IDSS(min) *IDSS (max) ]1/2=[5mA*15mA) 11/2=8. 66mA

And for Vp(geometric average)=[1*6]1/2=2.45V

Statistically, these values are most likely the ones
encountered.

Part 3: Voltage-divider Circuit Design

Ves(calculated)="2-6V

Rg=(Vgg-Vgs) /Ipg=(6-2.6)V/4mA=850 ohms
RS(commer01al value& 320 ohms oo
VG (calculated)=Vestlp*Rg=2.6+4mA%*820=5.85V
c.
VRD(calculatedﬁ"VDD"VDS -VRrg=20-8-3.28=8.72V
where Vpg=Ipg S—4mA*82 =3.28V
Rp=[Vpp- (VDsQ+VRs)]/ID [20-(8+3.28) ]=2.18Kohms
Rp (commercial value)=2Kohms
d.
Ry,=10*Rg=10*820= =8.2Kohms
R) (commercial value)=10Kohms

Solving equation 14.3 for R, we obtain:

Ry=Ry* (Vpp=Vg) /VG=10K*(20-5.85) /5.85=24.2Kohns
1 (commercial value)=22Kohms

e.

VDSQ(measured)=7°9V
Q(measured) — - 2mA

VDSQ(spec1f1ed) =8V

IDQ(spec1f1ed)

(calculated)=5%
%VDSQ(calculated)=—l.25%
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Such relative small percent deviations are almost too good
to be true.

The voltage divider bias line is parallel to the self-bias
line. To shift the Q point in either direction, it is
easiest to adjust the bias voltage Vg to bring the circuit
parameters within an acceptable range of the circuit design.

g.

In the present case, the percent differences for IDQ and VDSQ
were well within the 10% tolerance allowed. If not, the
easiest adjustment would be the moving of the voltage-
divider bias line parallel to itself by means of raising or
lowering of VG. This could best be accomplished by a change
of the voltage divider R,/ (R;+Rjy) *Vpp. Its value determines
the voltage Vg which in turn determines the Q point for the

design.

h.

VDSQ(measured
IDQ(measured)=3'68mA

IDpSs (borrowed JFET)=?:8mA
VP (borrowed JFET)="2-1V

)=13.7V

Problems and Exercises

1

Rp (commercial value)f2-7K0th
S (commercial value)=180 ohms

Value)=2.4KOth
value)=680 ohms
)=6.8Kohms
)=33Kohms

2°RD(commercia1
S (commercial
Rl(commercial value
R2(commercial value

3. In the design, use the geometric mean of both the given
ranges on IDSS and VP for a given type JFEF.

EXPERIMENT 15: COMPOUND CONFIGURATIONS

Part 1

=982Kohms

a. Rp(measured)
=2 .6Kohms

C(measured)

IB=(VCC_VBE)/RB=(20-'7)/982K=19'7uA
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VRgémeasured)=6'45V
Io=VRe/Rc=6.45/2.6K=2.48mA

Beta(calculated)=1.48mA/19.7uA=126

Part 2 Coupled Multistage system with Voltage-
Divider Bias

b.
Vg=4.7K/ (4.7K+15K) *20=4.8V
VE1=4.8—.7=4.1V
IE1=I01=VE1/RE1=4.1/1K=4.lmA
VCl=VCC—ICl*RCl=20-4.1mA*2.7K=9.2V
Vpy=2-4K/[2,4K¥15K) ¥20=2.8V
VE2=2. -.7=2.1V
IEZiIC2=VE2£RE2f2'1/470=i'6mA_
ch—VCC—Icz Rcz—20—4.6mA 1.2K—14.5V
Table 15.1
Fm e T ST TS T +
Vg (V) Vgqp (V) Vpy (V) VgyV)
Calculated Values 4.8 9. 2.8 14.5
Measured Values 4.7 9.1 2.7 14.2
% Difference -1.1 -1.1 -1.8 -2.1
T e e L Lt L b +

As can be seen from the above data, the differences between
the calculated and measured values were much less than 10%.

f.

We note that the voltages Vs, and Vg, are not the same as
they would be if the voltage across capacitor C, was 0 Volts,
indicating a short circuit across that capacitor.

Part 3 DC-Coupled Multistage Systems

Use the same equations to determine the circuit parameters
as in Part 2 except that Vp,=Ve,q.

b.
Table 15.2
B ettt +
VBl(V) VCl(V) VBZ(V) VCZ(V)
Calculated Values 4.8 9.2 9.2 13.0
Measured Values 4.7 9.1 9.1 12.9
% Difference -1.7 -1.0 -1.0 -.8
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Again, the percent differences between calculated and
measured values are less than 10% in every instance.

The dc collector voltage of stage 1 determines the dc
base voltage of stage 2. Note that no biasing resistors
are needed for stage 2.

Part 4 A BJT-JFET Compound Configuration
b.

Vp=4.7K/ (4.7k+15k) *30=7.2V

VE=VB- .7V=6.5V

Ig=Ip=6.5V/1.2K=5.4mA
Vp=V¢ep*Rp=30-5.4mA*985=24.7V

For the JFET used: IDSS=1O.1mA
VP=-3 . 2V

determine VGS:
In/IDgg=[1-Vgg/Vp] L/ 2mA=5.4ma/10. ImA=[1-Vgg/3.2]1/?mA
therefore:
[5.4mA/10.1mA]2=[1-VGS/3.2]
.286=[1-Vgg/3.2]

from which: VG$=(1—.286)*3.2=—2.28V
remember: Vigg 1s a negative number!

Ve=Vp-Vgg=7.2-(-2.28)=9.5V

Table 15.3
o —————— = +
Vg (V) Vp (V) Ve (V)
Calculated Values 7.2 23.6 9.5
Measured Values 7.1 24 .4 8.7
% Difference -.56 3.4 -8.4
e — e — +

252



d. see Table 15.3
e. differences were less than 10%
f. i

VGS(calculatec_l from measured values)~VB~Vc=7/.1-8.7=-1.6V
GS (measured) =~ v

g.

VRD=VDD"VD=3 0-24.7=5.3V
Ip=5.3V/985=5.4mA
Ip (measureq)=6-4mA

The percent difference between the measured and the
calculated values of Ip were 18.5%, with the calculated value
of Ip used as the standard of reference.

VE(calculated)f7-2-.7=6.5Y
IC(calculateé%‘6'5V/1°26K‘5'2mA
C(measured)=>-06mA

The percent difference between the measured and the
calculated values of I~ were -2.7% with the calculated value
of Ip used as the standard of reference.

Problems and Exercises

1.
a. There will be a change of Vg and Ve for the two stages
if the two voltage divider configurations are
interchanged.

b. The voltage divider configuration should make the
circuit Beta independent, if it is well designed.
Thus, there should not be much of a change in the
voltage and current levels if the transistors are
interchanged.

2. Again, depending how good the design of the voltage
divider bias circuit is, the changes in the

circuit voltages and currents should be kept to a
minimum.

EXPERIMENT 16: MEASUREMENT TECHNIQUES

DC MEASUREMENT
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e- Vo(calculated)=2K/ (2K+3.9K) 12=3. 86V
JOo(measured) ™ - 78V .
3D1ff. (calculated)="2%

9. Vo(measured shift)=3:8V
The shift was down from the center of the screen.

There is almost complete agreement between the
two sets of measurements.

The measurement taken with the DMM is the more accurate
of the two,especially for a DMM,since it reads to 1/100
of a volt.

AC MEASUREMENTS
i. Vi(rms) (calculated)=8/2*%.707=2.82V

VOérms%(calculatedg= . .
[(2K//3.9K¥30)*(2.82+30)1/(2.41K-j1.59K)=1.34/33.4V

j. Vo(measured)=1:31V
%diff. (calculated)=-1.51%

kK. Vo(p-p) (measured)=3-72V

1. If we convert the measured rms value of VO to peak value
we obtain 3.78 volts. Comparing that to the measured peak
value of V5 which was 3.72 V, we can be satisfied with the
results.

Part 2 Measurements of the Periods and Fundamental
Frequencies of Periodic Waveforms

Horizontal sensitivity=100us/div

number of divisions=5.6
Period(T)=100us/div*5.6div=560us

Frequency (f)=1/T=1/560us=1800Hz

f(dial setting)=1750Hz

The dial setting on the signal generator at best can
only give an approximate setting of the frequency.

f (counter)=1810Hz.

Indeed it is, the difference between calculated and
measured values is only 10 Hz using the counter, whereas
the difference between signal generator setting and
calculated values was 50 Hz. That measurement which is
closest to that of the counter is the better measurement.
In our case, the scope measures better than the signal

H-J QO QaQUT
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generator.

Part 3 Phase-Shift Measurements

b.

C.

f.

Vi (rms) (calculated)=6/2%.707=2.12V

Vo (rms)=(0-31.59K) *(2.12+j0) / (1k-31.59K)=1.81,_31 ¢V
Vo (p-p) (rms)=1-81%1.41%2=5.1V

(number of divisions)f‘8

B (number of divisions)=10
angle theta(calculated)='31°6 degrees

The network is a lag néetwork, i.e., the output voltage VO
lags the input voltage by the angle theta, in our case it
lags it by -31.6 degrees.

VR(rms) (calculated)=1-1V

R(p- calculated)=3-1V
ané?ep%ﬁeta=58.4 dégrees

The output voltage VO leads the input voltage by 58.4
degrees. Note that an angle of 58.4 is the complement of
an angle of 31.6 degrees.

\Y% =3V
R(p- measured
anégep%ﬁeta=58 dégrees

it’s a lead angle

Part 4 Loading Effects

Vo (p-p) (calculated =1K/ (1K+1K) *8=4V

Vo (p-p) (measured)=3-
VO(p-p) (calculated =1M/ (1M+1M) *8=4V

Vo (p-p) (measured)™= Y

The real part of the input impedance of the scope is now
in parallel with the R2 resistor and since for many
scopes, that real part is about 1Mohm, therefore,
Rscope//R2=500kohms.

Thus, Vg, 1s considerably reduced.

R(prime)=1M/[Vi/V0-1]=1M/[8/2.7-1]=588kohms
R(scope)='R(prime)*R2/[R(prime)-R2]=l.43Megohms
Most general purpose oscilloscopes have an input

impedance consisting of a real part of 1Megohms in
parallel with a 30pf capacitor. The result obtained for
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i.

the real part of that impedance is reasonably close to
that.

Vo(p_p)(calculated =1K/ (1K+1M) *8=8mV

J . VO(P‘P)(measured)= :9my
k. The resSults agree within 1.25 percent.

PROBLEMS AND EXERCISES

1.

No. for the frequency of operation, the capacitor
represents an impedance of 1.59k/-90 ohms. Therefore, in
relationship to the existing resistors in the circuit, it
cannot be neglected without making a serious error.

It depends upon the waveform. In case of sinusoidal
voltages, the advantage is probably with the DMM. For
more complex waveforms, the nod goes to the oscilloscope.

For measuring sinusoidal waves, the DMM gives a direct
reading of the rms value of the measured waveform.
However, for non-sinusoidal waves, a true rms DMM must be
employed. The oscilloscope only gives peak-peak values,
which, if one wants to obtain the power in an ac circuit,
must be converted to rms.

T=5div*.1lms/div=.5ns
f=1/T=1/.5ms=2KHz

angle theta=1.5/8*%360=67.5 degrees

Vo/Vi=R,/(R’+R1)

therefore: Vi/Vo=(R’'+Rp) /R’
solving for R’: R’ (V;/Vgy)=R’+Rq

R’ (Vi/Vg-1)=R;

Hence: R’=R,/(Vi/Vp~-1) ohms

EXPERIMENT 17: COMMON-EMITTER TRANSISTOR AMPLIFIER

b.

Vpp=Ry/ (R1+Ry) *Voc=10K/ (10K+33K) *10=2.33V
VE=VBB-.7=1.63V
Ve=Veoe—Io*Re=10-1.63mA*3K=5.1V
IE=VE/RE=1.63/1K=1.63mA
re=26mv/Ip=26mV/1.63mA=16 OHMS

VB(measxlred):z'25V
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VE (measured)=1-57V

VC(measuredg_’=4'95v
Ip=Vg/Rp=1.57/978=1.6mA

re=26mv/1.6mA=16.2 ohms

The two values for r, obtained are within .2 ohms.
This represents a 1.25 percent difference.

Part 2. Common-Emitter AC Voltage Gain

a. Ay(no load)="RC/re=3.2K/16=198
b. Vgjg=8.3mv(rms)
Vo(no load)=1-47V(rms)

V(no loa)~ o
The two values of Ay agree within 10.6 percent of each other.

Part 3. AC Input Impedance,Zj

Zin=R;//R,//Beta*r,=10K//33K//(150%16)=1.8Kohms

Vi (measured) 12mV (rms)

Vsig=20mV(rms)

Zip=[12mV/(20mV-12nV) ] *1K=1.5Kohms

The two values of the input impedance were within 18.9% of
each other. This relatively large divergence is in part the
result of using an assumed value of Beta for our transistor.
For a 2N3904 transistor, the geometric average of Beta is
closer to 126.

Part 4. Output Impedance

a. Zg(calculated)=Rc=3.2Kohms
b. Veig(rms)=10mVirng)

Vo (no load)(rms)=1'8VErmsg

Vo(loaded) (rms)=-213V(rms

Ry =3.2Kohms

Zo=[ (Vo=Vy,) /VL,1*Rr=[ (1.8-.913) /.913]%3.2K=3. 1K
The two values for Zy are within 3.15% of each other.
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EXPERIMENT 18: COMMON BASE AND EMITTER-FOLLOWER
(COMMON COLLECTOR) TRANSISTOR AMPLIFIERS

a. VB(calculated% =10K/ (10K+33K) *10=2.33V
Ip=I1¢=Vg/Rp=1.63V/1K=1.63nA
Vc—lo IC*R =10-(1.63mA) *3K=5.1V
re=26mvV/Ip=26mV/1.63mA=160hms

b.  Vp(measured)=2-26V
(measured)"1 57V
(measured) =4.95V

IE(from measured values)
Te(from measured values)™

=Vg/Rg=1.57V/978=1.6mA
26mV/IE =26mV/1.6=16.3cohms

In every case, the differences between the two sets of values
are less than 10% apart. Such divergence is not excessive
given the variability of electronic components.

Part 2. Common-Base AC Voltage Gain

a. AV(calculated)=RC/re=3'2K/16'3=197
b. sig=50mV

Vo=g.43V
AV=2.43/VSig=2.43/.05=122

The two gains differed by -38 percent with the calculated
gain used as the standard of comparison.

Part 3.CB Input Impedance, Zi

a. A =re= 16.3 ohms
b. Vsig=50mV
Vi=9.9mV

RX=100 ohms
Zi=[Vi/(Vsig-Vi)]*Rx=[9.9mV/(50mV—9.9mV)]*100=23.7 ohms

The two values of the input impedance differed by 45 percent
with the theoretical value of r (16.3 ohms) used as the
standard of comparison.

Part 4.CB Output Impedance, Zg

a. ZO—RC—3 2K
b.  Vgjg=20mV

VOEmeasured no load)™ =2.43V
Vi, (measured, loaded)=1.22V

Zo=[ (Vo-Vy,) /VL,1*Rp=[ (2.43-1.22) /1.22]*3K=3.18Kohms
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The agreement between the two values of the output impedance
is within less than 1 percent.

Part

a.

Part

b.

5. Emitter-Follower DC Bias

VB(calculated)=2.33v
VE(calculated)=l.63v
IE(Calculated)=l.63v

VC(calculated)flovV TE=26my 63mA=16 oh
re(calculated)—26m /IE=26mV/1. = ohms

VB (measured) =226V
VE (measured)=1-78V

VC(measured)7=1o°1v
Ig=Vg/Rp=1.78V/1K=1.78mA

re=26mv/1.78mA=14.3 ohms
6.Emitter-Follower AC Voltage Gain
Ay=Rgp/ (Rp+rg) =1K/ (1K+14.3)=.986

Vsig=1V

VOimeasureg)=°987Y
Ay=Vo/Vgig=-987/1=.987

The two values of gain are within .1 percent of each other.

Part
a.
b.

7. Emitter Follower (EF) Input Impedance, Zi
Zi=Rq| |Ry| | (Beta* (1K+rg)=7.31Kohms

si?‘2 :
Ry=10Kohms
f=1KHz

Vi (measured)=-85V
23=[V3/(Vgjg=Vi) 1 *Ry=[ .85/ (2-.85) ] *10K=7.39Kohms

The input impedance calculated from measured values is within
1.1 percent of the theoretically calculated value of Zj.

Part
a.
b.

8. Emitter Follower (EF) Output Impedance, Zg
Zp=re=16 ohms
Vo (measured)=19.8mV

VL (measured)=11.2mV
Zo=[ (Vo=-VL) /V{,]*Rp=[ (19.8mV-11.2nV) /11.2nV]*100=76.8chms

In the theoretical formulation, Z, was equated with rg, this
is an approximation. A better expression for the output
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impedance is: Zgp=re+(RG||R1||R2)/Beta. Thus it can be seen
that the given formulation was actually a minimum value of
the output impedance.

EXPERIMENT 19: DESIGN OF COMMON-EMITTER AMPLIFIER

Part 3. Build and Test CE Circuit

b. VB(measured)"1 - 54V
VE(measured) =.87V

VC(measured)"7 15V
Ic=Ip=Vg/Rg=.87V/979=.89mA

r —26mV/IE—26mV/ 89mA=29.3 ohms

C. Vs1g—10mV
VL(meaTTred)‘°815V
Ay=(Rc RL)/re—(B.ZKI|10.2K)/29.3=80.7
d. Vgig=20. 5mV
Rx—g 17Kohns
i(measur =8.8mv
Z = RlTTR BETA*re)—(loo 2K||21.6K||100*29.3=2.4Kohms
e. VO(measured&
20=(Vo=VL,)/ *RL-(l 08-.82)/.82%10.2K=3.25Kohnms
f.
Design parameter Measured value
AV 100min. 80.7
Z; (Kohms) 1Kmin. 2.38K
Z (Kohms) 10Kmax. 3.35K
VOmax(p p) 3Vp-p min. 7.1Vp-p

The design of the circuit was succesful with all parameters,
but the gain, meeting and even exceeding the design
specification. The gain is about 20 percent below the
expected value. To increase it, the supply voltage V- could
be increased. This would increase the quiescent current,
lower the dynamic resistance r€® and consequently increase the
gain of the amplifier.

EXPERIMENT 20:COMMON SOURCE TRANSISTOR AMPLIFIER
Part 1. Measurement of IDSS and Vp

a. IDS=9° 1mA
Vp=-2.9V
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Part 2.

Ip=2.55mA
VD=VDD-ID*RD=20-2.55mA*2.2K=13.8V
c. VG (measured) =0V

S(measured)fL46V
VD (measured)=13:8V

VGs‘smeasured =-1.37V
Ip=Vp/Rg=13.8/488=2.99mA

The agreement between calculated and measured values was in
most cases within 10 percent of each other, the exception
being the 17.3 percent difference between the calculated and
measured value of Ip.

Part 3. AC Voltage Gain of Common-Source Amplifier

a. AV=—ngD

where
gm=IDss/(2*|VP|)*(1-VGs/VP)2=2*9.1mA/2.9*(1-1.33/2.9)
= 3.4mS

therefore: Ay=-3.4mS*2.2K=7.48

b. Vgjg=100mV
f=1KHz

VOimeasureg =758mV
By=Vo/Vgjg=758mV/100nV=7.58

The difference between the theoretical gain and the gain
calculated from measured values was only 1.34 percent.

Part 4. Input and Output Impedance Measurements

Zi (expecteqd) =1Megohm
c Zo(expected)=§;2§thms
: i (measured)=>/-4M . |
Zi(calculated)7=Vl*RX/(V51g—V1)=592Kohms
d. Vo (measured)=’/60mV

Rl (measured) =2 - 9Kohms

VLimeasureg =620mV
Zo=(Vo-V1,) *Rp,/Vy=(760mV-620nV) *9.9K/620mV=2 . 24Kohms
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The infinite input impedance of the JFET is predicated upon the
assumption of the zero reverse gate current. Such may not be
entirely true. Hence, we observe a 41 percent difference between
the theoretical input impedance and the input impedance calculated
from measured values.

The two values of the output impedance are in far better
agreement. They differ only by .44 percent.

EXPERIMENT 21: MULTISTAGE AMPLIFIER:RC COUPLING
Part 1. Measurement of Ipss and Vp

IDSS=10.4mA
Vp=-3.2V

Part 2. DC Bias of Common-Source Circuit

a. Vgsi(calculated)="1.36V

Ipi(calculated)=3-1mA

VDl(Calculated)=VDD-ID1*RD1=20V-3.1mA*2.2K=13.2V

Vgs2 (calculated)="1-38V

Ip2 (calculated)=3-54MA

VD2(calculated5=VDD—ID2*RD2=20V-3.54mA*2.2K=12.2V
G1 (measured) =9V

Vs1 (measured)=1-49

VD1 (measured)=13:81V

VGs1 (measured)=-"1-04V
ID1= Sl/R81=1.49V/496=3mA
Vgo (measured) =0V

VSZ(measured)i]-'52V
D:Z(measured)‘iL3V

VGSZXSmeasured)""8V

Ip,=Vgs/Rgy=1.52V/468=3.25mA

The theoretical and the measured bias values were
consistently in close agreement.
Part 3. AC Voltage Gain of Amplifier

a. for stage 2:
Ay2=-9m2 (Rpz | |Rp,) =(-3.64mS) (2.2K| | 10K)=6.6

for stage 1:
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Ay1=-9p1(Rpy|[2i2)=(-3.51mS) (2.2K| |1M)=7.72
note:Z;>,=Rgy=1Megohm

Ay=Ayq *Ayy=6.6%7.72=50.7

b. Vs1g(measureda)‘zomv

VL(measuredg 45mv
Ay=V 45mV/20mV=47.3

VOl(measured) 145mV
Vsig(measured)=20mV
Ay1=Vo1/Vgi{g=145mV/20mV=7.25
Ayy=V L/V01 g45mV/145mV=6.52

The voltage gains differed by less than 10 percent from each
other.

Part 4. Input and Output Impedance Measurements

a. Z{=Rg1=1Megohm
b. ZO—RD2°-2 2Kohms
c. Vll(measured) =7.5mV
Vgig=20mV
—?Megohm

Z ‘V 11 RX/(V51§
d. VL(measured)‘3 OmV

Vo (measured) =410mV
Zo=(Vo=Vy,) *Rp,/V{=(410mV-330mV) *10K/330mV=2. 42Kohns

11)=7.5mV*1M/ (20mV-7.5mV) =600Kohms

Again, the input impedance calculated from measured values is
about 40 percent below that which we expected from the
assumption that the JFET was ideal and had no reverse gate
current. This seems not to be the case in actuality. There is
a reverse leakage current at the gate which reduces the
effective input impedance below that of Rg by being in
parallel with it.

The output impedances again are in reasonable agreement,
differing by no more than 9 percent from each other.

EXPERIMENT 22:CMOS CIRCUITS

Part 1. CMOS Inverter Circuit

Table 22.1 Table 22.2
IN ouT IN ouT
ov 5V oV 5V
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5V .3V
Part 2. CMOS Gate
Table 22.3

A B OUTPUT
ov oV 5V
ov 5V ov
5V oV ov
5V 5V ov

Part 3. CMOS Input-Output
a.

IN(V) 0.0 .2 .4

OUT(V) 5.0 5.0 5.0
IN(V) 2.2 2.4 2.6
OUT(V) 3.9 3.4 1.6
IN(V) 3.8 4.0 4.2
OUT(V) .1 .1 .08

EXPERIMENT 23:

Part 1

a. VB(calculated)fZ.21v
vE(calculated)—1.01v

5V .3V
Characteristics
.6 .8 1.0 1.2 1.4 1.8
5.0 4.9 4.8 4.8 4.7 4.4
2.8 3.0 3.2 3.4 3.6
1.1 .75 .6 .4 .3
4.4 4.6 4.8 5.0
.02 .02 .005 O

DARLINGTON AND CASCODE AMPLIFIER

Darlington Emitter-Follower Circuit

Ay=Rp/ (Rg+ra) =47/ (47+10)=.83

b. VB(measured)=5°9V

E(measured)=4-94V
IB(calculated)=199uA
IE(calculated)‘106mA

i (measured) =3

VO(measuredz)—?"wmV
Ay=Vo/V;i=34

Part 2

S e TR

b. Vgjg=500mV

Beta(calculated6=106mA/199uA=535
50mV

mv/350mvV=.97
Darlington Input and Output Impedance

=20.6K| | (535%47)=11.3Kohms
/Beta=9ohms
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Part

Vi(measured =55.6mv
21=[V1/(Vs1ig-Vi) ] *¥Rx=

[55.6mV/ (500mV-55.6mV) ]*100K=12 . 5Kohms
VO(measured)=492mv

L(measured)=476mV
R;=1000hms

20=[ (Vo-Vy,) /VL,1*Rp=[ (492mV-476mV) /476mV]*100=4. 20ohms

The two values of the input impedance differed by about
10.6 percent while the two values of the output
impedance differed by 53 percent. It is to be noted
however that with such small values the difference in
just one ohm manifests itself as a large percent change.
Given the tolerances of electronic circuit due to their
components and that of the Darlington chip, the results
are quite satisfactory.

3 Cascode Circuit

VBl(calculated)=5'5V
VE1(calculated)4-8V
VCl(calculated)=11V

VB2 (calculated)=12V

VE2 (calculated)=11.3V
VC2(calculatedg=12°5v
Ig1=Vg1/RE1=4.8V/1k=4.8mA
Ipy=11.3/1.8K=6.24mA
re1=26mV/IE1=26mV/4.8mA=5.4ohms
reo=26mV/IE2=26mV/6.24mA=4.20hms

VB1 (measured)=4-69V

El (measured)=4:0V
Vel (measured)=10.7V
VB2 (measured)=12.0V
vE2(measured)=10'5v
Vc2 (measured)=12-3V
IE1(calculated) =VE1/RE1=4V/1K=4mA
IE2(calculated%=VE2/RE2=10.5/1.8K=5.2mA
re1=26mV/IE1=26mV/4mA=6ohms
re2=26mV/IE2=26mV/5:2mA=50hms
Ay1=-1l(as per equation 23.5)
Vsig=1omV
Vi (measured)=8mV
V01 (measured)=7.91nV
V02 (measured)=948mV

AVl(calculated)=‘V01/Vi=7.91/smv=.,98
AV26calculated%?V02/V01=948mV/7.91mV=120
Ay=Vq5,/V{=V02/Vi==548mV/8mV=-119
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The voltage gains for stage 1 were within 2 percent of each
other, while the overall theoretical gain of 180 differs
from the calculated gain from measured values by 34 percent.

EXPERIMENT 24. CURRENT SOURCE AND CURRENT MIRROR

Part 1 JFET Current Source

a. VDSimeasured)"'g'64V
b. IL= VDD-VDs)/RL=(10—9.64)/51.2=7.03mA
c.
Table 24.1
RL(ohms) 20 51 82 100 150
VDS(Volts) 9.88 9.64 9.44 9.34 8.85
IL(mA) 6.1 7.03 6.83 6.60 7.57

Part 2 BJT Current Source

a. IL=1.9mA

b. VE(measured)="68V
Ve (measured)™ 404V

c. IE(calculated)=2-13mA

4 IL(calculated)=1'88IrlA

Table 24.2

Ry, (kohms) 3.6 4.3 5.1
Vgp(Volts)  -.68 -.67 -.68
Vo(Volts)  3.03 1.74 .404
Ig(mA) 2.14 2.17 2.13
I (mA) 1.94 1.92 1.88

Part 3 Current Mirror

a. Iy=.9mA

b. VB1=.669V
Vop=2.24V
Iy=.89mA
I;=1.0mA

c. Iy(calculated)=1mA

Vg1 (measured)=.669V
Voo (measured)=4.1V
Iy=.9mA
IL=1.5mA
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Part 4. Multiple Current Mirrors

Ix(calculated)=1mA
Bl (measured)=-672V
C2 (measured)~=1-67V

VC3{measured)=1'65V

Iy=1.01mA

IL1=1 .58mA
I7>=1.78mA
Iy(calculated)=1mA
Vg, (measured)=.672V
Veo (measured)=3.81V
Vo3 (measured)=2.87V
Ix=1.02mA

IL1=1 . 73mA

IL2=1 .44mA

EXPERIMENT 25: FREQUENCY

AMPLIFIER

Resume

Part

f1,,1=1/(2%3.24%1.39K
f1,02=1/(2%3.24%6.1K*
f1, g=1/(2%3.14%2.2K*
£y, §=1/(2%3.14*1.68K
£ 0=1/(2%3.14*%1.43K

1. Low-Frequency Res

Cpbe (specified)=100pf
Chc (specified)=10pf
ce(specified)=15pf
W, i(approximated)=2
W o(approximated%=3
ﬁa(measured)=12
VB(calculated)=4°08V
VE(calculated)=3°38V
C(calculated)=14V

RESPONSE OF A COMMON-EMITTER

*10uf)=11.5Hz
luf)=26Hz
20uf)=3.62Hz
*960uf)=98.7KHz
*¥45pf)=2.43MHz

ponse Calculations

Opf
Opf

IE(calculateq)=1-54mA
re=26mV/Ip=26mV/1.54mA=16.90hms

Ay (mid)=(Rc| |Rp) /Te=
L,1(calculated)=11.
L,2(calculated)=26-
L,E(calculated)=3:6

(3.9K||2.2K)/16.9=83.2
5Hz
2Hz
2Hz
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Part 2. Low Frequency Response Measurements

b. Vsig(measured)=30mV

O(measured) =41V
Ay (miq) =70

Table 25.1

f (Hz) 50 100 200 400 600 800 1K 2K

Vo(p-p) .4 .5 .9 1.6 1.8 1.9 2.0 2.1
Table 25.2

f(Hz) 50 100 200 400 600 800 1K 2K

Ay 13.2 16.7 30 53.3 60 63.3 66.7 70

Part 3. High Frequency Response Calculations

a. fH,i(calculated)=98.7KHz
fH,O(Calculated)=2.47MHz

b. Table 25.3

f (KHz) 10 50 100 300 500 600 700 900

vo(p-p) 2.2 2.2 2.1 1.9 1.6 1.5 1.4 1.

Table 25.4

f (KHz) 10 50 100 300 500 600 70 900
Ay 73 73 70 63 53 20 46 40

3k 5K 10K

3K 5K 10K

70 70 73.3
1000 2000
1.3 8
1000 2000
40 27

Part 4. Plotting Bode Plot and Frequency Response

Fig25.2
from plot: £f,=400Hz
f,=500KHz
EXPERIMENT 26:CLASS A AND CLASS B AMPLIFIERS

Part 1. Class A Amplifier: DC Bias

a. VB(calculated)=1:53V

VE(calculated)i'giV 3 3
Tg (calculated)=I1C=VE/RE=.83/20=41nA

268

hapv

76
RN
', -\
L\Lo Hz see Hz




VC(calculated)=5°lv

VB (measured)=1:59V

E (measured)=-88V

C(measured)=2-3V
IE(calculated)=Ic=Vg/Rg=.88/20=44mA

2. Class-A Amplifier: AC Operation

Pj(calculated)=400mW

VOfcalculated =5.3Vp-p
PO(calculated)=29.3mW

$efficiency(calculated)=7.3 percent

Vi (measured)=65mV

Vo (measured) =5VP-P

P;=400mW

Po=26mW

% efflclency(calculated)=6.5 percent

While the values for the power and the efficiency are
fairly consistent between the theoretical and those
calculated from measured values, the low efficiency of
the amplifier is an undesirable feature. In general,
Class A amplifiers operate close to a 25 percent
efficiency. This circuit would need to be redesigned to
make it a practical circuit.

Vi (measured)=32.5mVp-p
Vo (measured) =3VP~P
Pj(calculated)=400mW

EO(%%lculated)=9'38mW B .
s € 101ency(calcu1ated)—2.3 percen

P;=400mW
P0=93mW
% efficiency=2.3 percent

As stated previously, while the data is consistent, the
values of the efficiency makes this not a practical
circuit.

Part3. Class-B Amplifier Operation

for Vozlvpeak

Pj (calculated)=1-59W

fO(calculated)=50mw B N
% efflclency(calculated)—3'1 percen
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for Vg=2Vpeak

P1=1.59W

PO=200mW

% efficiency(calculated)=12.6 percent

b. Vi{measured)f2'9VP'p
O(peasured)=2:7VP~P

Pi=890mW

PO=91mW

$efficiency=10.2%
c. Vi (measured)=2VP~P

Vo (measured) =4VP~P

Idc{measured)=159mA

P1=1.27W

PO=637mW

$efficiency=50.2%

Note that the efficiency of the Class B amplifier increases
with increasing input signal and consequent increasing output
signal. Also observe that the two stages of the Class B
amplifier shown in Figure 26.2 are in the emitter follower
configuration. Thus, the voltage gain for each stage is near
unity. This is what the data of the input and the output
voltages show. Note also, that as the output voltage
approaches its maximum value that the efficiency of the device
approaches its theoretical efficiency of about 78 percent.

EXPERIMENT 27: DIFFERENTIAL AMPLIFIER CIRCUITS

Part 1. DC Bias of BJT Differential Amplifier

a. VB (calculated) =0V
VE(calculated)="7V
Vc(calculated) =243V
IE(calculated)=457uh
Ye(calculated)=>7 ohms

VB (measured) -.10v ov
E(measured) -.65V  -.65V
Ve (measured) 5.10V 4.9V

IE(calculated) 490uA 510uA
re 53ohms 51lohms
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Part 2. AC Operation of BJT Differential Amplifier

a. Ay,d(calculated)=179
V,c(calculated)=:5

b. Vo1 (measured)=1-48V
Vo2 (measured)=1:43V
VO,d=(VO,1+VO 2)/2=(1.48+l.43)/2=1.46V
Ay q=Vo,q/Vi=72.8

c. Vo, c(measured)=-55V
AV,C=VO,C/ i=. 55

Part 3. DC Bias of BJT Differential Amplifier with Current
Source

a. For either Q1 or Q2:

VB(calculated)=0V
VE(calculated)="7v
Ve(calculated) =9V
IE(calculated)='5mA
Fe(calculated) =52 ohms

For Q3:

VB(calculated)="5V
VE(calculated)="5-7V
Ve(calculated)==-7V
IE(calculateq)=1mA
Fe(calculated)=26 ohms

b. For Q1,02 and Q3:

Q1 Q2 Q3
VB (measured) f72¥v -ngv :g.ggg
VE(measured) 7.91V 2.97V -'64V
IC(measured) . . .
E(calculated) _110ua 612uA 783uA
Te(calculated) 2360ohms 42.5 ohms 33.2 ohms

Part 4. AC Operation of Differential Amplifier
with Transistor Current Source

a. AV,d=RC/(2*re)=10K/(2*57.8)=173

Part 5. JFET Differential Amplifier

a. For Q1 :IDSS=7.9mA
Vp=-3.1V
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For Q2: IDSS=8.1mA

VP=-3.4V
For Q3: IDSS=11l.2mA
VP=-4.2V

b.  Vp, 1(calculated)=2-84V
VD,Z(calculated)=9'84V
VS,l(calculatedb='845V

c. VG, 1 (measured)”™ v
VD,l(measured)=9'71V
VD,Z(measured)=9'72V
VD,3£measured)=°84V

d. Ay g=- 84

e. vo,l(measured)=50mv

O,2(measured)=46mV

Ayy,a=:
AV, g=4.6

EXPERIMENT 28: LINEAR OP-AMP CIRCUITS
Part 1: Inverting Amplifier

a. VO/Vi(calculated)="RO/Ri""100K/20K="5

b. Vo(measured)='4°
Ay=-Vo/Vi=4.87/1=-4.87

Cc. VO/Vi(calculated) =-RO/Ri=-100K/100K=-1

V. =
0O (measured
AVL-VO/V£=-1.06/1=-1.06

Fig.28.6

Part 2. Noninverting Amplifier
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a. AV(calculated =(1+RO/Ri)=(l+100K/20K)=6
v

b. O(measured%= .
Ay=Vqo/V;=5.25/1=5.25

The two gains are within 12.5 percent of agreement.

c. AV(calculate§£=(1+100K/100K)=2
VO}measured)‘ <17V
Vo/Vi=2.17

The two gains are within 8.5 percent of agreement.

Part 3. Unity-Gain Follower

a. Vi (measured)=2-06V
Vo (measured)=2-05V

The ratio of the computed gain from measured values is equal
to .995,which is practically identical to the theoretical
unity gain.

Part 4. Summing Amplifier
a.  Vo(calculated)=-[100K/100K*1+100K/20K*1]=-6V

b. Vo(measured)=-5.02V.

The difference between the two values of VO is equal to 16.3
percent.

C.  Vo(calculated)=-[100K/100K*1+100K/100K*1]=-2V
O (measured)=-2.:01V

The difference between the two values of Vo is equal to .5
percent.

EXPERIMENT 29:ACTIVE FILTER CIRCUITS
Part 1.Low-Pass Active Filter

2. fL(calculated)=1/(2*3.14%10K*.001uf)=15.9KHz
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Table 29.1 Low Pass Filter

f(HZ) 100 500 1K 2K 5K 10K 15K 20K 30K
Vo(V) 1.0 1.0 1.0 .99 .95 .85 .74 .59 .52

Fig 29.4
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d. fr(from graph)= 15KHz
Part 2. High-Pass Filter
a. fH=1/(2*3.14*R2*CZ)=1/(2*3.14*10K*.001uf)=15.9KHz

Table 29.2 High-Pass Filter
f(Hz) 1K 2K 5K 10K 20K 30K 50K 1K 300K

vo(v) .06 .13 .31 .54 .78 .94 1.0 1.0 1.0
C. Fig 29.5
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d. fy(from graph)=15KHz
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Part 3. Band-Pass Active Filter

a.

c. Table 29.3 Band-Pass Filter

f(Hz) 100 500 1K 2K 5K 10K 15K 20K 30K
Vo(V) .01 .035 .07 .15 .32 .51 .57 .57 .49

f(Hz) 50K 100K 200K 300K
Vo(V) .35 .10

d. Fig29.6

| Ve (w) REESRRREREE
57y RS INEEI LRRRI AR RY
P TN
LL,&ZN, “W\T
I/ SR NN

:?{;flgj ~ ] T
ool ek | HE)

EXPERIMENT 30:COMPARATOR CIRCUIT OPERATION

Part 1.
a. R3=10Kohms, Vier=5V
R3=20Kohms Vief=6.7V

c. Vref(measured£=4-97V _
d. Vi (measured) (LED goes on)=5.01V

Vi (measureq) (LED goes off)=4.98V

e. Vref(measured£=6~53V
i (measured) (LED goes on)=6.65V

V}Smeasured (LED goes off)=6.61V .
All values of voltages measured and calculated relative to a

particular R; are in very close agreement.
Part 2. Comparator IC Used as a Level Detector

a. R3=10Kohms Vref (calculated) =4.98V
R3=2 OKohms Vref (calculated) =6.63V
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c- Vref(measure?izg.97V(R3=10Kohms)

d. Vi (measured goes on)=5.01V
Viimeasuredg(LED goes off)=4.97V

e. Replace R1 with 20Kohm resistor.
Vref (measured =6.67V (R3=2 OKohms)
i(measured)( ED goes on)=6.69V
Vi(measured)(LED goes off)=6.65V

f. Vi(measured)(LED goes on)=6.65V
i(measured)(LED goes off)=6.67V

The agreement between calculated and measured values in every
case was near perfect.

Part 3. Window Comparator

a. V+(pin5, calculated)=7.5V
V™ (pin6, calculated)2.5V
c. Vi(pinl, measured)=7.6V

vt (pin5, measured)=7.36V

V™ (pin6, measured)=2.3V

)(LED goes on)=7.6V
(LED goes off)=2.6V
(LED goes on)=7.46V
(LED goes off)=2.2V
(LED goes on)=7.46V
(LED goes off)=5.01V

d. Vi (measured
i (measured)

e. Vi (measured)
i (measured)

£. Vi (measured)
Vi (measured)

Again as in the previous case, the agreement between measured
and calculated values was excellent.

EXPERIMENT 31:0SCILLATOR CIRCUITS

Part 1.Phase-Shift Oscillator

b. RF (measured)=347KOth

c. Period, T peasured =1.51ms

d. f=1/T=1/{.51ms=66gHz

e. Period, T (measured)=15ms
f=1/T=1/15ms=66.3Hz

£. f(calculated,C=.001uF)=650KHZ

f (calculated,C=.01uF)~6>H2

All values agreed within less than 10 percent of each other.

Part 2. Wien Bridge Oscillator
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e T (measuredsC= 0.01uF)=3ms

f (calculated,Cc=0.01uF)=328H2
£. f (calculated,c=.001ur)=3-12KHz

. f(calculated,c=.01uF)=312Hz
Again, the agreement between the two sets of values was well

within 10 percent.

Part 3. 555 Timer Oscillator

C. T(measuredlfzo-lus

d. f=1/T=49.3KHz

e.  T(peasured,Cc=0.01uF)=203us
f=1/T=4.93Khz

f. k=fRC=.48
f=4.91KHz

The agreement between the two values differed by only .4
percent.

Part 4. Schmitt-trigger Oscillator

c. T(measured?(=21us

d. f£=1/T=46.9KHz

€. T (measured, C=0.01uF)=210us
f=1/T=4.69KHz

f. f(calculated,Cc=0.001uF)=46KHz
(calculated,C=0.01uF)~4-6KHZ

The measured and calculated values of the frequency for each
capacitor were within 2 percent of each other.
EXPERIMENT 32:VOLTAGE REGULATION-POWER SUPPLIES

Note: The data obtained in this experiment was based on the
use of a 10 volt Zener diode.

Part 1. Series Voltage Regulator

a. VL=VZ-VBE=10V-.7V=9.3V
b. VO (measured)=9.3V
Table32.1

vi(v) 10 11 12 13 14 15 16

VO(V) 9.25 9.26 9.28 9.30 9.32 9.33 9.35
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The voltage regulation of the system was -.54 percent.

Part 2 Improved Series Regulator
a. A=1+R1/R2=1+1K/2K=1.5

VL=AVZ
VL (calculated) =15V

b. Table 32.2

vi(v) 10 12 13 14 16 18 20 22 24
VL(V) 9.44 9.44 9.60 9.64 14.7 14.8 14.9 14.9 14.9

Upon coming near the nominal voltage level, the regulation
of the system was -2 percent.

Part 3. Shunt Voltage Regulator

a. VL=(R1+R2)*VZ/R1=3K/2K*10V=15V

b. VL (measured)=14.7V
Table32.3
vi(v) 24 26 28 30 32 34 36

VL(V) 14.3 14.4 14.5 14.7 14.7 14.9 15.1

The requlation of this system was 2.7 percent.
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EXPERIMENT 33: Analysis of AND, NAND and INVERTER Logic Gates

Part 1: The AND Gate: Computer Simulation

a.

Table 33-1

Input terminal 1

Input terminal 2

Output terminal 3

1 1 1
0 1 0
1 0 0
0 0 0
u1a:za T S R g py S S S S ST S R e M L S
8s 200mns l Time . 300ms l 480ms I " . SE;BITIS
Traces U1A:A and U1A:B are the inputs to the gate.
Trace U1A:Y is the output of the gate.
b. The output is at a logical HIGH if and only if both input are HIGH
c. Over the period investigated, the Off state is the prevalent one.
d.
Terminal 25 ms 125 ms 375 ms
1 1 1 0
2 1 1 0
3 1 0 0
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Part 2. The AND Gate: Experimental Determination of Logic States

a. Ideally, the same.
b. 10Hz
¢. Should be the same as that for the simulation.

d. The amplitude of the TTL pulses are about 5 volts, that of the Output terminal 3 is
about 3.5 volts.

e. The internal voltage drop of across the gate causes the difference between these voltage
levels.

Part 3: Logic States versus Voltage Levels

a. Example of a calculation: assume: V(VIA:Y) = 3.5 volts, VY = 3.4 volts

Ydeviation = 3V 234, 100 = 2.86 percent

3.5V

b. For this particular example, the calculated percent deviation falls well within the
permissible range.

Part 4: Propagation delay

a. For the current case, the propagation delay at the lagging edge of the applied TTL pulse
should be identical to that at the leading edge of that pulse. Thus, it should measure
about 18 nanoseconds.

b. Ideally, the propagation delays determined by the simulation should be identical to that
determined in the laboratory.

c¢. From Laboratory data, determine the percent deviation using the same procedure as
before.
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Part 5: NOT-AND Logic

a.

Table 33-2
Input1(7408) | Input 2(7408) Input1(7404) Output(7404)
1 1 1 0
0 1 0 1
1 0 0 1
0 0 0 1
|mm

Time

Traces UlA: A and U1A:B are the inputs to the 7408 gate, UT1A:Y its output trace.
Trace U2A:Y is the output of the 7404 gate.

b. The Output of the 7404 gate will be HIGH if and only if the input to both terminals of
the 7408 gate are HIGH, otherwise, the output of the 7404 gate will be LOW.

¢. The most prevalent state of the Output terminal of the 7404 gate is HIGH.

c. The PSpice cursor was used to determine the logic states at the requested times. The
logic states are indicated at the left margin.
At t = 25 milliseconds:

v v T . v v T
v L T R S S S—
H X i ' H H

e

Lt
v

: .

108ms 200mns

4 080ms

Saems




At t = 125 milliseconds

TS T Y B T S I S S L e T e i SIS
U1A:B © 1 ! . ! i 0
UtlA:yY B8 1 s
uza:a 81 s
uza:zy 1 [

A1 = 125 .397m,

n2 - a.6880,

dif= 125.397m
0 g " "

8s 100ms 200ns 300nms 400ms 500ns
Time

At t =375 milliseconds

e e R ey e S S s o :
4] 0 0 " L 1 v

dif= 375.397m
0 v " 1

0s 100ms 200ns 300nms L400ms 500ms
Time

B. Experimental Determination of Logic States

a. They should be relatively close to each other

b. They are identical

d. The output of the 7404 gate is the negation of the output of the 7408 gate.
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Part 6: the 7400 NAND Gate

A. Computer Simulation

Table 33-3
a.
Input terminal 1 Input terminal 2 Output terminal 3
1 1 0
0 1 1
1 0 1
0 0 1
b.
B. Experimental Determination of Logic States
Table 33-4

Input terminal 1

Input terminal 2

Output terminal 3

1

1

0

0
1
0

1
0
0

1
1
1
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EXPERIMENT 34: Analysis of OR, NOR and XOR Logic Gates

Part 1: the OR Gate: Computer Simulation

a.
Table 34-1
Input terminal 1 Input terminal 2 Output terminal 3
1 1 1
0 1 1
1 0 1
0 0 0
e o o e e I I e e s I
s ‘ . 100nms . I I l 200ns ' '.I'imel . 3080ms . . . . 400ms . . . SE;Bms

Traces UlA:A and UlA:b are the inputs to the gate
Trace UTA:Y is the output of the gate.

b. The output is a logical LOW if and only if both inputs are LOW, otherwise the output
is HIGH.

c. Over the period investigated, the ON, or HIGH, state is the prevalent one. This differs
from that of the AND gate. Its prevalent state was the OFF or LOW state.
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d. The PSpice cursor was used to determine the logic states at the requested times. The
logic states are indicated at the left margin.

At t = 25 milliseconds:

+ + H n H R + T H : n
+ + + + H H H + + + +
T — v T f . I S— . + v i
v v H H H v 0 H :
: : : H
' H

os 1 00ms 200ms . 300ms 1 00ms SO00ms
T ime
At t = 125 milliseconds
P— — — —
e e e B B e
12%.397m,
a.a888,
125 .397m
0s 100ms 200ns 300ms 300ms SQ00ms
Time
_

At t =375 milliseconds

: : v T : v v
L L e S SR
) ) V I v v
H 1 I v H H H H
H H | H H i H |
. h . : . ' H h '
H H H 1 | H ' ' . H H
H 1 | H H 1 1 ' H | | H H H
H , . H H 1 ) H H : H 1 H |
. 1 H . ' 1 | | | H | H H
| | | ' | | M | H i ' i ' 1
| 1 h . h 1 1 ' H | H | | H
| 1 1 . ' . 1 H . 1 i . | '
i : i , | h H | . | H H | \
h | H H 1 h H . 1 H H | .
1 1 H H 1 1 | | 1 H 1 | .
h h , H H | H ) H H h : H
. | H H 1 | | | | | h | :
h | ' H h i . . h ' h H '
| | 1 H H | | ' | H H | '
1 i H . 1 . . | H 1 H \ )
| H i ) 1 1 H } \ | ' H | H
h | H H H H H ) 1 ' . 1 \
1 1 . H H 1 H H 1 H 1 1 '
. H . H 1 | . . 1 H H ) '
h 1 H H | H . 1 | H ) .
i | h ' | h | | \ i ' h \ )
h ' ' H h . . H H h | \
H , | H H ' | H H H 1 H
i H ' H 1 ' i 1 H H 1 1
| H H | ) ) 1 ' H 1 H
1 H H 1 . 1 H ' i H H
s 100ms 200ns 300ns 400Ms s00ns
Tine




Part 2: the OR Gate: Experimental Determination of Logic States

a.

The pulse of 100 milliseconds of the TTL pulse is identical to that of the simulation
pulse.

The frequency of 10 Hz of the TTL pulse is identical to that of the simulation pulse.
They were determined to be the same at the indicated times.

The voltage of the TTL pulse was 5 volts. The voltage at the output terminal was 3.5
volts.

The difference in these two voltages is caused by the internal voltage drop across the
7432 gate.

Part 3: Logic States versus Voltage Levels

a. The PSpice simulation produced the identical traces as sown on the PROBE plot for

Figure 34-2.

b. Example of a calculation: assume V(V1A:Y) = 3.6 volts, VY = 3.4 volts

C.

Yodeviation = EZ—;;A‘—V *100 = 5.56 percent

It is larger by (5.56-2.86) = 2.7 percent.

Part 4: Combining AND with OR Logic

A. Computer Simulation

a.

uU1A:
u1ta:
utiA:
uz2a:
uzn:
u2Aa:
u3na:
u3nA:
u3nAa:

<02<LTDLWD

Os 100ms 2080ns 360mns 400ms 500nms
Time
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Table 34-2

UlA:A

UlAB

UlAY

U2A:A

U2AB

U2AY

U3AA

U3A:B

U3AY

1

O |=|O

O IO

OO0

O|—= O

1
1
1

OO

OO |O

o= O

O|—=|O

C.

At t = 25 milliseconds

uiazai 1
UlA:B 1
uta:=v 1
uz2a:Aa 1
uU2Aa:B 1
u2a:y 1
u3A:a 1
u3a:B 1
uza:zvy 1
'
'
I
8s 180ms 2606ns R 3006ms 400ns 5006ms
i1me
At 't =125 milliseconds
U1Aa:B © 0 v 0 v 0 0 H H i H 0 0 0 0
UtlA:=Y B8+ L. H H T —— H 2 H i T S S S
uza:a 17 L ' IV S ey tenmn ISR [ S S S SRS SN R S S —
u2a:B 1 y : ' V v v | T v v T T d
v2azy 1§ 7 T+ | ™ ' H —— |
uza:a 0T L T e
uza:e 11—+ 1| ]
usacy 17 T L T B S S
H H ' H H ' ' H
' | 1 ' H ' H H
H ' 1 H 1 1 | H
) ) 1 H . H J :
0.0600,
il dif- 125_.297m
0s 100ms 208ns 300ms 400ms 500nms

Time

287




At t =375 milliseconds

[Tidazal o T e s B SO S S s S i N0 S T o b I T S S
U1A:B B 0 0 v 0 0 0 v 0
uta:Y o —— ErE—— N H R S S
UzAazA O F————— . { L 1 s ]
uUZA:B 1 R S I S A
uza:y e ——/————_'__+ ————T VT . T 71 |
U3A:A O T T L = 0 I
U3A:B B I T S—
u3a:v 8 — I

il A1 - 375.397m,
Hll n> - H_.u48,
Bl dif= 375.397m

' T v 0 v

8s 188ms 2806ns . 3088ns 4 08ms Sa6ms
Time

d. The output of the 7432 gate, U3AY, is evenly divided between the ON state and the
OFF state during the simulation.

B. Experimental Determination of Logic States
a. The logic states of the simulation and those experimentally determined are identical.
b. The logic state of the output terminal U3A:Y is identical to that of the TTL clock.

c. The logic state of the output terminal U3A:Y id identical to that of the output terminal
U2A:Y of the U2A gate.

Part 5: NOR and XOR Logic combined
a.

U1A:B v v ¥ L L 0 O v "
ulA:Y R H —— [ [ [ m—
uza:na e e T L T e e
u2a:B : ; ; . . T ; ; .
uza:y ' T 1 : : [ T 1 T
6s 1080ms 2868mns 3808nms 480ms 580ns
Time
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b. The output trace of the 7402 NOR gate, Ul A:Y and the output trace of the XOR gate,
U2A:Y are both shown in the above plot.

Table 34-3
UlAA UlAB UlAY UZAA U2A:B U2AY
1 1 0 1 1 0
0 1 0 0 1 1
1 0 0 1 0 1
0 0 1 0 0 0

d. The output of the 7402 gate, UTA:Y is HIGH if and only if both inputs are LOW,
otherwise the output is LOW.

e. This is a logical inversion of the OR gate.

e. The output of the 7486 gate is HIGH if and only if the two inputs U2A:A and U2A:B
are at opposite logic levels.

. The logic state of the OR gate is HIGH if both inputs are at opposite logic levels and if
both inputs are HIGH.

oQ

B. Experimental Determination of Logic States

a. The experimental data is identical to that obtained from the simulation.
b. Refer to the data in Table 34-3.

c. Refer to the data in Table 34-3.

d. Refer to the data in Table 34-3.

e. The output of the 7486 XOR gate is HIGH if and only if its input terminals have
opposite logic levels, otherwise, its output is at a LOW.

f. For an OR gate, its output is HIGH if both, or at least one input terminal, is HIGH.
Its output will be LOW if both inputs are LOW. For an XOR gate, its output is
HIGH if and only if both input terminals are at opposite logic levels, otherwise, the
output will be LOW.
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g. The output of an XOR gate will be HIGH when both input terminals are at opposite
logic levels. Otherwise, its output is at a logical LOW.

EXPERIMENT 35: Analysis of Integrated Circuits

a. The PROBE data shows the flip flap to be in the SET condition.

b. The flip flop goes to RESET at 200 milliseconds because the D input terminal goes
negative. The flip flop goes to SET at 400 milliseconds because both the CLOCK

input and the D input are positive.

The importance to note is that the D input can be negative and positive during the time
that the Q output is low.

]

d. After the initial SET condition of the flip flap, and after a RESET state of 200
milliseconds, the flip flop returns to its SET condition because at 400 milliseconds,
both the CLOCK and the D inputs are positive.

e. Starting from a SET condition, a transition to RESET will occur when the D input is
negative and the CLOCK pulse goes positive. The flip flop will SET again when the
D input is positive and the CLOCK goes positive.

f. The conditions stated in answer previous answer define a positive edge triggered flip
flop as defined in the first paragraph of Part 1.

g. See above answers

0O U(DSTM2:pin1)

8s
O U(DSTHM1:1)
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v U(U1A:-Q)

Time

i. Let us assume that D is high when a positive a CLOCK pulse goes high. This will SET
the flip flop. This SET will be stored, or remembered, until D is negative and the
CLOCK triggers positive again. At that time, the flip flop will RESET. This RESET
will be stored, or remembered, until D is positive and the CLOCK triggers positive
again. At that time the flip flop will SET. Events repeat themselves after this.

B. Experimental Determination of Logic States

Both input terminals are held at 5 volts during the experiment.

®

b. The amplitude of the voltage of the TTL pulse is 5 volts.
¢. The amplitude of the output voltage at the Q terminal is 3.5 volts.

d. The difference between the input voltages and the output voltage is caused by the
voltage drop through the flip flop

e. The experimental and the simulation transition states occur at the same times.
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Part 2: Frequency Division

Answer all questions below with reference to the following PROBE plot.

T S e e T T T I —— — —am s o o R
u1lA:=Q H H L L . . ' v . . . " . ) v v H H " H
UZ2A:-CLK H H O v
u2a:Q
0s 100nms 200ns 300ms 400ms 5S806nms

Time

a. The frequency at the UL1A:Q terminal is 5 Hz.

b. The frequency at the UL1A:Q terminal is one-half that of the UIA:CLK terminal.
c. The frequency at the U2A:Q terminal is 2.5 Hz

d. The frequency of the U2A:Q terminal is one-half that of the U2A:CLK terminal.

e. The overall frequency reduction of the output pulse U2A:Q relative to the input pulse
U1A:CLK is one-fourth.

f. Each flip flop reduced its input frequency by a factor of two.

g. It would take four 74107 flip-flops.

B. Experimental Determination of Logic States.

a. The J and CLR terminals of both flip flops are kept at 5 volts during the experiment.

b. The voltage level of the ULA:CLK terminal is 5 volts. The voltage level of the
U2A:CLK terminal is 3.5 volts. The voltage level of the U2A:Q terminal is 3 volts.
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c. Refer to the above PROBE plot.

d.
Pulse Frequency
UlA:CLK 10.0 Hz
UlA:Q 5.0Hz
U2A:CLK 5.0Hz
U2A:Q 2.5Hz

e. They are identical.

Part 3: An Asynchronous Counter: the 7493 A Integrated Circuit

22 _.152m,
a.888,
22.152m

TwEzgka el — o — — —t 1

TR T ] — — { f { t } { f i —
u1:Q8B © 1 1 A : —q |
u1:=Qc © : H f v 1 H H I v v I S—
U1:0p © : : ] . ' : . . .

0s 0.5s5

-0s

b. See PROBE plot above.

¢. t=175 milliseconds. There is one clock pulse to the left of the cursor.

R T IR e i o o e T e T e B e T e T e T T e B T e T e T e B e T T e e e
u1:0a 1 — A I | t | | b
ui:ge @ : T S ] 1 =
ut1:=Qc © H " H | v v . H R I . v I —
u1-00 B : ; ; ] : , o : ; ] : , e —

1 ' H : : J H
H ' ' ' : ' :
H 1 ' H H ' H
A1 = 174 _051m,
n2 - 8.880,
dif= 174.651m
8s 8.5s 1.0s .5s .os

Time




d. t =375 milliseconds. There are three clock pulses to the left of the cursor.
[

1 ; : ; Arg—— ; v : ; Y : ; ; :
| 1 r L —_ i 1 1 i L Ll L
1 1 | I { ] i I { i I L
L e e | . : | 0t
° ! 1 ‘ = . . h ' . . : ,
P I 1 1 \ : 1 — 1 ] F:::;::::
j ' A 1 : H . ' H : 1 .
' : 1 ‘ : 1 ' ] H : , .
: ' | ' : ' , ' | , , ' ; 1 1
1 : : : ‘ \ , : .
. . . : ' H , : H
‘ . . ' . . ' .
' , : ' : H : : .
' . : . : : : :
: 1 : ' : ' 1 H 1 , 1 H .
] . H . . H , . :
' . . ‘ : H : H :
i : 1 ' : | : i : 1
1 . . ' ' A1 - 376.582m, : ' .
: H H : ' H a2 = a.0804, ! ' !
' ' ! ' ! ' : ' dif- 376.582m ! !
' . . : ' ' ' ' ' , :
: 1 H H .
. H H .
: H H :
. ) H :
, H :
' ' i i : h : ' ' H | ' , :
0s 8.5s 1.0s 1.5s 2.0s
Time

e. t = 575 milliseconds. There are five clock pulses to the left of the cursor.

' , : . : '
: | 1 ' : H : i A1 = 575.949m,
. , , ' ' ' : , A2 = 8.800,
' ' ! : ' ' ' ' dif- 575.949m
H , ' , H ' : .
. .
) . . .

6s 8.5s5
N _
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f. t = 1.075 seconds. There are ten clock pulses to the left of the cursor.

At t = 1.075 milliseconds, the output terminals, QA, QB, QC and QD have resumed

their initial states.

g.

The MOD 10 counts to ten in binary code after which it recycles to its original

condition.

h.

The output terminal QA represents the most significant digit.

The indicated propagation delay is about 12.2 nanoseconds.

i

1.7628 |
4.9975
-3.2347 |

1.00800,
12.280n,

1.00000003s 1.06000004s

1.000008002s

1.08000801s
:QA)

=}

1.000000080s

(%:U(DSTH1:1)
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B. Experimental Determination of Logic States

a. The logic states of the output terminals were equal to the number of the TTL pulses.

b. The experimental data is equal to that obtained from the simulation.

c. The propagation delay measured was about 13 nanoseconds.

d. The difference in the experimentally determined propagation delay was 13

nanoseconds compared to a propagation delay of 12 nanoseconds as obtained from the
simulation data.
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Chapter 1: Semiconductor Diodes

MULTIPLE CHOICE

1. The characteristic of an ideal diode are those of a switch that can
conduct current:
(a) in both directions
(b) in one direction only
(c) in both directions but in only one direction at a time
(d) depends on the circuit it is used in

2. When a diode is doped with either a pentavalent or a trivalent impurity
its resistance will
(a) increase
(b) decrease
(c) make the resistance stable against variation due to temperature
(d) none of the above

3. To make a P-type of semiconductor material you need a doping material
that is:
(a) pentavalent
(b) tetravalent
(c) trivalent
(d) hexavalent

SHORT ANSWER

4. The majority carriers in the P-Type material are the while in
the N-Type material are the .

MULTIPLE CHOICE

5. The direction of the arrow in the diode symbol points in the direction
of :
(a) positive terminal under forward bias
(b) from N-type of semiconductor to P-type semiconductor material
(c) from P-type of semiconductor to N-type semiconductor material
(d) leakage current flow

6. The reverse saturation current of a diode will just about for
every 10°C rise in the diode temperature.
(a) double
(b) half

(c) increase, proportionately with temperature
(d) decrease, proportionately with temperature

7. With increase in temperature the current flowing through the forward
biased diode will while the voltage drop across the forward
biased diode 1is
(a) increase; increased
(b) decrease; held constant
(c) increase; held constant
(d) held constant; decreased
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Chapter 1: Semiconductor Diodes

10.

11.

12.

13.

14.

. The DC or the static resistance of the diode is given by the expression:

(a) RD = VD/ID

(b) Ry = VVp/VIp

(¢) Ry = (Vpg - Vp2)/(Ip; - Ipz)
(d) all of the above can be used

. The piecewise linear model, equivalent circuit of the diode consists of:

(a) a junction capacitor, a battery, a small resistor and the ideal
diode

(b) a battery, a small resistor and the ideal diode

(c) a battery and the ideal diode

(d) the ideal diode

Some of the modern ohmmeters have a diode test setting. If you do not

have one of these ohmmeters then to test the diode you need to check its

resistance in the forward and the reverse direction. These resistances

should be:

(a) relatively high in the forward direction and relatively low in the
reverse direction

(b) relatively low in the forward direction and relatively low in the
reverse direction

(c¢) relatively low in the forward direction and relatively high in the
reverse direction

(d) relatively high in the forward direction and relatively high in the
reverse direction

In the Zener region the current and the voltage across the
diode .

(a) is almost constant; can increase a lot

(b) is almost constant; is almost constant

(c) can increase a lot; is almost constant

(d) can increase a lot; can increase a lot

Suppose that a particular Zener diode has a temperature coefficient
of 0.00575. If the temperature of this Zener diode increases by 50°C,
what is the change in Vz?

(a) 50 * 0.00575 = 0.2875

(b) 5 * 0.00575 = 0.02875

(c) 10 * 0.00575 = 0.0575

(d) Cannot tell without looking at the circuit in which the Zener is

used.

In an LED the visible light is produced when:

(a) the electrons and the holes combine with each other

(b) when an electron enters the diffusion region

(c) when a hole enters the diffusion region

(d) when the electrons and the holes combine in the diffusion region

The light emitting diodes emit light when the diode 1is
(a) forward biased

(b) reversed biased

(c) operating in the Zener region
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16.

17.

18.

19.

20.

21.

Testbank

As semiconductor devices have become one of the primary
purposes of the container is simply to provide some means of handling.
(a) larger

(b) widely used

(c) miniaturized

(d) more powerful

(e) less powerful

The advantage of the miniaturization of electronic devices is that they:
(a) improve reliability

(b) reduce cost

(c) increase speed

(d) reduce system size and weight

(e) all of the above

The characteristics of an ideal diode are those of a switch that can
conduct current in:

(a) both directions

(b) only one direction

(c) the reverse bias direction

(d) the high voltage direction

(e) none of the above

The diode is a short circuit for the region of conduction and
it is an open circuit in the region of nonconduction.

(a) ideal

(b) actual

(c) power

(d) small

(e) large

The ideal diode symbol has an arrow that points in the direction of:
(a) the leakage current flow

(b) the forward current flow

(c) positive terminal under forward bias

(d) all of the above

The term is applied to any material that will support a
generous flow of charge when a voltage source of limited magnitude is
applied across its terminals.

(a) conductor

(b) insulator

(¢) semiconductor

(d) dielectric

(e) none of the above

The term is applied to a material that offers a very low
level of conductivity under pressure from an applied voltage.

(a) conductor

(b) insulator

(c) semiconductor

(d) dielectric

(e) none of the above
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22.

23.

24.

25.

26.

27.

28.

The term is applied to a material that has a conductivity
level somewhere between the extremes of conductivity.

(a) conductor

(b) insulator

(¢) semiconductor

(d) dielectric

(e) none of the above

Which of the following is not a commonly used semiconductor material?

(a) carbon

(b) lead

(c) silicon

(d) germaniun

(e) none of the above

As temperature increases, semiconductor materials tend to have:
(a) an increased number of free electrons

(b) a decreased number of free electrons

(c) reduced conduction

(d) relatively unchanged conduction

(e) none of the above

Pentavalent elements have valence electrons.
(a) 1

(b) 3

(¢) 5

(d) 8

(e) none of the above

Doping is used to:

(a) decrease the conductivity of an intrinsic semiconductor

(b) increase the conductivity of an intrinsic semiconductor

(c) stabilize the conductivity of an intrinsic semiconductor

(d) increase the insulative quality of an intrinsic semiconductor
(e) none of the above

When pentavalent elements are used in doping, the resulting material is
called material and has an excess of

(a) N-type; valence-band holes

(b) N-type; conduction-band electrons

(c) P-type; valence-band holes

(d) P-type; conduction-band electrons

(e) none of the above

When trivalent elements are used in doping, the resulting material is
called material and has an excess of

(a) N-type; valence-band holes

(b) N-type; conduction-band electrons

(c) P-type; valence-band holes

(d) P-type; conduction-band electrons

(e) none of the above
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30.

31.

32.

33.

34.

35.

In an N-type material, the majority carriers are:
(a) conduction-band electrons

(b) conduction-band holes

(c) valence-band electrons

(d) valence-band holes

(e) neutral atoms

In a P-type material, the minority carriers are:
(a) conduction-band electrons

(b) conduction-band electrons

(¢) valence-band electrons

(d) valence-band holes

(e) charged atoms

Pentavalent atoms are often referred to as:
(a) donor atoms

(b) minority carriers

(c) acceptor atoms

(d) majority carriers

(e) none of the above

Testbank

When a PN junction is reverse-biased, its junction resistance is:

(a) high
(b) low

(c) determined by the components that are external to the device

(d) constantly changing
(e) none of the above

A PN junction is forward biased when:

(a) the applied potential causes the N-type material
than the P-type material

(b) the applied potential causes the N-type material
than the P-type material

(c) both materials are at the same potential

(d) all of the above

(e) none of the above

A PN junction is reverse biased when:

(a) the applied potential causes the N-type material
than the P-type material

(b) the applied potential causes the N-type material
than the P-type material

(c) both materials are at the same potential

(d) the current flow across the junction is based on
transfer

(e) all of the above

The isolated atomic energy structure associated with
shells is called a/an:

(a) conduction band

(b) energy band

(c) valence band

(d) energy gap

(e) none of the above
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36.

37.

38.

39.

40.

41.

42.

The more distant the electron is from the nucleus:

(a) the higher 1ts energy

(b) the lower its energy

(c) the less likely it is to be invalued in conduction
(d) all of the above

(e) none of the above

The energy required to move an electron in silicon from the valence band
to the conduction band is:

(a) 0.67 EV

(b) 10 EV

(c) 1.8 EV

(d) 1.1 EV

(e) none of the above

Silicon diodes have been more significantly developed than germanium
because:

(a) it is cheaper

(b) it is easier to produce

(c) it is more tolerant of heat

(d) it has a lower forward voltage drop

When a PN junction's depletion layer is narrowed and the device acts as
a nearly perfect conductor it 1is:

(a) forward biased

(b) reverse biased

(¢) unbiased

(d) none of the above

The maximum reverse bias potential that can be applied to a Zener diode
before it enters the Zener region is called the:

(a) threshold voltage

(b) PIV

(c) barrier voltage

(d) depletion voltage

(e) none of the above

When a PN junction is reverse biased, the depletion layer 1is
and the device acts as a near-perfect

(a) narrowed; conductor

(b) narrowed; insulator

(c¢) widened; conductor

(d) widened; insulator

(e) none of the above

The electrode with N-type material of a diode is called the:
(a) anode

(b) cathode

(c) depletion region

(d) Zener region

(e) none of the above
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47.

48.

49.
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The electrode with P-type material of a diode is called the:
(a) anode

(b) cathode

(c) depletion region

(d) Zener region

(e) none of the above

When forward biased a PN junction diode will conduct when the arrow in
the schematic symbol:

(a) points to the more negative potential

(b) points to the more positive potential

(¢) points to ground

(d) points away from ground

(e) none of the above

Determine the static resistance of a diode whose Vp = 0.8 V and Iy = 4
mA.

(a) 4 ohms

(b) 80 ohms

(c) 200 ohms

(d) 1000 ohms

(e) none of the above

What is the static resistance of the diode at 25 degrees C and -30
Volts and Ip = 0.5 pA?

(a) 60 M ohms

(b) 30 M ohms

(¢) 3 K ohms

(d) 60 K ohms

(e) 600 ohms

The steeper the slope of the diode characteristic curve:
(a) the greater the ac resistance

(b) the greater diode's capacitance

(c) the less the diode's ac resistance

(d) the less diode's breakdown voltage

(e) all of the above

The average diode resistance R,, is defined by between the
limits of operations.

(a) the distance

(b) a curved line

(c) a straight line

(d) a characteristic curve

(e) none of the above

The model of the diode represents the device as:
(a) an ideal diode

(b) in series with a battery

(c) in series with a battery and a resistor

(d) an ideal diode and a switch

(e) a switch and a battery
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50.

51.

52.

53.

54.

55.

The diffusion capacitance of a diode is a shunt capacitance effect that
occurs when the diode:

(a) is large

(b) 1s small

(¢) is forward biased

(d) is reverse biased

(e) none of the above

The transition capacitance of a diode is a shunt capacitive effect that
occurs when the diode:

(a) is large

(b) is small

(c) is forward biased

(d) is reverse biased

(e) none of the above

When tested with an ohmmeter, a diode should have a relatively high
resistance for condition.

(a) the reverse-biased

(b) the forward-biased

(c) both reverse- and forward-bias

(d) none-biased

(e) none of the above

When tested with an ohmmeter, a diode should have a relatively small
resistance for conditions.

(a) the reverse-biased

(b) the forward-biased

(c) both reverse- and forward-biased

(d) none-biased

(e) none of the above

The nominal voltage for a IN961 Fairchild 10 V, Zener diode has a
temperature coefficient of 0.072. If the temperature increases by 50
degrees C, what is the change in V,?

(a) 0.54 V

(b) 0.36 V

(c) 0.72°V

(d) 0.108 V

(e) none of the above

The act of giving off light by applying an electrical source of energy
is called:

(a) light power

(b) laser

(c) photons

(d) electroluminescence

(e) all of the above
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2 Section: 5 Objective:
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(a) Difficulty:
(b) Difficulty:
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(a) Difficulty:
(a) Difficulty:
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26. Answer: (b) Difficulty: 2 Section: 2 Objective:
27. Answer: (b) Difficulty: 2 Section: 3 Objective:
28. Answer: (c) Difficulty: 2 Section: 4 Objective:
29. Answer: (a) Difficulty: 2 Section: 5 Objective:
30. Answer: (a) Difficulty: 2 Section: 6 Objective:
31. Answer: (a) Difficulty: 2 Section: 7 Objective:
32. Answer: (a) Difficulty: 2 Section: 1 Objective:
33. Answer: (b) Difficulty: 2 Section: 2 Objective:
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36. Answer: (a) Difficulty: 2 Section: 2 Objective:
37. Answer: (d) Difficulty: 2 Section: 3 Objective:
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39. Answer: (a) Difficulty: 2 Section: 5 Objective:
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Chapter 2:

MULTIPLE CHOICE

Diode Applications

1. For the circuit shown in Figure 2.1.1 determine the load line
intersection with the two axis:

(a) Vp = 10 Volts and Ip = 1m Amp.
(b) Vp = 1 Volts and Ip = 1m Amp.
(¢) Vp =1 Volts and Ip = 10m Amp.
(d) Vp = 10 Volts and Ip = 10m Amp.
10 Volts = 1000 @
Figure 2.1.1
SHORT ANSWER
2. The operating point of the diode is where the intersects the
diode curve.

MULTIPLE CHOICE

3. If one silicon diode and one germanium diode are connected in series,
the voltage drop across the combination of the two diodes will be equal
to:

(a) the forward drop equal to
(b) the forward drop equal to
(c) the forward drop equal to

across the two diodes

(d) the forward drop equal to
drops across the two diodes

SHORT

ANSWER

that
that
that

that

of the silicon diode
of the germanium diode
of the sum of the voltage drops

of the difference of the voltage

4. If the current flowing in the diode due to the applied voltage source is
in the direction of the diode symbol's arrow then the diode is operating
in the state.

MULTIPLE CHOICE

5. Name the logic gate that is formed by the circuit shown in Figure 2.1.5.
(a) positive logic OR gate
(b) positive logic AND gate
(c) negative logic OR gate
(d) negative logic AND gate

\2

V2

.___QEE}___
*__{EE%____Qﬁm

2R

il

Figure 2.1.5
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6. Name the logic gate that is formed by the circuit shown in Figure 2.1.6.
(a) positive logic OR gate
(b) positive logic AND gate
(c) negative logic OR gate
(d) negative logic AND gate

v1.—@—
§R

—G
e

o’ OuT

Figure 2.1.6

7. For the circuit shown in Figure 2.1.7 the current will flow through the
load resistor during the

(a) positive half cycle of the 1nput waveform

(b) negative half cycle of the input waveform

(¢) during the entire input waveform

(d) the diode will block all current and there will be no current
flowing through the load

12DVAC} l 1000 ©

10:1

Figure 2.1.7

8. Calculate the peak current that will flow through the circuit of Figure
2.1.8 assuming an ideal diode.
(a) 12 m Amps during the positive half cycle
(b) 12 m Amps during the negative half cycle
(¢) 16.97 m Amps during the positive half cycle
(d) 16.97 m Amps during the negative half cycle

120VAC}

10:1

‘ 1000

Figure 2.1.8

9. For the clipping circuit shown in Figure 2.1.9 what will be the maximum
output voltage when the diode is conducting?
(a) + 16.97 Volts
(b) - 16.97 Volts
(c) + 2.5 Volts
(d) + 19.47 Volts

120 VACE

10:1

1000 Q

e
Figure 2.1.9
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10.

11.

12.

13.

14.

For the clipping circuit shown in Figure 2.1.9 what will be the maximum
output voltage when the diode is not conducting?
(a) + 16.97 Volts

(b) - 16.97 Volts
(¢c) + 2.5 Volts
(d) + 19.47 Volts

For the clipping circuit shown in Figure 2.1.11 what will be the minimum
output voltage when the diode is conducting?

(a) - 16.97 Volts

(b) + 16.97 Volts

(¢c) - 1.0 Volts

(d) - 17.97 Volts

Ideal +=
1.0 Volts
120VAC}‘ 1000 ©
10:1 -
Figure 2.1.11

For the clipping circuit shown in Figure 2.1.11 what will be the minimum
output voltage when the diode is not conducting?

(a) - 16.97 Volts

(b) + 16.97 Volts

(c) zero Volts

(d) - 17.97 Volts

For the clamping circuit shown in Figure 2.1.13 what will be the maximum
output voltage?
(a) + 11 Volts
(b) + 21 Volts

(c) - 11 Volts
(d) - 21 Volts
— T
10 \bhs C g]k o

-10 \Whs 1.0 Votts_——f
Figure 2.1.13

For the clamping circuit shown in Figure 2.1.13 what will be the minimum
output voltage?

(a) + 1 Volts

(b) + 21 Volts

(c) - 11 Volts

(d) - 1 Volts
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15. The maximum and minimum value of the current flowing load resistor in

the circuit of Figure 2.1.15 while the diode is operating in the Zener

region is:

(a) 8 mA and 40 mA

(b) need to know the load resistor value before we can determine the
value

(c) 8 mA and 35 mA

(d) 12.5 mA to 40 mA

1000 &

Input \bltage 3
50 Wwihts

W

| I
Figure 2.1.15
SHORT ANSWER
16.

17.

For the voltage multiplier circuit shown in Figure 2.1.16 the voltage
across capacitors Cy is and the voltage across capacitor C, 1s

Figure 2.1.16

In general Capacitors in parallel with inductive elements or across

switches are there as elements and do not act as typical
network capacitive elements.

MULTIPLE CHOICE

18.

19.

The point of intersection between the characteristic curve of the diode
and the resistor's loadline is known as:

(a) the point of operation

(b) the Q-point

(c) the quescent point

(d) none of the above

(e) all of the above

Given a series silicon diode circuit with the resistor R = 2 K ohms and
an applied voltage of 10 Volts, what is Ipg?

(a) 4.65 mA

(b) 1.0 mA

(c) 10 mA

(d) 0.5 mA

(e) none of the above
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20. A series silicon diode circuit has a resistor R of 2 K ohms and a 10

21.

22.

23.

Volt source. Determine Vpo if Ipg is 4.5 mA.
(a) 2V

(b) 0.7V

(c) 11.5V

(d) 1V

(e) none of the above

For the series diode configuration of Fig. 2.3(a) change the resistor R
to 2 K ohms, and use the diode characteristic of Fig 2.3(b) to determine
'
(a) 0.92V

(b) 92 mV

(c) 9.2V

(d) 10

(e) none of the above

104-------
+ p _ 9
——O——p—o—— 8
L S :
D
> + 5
E_T- 10V R ? 1kQ7g g
2
1
0l 0508 wvpwv
(a) ®)
Figure 2.3
Generally a silicon diode is in the state if the current

established by the applied voltage source is in the direction of the
diode symbol's arrow and Vp is greater than or equal to 0.7 Volts.
(a) off

(b) on

(c) saturated

(d) reverse-biased

(e) none of the above

Generally a germanium diode is in the state when the current
established by the applied voltage source is in the direction of the
diode symbol's arrow and V) is greater than or equal to 0.3 Volts.

(a) off

(b) on

(c) saturated

(d) reverse-biased

(e) none of the above
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27.

28.

29.

Testbank

The practical value of the current Iy for the circuit in Figure 2.18 in
the textbook is if the applied voltage is dropped to 0.5
Volts and R to 1 K.

(a) O A

(b) 0.5 mA

(c) 0.5 A

(d) 5 mA

(e) none of the above

Given a diode circuit with two forward-biased diodes, silicon and a
germanium diode in series with each other and a 1000 ohm resistor and an
applied voltage source of 12 Volts the voltage and current associated
with the resistor are:

(a) 10 Volts and 5 mA

(b) 11 Volts and 2 mA

(c) 11 Volts and 11 mA

(d) 2 Volts and 11 mA

(e) 5 Volts and 10 mA

What is the value of the voltage dropped across forward-biased silicon
diodes that are connected in parallel with each other?

(a) 11.3V

(b) 10.6 V

The value of the voltage dropped across two diodes one silicon and one
germanium, connected in their forward-biased direction in parallel with
each other and in series with a 12 Volt source and a 1 K ohm resistor
is:

(a) 11.3V

When the diode in a half-wave rectifier points toward the load, the

output from the rectifier will be:

(a) positive

(b) negative

(c) either positive or negative, depending on the polarity of the
transformer secondary voltage

(d) full-wave

(e) none of the above

A half-wave rectifier with the diode arrow pointing away from the load
has a dc output voltage of for an ac input voltage of 20
Watts maximum.

(a) 19.3

(b) 13.65

(c) 6.14

(d) 12.49

(e) none of the above
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30. A half-wave rectifier is connected to an ac source with a voltage of 20

31.

32.

33.

34.

35.

36.

Vyax - The dc output voltage is:
(a) 19.3 Vdc

(b) 13.65 Vdc

(c) 6.14 Vdc

(d) 12.29 Vdc

(e) none of the above

Why are bridge rectifiers preferred over full-wave center-tapped
rectifiers?

(a) They do not require the use of a center-tapped transformer.
(b) They provide higher dc output voltages.

(c) They require a lower PIV rating.

(d) They require less space.

(e) All of the above.

A bridge rectifier has values of V = 177 V,,4, turns ratio =35 : 1, and
Ry = 500 ohms. What is the dc output voltage?

(a) 13.75 Vdc

(b) 9.91 Vdc

(c) 19.82 Vdc

(d) 6.88 Vdc

A positive full-wave center-tapped rectifier has a secondary voltage of
20 V,.x- The peak load voltage for the circuit is if the
diode drop is included.

(a) 20 Vp

(b) 9.3 Vp

(c) 19.3 Vp

(d) 10 Vp

(e) none of the above

A full-wave center-tapped rectifier has a secondary maximum voltage of
20 Vm, and a 4.7 kn load resistance. What is the dc load current for the
circuit?

(a) 1.26 mA

(b) 2.61 mA

(c) 629.8 mA

(d) 1.4 mA

(e) none of the above

Which of the following circuits is used to eliminate a portion of a
signal?

(a) a clipper

(b) a clamper

(c) a voltage multiplier

(d) a voltage divider

(e) all of the above

There are two general categories of clippers, which are:
(a) dc restorer and dc eliminator

(b) half-wave and full-wave

(c) series and parallel

(d) regenerator and eliminator
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40.

41.
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The simplest diode performs the same basic function as a
(a) half-wave rectifier

(b) full-wave rectifier

(¢) bridge rectifier

(d) clamper

(e) none of the above

The circuit in Figure 2.8.5 is a:
(a) series clipper

(b) shunt clipper

(c) series clamper

(d) shunt clamper

4 Vi

16

Figure 2.8.5

Which of the following circuits is commonly used to provide transient
protection?

(a) a clamper

(b) a multiplier

(c) an eliminator

(d) a clipper

Which of the following circuits is used to change the dc reference of a
signal without changing the shape of the signal?

(a) a clipper

(b) a clamper

(c) a voltage multiplier

(d) a voltage divider

A clamper must have a/an that is large enough to maintain the
capacitor's charge during diode conduction.

(a) dc restorer

(b) RC time constant

(c) diode voltage

(d) applied voltage

(e) none of the above
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42. The circuit in Figure 2.98 uses a:
(a) positive clipper
(b) negative clipper
(c) positive clamper
(d) negative clamper

Vi  f=1000Hz

C=1uF
o—( -
+ ' +
vi R 2 100kQ v,
| 4 5V
-20 ° 1- : °

Figure 2.98

43. The output voltage of the circuit in Figure 2.98 will be clamped to
if the diode is silicon.

(a) 10.7 V
(b) 5.7V
(c) 4.3V
(d) 9.3V
(e) 5.3V
C=1pF
o_ll .
+ ' +
2 R 2 100kQ v,
| 4 5V

Figure 2.98

44 . The clamper works on the principle of:
(a) charging alternate capacitors to increase Vg,
(b) creating an input open circuit to disconnect the load
(c) switching time constants
(d) alternating dc reference voltages
(e) all of the above

45. Which of the following determines whether a given clamper is a positive
clamper or a negative clamper?
(a) the type of diode used
(b) the direction of the diode
(c) diode placement (i.e., in series or shunt with the load)
(d) all of the above
(e) none of the above
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47.

48.

49.

50.

51.

52.
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The biased clamper has a dc reference voltage that is:

(a) approximately equal to the dc voltage that is applied to the diode
(b) approximately equal to zero Volts

(c) dependent on the peak-to-peak value of the ac input

(d) equal to the dc average of the circuit's output signal

(e) none of the above

Given that a 1000 Hz signal is applied to a clamper with a resistor R of
10,000 ohms. What is the minimum value of capacitor needed to maintain
safe clamping action?

(a) .25 pF

(b) 10 pF

(¢c) 5 pF

(d) 250 pF

(e) none of the above

When the output signal is clamped to zero the total swing of the output
is equal to:

(a) total diode voltage drop

(b) 1/2 the total voltage drop

(c) the total input voltage swing

(d) 1/2 the total input voltage swing

(e) none of the above

The Zener diode is on if the applied voltage V is:
(a) V<V,

(b) V is greater than or equal to V,

(c) V>2V,

(d) V<1/2,

When it is in the "on" state, the voltage across a Zener diode, V,
(a) gets larger with an increase in applied voltage

(b) gets smaller with an increase in applied voltage

(c) increases sharply with a decrease in applied voltage

(d) goes to zero with an increase in applied voltage

(e) none of the above

The Zener diode must be operated such that:

(a) I, x V, =P,

(b) P, is less than the specified Py,

(c¢) the applied voltage is greater than V,

(d) behaves as a standard diode when not in the "on" state
(e) all of the above

The most frequent applications for a are in
regulator networks and as a reference voltage.

(a) half-wave rectifier

(b) full-wave rectifier

(c) Zener diode

(d) ideal diode

(e) clipper circuit
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53. A typical Zener diode regulator circuit uses a:
(a) dropping resistor in series with the load
(b) resistor in parallel with the load
(¢) Zener diode in parallel with the series resistor
(d) Zener diode in series with the load
(e) all of the above

54. When the Zener regulator is used to stabilize the output voltage given a
fixed input voltage and a variable load resistance, a too small load
resistor will result in:

(a) V; is greater than V,
(b) V; is less than V,
(c) V; is equal to V,

(d) V, is equal to Vi,
(e) none of the above

55. When a Zener diode circuit is used to stabilize the output voltage given
a fixed load resistor and a variable input voltage, the input voltage
must be:

(a) small enough to turn-off the Zener diode
(b) large enough to turn-off the Zener diode
(c) small enough to turn-on the Zener diode
(d) large enough to turn-on the Zener diode
(e) none of the above

56. Two Zener diodes connected can be used as an ac regulator.
(a) in parallel with each other
(b) in series with the load
(c) back-to-back
(d) in series with the input voltage
(e) none of the above

57. A Zener diode is designed to operate in the region of its
characteristic curve.
(a) forward operating
(b) reverse bias
(c) reverse breakdown
(d) zero voltage

58. If the maximum Zener current is exceeded the Zener diode is:
(a) turned off
(b) turned on
(c) destroyed
(d) none of the above
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Chapter 3: Bipolar Junction Transistors

SHORT ANSWER

1.

The three terminals of a bipolar junction transistor are known as
, and

MULTIPLE CHOICE

2.

For basic operation of a transistor the base-emitter junction is
biased.

(a) forward

(b) reverse

(c) not

(d) semi

. For basic operation of a transistor the base-collector junction 1is

biased.
(a) forward
(b) reverse
(c) not
(d) semi

. The output or the collector characteristics for a common base transistor

amplifier shows that as a first approximation the relation between Ig
and Ic in the active region is given by:

(a) IE = IC

(b) Ig » Ic

(C) IE « IC

(@) Ig = I¢

N

. In the cut-off region the base-emitter junction and the base-collector

junctions of the transistor are:

(a) both forward biased

(b) both reversed biased

(c) base-emitter junction is forward biased while the base-collector
junction is reversed biased

(d) base-emitter junction is reversed biased while the base-collector
junction is forward biased

_ In the saturation region the base-emitter junction and the

base-collector junctions of the transistor are:

(a) both forward biased

(b) both reversed biased

(c) base-emitter junction is forward biased while the base-collector
junction is reversed biased

(d) Base-emitter junction 1is reversed biased while the base-collector
junction is forward biased
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7. In the active region the base-emitter junction and the base-collector
junctions of the transistor are:
(a) both forward biased
(b) both reversed biased
(c) base-emitter junction is forward biased while the base-collector
junction is reversed biased
(d) base-emitter junction is reversed biased while the base-collector
junction is forward biased
SHORT ANSWER
8. The transistor parameter o is defined as :
9. The transistor parameter $ is defined as

MULTIPLE CHOICE

10.

11.

12.

13.

14.

In a small signal transistor the typical range of the parameter o 1is

(a) greater than 1

(b) between 0 and 1

(¢) almost equal to 1 but always less than 1 (0.9 to 1.0)
(d) almost equal to 1 but always greater than 1 (1.0 to 1.1)

In a small signal transistor the typical range of the parameter f 1is

(a) greater than 100

(b) between 0 and 100

(c) almost equal to 100 but always less than 100 (90 to 100)
(d) large and in the range of about 50 to 400

A BJT has measured dc current values of Ip =
When Iy, is varied by 100 uA, I, changes by 1
the ac beta for this device?

(a) 80

(b) 10

(c) 100

(d) 800

0.1 mA and Ic = 8.0 mA.
0 mA. What is the value of

A BJT has measured dc current values of Ig = 0.1 mA and Ic = 8.0 mA.
When I, is varied by 100 pA, I. changes by 10 mA. What is the value of
the dc beta for this device?

(a) 80

(b) 10

(c) 100

(d) 800

When a BJT is operating in the saturation region the voltage drop from
the collector to the emitter Vog is approximately equal to:

(a) collector supply voltage

(b) collector current times the collector resistor

(c) almost equal to zero (about 0.3 Volts)

(d) equal to the emitter voltage
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15. When a BJT is operating in the active region the voltage drop from the
base to the emitter Vgg is approximately equal to:
(a) base bias voltage
(b) base current times the base resistor
(c) almost equal to the one diode drop (about 0.7 Volts)
(d) equal to the emitter voltage

16. Bipolar junction transistors (BJTs) are commonly used as:
(a) the primary components in amplifiers
(b) shunt clipper circuits
(c) the primary components in rectifiers
(d) series clamper circuits
(e) all of the above

17. Veg is measured:
(a) from the collector terminal to ground
(b) from the collector terminal to the emitter terminal
(c) from the emitter terminal to ground
(d) from the collector-emitter junction to ground
(e) none of the above

18. Why is the arrow on the BJT schematic symbol important?
(a) It identifies the emitter terminal and the type of BJT.
(b) It identifies the collector terminal and the type of BJT.
(c¢) It identifies the base terminal and the type of BJT.
(d) It identifies the direction of the emitter current.
(e) None of the above.

19. In most cases, which two of the three BJT terminal currents are
approximately equal in value?
(a) collector current and base current
(b) collector current and emitter current
(c) emitter current and base current
(d) all currents are approximately equal
(e) no two are ever approximately equal in value

20. Which of the following biasing combinations is not normally associated
with one of the three transistor operating regions?
(a) E-B junction = forward, C-B junction = reverse

(b) E-B junction = reverse, C-B junction = reverse
(¢) E-B junction = reverse, C-B junction = forward
(d) E-B junction = forward, C-B junction = forward

(e) All of the above

21. The condition where increase in bias current will not cause further
increases in collector current is called:
(a) cutoff
(b) saturation
(c) active operation
(d) limit operation
(e) none of the above
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Beta is the ratio of:

(a) collector current to emitter current
(b) base current to collector current
(c) collector current to base current
(d) emitter current to collector current
(e) none of the above

A given BJT has an emitter current of 12 mA and a base current of
600 uA. What is the value of the dc beta?

(a) 20

(b) 21

(c) 19

(d) 200

(e) none of the above

A given BJT has an emitter current of 15 mA and a collector current of
14.95 mA. What is the exact value of beta?

(a) 300

(b) 299

(c) 1.003

(d) 250

(e) none of the above

A given BJT has a beta rating of 400. What is the value of alpha for the
device?

(a) 1.0025

(b) 0.0025

(c) 0.9975

(d) 1.00

(e) none of the above

A given BJT has an alpha of 0.9985 and a collector current of 15 mA.
What is the value of base current?

(a) 151.5 pA

(b) 15.15 mA

(c) 14.85 mA

(d) 15 mA

(e) none of the above

Which transistor amplifier configuration is the most commonly used?
(a) common-emitter

(b) common-collector

(c) common-base

(d) none of them are used more often than the others

A given transistor has ratings of maximum collector current equal to
200 mA maximum and a beta that varies between 150 and 200. What is the
maximum allowable value of base current for the device?

(a) 1 mA

(b) 4 mA

(c) 1.33 mA

(d) none of the above

329



Chapter 3: Bipolar Junction Transistors

29.

30.

31.

32.

A BIJT has measured dc current values of Ig = 1 mA and Ic = 80 mA. When
Iz is varied by 100 pA, I¢ changes by 10 mA. What is the value of dc
beta for the device?

(a) 80

(b) 10

(c) 100

(d) 800

A BJT has measured dc current values of Ig = 1 mA and Ic = 80 mA. When
Iz is varied by 100 uA, Ic changes by 10 mA. What is the value of the ac
beta for the device?

(a) 80

(b) 10

(c) 100

(d) 800

When a transistor is in saturation V.. is approximately equal to:
(a) collector supply voltage

(b) collector current times collector resistor

(c) 0.3 Volts

(d) emitter voltage

(e) none of the above

A transistor has a rating of Beta = 50 to 450. What value of Beta should
be used for circuit analysis purposes?

(a) 50

(b) 250

(c) 450

(d) 150
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25. Answer: (c¢) Difficulty: 2 Section: 6 Objective: 6
26. Answer: (e) Difficulty: 2 Section: 7 Objective: 6
27. Answer: (a) Difficulty: 2 Section: 8 Objective: 6
28. Answer: (a) Difficulty: 2 Section: 9 Objective: 6
29. Answer: (a) Difficulty: 2 Section: 10 Objective: 6
30. Answer: (c) Difficulty: 2 Section: 11 Objective: 6
31. Answer: (c) Difficulty: 2 Section: 1 Objective: 3

32. Answer: (d) Difficulty: 2 Section: 1 Objective: 9
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Chapter 4: DC Biasing--BJTs

MULTIPLE CHOICE

1.

When a BJT is biased in the Active Region its base-emitter junction
and its base-collector junctions are and

(a) forward biased; reversed biased

(b) reversed biased; forward biased

(c) forward biased; forward biased

(d) reversed biased; reversed biased

. When a BJT is biased in the Cut-off Region its base-emitter junction

and its base-collector junctions are and
(a) forward biased; reversed biased

(b) reversed biased; forward biased

(c) forward biased; forward biased

(d) reversed biased; reversed biased

. When a BJT is biased in the Saturation Region its base-emitter

junction and its base-collector junctions are and
(a) forward biased; reversed biased

(b) reversed biased; forward biased

(c) forward biased; forward biased

(d) reversed biased; reversed biased

. The fixed bias circuit shown in Figure 4.1.4 uses a silicon transistor,

a 12.5 KQ base bias resistor and a 2 KQ collector resistor. The supply
voltage Voe is 12 Volts. Calculate the base current:

(a) 0.904 mA

(b) 0.96 mA

(c) 0.056 mA

(d) 6.0 mA

Vcc

@)

Figure 4.1 4 Fixed bias circuit

. The fixed bias circuit shown in Figure 4.1.4 uses a silicon transistor,

a 12.5 KQ base bias resistor and a 2 KQ collector resistor. The supply
voltage Voo is 12 Volts. Calculate the maximum collector current:

(a) 0.904 mA

(b) 0.96 mA

(c) 0.056 mA

(d) 6.0 mA
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6. When a BJT is biased in the Cut-off Region the collector to emitter
voltage is typically equal to:
(a) the emitter voltage
(b) 0.03 Volts
(c) collector current times the collector resistor
(d) collector supply voltage
vV,

cc

n »
c

A
)
Figure 4.1 6 Fixed bias circut

7. The emitter stabilized bias circuit shown in Figure 4.1.7 uses a silicon
transistor, a 120.0 KQ base bias resistor and a 2 KQ collector resistor
and a 500 Q emitter resistor. The supply voltage Voc is 15 Volts. Which
region is the transistor biased in?

(a) saturation Region

(b) cut-off region

(¢) active region

(d) the transistor is not properly biased

T
p

¥
R

&)

m

Figure 4.1.7 Emitter
Stabilized bias circuit

8. The emitter stabilized bias circuit shown in Figure 4.1.7 uses a silicon
transistor, a 120.0 KQ base bias resistor and a 1 KQ collector resistor
and a 500 Q emitter resistor. The supply voltage Vgc is 15 Volts.
Calculate the base current.

(a) 89.0 mA

(b) 89.0 pA

(c) 0.119 mA

(d) none of the above

9. The emitter stabilized bias circuit shown in Figure 4.1.7 uses a silicon
transistor, a 90.0 Q base bias resistor and a 1 KQ collector resistor
and a 500 Q emitter resistor. The supply voltage Voc is 15 Volts.
Calculate the collector-emitter voltage. (The base current is 0.089 mA)
(a) 4.32 Volts
(b) 10.68 Volts
(c) 0.1335 Volts
(d) 14.24 Volts
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10. The voltage divider bias circuit shown in Figure 4.1.10 uses a silicon

11.

12.

transistor. The values of the various resistors are shown on the
diagram. The supply voltage Vec is 18 Volts. Calculate the base current.
(a) 233.78 uA

(b) 34.62 pA

(c) 596.55 pA

(d) 76.8 pA

Figure 4.1.10 Voltage
Divider bias circuit

When voltage divider bias is used it is considered appropriate to use
the approximate analysis to determine the bias condition when the
resistance Ry (1+8)REg.

(a) is greater than

(b) is less than

(c) is very much greater than

(d) is very much less than

The voltage feedback bias circuit shown in Figure 4.1.12 uses a silicon
transistor. The values of the various resistors are shown on the
diagram. The supply voltage Voc is 20 Volts. Calculate the base current.
(a) 28.4 pA

(b) 20.2 pA

(c) 28.3 pA

(d) need more information to calculate the base current

Figure 4.1.12 Voltage
Feedback bias circuit
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13. When designing a current-gain-stabilized voltage divider bias circuit
(Figure 4.1.13) the rule of thumb used for the emitter voltage is:
(a) VE = Vcc/lo
(b) VCE - Vcc/l()
(C) VB = Vcc/lo
(d) Vo = Vec/10

\

ce

o

W=75

[ |

Figure 4.1.13 Design
of Voltage Divider bias circuit

14. When a BJT transistor is used in a switching circuit it operates in the
region and the region.
(a) saturation; active
(b) active; cut-off
(c) saturation; cut-off
(d) active region only

15. The only difference between the resulting equations for a network in
which an NPN transistor has been replaced by a PNP transistor is:
(a) the size of the resistors
(b) the value of f
(c) the sign associates with the particular quantities
(d) all of the above

16. When a BJT has its base-emitter junction forward biased and its
base-collector junction reverse biased, it is biased in the

(a) saturation region
(b) active region

(c) cut-off region
(d) passive region
(e) none of the above

17. When a BJT has its base-emitter junction reverse biased and its
base-collector junction forward biased, it is in the

(a) saturation region
(b) active region

(c) cut-off region
(d) passive region
(e) none of the above
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When a BJT has its base-emitter junction forward biased and its
base-collector junction also forward biased it is in the

(a) saturation region
(b) active region

(c) cut-off region
(d) passive region
(e) none of the above

When a BJT has its base-emitter junction reverse biased and its
base-collector junction reverse biased it is in the

(a) saturation region
(b) active region

(c) cut-off region
(d) passive region
(e) none of the above

The term quiescent means:
(a) midpoint biased

(b) at rest

(c) active

(d) inactive

The fixed-bias circuit of Figure 4.2 uses a silicon transistor, a 10 K
ohms base-bias resistor, a 2 K ohm collector resistor and a collector
supply of 12 Volts. Find the base current.

(a) 6 mA

(b) 1.37 mA

(c) 1.13 mA

(d) 12 mA

(e) none of the above

Ac
input o
signal

Figure 4.2
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22. The fixed-biased circuit of Figure 4.2 uses a silicon transistor, a 12 K
ohms base-bias resistor, a 2 K ohm collector resistor and a collector
supply of 12 Volts. Find the maximum collector current.

(a) 1.13 mA

(b) 12 mA

(c) 6 mA

(d) 1.0 mA

(e) none of the above

Ac
input o
signal

Figure 4.2

23. When a BJT is in cut-off collector to emitter, voltage is typically
equal to:
(a) collector supply voltage
(b) collector current times collector resistor
(c) 0.3 Volts
(d) emitter voltage
(e) none of these

24. The change in I. and V., that can occur when the temperature changes is
known as:
(a) midpoint bias
(b) midpoint movement
(c) output movement
(d) Q-point movement

25. A/An is added to the fixed-bias configuration to
improve bias stability.
(a) base voltage
(b) emitter resistor
(c) collector resistor
(d) all of the above

26. The input resistance of the stabilized fixed-bias circuit configuration
is:
(a) inversely related to the emitter resistor
(b) inversely related to beta
(c¢) directly related to the collector resistor
(d) directly related to the emitter resistor
(e) none of the above
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Two of the factors associated with bias stability are:
(a) voltage and current

(b) the beta and the junction temperature

(c) age and amount of use

(d) none of the above

When a transistor is in saturation, the total collector current is

limited by:

(a) collector supply voltage and the total resistance in the collector
and emitter circuits

(b) collector to emitter and collector supply voltage

(c) collector supply, collector to emitter voltage, and the total
collector circuit resistance

(d) the transistor

(e) none of the above

Voltage-divider bias stability 1is:

(a) dependent on alpha

(b) dependent of beta

(c) dependent on the collector resistor
(d) independent of beta

(e) none of the above

Collector-feedback bias:

(a) provides a feedback path from collector to base
(b) provides an improved level of stability

(c) is not totally independent of beta

(d) all of the above

The collector-feedback bias configuration's input resistance is related
to:

(a) the emitter resistor

(b) the collector resistor

(c) the device beta

(d) the base feedback resistor

(e) all of the above

The emitter follower configuration has:

(a) a 180 degree phase shift

(b) an output voltage slightly greater than the input voltage
(c) the emitter connected to dc ground potential

(d) the dc supply applied to the base

(e) none of the above

A collector-feedback bias circuit is found to be in saturation. Which of
the following could cause this condition?

(a) The base resistor is open.

(b) The collector resistor is open.

(c) The transistor is shorted base-to-emitter.

(d) A solder bridge across the base resistor.
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34.

35.

36.

37.

38.

39.

40.

41.

In the design of an emitter-bias stabilized circuit engineering judgment
must be used because:

(a) the collector resistor is usually unknown

(b) the emitter resistor is usually unknown

(c) the relative voltage levels have not been defined

(d) all of the above

When designing for best bias stability the configuration
should be chosen.

(a) voltage-divider bias

(b) collector-feedback bias

(c) fixed-bias

(d) emitter-feedback bias

(e) none of the above

When designing a voltage-divider bias circuit, the divider resistors:
(a) should carry approximately equal current

(b) should carry currents that are 10 times the base current

(¢) determine the base voltage as the drop across R2

(d) all of the above

Why is design for a specific bias point desirable for most amplifiers?
(a) To meet manufacturer suggested opening point.

(b) It allows optimum ac operation of the circuit.

(c) It allows optimum dc operation of the circuit.

(d) All of the above.

There are transistors that are called switching transistors because:
(a) they have a built in switch

(b) of the speed at which they can be changed from on to off

(c) of the power they can transfer from input to output

(d) of the voltage they can transfer from input to output

(e) all of the above

The only difference between the resulting equations for a network in
which an NPN transistor has been replaced by a PNP transistor is:
(a) the size of the resistors

(b) the value of beta

(c) the sign associated with the particular quantities

(d) all of the above

Transistor circuits that are quite stable and relatively insensitive to
temperature variations have:

(a) a large input voltage

(b) a large stability factor

(c) a small stability factor

(d) a large beta

(e) a small beta

To design a transistor circuit for maximum stability one must consider:
(a) the collector leakage current stability factor

(b) the base-emitter junction voltage stability factor

(c) the transistor's beta stability factor

(d) all of the above
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42. Variation in hfe is influenced by:
(a) junction temperature and collector current
(b) temperature and base current
(c) bias type and device size
(d) device size amd base current
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Chapter 4: DC Biasing--BJTs

1. Answer: (a) Difficulty: 2 Section: 2 Objective: 1
2. Answer: (d) Difficulty: 2 Section: 2 Objective: 1
3. Answer: (c) Difficulty: 2 Section: 2 Objective: 1
4. Answer: (a) Difficulty: 2 Section: 3 Objective: 1
5. Answer: (d) Difficulty: 2 Section: 3 Objective: 1
6. Answer: (d) Difficulty: 2 Section: 3 Objective: 1
7. Answer: (a) Difficulty: 3 Section: 4 Objective: 1
8. Answer: (c) Difficulty: 2 Section: 4 Objective: 1
9. Answer: (a) Difficulty: 2 Section: 4 Objective: 1
10. Answer: (c) Difficulty: 2 Section: 5 Objective: 1
11. Answer: (c) Difficulty: 2 Section: 5 Objective: 1
12. Answer: (b) Difficulty: 2 Section: 7 Objective: 1
13. Answer: (a) Difficulty: 2 Section: 8 Objective: 1
14. Answer: (c) Difficulty: 2 Section: 9 Objective: 1
15. Answer: (c) Difficulty: 2 Section: 11 Objective: 1
16. Answer: (b) Difficulty: 2 Section: 1 Objective: 2
17. Answer: (c) Difficulty: 2 Section: 2 Objective: 2
18. Answer: (a) Difficulty: 2 Section: 3 Objective: 2
19. Answer: (c) Difficulty: 2 Section: 4 Objective: 2
20. Answer: (d) Difficulty: 2 Section: 5 Objective: 2
21. Answer: (c) Difficulty: 2 Section: 1 Objective: 3
22. Answer: (c) Difficulty: 2 Section: 2 Objective: 3
23. Answer: (a) Difficulty: 2 Section: 3 Objective: 3
24. Answer: (d) Difficulty: 2 Section: 4 Objective: 3

25. Answer: (b) Difficulty: 2 Section: 1 Objective: 4
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Chapter 5: Field-Effect Transistors

SHORT ANSWER

1.

3.

A BIT is a controlled device while the FET is a
controlled device.

. The three regions of operations for the FET are ; ; and

In the ohmic region the channel behaves like a

MULTIPLE CHOICE

4.

The maximum current in a JFET is defined as Ipgg and occurs when Vgg is
equal to

(a) zero Volts

(b) pinch-off voltage

(c) a small positive voltage

(d) a voltage greater than the pinch-off voltage

. Schokley's equation defines the of the FET and are

unaffected by the network in which the device is employed.
(a) Vgg characteristics

(b) drain characteristics

(c) input output characteristics

(d) transfer characteristics

. For an N-channel JFET Ipgg = 8 mA and Vp = -6 Volts. If Vgg = -2 Volts

then what is the value of the drain current Ip?
(a) 2.666 mA

(b) 3.5 pA

(c) 3.55 mA

(d) 5.33 mA

. For an N-channel JFET Ipgg = 8 mA and Vp = -6 Volts. If Ip = 6 mAmps

then what is the value of the gate-to-source voltage Vgg?
(a) -0.8 Volts

(b) -1.5 Volts

(c) 0.1335 Volts

(d) -4.5 Volts

. The drain characteristics for a FET that you see on a curve tracer are

drawn for equal step increases in the Vgg values, yet they are spaced

further apart as Vgg gets closer to zero. Why?

(a) This is true for only some FET devices, not all.

(b) The curve depends on the FET device used.

(c) Due to the square relation between Ip and Vgg, as Vgg gets closer to
zero I increases faster so the curves are spaced apart further.

(d) None of the above.
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10.

11.

12.

13.

14.

15.

16.
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. The depletion type of MOSFET can operate in the:

(a) depletion mode only

(b) enhancement mode only

(c) in the depletion mode and the enhancement mode
(d) none of the above

For an N-channel depletion type of MOSFET if Vgg > O then Ipgg will be
I

(a) less thgn

(b) more than

(c) equal to

(d) Vgg is not allowed to be greater than zero

For an N-channel depletion MOSFET Ipgs = 8 mA and Vp = -6 Volts. If

Vgs = 0.8 Volts then what is the value of the drain current Ip?
(a) 8 mA

(b) 10.25 pA

(c) 10.28 mA

(d) 6 mA

For an N-channel depletion MOSFET Ipgg = 8 mA and Vp = -6 Volts. If
Ip = 0.0095 Amps then what is the value of the gate-to-source voltage
Vgs?

(g) 0.54 Volts

(b) -0.54 Volts

(c) 0.1335 Volts

(d) 6.54 Volts

For Vgg < Vrg in an enhancement MOSFET the drain current will be:
(a) 10.0 pA

(b) 1.0 pA

(c) zero pA

(d) -1.0 pA

The enhancement type of MOSFETs operate in the:
(a) depletion mode only

(b) depletion mode and the enhancement mode

(c) enhancement mode only

(d) none of the above

Many MOSFET devices now contain internal that protect these

devices from static electricity.

(a) BJT transistors to bypass the static charge

(b) back to back zener diodes

(c) capacitors to collect and store the static charge

(d) nothing can be done to protect these devices from accidental static
discharge except very careful handling

The FET that has the best switching speed performance is:
(a) CMOS
(b) PMOS
(c) NMOS
(d) VMOS
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17.

18.

19.

20.

21.

22.

23.

24.

A CMOS inverter is biased with a +10 Volt Vg supply. The input to the

inverter varies between zero Volts and +10 Volts. When the input to the

inverter is +10 Volts the output from the circuit will be:

(a) +10 Volts

(b) -10 Volts

(c) zero Volts

(d) circuit cannot have an input voltage that is equal to the supply
voltage

The primary difference between BJT and FET types of transistors is:
(a) BITs are voltage controlled and FETs are current controlled

(b) BITs are current controlled and FETs are voltage controlled

(c) BJTs amplify better than FETs

(d) none of the above

The Field Effect Transistor has:
(a) an N-channel type

(b) a P-channel type

(c) unipolar structure

(d) all of the above

FETs usually:

(a) are smaller in construction than BJT's

(b) are less sensitive to temperature change than BJTs
(c) have a higher input impudence than BJTs

(d) are less sensitivity to applied signals than BJTs
(e) all of the above

The level of drain to source voltage where it appears that the two
depletions regions touch is known as:

(a) the depletion zone

(b) channel establishment

(¢) pinch-off

(d) channel saturation

The JFET is a:

(a) voltage-controlled device
(b) current-controlled device
(¢) frequency-controlled device
(d) power-controlled device

The terminal of the JFET is the equivalent of the collector
terminal of a BJT.

(a) gate

(b) drain

(c) source

(d) anode

The terminal of the JFET is the equivalent of the base
terminal of a BJT.

(a) gate

(b) drain

(c) source

(d) anode

346



25.

26.

27.

28.

29.

30.

31.
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The terminal of the JFET is the equivalent of the emitter
terminal of a BJT.

(a) gate

(b) drain

(c) source

(d) anode

The JFET uses a positive drain supply voltage.
(a) N-channel

(b) P-channel

(c) MDS

(d) CMOS

The region of the characteristic curve family for the junction FET that
is normally used for linear amplification is:

(a) the constant-current region

(b) the saturation region

(c) the linear amplification region

(d) all of the above

(e) none of the above

The collector current I, of a BJT flows through two junctions. The drain
current of an FET I flows through junctions.

(a) O

(b) 1

(c) 2

(d) 3

(e) none of the above

As the channel width of a JFET decreases, the source-to-drain resistance
of the device:

(a) increases

(b) decreases

(c¢) remains constant

(d) is not affected

Which of the following is usually used to control the channel width of a
given JFET?

(a) the source voltage

(b) the gate-to-source voltage

(c) the operating frequency

(d) the drain current

The region of the JFET drain curve that lies between pinch-off and
breakdown is called:

(a) the constant-voltage region

(b) the ohmic region

(c) the saturation region

(d) none of the above
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32.

33.

34.

35.

36.

37.

38.

The value of gate-to-source voltage that causes the drain current to
reach its maximum value at a given value of drain voltage is called:
(a) VDyax

(b) pinch-off voltage

(c) Vpss

(d) none of the above

The FET transfer characteristic curve is defined by Shockley's equation
and is:

(a) unaffected by the network it is used in

(b) directly related to the drain resistor

(c) inversely related to the drain resistor

(d) inversely related to the sum of the drain and source resistors

(e) none of the above

What two parameters represent the FET transfer characteristic?
(a) drain-to-source voltage and gate-to-source voltage

(b) drain-to-source voltage and drain current

(¢) gate-to-source voltage and drain current

(d) gate current and drain current

(e) none of the above

The value of drain current is always the value of the short
circuit drain current Ipgg for a given JFET.

(a) less than

(b) equal to

(c) less than or equal to

(d) greater than

A JFET has values of Ipgg = mA and Vgg opp = -5 V. What is the value of
ID at VGS =-3V?

(a) 1.6 mA

(b) 3.6 mA

(c) 25.6 mA

(d) 4 mA

A given JFET has values of Vp = 10 V and Ipgg = 8 mA. What is the value
of Vgs opp for the device?

a) +10
(b) -10
(¢) -5

(d) cannot be determined from the information given

The enhancement-type and the depletion-type FETs are subclasses of:
(a) junction FET

(b) metal-oxide-semiconductor FETs

(c) BITs

(d) bipolar FETs
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45.

46.
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The depletion-type MOSFET has specifications and many characteristics
that are similar to:

(a) the PNP BIJT

(b) the NPN BJT

(c) the JFET

(d) none of the above

Which of the following FETs is the best choice when the gate-to-source
voltage has both positive and native swings?

(a) JFET

(b) enhancement MOSFET

(c¢) depletion MOSFET

(d) CMOS

(e) VMOS

MOSFETs typically have an input impedance value that is:
(a) higher than the JFET

(b) lower than the JFET

(¢) equal to the JFET

(d) randomly defined relative to the JFET

D-MOSFETs can operate in:

(a) the depletion mode only

(b) the enhancement mode only

(¢) the depletion mode and the enhancement mode
(d) all of the above

MOSFETs are also referred to as:
(a) substrates

(b) IGFETs

(c) DEFETs

(d) SiO-FETS

Which of the following is true for an N-channel D-MOSFET that is being
operated in the depletion mode?

(a) Ip > Ipgs and Vgg is positive

(b) Ip < Ipgs and Vgg is negative

(¢) Ip > Ipgs and Vgg is negative

(d) ID < IDSS and VGS is pOSitiVG

A D-MOSFET has values of Ip = 15.63 mA and Vgg = +1 V. What is the value
of IDSS?

(a) 0 mA

(b) 5 mA

(c) 10 mA

(d) none of the above

For levels of gate-to-source voltage greater than the threshold voltage,

the drain current is directly related to the:

(a) square of the difference between the gate-to-source voltage and the
threshold voltage

(b) gate-to-drain voltage

(c) square of the gate current

(d) none of the above
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47. For a gate-to-drain voltage less than the threshold level the drain
current of an enhancement-type MOSFET is:
(a) 100 mA
(b) 10 mA
(c) 1.0 mA
(d) 0.0 mA

48. The E-MOSFET can operate in:
(a) the depletion mode only
(b) the enhancement mode only
(c) the depletion mode and the enhancement mode
(d) all of the above

49. A major disadvantage of MOSFETs is:
(a) 1ts high input impedance
(b) that it is a voltage operated device
(c) that it is sensitive to electrostatic discharges
(d) none of the above

50. Many MOSFET devices now contain internal that protect them
from static electricity.
(a) BITs
(b) Zener diodes
(c) PN junction diodes
(d) capacitors

51. The power-handling levels of a MOSFET:
(a) 1s usually less than one Watt
(b) is about 10 Watts
(c) is similar to that of a vacuum tube
(d) is usually about 100 Watts

52. When compared with commercially available planar MOSFETs, VMOS FETs
have:
(a) reduced channel resistance
(b) higher current capability
(c) higher power ratings
(d) a positive temperature coefficient
(e) all of the above

53. The VMOS FET typically has switching times that are:
(a) very slow
(b) 1/2 that of the typical BIT
(c) 2 times that of the typical BJT
(d) 20 times that of the typical BJT

54. VMOS is a special-purpose type of:
(a) D-MOSFET
(b) E-MOSFET
(c) JFET
(d) BIT
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A relatively high input impedance, fast switching speeds, and low
operating power describe the characteristics of the family.
(a) BIT

(b) enhancement-type MOSFET

(c) depletion-type MOSFET

(d) CMOS FET

(e) VMOS FET

The FET that typically has the best switching speed performance is:
(a) CMOS
(b) JFET
(c) NMOS
(d) PMOS
(e) VMOS

CMOS stands for:

(a) complementary MOS
(b) current MOS

(c) capacitive MOS
(d) conductive MOS

A CMOS inverter has a +10 V Vgg supply and an input that varies between
0V and +10 V. When the input to the circuit is +10 V, the output from
the circuit is:

(a) -10V

(b) OV

(c) +10 V

(d) cannot be determined from the information given
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Chapter 5: Field-Effect Transistors

1. Answer: current; voltage Difficulty: 2 Section: 1 Objective: 1

2. Answer: ohmic; saturation; breakdown

3. Answer: voltage controlled resistor
Difficulty: 2 Section: 2 Objective: 1

4. Answer: (a) Difficulty: 2 Section: 2 Objective: 1
5. Answer: (d) Difficulty: 2 Section: 3 Objective: 1
6. Answer: (c) Difficulty: 2 Section: 3 Objective: 1
7. Answer: (a) Difficulty: 2 Section: 3 Objective: 1
8. Answer: (c) Difficulty: 2 Section: 5 Objective: 1
9. Answer: (c) Difficulty: 2 Section: 7 Objective: 1
10. Answer: (a) Difficulty: 2 Section: 7 Objective: 1
11. Answer: (c¢) Difficulty: 2 Section: 7 Objective: 1
12. Answer: (a) Difficulty: 2 Section: 7 Objective: 1
13. Answer: (c¢) Difficulty: 2 Section: 8 Objective: 1
14. Answer: (c¢) Difficulty: 2 Section: 8 Objective: 1
15. Answer: (b) Difficulty: 2 Section: 9 Objective: 1
16. Answer: (a) Difficulty: 2 Section: 9 Objective: 1
17. Answer: (¢) Difficulty: 2 Section: 11 Objective: 1
18. Answer: (b) Difficulty: 2 Section: Objective: 1
19. Answer: (d) Difficulty: 2 Section: Objective: 1
20. Answer: (e) Difficulty: 2 Section: Objective: 2
21. Answer: (c¢) Difficulty: 2 Section: Objective: 2
22. Answer: (a) Difficulty: 2 Section: Objective: 1
23. Answer: (b) Difficulty: 2 Section: Objective: 1

Difficulty: 2 Section: 2 Objective: 1
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Chapter 6: FET Biasing

MULTIPLE CHOICE

1. A JFET can be biased in several different ways. The common method(s) of
biasing an N-Channel JFET is(are)
(a) self-bias configuration
(b) voltage divider bias configuration
(c) fixed-bias configuration
(d) all of the above

SHORT ANSWER

2. In a self-bias circuit for an N-channel JFET transistor the bias voltage
Vgs is developed across the resistor connected to the

MULTIPLE CHOICE

3. In a self-bias circuit for an N-channel JFET transistor the self-bias
line .
(a) is straight up and down parallel to the Ip axis
(b) is straight left and right parallel to the Vgg axis
(c) is slanted and passing through the Ip and the Vgg axis on the
positive side
(d) is slanted and passes through origin

4. In a voltage divider-bias circuit for an N-channel JFET transistor the
bias line .
(a) is straight up and down parallel to the Ip axis
(b) is straight left and right parallel to the Vgg axis
(¢) is slanted and passing through the Ip and the Vgg axis on the
positive side
(d) is slanted and passes through origin

5. In the voltage divider-bias circuit for an N-channel JFET transistor,
shown in Figure 6.1.5 calculate the quiescent drain current Ip and the
gate-to-source voltage Vgg.

(a) Ipe = 2.4 mA and Vgge = 1.8 Volts

(b) Ipe <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>