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(. =_!=_&- 
o T 4R1C1R'I. 

'l'ho rcfore. the rr ia ng uf nr wave oscrllarcs between+ 7\' and - 7\' 

T = 1R1C1R·i 
R:i 

l Ic nce t he frequency ofo.,:;cillat10nf., 1,;, 

Put uni;: r ho vnl uo oft., (pp) from £q. (i>.21 ). WC' get 

I" (pp) = -, \·,""I' ( \ ·, ""P) 2 R'..!V 
R:1 "'" 

l'h« output sw r t e hv s frr,m -\ ·.,., 1 to +\ · .. 'l• an hn lf tho: t uru- Jh'r1<,cl 't r: i'utt111g 
1 :11- ,·:1hws 1n t h« b,1,-1<.: m tc-jrrnt o r c•quat1011 

Thc r.-fnr«. pr-n k to pcuk a rn p l u uclc of t hc t r ui njz u l a r wa ve 1~. 

_ -R.2. _ H1. v, ... ,,j> - R < - V, .. ,, ) - n <V s , ,1 i 
:1 :l 

R.., =- -'-(..-V J 
R ~Ill 

.:.i 
- \. 

r.U11p 

- Vr""'J> + R R '..!R [ + v •. ,1 - ( - v,.1,n11 >] 
'..! , ;; 

J\t t = 11. the volta~c at point P becomes equal to 7.Pl'O. Tho rcfore-. 

zc ncr diodes. The Ire q ue ncy of t.he tnnngulnr waveform can b..- cnlcu la u-d a!< to llows: 
The effect ive vo lt age at pornt P d ur mg the t1:1H' when output of A1 is, a t +\ ··.,t leve l 1s ~1,·<'n 

by. 
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. \ l'!'litl\(_;'.~lnr ',\J1;t' can be sunplv nb::un:.'J by JJlt(•r,r1.tmg a square V. ave as shn» n tn r1l.'. 

It ,~ 01n·iou:-: :h1t ~he: =·~o;c-qutnc: of th,:, .,;uan wave and triancular w.:i•,·c· 1s in!' ~:~:i'( 

.-, .. -hown in F1~. . Alrhouch :he· ampiuudc o: :he square \1.3\•? is constant at :L' .. 
11.,e .unp.uude d tb· trianzulnr wove will de crease ,13 the frequency l:J.r:r;::1.::-1:,; Thi» 1~ 

I ,'r' .iu-c 1 hf· reactar.ce of the t::i.p.JCI Lur C.. rn L,te feed back crrcun dccrc :i SfS ·1 t ::.: gh Ireq llt."r.c:,·., 
.... ro:.'$1.:-LdllC:L RI 1.; connected .,crv.-:S c_ to avo.d the saturation prcble rn a: low Ire que ncies .,~ 
In l h~· r.ct:-:~ · of pract LC:-31 in tegrator. 
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Sample and Hold circuit efficiently captures and holds analog signals using the interplay between 

the MOSFET, capacitor, and operational amplifier. The MOSFET acts as a switch, the capacitor 

stores the charge, and the operational amplifier ensures the integrity of the held signal during the 

holding period, making it a crucial component in various electronic applications. 
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When the MOSFET is in the closed-switch state, the analog signal flows to the capacitor through 

the drain. The capacitor quickly charges to its highest level. But when the MOSFET opens, the 

charging stops. Thanks to the operational amplifier with its high impedance, the capacitor holds 

onto the charge, preventing it from disappearing. This holding period is crucial as it retains the 

sampled value. 

Understanding how a sample and hold circuit works is like figuring out the roles of its main parts. 

Imagine it as a team with three key players: an N-channel Enhancement MOSFET, a capacitor, 

and a high-precision operational amplifier. The MOSFET is like a switch, acting similar to a traffic 

light. It follows the orders of the input voltage through the drain and the control voltage through the 

gate. When it gets a positive control voltage pulse, it turns ON, becoming a closed switch. 

Conversely, when the control voltage is zero, it turns OFF, becoming an open switch. 
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ll:r~. z, I, 
Ii, I,,, ( 5'rn) 

= - 
I} 

R L 

" 10-1 :o I oor l - = <NCt 2-i r2 == .., . I (1 .· ;er~ .... ·- . 
:\ \ 

5(J 
= - .>J.26 = 1 

I ::5 , l LI I (1 . \ IJ.~~ 

1h1 \01L:1gl:~ain, 

hr. ,•\, = Current uain - ' 
(aJ 

- 5. 
Cii\ -n H = I kD .md R, = I kL! 



l - It. 
.)• 

/, 
' t, I - ...... f 

-Ir. 
J, ,,, = - -<--- 

.J - 1, 
, •• - I ] I I,, I 
I J• 

''r•,~--. - .. - ,,,. 
,, 

i\ IJ, : .. r- 'It' ', 

:~ - J·,. 'b. ~ i: ... . .· 

t 
0 

E 

;, r I '· 

CEt;cc 

l 
-0 
[J 

I 

I'. 

c 
0 

t 

T 
0 
L 

~;. --- -.- l _ I 
J 
E 

1· r 

cc 'r 

I I 

I -;->\ 
Be.> I I .. / -- '· .I - , .. c 

I --- 0 

' l' t .. ' C>- -----a c 

i ' I . 
T 
0--- 

I 
F o .- · 

J 

.. 

c 
--c • 

4.b. 



N~,·- - 
/.,, +· }l I 

. . 
,JI I ,',II 

h, I .... 
,,\' I 

I !· ... I .. 

(2) 

(1) 

+ ,,, 
I 

I= /i - 
I ) 

I 

h .. i,. 

I r ~ 

I ' 

-l.·. l 

l I J} - •~JI f ..o .", • \ ' - < l 

'Y L' n r c 

l 
- lr,, 

I\ 

l = •'J..I, I .'t., .. 

Output Artrnht ance , Y0 

,·I,/.' -·-· 
l, 

1,, 

r, 
:\, - . 

1, 

t ~ - -.'7'l1 = .. ,/,/: 

Voltage Gain or Voltage Amplification Factor A" 
I ' 

I I 
Z, 
'IL J 

I - h 



Input Impedance 

.. 1i,1,-i,,r· 
I. - - - 

1, 

r I ::.c I 
1, 

I + h l.r 
1. •• 

/1 . - - 
-h, 

-}. 
_,, 

't /\! - - - - 
I, I /J l, ... 

l: - li/1 + ll)'~ 

\!~::: lLL_'. = - {:f.·L· 

t, t, 
.,\,- ~~-- 

I i ,' 
' · 1 

For" tr;.-,1.:Ll•: .1mpli!i~r. 1hi: ur-rcn1 c,1iri .1; i~ 1.kflil~cl a~ the ratio of output current io input curren 1 · 

Current Gnin or Current Amplification, A,. 

-h,y c_~ 41-v\~~~ 
1riu1,,,ro1 ,cp1c"nJ t,y '') h1!;n(I 11•uJc1 

l- 
-- o 

2 1' 

) 

L 

V -- v ,- b 

\ - i ) - .b 

' -, ") ---~---'f:-1 
I·. r. 

"T 

L _L 

.... . ,. .. \ 

··~ r- " ~ 
-<> -\ £- . - 

1J.Ht pur· I t- ac,,,.. ...... v. - v, ne,a·,.,11<k :_~-L 

" a.11: ,•,HJ I 

i 

-i • T :;> .__ 0 

<> _ _J I •• t:cA1.t lJntp/lficr "" ... ii 1 - 

4.a. 



1 + f3 1 + 55 56 .56 ~ ( I rn ') 
S = 1 + /3. RE - _1_+_5_5 __ -l-OO-O - 1 + 6.111 = 7.111 ~ ~ \..'., 

Rs 9000 

For self-bi as: 

I Ic = 1.44 mA, 11c'E = 4.28 VJ 

Operating Point: 

VcE = Vee -Ic(Rc +RE)= 23 - 1.44 · (12 + 1) = 23 - 1.44 · 13 = 23 - 18.72 = j4.28VI 

Ic = l.44m.A 

2.3 = !~ · 9000 + 0.6 + ( !~ + Ic) · 1000 

Let Re= I kn 

Ri,: value is not given in problem , it may be assumed as any value and it may be considered 

90 . 10 = 900 = 9 kn 
90 + 10 100 

Thevenin resistance: 

R2 10 
Vr = VTH =Vee· = 23 · = 23 · 0.1 = 2.3 V 

R1 + R2 90 + 10 

Thevenin voltage at base: 

3.b 


