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1. '\JtHH)l.J'I[~'U1J'YI'Ilf1J~ 5 '\Jt) fl1Hl'11t/fft)l.Jflt)'U'cl'l1Jt)'I'11

1 j1 a 4.c:i 4 Q 'j/ 'j/

2. t)'4tyl~ If'Ulm-nl~lmt)'1I'\JlIUII'cl~lmt)'1f1~I'cl'\JI'\Jllft) ~fft)l.J

1
il1 iI.. ... .1 c:l1II il1 .... 1 iI.... 1 •3. t)'4tyl~ If 'If~Ufft)l1'1t)ulflfl1fll~ Ufl1'1I'\JlIUfll~t)l.JU'cl::: lfl'\JlIUfll~t)l.J Uff1J~fI1~t)l.J

4. t1'n1flfffl~ 11~ lIU1U~'1~f:i~lf '"nrmed1'1~11111 '1'1t/~ 1,)'~ 'l.JfI:::IIUU ~~1l1.J

5. 11ljjfl:::IIUU ffl1111.Jt11~t)1.J~11ljjmr11m1~Hlfit)t11t) fi1J1l1~lflull1 ~ IflUlIlll

fhlfU~1,.r

• m'lflul'Ylt){iJ'cljj~l vr = 26mV ~~WlftJij,.rt)'127oC

• ff1J1J~1,.rlrlt)mlu~ffl~t){1I1.J1.J1111-nrll{ (BIT) l11'11U ur 3flU VBE t/~jj~ltJ'j:::1J1W o.71111~

• ff1Jfl1'jfl111Jff1J'Wun'\Jt)'1mlUcifffl~t){II11111 111-nrll{ (BIT) ffllf111fftytylW'\JU1~1lfqjf1t)

1< =Is ex{ ;;) (Ill

1 iI • 1 0' d iI • Id ~
~lIm'j11J 1Il11'\J t)'1U'j lflgfl1'jWlt)t)'j~111ff1Jnn t/:::lu'clllU1UU

1< ~Isexp(;Jl+ ~:) (12)

• ff1J1J~1,.r small-signal model '\Jt)'1 BIT IflUfl'l~tJ~ 1.1 (Ut) flt/lflt/:::jjfl1'jfillfu~m-nl~)
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1. (n) 'llm'H)11'Ulll~ L2(a) 0'1fftytyltll~'U'Yp11rJmi~llff1l~1'U'ltJ~ L2(b) h111ml~l'i'lln~111lfftytyltll1l1~~'U

v I'V 2' V I' V 21U'l~ V (1~ small-signal approximation 1'UmHil'U'ltlli~)
ou/outee x

(6 f1~1l'U'U)

t

t

ms
OV+--+--I-----1r-~......7

-2mV

(b)

ImV

OV+-~--I'-----'lr-~......7

-lmV

VEE = -2.5V

(a)

2mV

Vee = 2.5V

('U) gff1Jm1f1111Jff1J~'Uti'UU~'YI11Wiffl~V{ll'l.J'U 'luhuh{ (BIT) ITll11Ufftytyltll'U'U11lh1t)jtiU

I<~Isexp(~J (1.3)

ffl1J1Hlfl~llwm~llfflUfflln~tJ11nDf)11tUltlv~M ~~m.n1ltlfl~ltltl1l111l1~~'U large signal r, ~~iJlIlllv{1'U'l1l

(I A)

.Clt, .9 ~ .Clt, ?t ~ 1 ' d l.cl 41?t
'Yi'lntllll1JVfftytyltllV'U~'YI1U'Ufftytyltlll11J1ln1J (uuu large signal) 'YI11n1~'U'ULU'~1JfIllU'U ~nl = ~n2 = v;,m 'l~. " ,
ViUltll1ltlVlfttlfl111JloU'l1'l11fftytyltllll1~~'Un~iJ~l~U{Ve 'l~~fmlln1~vdl~ i 1 (;j'Ul11Vn~ 'U'U11l1't'1l i l1~ lijU

lntlUnU Vcm) 1'Yi11~V~h lln~ffU1lfl~V~nUff1Jf)11 (I A) l11vi,,;uil~h

oQ 4Q1 .e:t. ?t Ql 1 r d ,..I dl?t

'Yi'l11tllll1JVfftytyltllV'U~'YI1U'Ufftytyltlll11J1l~1~ (uuu large signal) 'YI11n1~'U'Ullfl~1JflllU'U Vinl = Vd, ~n2 = -Vd

'il~ViUltll1ltlV1fttlfl111JloU'l 1'l11fff.\Jf.\JltllllH~'U ~~iJlIlllU{ V 'ldjf)1mn1~vdNh (~'Ul11Vfl~ 'U'Ul1l1Yll i l1~
u u e

lrlmntlUnU V) 1'Yi11::U~h llfl~ffU1lfl~U~nUff1Jm1 (I.4) l11Vi1 Udl~h

(6 f1~1l'U'U)
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2. \l1f1fftyqptuVU~'Y1fl'tl,ltrtyq"tu f';nl ll'fl~ f';n2 1UiU~ 1.4 (~~fl'11Jl'Hl1Jtl'llilufftyty1tufl'tl'l1'l111J~111Jt1Utl~

i~) lrlm'ltlUl.,r1i U1U1'1\11~'1tld1Uf1ritl'lx1UiUU11f1D':h1~ i~fftyty1tu~lt:l1li'~'Y1 vDUtl ll'fl~ Vout2 ~'111fl'~'11UiU

"" I "

1'1\11mrIl'M;U'l~ +5V ll'fl~ljjt:llil~f1ritl'l~vnJ'hij~uf1'jtU~'11i'fJiUUtld

• lmri'l~lUf1'j~1lfl'1'I'1~~~1JI'I~~'1UflJ'\JU1~f1'j~1lfl'lilUfh'~"l~i~ 2 ~1

• ~11~lJU1~~ijfhlilUt:l'IrU~ 1 ~1
QI)/ , QI

• ~1~lU'Y11U 4000, lkO,4kO, lOkO tlUl'l'fl:: 1 ~1

rmnerunnn

Note: llH~U Vout1 i1ii~ln~ \11 nf111iltlUll 11ri'l~lUf1'j::llfl'~HI~lU~1~1umull1iln~ \l1f1f111f1'j eu1Uf111'\Joij~

fftyty1tu ltl9i~1J1\11 f1VU~m;l 111'm ~tlmvn::fftyty1tu~9iimifl'

Vcc=5V

'::tF',i~ + ";~~UYl7nlltl" ...V.:;;;in2:.o-~
-o,Smv 'V

-lmV .

- "---r------I

Vout1
'Wihfryry1ll.1Ltl~1"lL\liltltl~

ijLtlYl1:lfryry1ll.1~' -3 hili
OV

Vout1

-3V

Vout2
L\liltlu~lfryry1ll.1uYl7nlltl"

Vout2 OV
(nlfuLl111) !U1" OmVpp

-3V llOmv,.
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1" "" !'1'Ii ,,, d.csd etd.cs .cs ~ ~.cs
3. (0) 'If'Y111'U'lfffI1l'fl1 IlJ 'YHllllllJlJl[J'U'VlI'fl'U1I~~'YH'fl'U'YW[JfllllJlJ1'HI1 NAND gate lIlJlJ1Jff'fl'l'fl'U'Yj'Yl'lf'l1J

1111 Nf111 1J'l1'1~'11111 H~ 1.1 I flU~'fl'l1-M'Y11 1'UeiffI1l'fl{~'1 ff'fl~ 'lfUfl '111 11l!1~1I1 1J f1111Jm 1J1~ rru (ff1J1J~':h hi
• ?I v 1""''' , d """ A _il'" '" 1"'I1IlJ'U11 'fl'l 'lf1l1111'Umu 1J 111 'fl 'I'IllJ ff'U'fl'l'Y11 1'U'lfffI1l'fl11'Vl'fllJ'fl'ln1Jnl1lffU111U fl)

(4 f1~1I'U'U)

..i
9I1'lN'tl 1.1

INI IN2 OUT I

0 0 1

0 1 1

1 0 1

1 1 0

1 v 0 ~ QI 4 1~ "QJ' QI QI 1 d .... 1"1" QI d d does
('U) 11'fl'flnlllJlJ1'1'il1nll'Uflfftyty1WI'Vl'fl 11Ifl~0'lJW~fftyty1Wfl;llIfffl'l 'UlU'Yl 1.5 nn 11 flfftyty1Wffll1~U1J'I'I1J

~ I i 1" '" 1 J , ::, ~ I <11"duty cycle 11101150% flU 'lfQumWlI'fl U'UI'l'll'U'U ('il~1'lf urns UO fl)

• 'fl'flUlI'fl1JilQfl1Jf1~ 2 911

• 9111~lJU1:::~i'h1Wl 1 911

• 911~1'U'Y11'Ufh1w15 911
~ ,

" ?I 1,,1 '" , .... ""•
• 1I11~'1'llUllJ'U nIM'It] f1'fl VCe" VEE = -Vcc 'Vl1 'fl1Jm 11'Ufl'U'UI'fl'l

(6 f1:::1I'U'U)
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4. 'iJn;1f1l'HH)f1111J1J1.:1'iJ·H~tl hn~fftyqjlUH'I'11Jl'HihJ1J~11H;1l'I:IW::~.:I'lufi 1.6 i'Ju1~~u fl'jur~tlI uUlvhu'U

(tll'iJ 'iJ::1en,jfI'j1J'I'J f1~ Un'jur~,~)

• 1l'Hrl.:l~lUfl'j::llfffl.:l~~'J1JfI~fh1'J"l~'~ 2 'V'J

• ~1~1'U'I'l1'Ufh1'J"l 2 ~1

• ~11~1JU'j::~ti11'J"l I ~1
Q,ldd Q,lQ, d

• RS flip flop I ~1 "If.:l1JfJWff1J1J~m1J~l'jl.:l'l'l 1.2

• ff1'1'l'li'~'J1JfI~ 4 ~1 (11~'Ull1J1Jt.1'lm.:l~'U~fI11JfJ1J,,!.:I ff1'1'l'l1o::iJ'J)

• 1.:1'iJ'jlmU1Jlfiu1JllH~'U~'J1JfI~ (ideal voltage comparator I 2 'V'J

" .
• lvM;U.:II~U1 (single-voltage supply) 5 i1fl~

(8 f1::11'U'U)

Vout (V)

4ms3ms2ms

1--1-----
1
I

1 1 1___1 L _
I 1 I
1 1 I
1 I 1
1 lit(s)

I ~

Imso

2V

4V

..i
fll'nUI1.2

S R Q

0 0 llHJUl1J

0 I 0

I 0 I

I I Q- (till~1J)
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5. 'il1fl1~'il':i 1'UpJ~ 1.71,r'Vi1fll':i11m1~...r1'r1tlfi1'U1tullfl~11~UYt1ljY1tu m~llff1 'Ui"11J'\..Il1m~1'I1fl~1'\..1~1~1'\..1 m '\..I

" .
'Vi'~ 4 ~1'il1flll'l1rl~~lU 11jtl1~'il':itld1'\..1fffll1~f1~~1 (steady state) ff1J1J~1,r VBEON = O.7V, VCEON = O.2V Ilfl~

ff11J1':i n fl~ lflUm~ II muff1~

(8 f1~I1'\..1'\..l)

Vee

11~

~ 2n_F....Q_2 15V

3tl~ 1.7


