Analog Circuits (Formula Notes/Short Notes)

Ener a Eg/si=121-3.6 X 107%T ev
dy gap EG/Ge=0.785—2.23 X 1074 T ev

Ep = E¢ - KT In(x—Z) =E, +KTIn (115_,4)

No. of electrons n =N, e~ (Ec—En/RT (KT in ev)
No. of holes p = N,, e (Er~Ev)/RT

Mass action law n, = nf = N.N, e E¢/KT

Drift velocity vy = puE (for si vg <107 cm/sec)
Hall voltage vy = fv—i . Hall coefficient Ry = 1/p . p — charge density = qN, = ne ...

} Energy gap depending on temperature

Conductivity o =pu; u=oRg.
Max value of electric field @ junction E, = _eisi Ng.npo = -eisi Na.npg -

Charge storage @ junction Q, =-Q_ = gAX,0Np = qA xpoNa

Diffusion current densities J, =-¢ Dp dx Jn=-¢ Dn ™
Drift current Densities = q(p pp+ npy)E
Hp » Uy decrease with increasing doping concentration .

Pn = Do = k1/q ~ 25 mv @ 300 K
Hn Hp

Carrier concentration in N-type silicon n,g = N ; pno =n?/Np
Carrier concentration in P-type silicon p,o =Ny ; npg = n? /Ny

Junction built in voltage V, =Vt In (NAZND>

i

i i i = - [%&s (L 1
Width of Depletion region Wyep = xp + Xy = J . (NA + ND) (Vo +VR)

* (% = 12.93m for i)

Xn _ Na
Xp - ND
Charge stored in depletion region qj = CALLLEYNS Waep
Na+Np
1 H — SSA . = SSA
Depletion capacitance C; = Weaeg Cjo = Waen/ Vs
- Ve\™
G =Cpol(1 + v_o)
Cj = 2Cjo (for forward Bias) )
Forward current 1 =1, + I, ; I, = Aq n? _p (eV/VT — 1)
= v/v
In Aqn‘LN(e/T_l)
i - 2 DD Dp
Saturation Current Ig = Aq nj (LpND + _LnNA>

Minority carrier life time t, =L% /D, ; t,=L%/D,



e Minority carrier charge storage Q, = tpl, , Qn =Tply

Q=Qp+Qu =17l T = mean transist time
o Diffusion capacitance Cq = (T—T) =19 =Cq x|
nvr

T— carrier life time, g =conductance =1/ nV;
o [y = 2(T2=T1)/10 lo1

e Junction Barrier Voltage V; = Vg = V;. (open condition)
=V, - V (forward Bias)

= V, + V (Reverse Bias)
o Probability of filled states above ‘E’ f(E) = w

e Drift velocity of e~ vq < 107 cm/sec

. - d?v _ - -n dv —-ngx
e Poisson equation — =% =4 & - p - %
dx2 € € dx €

Transistor :-

o Ig=IpgtlE
o Io=Ic,—alg — Active region
o IC:_(XIE+ICO (1' eVC/VT)

Common Emitter :-

o Ic=(1+B)Ico * Blp B=—
o Icgo= % — Collector current when base open

e Icgo — Collector current when Iz =0 Icgo > Ico -

Vv
o VBE,sat or VBC,sat - -25mv /O C ; VCE,sat d % =-0.25 mv /OC
; . Ic—1
e Large signal Current gain p= =<2
Ig+IcBo

e D.Ccurrentgain Bgc = ;—C = hgpg
B

® (Bac=hpg)=~pB when Ig>Icg,

. . al h
e Small signal current gain p’ = ﬁ = hfe = ————
RIVee 1=(cpot18)75; -
H —_ Bactive .. —
e  Over drive factor = B Sunder saturation * Icsat = Brorced IB sat
Conversion formula :-
CC o« CE
b hic = hie ; hrc =1 ; hfc =- (1+ hfe) ; hoc = hoe
CB & CE
° h - hie . = hie hoe - . - _hfe . - hoe
ib 1+hg ' ib 1+hge re “fb 1+hge ' ob 1+hge

CE parameters in terms of CB can be obtained by interchanging B & E .



Specifications of An amplifier :-

-h Ay.Zi ALZy _ AlgZy
e A= - Zi:hi'l'hrAIZL Ays = N
1+hoZ, Zi+Rg Z{+Rg Ry
- Ay Z, - hf hr Ay.Rg — Ays-Rg
Ay == Yo =ho -1 % As =7 R, -z
i i S i S L

Choice of Transistor Configuration :-

For intermediate stages CC can’t be used as Ay <1

CE can be used as intermediate stage

CC can be used as o/p stage as it has low o/p impedance
CC/CB can be used as i/p stage because of i/p considerations.

Stability & Biasing :- ( Should be as min as possible)

Al Al Al
e For S=—% S'=—C §"===

Alcolygyg AVBEl1g, Ap VBEIco

AIC =8S. AICO + S’ AVBE +S” AB

e For fixed bias S = 1+fIB =1+
=PFaie
e Collector to Base bias S = 1+§C O<s<1+B = %
BRC+RB 1+B(Rc+ Rg+ RB)
e Selffbias S= —F— ~1+8  pR; >10R,
1 RE+Rth €
— Vec Rin — VecRin
© Re=T T ReT I,
e For thermal stability [ V. - 2I. (Rc + Rg)] [0.07 1., . S] < 1/8 ; Vg < %
Hybrid —pi(t)- Model :- The
— M —
_ 1-’ ; )
8m =lc |/ Vr bb B
Ip'e = he/ gm i e Ce
Ip'p = hie - Ip/e T';Jg é T Cg érm :) ngb"e
Ip'c = Iple / Nre
8ce = hoe - (1+ hge ) 8b'c E | |



» 3 Configurations are used

on BJT, CE, CB & CC

Yout

Yout
Yin Yout
Yin ﬁ\L 4 i
CE CB CC
Saturation |
Vee ﬂ . I_C Region
1h { =0 - | Vee
f B
!
/
! Ic
!
Ih
YCe
]
0.7 Yhe -|- Vhe -‘V
AMPLIFIER COMPARISON
COMPARISON
CB CE CF
BE BC
LOW MED HIGH
SATURATION f/b f/b
A | B+
ACTIVE f/b r/b
High High <1
CUT OFF r/b r/b
High High low




For CE :-
o fp= Eb’e = 8m
B~ 2m(Ce+ Co) ~ hpe2m(Co+ Co)

1 — Bvle
21y, C 2nC

fr = S.C current gain Bandwidth product
fy = Upper cutoff frequency

[ fT:hfe fB X fH:

For CC :-
N :1+ngL . 8m :fT Ce — 8mt 8/,
H™ 9ncr, — 2mc, — Cg 2m(CL+ Ce)
For CB:-
1+hfe

. =(1+ he) fg = (1+ B) fg

& 2mryr,(Co+ Ce)

Czce+cc(1+ngL)

. fT:?BBfa £ > fr > fg
ar ]
Ebress moll model :- ;\c a{.ﬂg{g
= V/VT @ @ Ic
Ic—'(XNIE‘l'ICO(l'e ) c lE =
(-lco) {-lcod
IE = - IC + IEO (1' eV/VT) DHI I.—:J
B
o Ico = an Igo
Yoo
Multistage Amplifiers :- ‘
f
o fy* =fyV2I/M -1 ; ff=— y —— Vo2
! 21/n_q I o1
e Risetime t,=232= 233
pme2s 222
L _ f!; B.W — A ——, o @,
o tr=11.tf +t, + - . (P
-
JEAERLR “ L m:
Re
o o171 L4 Lri. E v j
i A, fh, ! EE 7

Differential Amplifier :-
b Zi = hie + (1 + hfe) 2Re =2 hfe Re ~ ZBRe

_ %ollgg| _ Ic _

— hfeRe
. CMRR-R—

+hig y ReT,*ZiT,AdT &CMRRT

ay — DC value of a



Darlington Pair :-
o Ar=(1+B1)(1+B2); Ay =1 (<1)

_ (+he)? Re; - _

i = Trhp hoe Ry [if Q; & Q, have same type ] = A Re;
—__R 2 hje
* Ro= e M iene

i gm:(1+B2)gm1

Tuned Amplifiers : (Parallel Resonant ckts used ) :

1

o fy= e Q — *Q’ factor of resonant ckt which is very high
L] B.W = fO /Q
o fi=f- 2%

ABW
o fy=fot+ =

e For double tuned amplifier 2 tank circuits with same f, used . f, =./f; fy .

FIELD EFFECT TRANSISTOR, FET is Unipolar Device
D D ]

Id
G G
5 H = —
5 5 5
Construction n-Channel p-Channel

Id

» S=Source, G=Gate, D=Drain
» GS Junction in Reverse Bias Always
>V, Controls Gate Width

> VI CHARACTERSTICS

1d Idss
grm= 2 1ds =
FAN Ygs
_ s
A
]
Ygs ] Vs

Transfer Characteristics Circuit Forward Characteristics



> Shockley Equation

V. ) v,
> Id zldss 1_\/_ ’ 90 =9mo _V_
p p

MOSFET (Metal Oxide Semiconductor FET, IGFET)

5 G D =S G D
v 7 L
P 4‘ 4‘ :q p
Depletion Type Mosfet Symbols Enhancement Mosfet

> Depletion Type MOSFET can work width V>0 and V <0

> Enhancement MOSFET operates with, V,  >V,, V, =Threshold Voltage

NMOSFET formed in p-substrate

If Vgs = V; channel will be induced & ip (Drain — source )
V; —» +ve for NMOS

ip & (Vgs - V; ) for small Viyg

Vps T — channel width @ drain reduces .
Vps = Vgs - Vi channel width =~ 0 — pinch off further increase no effect
For every Vg >V, there will be Vpg sat
syt 1:,2 w . .
ip =Kn [ (Vas - Ve ) Vps -5 Vis | (T) — triode region ( Vps < Vgs - Vi)
Kh =t Cox
ip =% K/ (%) [ V3] — saturation

1
Kn (%)(VGS - Vi)

I'ps = — Drain to source resistance in triode region



PMOS :-

Device operates in similar manner except Vgs , Vps, V; are —ve
ip enters @ source terminal & leaves through Drain .

Vgs < Vi — induced channel Vps = Vgs - Vi = Continuous channel
. r (W 1 r =
ip = Kp (£) [(Ves = Ve)?-3V3s 1 Kp = ity Cox

Vps < Vgs - Vi = Pinched off channel .

NMOS Devices can be made smaller & thus operate faster . Require low power supply .
Saturation region — Amplifier

For switching operation Cutoff & triode regions are used

NMOS PMOS
Vgs = V¢ Vgs < V; — induced channel
Vs - Vps > Vi Vgs - Vps < Vi — Continuous channel(Triode region)

Vps = Vs - Vi Vps < Vgs- V¢ — Pinchoff (Saturation)

Depletion Type MOSFET :- [ channel is physically implanted . i, flows with Vgg=0]

For n-channel Vgs — t+ve — enhances channel .
— -ve — depletes channel

ip - Vpg characteristics are same except that V; is —ve for n-channel

Value of Drain current obtained in saturation when Vgg = 0 = Ipgg .

~ Ipss =% Kh (%) Ve

MOSFET as Amplifier :-

For saturation Vp > Vgg - Vi
To reduce non linear distortion ves << 2(Vgs - Vi)

g

. ' w — ’ w

ig= Ki (%) (Vs — Vi) Vs = gm= K (%) (Vs — Vo)
117]_:5 =-8m Rp

Unity gain frequency fp = ——=m

2m(Cgs+Cgq)



JFET :-
° VGSSVp :>iD=O—)CUt0ff

L4 VpS VG5SO, VDSSVGS' Vp
2
ip = Ipss [2 (1 - Vv—is) (‘%Z) - (%) ] }—> Triode
o V

b < Vos <0, Vps= Vgs- V,

2
. v 1
in =Ipss (1-565) = Vas = vy (1- (2]

2Ipss (1 VGS): 2lpss |_Ip
[Vpl Vp IVpl «/Ipss

— Saturation

8m =

Zener Regulators :-

. . Vi-V
e For satisfactory operation —=> 1, .+,
Ry min max

— Vsmin_ Vo~ IZmin Tz

S
max IZmin+ ILmax

e Load regulation =-(r, || Rg)

Iz
Rg+r,

e Line Regulation =

e Forfinding min Ry, take Vg min & Vi, Ik (Knee values (min)) calculate according to that .

Operational Amplifier:- (VCVS)

Fabricated with VVLSI by using epitaxial method

High i/p impedance , Low o/p impedance , High gain , Bandwidth , slew rate .
FET is having high i/p impedance compared to op-amp .

Gain Bandwidth product is constant .

Closed loop voltage gain Acp, = 1+ABO;
T OL

B — feed back factor

e V= ;—éfVi dt — LPF acts as integrator ;

=L dvi

. >Vo == [V dt ; Vo == 3 (HPF)

»  For Op-amp integrator Vo === [V; dt ;  Differentiator Vo :-T%

AVy _ AV, AV AV;
[ ) S— = —
Slew rate SR " A —

slewrate _ slewrate
2m. AV, 2T X AV XA’

e Max operating frequency f.x =



In voltage follower Voltage series feedback

In non inverting mode voltage series feedback

In inverting mode voltage shunt feed back

Vo = -1 Vg In (RV_IO)

b Vo =- VBg

=-nVpin (R‘I/ZO)

Error in differential % error =

(ﬁ)x 100 %

CMRR \Vy4

Power Amplifiers :-

. B;)\2 B?
o Fundamental power delivered to load P; = (\/_%) Ry =2 R,

2
e Total Harmonic power delivered to load Pr = [371 +=24- ] R;

P, [1 + (g—j)z + (g—:)z + o ]

[1+D?] P,

Where D= /+D3 + ---..+D? Dn:%
1

D = total harmonic Distortion .

Class A operation :-

o/p I flows for entire 360°

‘Q’ point located @ centre of DC load line i.e., Voo =V /2; N1=25%
Min Distortion , min noise interference , eliminates thermal run way
Lowest power conversion efficiency & introduce power drain

Pr=1c Ve -ic Vee if i =0, it will consume more power

Pr is dissipated in single transistors only (single ended)

Class B:-

I flows for 180° ; ‘Q’ located @ cutoff ; n = 78.5% ; eliminates power drain

Higher Distortion , more noise interference , introduce cross over distortion

Double ended . i.e ., 2 transistors . I = 0 [ transistors are connected in that way | Pr =i; Ve
Pr=i. Ve, =0.4P, Pr — power dissipated by 2 transistors .

Class AB operation :-



I¢ flows for more than 180° & less than 360°

‘Q’ located in active region but near to cutoff ; n =60%

Distortion & Noise interference less compared to class ‘B’ but more in compared to class ‘A’
Eliminates cross over Distortion

Class ‘C’ operation :-
o I flowsfor <180 ; ‘Q’ located just below cutoff ;n =87.5%
e Veryrich in Distortion ; noise interference is high .

Oscillators :-
e For RC-phase shift oscillator f= m hge = 4k + 23 +2—k9 where k=R./R
fz — > 29
- 21tRCV6 H
e For op-amp RC oscillator f= ﬁg |A¢] =29 = Rf=>29R,

Wein Bridge Oscillator :-

W Yo f 1

i 2z JRRCC,
Riz =ci 2 Re
if R1I=R2=R, C1=C2=C, f =——~; A=+ _3
27RC p

Hartley Oscillator :-

1 L,
= > 2
f 21/ (L, +L,)C [Bre =L
L,
> 22
lhl =
Ly
> <
Al =
l
Re
Ry
Colpits Oscillator :-
C
e el 23
gy
Cq
> =
lnl =g
C
Al =2

=3,



Phase shift oscillator:-

+4'dd
Rd 3 FET MODEL
C C C 1
[ | [ | I f=—" A=29,
R R 27+/6RC
Minimum RC sections 3
zhd
(Re 2 o BJT MODEL
1
ng |J f= ,A=29,
| (| I 4R
C C C 27RC, [6+| —= R
R2§ RE c F
T-FE Minimum RC sections 3
=
Comparisons: MOSFET IPET
BJT FET
. _ 10 8
Current controlled | Voltage controlled High R, =10 10
High gain Med gain R, =50 kQ >1mQ
Bipolar Unipolar _ _
Temp sensitive Little effect of T Enha,zianiE;c;nMode Del\/l?(l)?jtéon
High GBWP Low GBWP
Delicate Rugged
Rectifiers:
D1 g D3 a D1
AIC
}' A k
= D2 D4
HalLF “WavE FULL “WaAVE BRIDGE
ST TV VARV
Comparisons:
HW FW CT FW BR
vV Vn/ ZVV ZVV
be P b4 b4
Vv Vv
V V,/ m m
Y
Ripple factor 1.21 0.482 0.482
77 0 0, 0,
Rectification efficiency 40.6% L L
PIV
V., 2V, V.,

Peak Inverse Voltage
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