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Miscellaneous knowledge
on power supplies (continued)
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Series regulator power supply

High precision Bi-polar current source



Switching regulation
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Molecular beam epitaxy
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Complicated power lines Bin



Outline Today

2.5 Theorems for paired terminal circuits
Superposition, Ho-Tevenin, Reciprocity

2.6 Duality

2.7 Passive devices (elements) and active devices

Ch.3 Transfer function and transient response
3.1 Transfer function of single-pair terminal circuits
Resonance circuit
Bode plot
General properties

Appendix B Bridges and balance circuits
Appendix C General properties of resonance circuits



Theorems for terminal-pair circuits

Superposition theorem

ik . @2_
oIl I (et R || I

(a) J = J + Js
J=Y J

J;: The current caused by i-th power source.




Ho-Thevenin’s theorem
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(b)

Consider a circuit with an open terminal pair (No.3). Obtain current J when the
open pair is connected with impedance Z.

g | Th
1. Measure the open terminal voltage V. en
2. Turn off all the power sources (voltage sources: short, current 7— Vo
sources: open). Measure the open circuit impedance Z;. Z + Z;
Because: V
]t =0 l_ _| Z —> ]0 = — 4
—@_' Z —> ! Z+ Z;
Vo v
J=Jy— Jy =



Norton’s theorem
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Dual theorem for Ho-Tevenin.



Comments on Tellegen’s theorem

i =1,---,n:Index of nodes, j = 1, ---, m: index of branches
[ 1: i is the start of 5,
a;; = § —1: 4is the end of j, Incidence matrix
0: others

redundancy — (n — 1) X m matrix D : irreducible incidence matrix
Jj, V; - current and voltage along branch J, W; : potential of node 1.

Kirchhoff’s first law: DJ = 0 Second law: V ='DW

N Vidi = (DW) - J ='WDJ =0 ViJ
i=1 L power of i-th branch

Comments

1. Power conservation law
2. Holds for any kind of circuit (irrespective of linear, or non-linear)

o

3. Holds for two independent circuit conditions (as long as D is the same)

W,




Reciprocity theorem

\_

An n-terminal pair linear circuit

(V1;]1); (VZ;IZ); Y (Vn:]n)’

At one state
at another state

(Vlli.],l)r (VIZI.IIZ)' Y (V’nr]’n)

S Vi -

=1

SV
=1

~N

J

Proof: Consider a two terminal-pair circuit with m branches.

Ji—

e

O_

Vi = ZiJx

_OTVZ VllT o

Tellegen’s theorem
(and comment no.3)

— /5 ]’1—>

— J>

O_

V'k = ZiJ'x

TV'Z

—0

Vidl = VIJy = ZiJuJ.
VAL Vad, = VI Vidy

Wiy = Vady + ) Vidy =0
k

V= Vi + > ViJe=0
k

(This also holds for circuits with mutual inductances.)



2.6 Duality ROk
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2.6 Duality

Series Parallel

Open Short

\oltage Current
Impedance Admittance
Capacitance Inductance
Electric field Magnetic field
Resistance Conductance
Ho-Thevenin Norton

Kirchhoff’s 2" law  Kirchhoff’s 15t law



2.7 Definition: Passive elements and active elements

Two terminal: current J, voltage V. JV > 0: passive element
/1 JV < 0: active element

Ji’

Locally active two-terminal element

wV

More than three-terminal: treat as a terminal pair circuit

Jin —» i—'}nut P — Jin‘/in + Jout‘/out
d V .

IVm J GHTT P > 0: passive element
O O

P < 0: active element
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3.1 General Properties of Resonance and Resonance

3.1.1 Resonance Phenomena

Harmonic oscillator: g 2
armonic oscillator:  — = —wjgq C

dt? o—e H O

Kirchhoff's law

d 2 d
p_ _pdw g pr _pdm L Ay

dt dt? C dt
dqr, + dgr + dq =0

d*q 1 dq 1 d’q 1dg .
@ ora Tl T e Taa T =0

1 1
— )\t = — | — — 2| ~ —— 1
g =exp(At) A = [ 14+ /1 — 4(wor) ] o +iwy  (woT > 1)

Resonant (angular) frequency wg =

1
vV LC



Transfer function, resonance and phase shift

| ] = 1\ _ 1
Ztot(ZCU) = [E + 12 (WO — w_L)] CUO — m
Resonance: Reactance =0

Total Phase Shift Change: =

A

ImY

\ 4

___________________>

o] [

(b) (c) U1 7%

\



!

. R+ wlL R+ wlL
Z(iw) = > . = R
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Transient response of resonant circuit

YAV
o1+ (000 o Ve
R C L
< V >| 1
d’q _dq q
L—+R—+—==0 (t>0 0) = CV,

q(t) = CVpe® — Ls*+ Rs+C ' =0

s = (—wo + \/wh —40? )(wp/20) a = (CR)™

(wo/2) < @ — imaginary part

Wi w2 \ 2
— = S t ’ = 7 s = D)
q(t) = CVyexp|(—y £ iws)t], 7 5y Ws = Wo ( 4&2)

Damped oscillation with time constant y ~1, frequency wj



Transient response of resonance circuit (transfer func

Synthesized impedance, admittance

1
Ztot(s) — SL —+ R + 57 Yaot(s) — Ztot(s)_l

Zero (pole) of Ziot (s) (Yeor(s)) s = (—wp £ \/ wi — 402 ) (wo/2a)

Ziot(S0) =0 Time constant: Re(s,) Frequency: Im(s,)

Laplace transformation of voltage: V (s)
c+100
J(t) = — / Y(s)V(s)etds = 3 R(s:)V (si)e™t (e > 0)

27'('7/ —F59

Natural current s;: polesof Y(s) R(s;) =Y (s)(s — 8;)|ss,



Driving point impedance

‘ R ‘ L ‘
R

°l Short
Open B 1
Lio = s —
1 t 1;( ) sL+ R+ <C

—1
(2) - 1 . sL+ R
Ziou(8) = (R+3L+SC) ~ S2LC +sRC + 1

Ziot(8) zero is pole for Zt(oz (s)



Resistance bridge #&pL 7Y v ¥

AVS-47 Resistance bridge

Not a “bridge” circuit!



Schering Bridge

C L1y = Foliy, Zy= Z3Z3Y,

R, Zo =Ryt 2 =Ry Zsi=— Y, = 4w,
E CD) G iwCr iwCs R,

1 1 1
H B .
Ret+ =5 =Feirm (Rl ”’“"Gl)
= V -
H-Cy By




Hartshorn bridge

Magnetic moment measurement
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Capacitance bridge ¥ X XL R 7Y 9w ¥

Agilent E4981A

General Radio
3-terminal
Capacitance bridge

i




Kondo Resonance and Phase shift

4 —(IsT)Id H=IsHlaT)

E, /—\ Jun Kondo
1 Many body resonance.
But still has the phase shift of ©t/2 |

Co atoms on Ag (111) surface

Co (magnetic) Defect (non-magnetic)

Schneider et al., Phys. Rev. B65, 121406 (2002).



Quartz crystal filter
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Circuit Simulator

Download LTSpice from the web site of Linear Technology

+ShingoxA, Gmail Efg i )

Google
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Google B&E I'm Feeling Lucky



What Is Spice?

SPICE: Simulation Program with Integrated Circuit Emphasis
A language which describes electronic circuits (corresponding to circuit diagrams).

ex) a CR circuit and a dc power source  * 0---R1---1---C1---2---V1---0

R10110
Cl11220
V1205

Graphical user interface: Circuit diagram END

LTINS -

EARZa—A%b  ENGLISH RS RE #A EvEhe MyLinear

Linear Technology | [ vmea | mrewsr | ma Py

web site
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Operation example

BBl | Sd WS
AD.J TEEHNOLOGY ER=2—RYAF  ENGUSH  digmm B S moabe

NS VYa—av THAHR—b BA a4

Home > FHA4H—F > UyorHx7

Design Simulation and Device Models

YZFT2/00—EEBREGR Y F T LFaAL—IRTUT  T—2a0n—4, DL A—GEFERLEE®E, IO TORHETLEFRICERICHETESLS
LTFHFA 3aL—30 Y— LERBLTVET.

* LTspice IV

* LTpowerCAD

* LTpowerPlay

= Amplifier Simulation & Design

= Filter Simulation & Design

* Timing Simulation & Design

» Data Converter Evaluation Software
* Dust Networks Starter Kits

LTSPICE IV

LTspice IV

LTspice IV(Windows ) 24 7 0—F (201455 5B E H)
* LTspice IV(Mac OS X 10.7+H) &4 o0—F
- BAEEE & 3—Fhyk

| LTspice IViZE 4 fe7sSpice 132 L—2LEBBEA 1, BERME1—7IcHBEMA, R
| AVFLT LFAL—EDLRaL— Y3 R BICT SODETILERBLTVEY, « Mac OS XS a—khuk
| SpiceDBEIZLY , AA9F T LFaL—E2DTIalL—300F, BEDSpicer3al . ZA—hHAE
| — A ERTE LB EILIN, FEAEDRAYF LT LFAL—RIZENTHER . A—F HARALT TP ILER)
| EREFADRS TIHEISENTEET , SpiceLY=7F0/QS—DRAAYFLT LF . FSUADER
| 2L—A2MB0%IZxt T HMacro Model, 20028 X 24 R7 U7 BETILESUICER, - TEMME

FSUU A48, MOSFETEF L ECCMSA Y O—KTEET, c EIT-OBEFRERS

LTspice®D VA y3—%740— !El

LTspicelzBdT2ETHERS @

[ MYLINEAR 244>
L TPOWFRCAD R T b



Summary

Theorems for paired terminal circuits
Superposition, Ho-Tevenin, Reciprocity

Duality

Passive devices (elements) and active devices

Transfer function and transient response
Transfer function of single-pair terminal circuits
Resonance circuit
Bode plot
General properties



