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Voltage definition: |/ = %
sw sw/st P
V = —= = — — P = VI ~'
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Power in electrical eng!

High Pressure

p(t) = v(8)i(¢)
Ul < u W
W (to, t1) p(t)dtzf v(t)i(t)dt
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Passivity - Smal 58, CCEETECTT
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Resistance Definition:
v
" ! Passive
v(t) /\\_/ always in I, Il Vp()=0)
v(t)i(t) receives power ; consumes power
0 ; i .
i l Active: not passive
" W apointinflior V. (3 p(t) < 0)

Active

delivers power ; generate power

+ iR
4 . v v
- 4

+ v -

~
i \\\Ni
Active

p(t) = R(D)i%(t)

10

Energy storedin Tl Capacitor
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capacitance NLTI

+ A

X, 4=qW)
T

& q(t)
Wmno=fvmmow =f v(q) dq
q

to

Assumeatt=0:v=0,q=0

q(®)
&m=£ v(q) dg

Ifg =Cv
Ex(t) = 2Cv? =

PE
2c
Only for LTI Cap
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Energy storedin Tl Inductor
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inductor

i
+
%Lv

%

NLTI 0
=9 @) HORE

AAAAA do @(t1)
W (to, t1) =f ..v(t)z(t) At =f i(p)de

to @(to)

Assumeatt=0:i=0,¢9 =0
( no hysteresis )

@(t)
! %m=£ i(p) do

</

If o = Li

2
L,
En(t) = 3Li% = 5T

Only for LTI Inductor
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voltage

[
[e]

k=
[
©
Q.
©
o

memristor

current

=
-
J101PNpUl

i=iy =i,

v=v;+v, = (Ri+R)I

Req = (Ry+R2)1
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Series/Parallel NLTI
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+V1= +VUp_

+ i=i; =1
R, R, 1 =12

1<

v= ﬁeq(i) =v; +v,
=R () +R,®
adding voltages at equal currents

true for current controlled

V=1, =1,

i1 iy
v &! RJ i =Goq() =iy + 1,

=G,(v) + G, (v)

adding currents at equal voltages

true for voltage controlled
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i Ideal diode

1 o
S P

Vo

v
Yo

M

=a v
= R

Vo

VU
v
R l i ‘ i

Reverse the diode direction and fine v — i curve

i | i
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i v
: s st |
R, v i
v Ry v=R(i) v=R"1({)=6)
R
1 5 R G=1/R
- open circuit short circuit
Vo Iy
series parallel
KVL KCL
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1- port / 2- terminal 2- port: T -1
i Rl Ta ) Rap
. X X 3 A ) X +"’_|:|]_|k a e— —e b a e— —e b
\/ parallel /series combination of linear resistors will be linear %
v R2 R3 Te Rac Rbc
- ce o C Ce o C
% parallel /series combination of nonlinear resistors will be ® -
nonlinear 5 (7a+ 7= Rac Il (Rap + Ryc)
& % 7y + 7. = Rpe | (Rap + Rac)
(22}
. . . . . . a e+ 1 =Rap II (Rac + Rpe)
\/ parallel /series combination of bilateral resistors will be
bilateral r _Talb + 11 17
r = Rac Rap ab = 1
. N . a~ Talp + oty + 17,
\/ parallel /series combination of voltage controlled resistors Rac ; R“Rb *+ Ry Ry =22l ac? be
. bc Rab Ta
will be voltage controlled =
& " " RectRap +Roc  p _Talb Frare 1o
r = Rac Rpc Tp
@ Rac + Rab + Rbc
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Piecewise Linear Approximation
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Technique - Synthesis

! AN v i
b Ge R =
D Vo 1/R
v A
4 * i Vv v
E; E, v } R | | ’
G, voltage controlled G voltage controlled
i=5[|v—Vo|+V—Vo]
i
+
v R,
R, current controlled
R.. .
- v=Zlli=lol +i 1]
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_>+ + + +
lo v lo v<R lo vV lo v 1(
i i i
. A
VvV
v v
QE: Iy + Ipsinwt Vo + Pysinwt Small signal regime
‘ R Py KV
dc ac dc ac
iy < I

Quiescent (Bias) Point for NLTI

i i
G
b GC
2 El EZ v
* G
/ Ey Ey v ¢
G(l
+ .—-l— Ey v
i i Gy + Gy
D D
v G, E, E, IO
%—Gcﬁcb ;Gc—Gb G. -G,
- —0C > s
E, B 7
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Linear 2-terminal network

Q'" ......... .

ip
e T o
Thevenin equivalent 17 /
. X g VT Vp
b i,
= e — —Vr/R
v g /Ry
g
2
R Vp Vg lg = 4va
T p—
Va = Vp
lg = —1p
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Small-Signal Analysis (for NLT1)
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i(0) i

vg(t) = Tysinwt

Small-signal condition 7y < Vy Iq \ ---------
o o = i(VQ) =
i=1i(v) { Q
VQ =V, - RIQ = v

v(t) =V + 5(t) Vo \< VN
i(6) = Io +1(8) |

ot:z

Iy +1(t) = i(Vy + B(D)
25

Taylor series:

i(0) i

8x) = W o +297] (ox2
[lro+8x) = flro) + 2| G0 +375l (652 ++-
Xo Xo
di
Ip +1@®) = i(Vy) + ™ B(t)
vg(t) = Tysinwt Vo
Small-signal condition Ty < V; de  Ip =i(Vg)
_» di
Ca Iq = i(Vo) it ~— #@®
i=1) {VQ = Vs — RI, ac dv v
H_J
V(t) = VQ + ﬁ(t) GSS = 1/RSS

i(t) = Io + i)

Ip +1(6) = i(Vo + B(D))

Rss small signal resistance
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Small-Signal Analysis (for NLTI)
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Example - Diode
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_i,(t) L Stepl:
Find Bias Point!

Small-signal condition
Ty K Vy
v(t) = Vo + ()
i(t) =1Ip +1(t)

Step2:
Small Signal Analysis!

50 = 5 0)

- 1
L(t) ~ R_SSv(t) R+ RSS
Rec = 1 dy L
55 = d_i— = I vs(t) = Pysinwt
vl e

Io
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0 < +0
o
lad

NLTI: Diode

ip = Is(equ/nkT _ 1)

— kT
/| 72 Vp=— =26mV
{1 VD)@ ) "
i I i
P {P )
bias small signal
Vb vg
Forward biased diode: ip= Is(equ/nkT - 1) ~ [;enVTenVT
s Va Vg z /701\ V4
in~IleWr|1+——4+L-2) +..|=~1, HI,—2 ) 24«1
b= ( nVy  2\nVr b \D nVy / nVr
_
iq
vg _nlr 1 nVr
g=—=— small signal resistance Tqa = anr = I_
Ta D ol D
Vp
28
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ip

—

%
vp ¥D

Up
ip

? How to solve bias (large signal)

Ip
+—>
Vp

= VD
= ID
bias

ta small signal resistance
| —
y nr ra == 2 L1 C
v Ta Tg =— d jo diff
Va = TT
+ vg
+ig
small signal

Ip = I;(eVp/mVT — 1)
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Diode - Large Signal

1d

Diode - Large Signal
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C
ip 1

VBR

ip

VUp

ip = Is(equ/nkT _ 1)

? How we should bias a diode?

Ip v YD Vp v YD

Up
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ip NLTI: Diode
4
in=1 equ/nkT -1
4 D s( )
2 kT
E— Vr = 7 = 26mV
05 055 0.6 065 | b 300°K
i . i i
i [ i idea
lp v ._T v, lp » 1 v, i
B} } .
Vp vp vp
V,~0.6 — 0.7V Vy |
30
1. Lab o

2.pPower [LITT1
3.Ser/Parl [TITTITITT]

4. Small sig. (117117
5.Applic  [IITIIITIIIIT

Example - Diode—Large Signal

Ly i .
b4 Voo ip = I5(ep/mkT — 1)
LN | vp ¥D R
> UD = VDD - lDR
: Load line
R b
v +
Voo VUp ¥D Yp
T—i— ! Vbp
Vpp =5V, R =1kQ, I = 5 x 10"1*A4 ,V; = 26mV
iteration vp =0 Sy = VDDR_ Yp _ smd °
i Vpp — v,
o vp=Vyln (2) =0658 —ip=—2_—"—-4341m4 ©
I R
i Vop — v
vp =Vrln[=2) = 0654864 - ip = —2—2 = 4.345mA
I R
= o) = i =
vp =Vrln )" 0.654889 - ip = 32
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_ .. Vin = Vo + D;sinwt

Vin R Vout Vin
— o

Bias: :—-L/ —®
v, R Vour Vour=Vo—=V, Ip=

nvr . .
Tq = —— small signal resistance
T, Ip

Small signal:

! e R
D;sinwt R v, = ——— P;sinwt
= - R+ Td

Vin =
Vo + U;sinwt

Vout = (VO - Vy) +

D
.—H—'+ —®

%R Vout

Vo=V,
R

R ~ s ¢
—V;Sinw
R+ Ta ¢
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Example 01
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D . Find vy, — Voye assumel}, = 0,0.7V
¥
Vin R Vour
ip,__
1: (F) ————e,
Ifip >0 Vin %R Vout
Vout = Vin

condition ip > 0
> ip =Vout/R>0-> 04, >0
Vin > 0
1: (R)
Ifvp, <0 Lo %_.*‘ OFF
Vin R Vout

Vout =0 condition vp < 0
= Vip — Vour <0 -1, <0

ip
ON
(F)
(R)
OFF Up
Vout
ON
Vin
35

vs = 1V + 0.1Vsinwt ; Y, = 0.7V DC / bias
1000 1000 I 1000 o
. +
0.7V
i Yo T 0.7V
e
C—) Vs % s v % X v
200Q 3000 200Q 3000 120Q
5v \ 5V av
3-1-07
I> =700 + 120 = 636m4
AC / small signal V.
T
1000 Ta =7 =390
o D
9 = % 01 =175mV
e T 2204,
0.1
1200
v, = —0.7 + 1.75mVsinwt
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Find v, — Voye assumel}, = 0,0.7V ip
* * ON
Vin R Vout (F)
i
1: (F) g—D-—‘—o+ g)RF)F
Ifip >0 Vin %R Vout
Vout = Vin Vout

condition ip > 0
> ip =Vout/R>0->v4, >0
Vin > 0
1: (R)

R Vout

Vin

ON

fop<0 % %—’* OFF Vin

Vout =0 condition vp < 0
= Vip — Vour <0 -1, <0

36
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R Vout

Vin

D
H—%_.+

v

ol

|
L

38

D
+ L * Vout
Vin R Vout
t
Vin / i
—
- 37
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D
—p——e.
R
Vin Vout
_ - v
L -
v

N

Vout

Voltage Limiter
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: D1:OFF , D2:OFF

R O,
— NV =
+ v
D1
Vin - N

5V

Vp1 <02 Vo —5< 0> v, <5

—1
o I T 3

+

Vout

Vout

Vout = Vin

Vpa <0 = =V =5 <0 - vy > =5

condition vp < 0
= Vip — Vour <0 -1, <0

40

9/14/2012

10



1. Lab o4

2.Power [IITT1
3.Ser/Parl [TITTLLITT]
4.Small sig. (LI TTT1T1TT1]
5. Applic I

Voltage Limiter

9/14/2012

R Vout

5V 5V

Vpp =5V =—-10<0 4/

Vin

ip1 = >0->v,>5
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Peak Detector

> v Vout
1 . ;
i T vau vs(t) .
= = — ‘_ |_|
. . Avoyr i
ip=ic=C—— * D
dt
. 4 A
Q=Cv ¢
v 5v3 Vout
%_/ vy(t)
5V, t
. 1
13))
4 § ( ¢
csv, Cév, CoVy 43

1. Lab TTTT1
.. 2.Power [LLITI
Voltage Limiter 3. serfparl [TTIITT]
4.Small sig. (LI TTT11TT1]
5. Applic OITIIIorm
R Vout
— 7
1; D1 %DZ * 5+
" T8 s Vout
¢ ) * : : >
- m
[3]: D1:0FF, D2:ON 5 5
3 sl
lp2
- - o
+ - i +
VUp1 lloz
Vin —I:SV L 5y Vout Vour = =5V
S e whA
— — o
Vp1 = Voue —5=-10<0 v
—Vin —5
ipp = ———>0-v;;, < -5
R
42
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v oz % ip
+
i1
Vs v,
t + vp
c Imin
§, ~—1mA
c 1/
3
X
g Im‘i’l‘_ 20mA Prax = ImaxVz
l 1
In breakdown region: z = Vy
44
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R ip R ip
+ —e + +O—AN—
+
Vyr z Vg v, v Vyr z * VR R, Rimin <R, < v, "
11y Zima R I 1ry Zima
VUR ViR +._,v\__‘,\
4 8v; E Vi v I :
\/\/J \/JJ \/\_/_ ~zoma \/\/_ uR i 2oma
v -V
B T — b Sv, B - I; < Imax % < Imax
t
R
; . — . —
large signal ; v Lz %, R,
arge signa Small signal UR _'R Lmin
R R Tz -
oA ¢ S N A L
€L | 1z +R , VuRmin—V. v
Vl ]— V, VO = VZ 5Ui Tz 61]0 IZ > Imln URmin—*7 _ Z > Imin
fe—— o _ o 45 R Rimin 46
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