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1. '1IVffVllU1JUlH'I'1'H'jll 'Uff. 'YIl1~mJ'U1'll'1 210-232,210-:,32 nu fl. fIltlPJlff mff~HJ 1'YI1'U'U
,. ,.

SI d.d Q,I" '4 0
2. '1IVffVll'11~'U1J'YI~'H1J~ 6 '1IV fJ1H1'j1\1fffl'lJfH)'Ul1~1JV'YI1

'I
v 0 4.e:t -=' ~ v v

3. Vllty1~ 'H'U1mvn~inse ~l'1l(J'Ulll1~lmfl~fl~m'1l1'1l1'H V~neu

4. Vllty1~'lM''IcN~'U fffl 'H~eil1flfll~M'I'U ms I~UUfh~ V'lJLl1~ 'IM'1:U(J'Ufh~V1J 'I'Uff1J~rh~V'lJl'YhJ'U

5. ti'lUflflflll1l:U (J'U 'I'U~~~fi~'H ftflfll 'j fld1~~1tJm~\I~'t{5" jfJ ~1l'U'U~~ l11l

6. 'liiifJ ~1l'U'Uril'Hi'uri 1~au~ 'liii fll 'j111'1 'j1::;,..j'Hifl 'liuih flWl11(J~lfJ'Ul'H~ lfJ'Uf-.fl1

fil'H'U~ 'IM'

• m~~h.ll'YIv{]jl1util Vr = 26mV ~'fJtu'HtJiiM'fl'l 27°C

• ff1J1J~'IM'lrlvml'Ucjfffl~fl{1l1l1J'1l1'Y'l~1{ (BJT) yh~l'U llH~'U VBE \I~UtilU'j~1Jltu 0.711l1~

• ff1Jfll'jfJ111JffUW'U 1i'1lfl~ml'Ucjfffl~fl{llllll'u1l'l~1{ (BJT: ril'115'llfftytyltl.1'11'Ul~ imyfiv

I, ~I,exp(~ J (1.1)

1 v _I "d v _,d ~I
~ml1'j11Jf.ll1'11 v ~u'j1fl!Jfll 'jtu LVfl'j~1 (Jff1Jfll 'j \l::;runuuruu

I, ~ Is exp( ~~ ](1 + ~:J (12)

• ff1J1J~'IM' small-signal model '1Ifl~ BJT lfJ'U~'l~tJ~ 1.1 ('UVI1\11fl\l~iifll'jfil'11'U~mvn::)
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1. 1-:1'O'j'\ltlltltltlUmnJ1J (1lifJ~:lJfl~) 1'U~u~ 1.2 ~-:llj5m1'\1t11mYtyty1W 10000 l'vh (n1'11fufftyty1W'\I'U1~1~fl

:lJ1 fl"ll 'YhJ'U) llft~1Y1 :lJ1HI ~lt1'11~tlfum :alf,.1~1liln'U 40mA 1~\iflU 1:lJ1'\1t11t1fftyty1W1'll'Ulltl:lJflft~~'\I'W1~
A '!"IJ"''' "J ..... '" "" "" 1 "'1 1"'''J·.I.1 ,100/-N lfltl1'111~1Ytyty1W1'll''U'YI:lJlvJ1Yfl-:ll~:lJllft~lltl:lJfl''~~'\I'U1~IV ~tI:lJ 'I1ft~'\IU1~ 200 ( 'If lTI1M-:ltJ +5V)

~tI~-:lll1Y~-:llU1Ull~ ln~i1ty'l11 n1 tityfltl~fl11:lJH~ IvrUU'\ItI-:I ffqnpw ln~~Ullft~lj fll 'j fl ftU (clipping) '\ItI-:I

., I '"
1Yruru1W'j1:lJ~1t1

u u

(fl) 1~'I11'j~~Ufftyty1w~ltI1n~'YI~""hl,rln~fll'jfliiu(/2) neuuu)

('\I) lrltl"~'j::~Ufftyty1W 1'll'U~VU ~'YIft-:l 'OlJ ~'\IU 1~1~ fllJ1 nsu1lilfi~ msfl ftUll~ ~U'j 1fl~r:hfftyty1W ~lmyJ~'Y1

iJ-:lfl-:lln~m1:lJliftiu 1li1~d~llJfftyty1W1'll'U 1,rtl~Ulmf'U'l 'hflu:lJ1'Olfl1Y1l'11~1~ (Gl fl::llUU)

(fl) 1,rt!flfff11nYi1msnnnuuu1-:1 'O'j 1'I1li1 'HJiJ-:lfl-:l~ flU'IJ U1t111UU 1li fl "UlvJ1Y~1t1tlm1'\Itl1tJt1U1-:1lftltI 10000 l't'h

"1 ~tI1li1,rln~fl11:lJlfjtllJllft::1 lil,r~ fll'jfl iiu

• 1~tll,rl~tltlUlltl:lJil'lfi1~1~tl1tiulu~u~ 1.2 1~~lU1U1lilnlJ 3 ~i1

• ~1~lU~llJ1U~~1~1~911:lJm11Jl'I1:lJ1~1Y1J

• 1~ tl1Y1J1J~11t.i'1111t1t1Ulltl1Ji111ft::~1~1U 'YI1lJ ~l '11lJ1:: 1Y1J:lJ1~ t 1,rlflmeuuiltlu fl"U ftUll~11Y1:lJ1HI1Y~l-:1. .
~ iJ d<l::l QI d ~ I

1-:1'O'j'\ltl1t1l'lf-:ll1YU'YI1Jtl91'j1'\1tJ1t1'\1lJ1~1J1fl'YI'fT~fltl 150 1'YI1 (~ f1::11UU)

lllJ1fi~~'li1t11lJ fll'j tltIflllUU (hints); 1'j11Y11J1HIl~1Jfl111J1Y1:lJ1HI'Iurns ~lt1'11~tlf1J ns::ll1Y~lmyJfl'YI'\ltl-:ltltlU.
lltl1Jil1~lfllJ1YtI-:ll'Yh1~ tlfln111t1t1Ulltl1Jil1J1~tI'\IU1lJflU (111 pin ~~tlllfijtlU tiu'\ItI-:ltltlUlltl1Jil1YtI-:I~1:lJ1~tI

~1tJtiUl'Jfl pin)

"
('j11J'ti-:l'l11J~ 10 neuuu)

1C\ t
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2. ~lnpl~ 1.3 ~'1'HlfftytyltullHri'IJl{)nf~'Y1 Va.' 11ijmll1ffllW'lJi'mh'lhfi1JfftytyltullHri'IJ Vi' V2, V3, V4, Vs lift::

V6 1~tI~~fil~tJ1J,..rtJ~1'IJ1t1'\JtJ'I'Vil'niil~tJf R I , R2, R3, R4, s; R6 llft~: RFi,;'1~tI~ffllll~11tJtJtllltJlIih~'IJtl~lIf1~

(5 f1::11'IJ'IJ)

-v

Vout

~t1Yi 1.3
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(8 f1:::U'U'U)

Vol Vee

RD RG
v/

Vx
RF

2mV

t
OV

ms

Vy OC! -2mV

Rz

Vo2 ImV

OV

-lmV

-
(a) (b)

~1J~ 1.4
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4. 1l1fl1'11l'Iltlltl~ 1.5(a) ~'1H66tlIl61Jil~~1Jfl~ll~iitl\il'Il~tJ1UlVjtJ'I 10 I'Vj, i~tJ~ RB = IOkn, c, = IOnF uae
. . "

iifftytylWll'I'l~tl~tl~'V1 Vi. ~'111ff~'11tlltlii1.5(b) 1l'lilml:::MI'~tlW1l~:::11~fftytylW~tl'tl;1

• ffUJUJ1Wll'I'l~'U V
u u X

(5 fl:::ll'U'U)

o '" , Id v 1 iI
flll~tl'U: 1J1Jfl:::ll'U'UfIl 'H V = ovx

Vout

-
(a)

2mV

t
ov r-2m V

(b)

Juri 1.5
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5.
. "

iM'Hll'lJ1fi~nTH,.hnHI1 Voltage Summing Amplifier lIUUi~fHl'Ul'rh,..¥iiH~'IJ~11Hl1flNon-inverting amplifier

ill'ftl~ 1.61~Vlll1JlHff~1~1~\l1Voltage Summing Amplifier rll'r1'rufftyqJltui'll',rlllJ1iP/IGnJJ1nffV~fftytylW

Viol llft:::vi"2 (i~tiV~~fl111J~ 1kHz) i~U,,rijfl111Jff1J'vl'trfitlum~~llIV1""~'I1 vow, i~mh:::1JlWl~ll

vout == K {Vinl + V;2 } (1.3)

,. "
li1V K tim;'f1~Villft:::illnl1VVflllUUij~Vti1lf'IJ~~~i1

i " ..." .l! .,
• 'lI'\1'jl'IJ'Il'fflIPlV1 BIT uuu NPN lfll~1PI1

• nenuuu i~uiflyjliU'l1~U1"1l1~ 5i 1ft~

• ~1~111'l1l11tili~"l ~1111114 ~1 (\l:::i~i~~i~)

• ~11~U'Lh:::~tili~"l ~111111 3 ~1 (\l:::i~i~~i~)

• ff1J1J~il P"V'I'\1'jl'IJejffflIPlV{ijti11rJllmr'IJ~

lrlVVVflllUUll~1iM'1;jlllllfliltil K ~'lJV~tlutil"V'ItrtJflnu~'~v 'h'lh (l'lfll tilfl111J~111'l1111 til~11~Ulh:::~
.ol

1lft:::eu"l1Pl l1JfI111Jllf1Jl:::nu)

111l1'11l'lnl1VVflllUU (hints): ffl1J1HlVVflllUU1~\l1i~UVilnl1~WJ'IJ1\llfl1'1\l1"1I11111UUcommon emitter

111JtlUmlflnl1 superposition M
R

V'N~· .· .· .· .
Vil-'I\I'\/~"'"

VoutA

- I:o
VEE ~ -VelJ"

Rc

~t1fi 1.6

(7 f1:::11'IJ'IJ)
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d' QI QlQld'

ltJ1VlllVl Vaa, 1l.:Jfl11lJfYlJ'n'Uti9111H1'lJnl'S

Vout =K1{K2(va +vb)- K3(vC
+Vd)} (1.4). .

4 41.et QI 4Q1 QI~ 'IGI QI

IlJtl x; K2 11m: K3 f1tlfllfl.:JVl11"::l1Hll'U Va' Vb' Vc 11":: VJ f1tlfYtytyllU11Hll'Utl'UllVl\lln11'11".:J\lltJfYtytyltlHlHll'U

~lllJfI~
, >I.

\I1n1.:J\I'Slitltl n11lJlJ111'11fYll.:J,)'1tJ,:h x; K2 uae K3 lJfh~'Utl~nlJm'Slijl91tl{li1 oM'1 'Umstltl nuuuerheh O'lf'U

4'UD~nlJfh~1~1'UVll'UtlVl~ i'S)

(8 f1::11'U'U)

Va

'V

-
Vb

'V

X? Voul- --0v,

'V

-
Vd

'V

-

~u~ 1.7
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1'1f1 210-232 Electronic Circuits and System (sec 02)

·1 0 -::'1 C/
u'j~'il1um'ji'l'flfJ1 2553

11l'1 09.00-12.00 u.

" . .
fJ 'il1\9l i'iJmnHlU i 'YlfJ.;r'iJ~lfiV tli'U\9lfl i 'iJ'j1fJl'1f1Vl1l)'il1\9l11l'~Vl"nmsl~uu 1 fl1flflUffflfJ1

.
oOJ " ~"oi"o 'JI'JIflUT-3 I. 1JV~i.1!191l'l1'Ul 'U91 91U11'IJ1'11V~ffVlJ

1 n) ~v~m'j'l~ll'j'~lJrelay ~iJfll11J~1'U'Y11'U'lJV~ coil 500 n '~llH\\,'U'yjlifJ~ 12 volt i~fJi'lJ1:Yi.1!i.1!lfl.1input mn

TTL ''I1'vvmllJlJ1~1l'j' 1l":::llff~~11in1'j'f11'Ulfl.1
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-=- 0 I11.

Q2

R1

4.7k

Q1

-5V



'ii~H"fJ 'I '" 'j'\,j'-n-. ... ............. .. . .... .. ........ .. 3

2) mlflll'IJ1J1'1'iJ':i common emitter 1,rih111':il'lW1V 25 lVll 1l'IJ'IJ voltage divider bias Jj~flfll':i"lnU'IJtl'lm~lln

collector ~ 10 mA 1l'l~'I1l Zin' Zout l~m..!1'1'iJ':i ac equivalerr: lh~fltl'IJfll':ifil'U1W 11flln'U DC ll'l~ AC

load line 'lJtl'l1'1'iJ':i~tltlflll'IJ'IJ
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3) "lfl1.:j,mhl'/'\.J~',r f3 = 125, VBE(ON) = O.7V,ro = oc

'I'/l~~ Q point '\JV.:jll~"::; transistor, '111 overall small-signal voltage gain llCl::;'111 input resistance

output resistance

5V

RC
56k

R1

Ri

70k

02~

C1 Ro
C2 II1II

~ Vout

RE1 RE2 RL
R2 200 1.5k 10k

VS "\...J
6k

-=-0

-sv
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4) 1l1fl1'11l'J nll1UflM RS = 100.0, Rl = 20kO, R2 = 2.2k.o

RE =100.o,RC =2k.o,Cc =47ul>; Vee =lOV

lltl~ parameter vse transistor VBE(ON) =0.7V,/3 =200,VA =00

m corner frequency lltl~ midband voltage gain

r----·-----l......-Uvcc

R1 RC

RS Cc

R2
RE

-=-0
-
-=-0



4 • 8
'lftHYfJ1:l :i'l1ff .

5)1)1f1~U parameters 'Ufl,,'j transistor f3 = 100, V13E(ON ) = O.7V 'Vlf1911 tYl11i'u Q1 ll(l~ Q2 ~

VA =00 111W Q311(l~ Q4 ~ VA = 50V 'l1m)tlllUU111rllf1111J~lW'V11W~'11 /3 =400pA ll(l~

VCE! = V CE2 = 10V 111 differential unz common-mode nput resistance

+15V

F~2

lC2~ Il~
10k R1

V1~
13~-=-0 -=-0

03

-15V
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