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Miscellaneous knowledge
on power supplies (continued)



Series (Dropper) regulation
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Series regulator power supply

High precision Bi-polar current source



Switching regulation
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Molecular beam epitaxy

Control panel
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Outline 2.5 Theorems for paired terminal circuits
Superposition, Ho-Thevenin, 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



Concept of terminal pair

Electromagnetic

Boundary  system bmumoienta e e Electric circuit: a viewpoint

condition

{ Local electromagnetic field

Tl Local Terminals Lumped constant circuit
(input) electromagnetic ~ (Output)
fields

Two-terminal elements : linear response: Impedance
. power (energy) source (electromotive force)

—_— J
L —O0—
One can pull out terminal pair
' D with current
a 2-terminal conservation
1 element —oJ ]




Two terminal-pair circuit

J
.-=~.  terminal pair index: k =
l/ O \\ .
1 T ‘.Vk current:Je L Terminal pair parameters
\ I
o !/ voltage : V,
\__jk

Linear relations between terminal-pair parameters: ' terminal-pair matrices

Jin Jou

- B _Tt> F-matrix (cascade matrix)

‘/in]\ F = (C D) Tvout (‘/;n) _ (A B) (%ut) _ F (V;)ut)
«— < Ji ¢ D Jout - Jout



Impedance matrix, Admittance matrix

Jin Jout
7 b
Z =1{Z; :
Vvin/]\ { J} T ‘/out
o Y ={Yy;} [ 4
€< —
Jin Jout

: Vin Z11 219 Jha g
Impedance matrix = =7
P (Vout) (221 Z22) (Jout) (Jout)

- - Jin Yll Y12 ‘/in ‘/in
Admittance matrix — =Y
(Jout> (Y21 YQQ) (V;)ut) (Vout)



Cascade connection of 4-terminal circuits

J1 Jo J3
= > — > =2 5
o—— S
Vl T F1 VQ T F2 T Vg
o—— o
Vi Vo) Vs
() =5 () =52 ()

N

Frascade = H F;



Series connections of 4-terminal circuits

Series connection of

2-terminal elements
Stack along voltage direction 0 VlmA 7, Tvlout T
Lot = 21 + 4o
A va ‘/out
Zl Vl VZiHT Z2 T V20ut
A4
T Vin Viin Vain
Z, V5 (Vout> (Vlout) (V2out) ( ! 2) (
A4 N




Parallel connections of 4-terminal circuits

2-terminal elements

< Jout
Current participation Vin Y T Vot
with a common voltage 18




Theorems for terminal-pair circuits

Superposition theorem:

Ore 1 ¥
SL D el LI

Jp1

J=> Jpi

Jpi- The current caused on the output by i-th power source.



Ho-Thevenin’s theorem

1 r@z‘—ie r@—‘ [ ]

SL_I0al I [ Je

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

4 A
1. Measure the open terminal voltage V. Then
2. Turn off all the power sources (voltage sources: short, current J— Vo
sources: open). Measure the open circuit impedance Z;. Z + Z;

J




Ho-Thevenin’s theorem

Because:

{}_

Q.

— Z—) = — Vo
Z_]i - Jo 7+ 7
0 Oy
Vo
J=J— Jy = Yo

Z+ Z;



Norton’s theorem

T

&l el <

V =
Y +Y;

Dual theorem to Ho-Thevenin




Review: Tellegen’s theorem
i =1,---,m: index of branches Jiy Vi ——

Z V., =0 V L J
=1 L power of i-th branch

a N
Comments

1. Power conservation law

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

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

\

D: incidence matrix



Reciprocity theorem

An n-terminal pair linear circuit n n
Atonestate  (Vy,J1), (Va, J2), -+, (Vi J), Y Vi =) ViU
L at another state  (V'1,J'1), V'3, 12, =, (Vi T'0) i=1 i=1
Proof: Consider a two terminal-pair circuit with m branches.
h — p i — J
O— — 0 o— , —O»p
VlT Vie = ZJx TVZ V'1T Vik = ZiJ 'k TVZ
O— —O0 O— —O

Tellegen’s theorem

{ —WJ] —Vads+ ) Vid;, =0
k

VI =Vada+ Y ViJe=0
k

But VkJ,; — Vk,Jk = Zke]ke];C

S+ Vody = V] Jy + Vi s




Duality M6k

[IER2UE e o IR 2R i
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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 7, Locally active

JV > 0: passive element >/ two-terminal element
JV < 0: active element

\

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

Jin —» "'1—"'rm1t P — Jin‘/in + Jout‘/out
| 7 V ¥
TV.H J ””TT P > 0: passive element
O O

P < 0: active element



~ Ch.3 Transfer function and
transient response




3.1 General Properties of Resonance and Resonance Circuits

3.1.1 Resonance Phenomena R
. . d*q
Harmonic oscillator: —— = —u2q
at? 7 —p—C Lo
: . dJy, d’q. g dgr
Kirchhoff's law LE S— == RJg = R—= L

dgr, +dqr +dg =0

d*q 1 dg 1 d’¢ 1ldq
2 "CRat TT0! T ap Traq Twoa="0

1 1
q P(AL) A o [ 14+ /1 — 4(woT) ] o & iwo (wor > 1)

1
~ JIC

Resonant (angular) frequency



Transfer function, resonance and phase shift

| 1 1\ _ 1
o) = [E o (“’C ) E)] “=VIc
Resonance: Reactance =0 Total Phase Shift Change: =
Imz 4 imy

™, ReY

\ 4

—_—_—e e e e e e — ==

() (b)



The Bode diagram (plot)

Plot of absolute value and argument
of an impedance as a function of
frequency.

Absolute value: log-log mode
Argument: semi-log mode

Example: I C
i L R —O0
Q ~ wo}—z
; R+ wlL
2(iw) = T 5T CR
R+ wlL

T 1- (w/wp)? + iwCR




Transient response of resonant circuit

2

O—E—I—[MG\—O Ld—g_|_R@_|_g:O (t>0),
L R ¢ L ‘ dt dt ' C

Vv > q(0) = CW

(Y q(t) = CVpe* — Ls*+ Rs+C 1 =0
Vs y
R 5= (_woi\/wg—‘l()ﬂ)ﬁ a=(CR)!
(wo/2) < @ — imaginary part
w32 W2\ /2
q(t) = CVyexp|(—y % iws)t], = ﬁ, Wy = Wo ( _ 47?2)

Damped oscillation with time constant y ~1, frequency wq



Transient response of resonance circuit (transfer function

Synthesized impedance, admittance

1
Ztot(s) = sL + R + Ey Yaot(s) — Ztot(s)_l

Zero (pole) of Zot(s) (Yeot(s)) s = (—wp & \/ wi — 402 ) (wo/2a)

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

Laplace transformation of voltage: V (s)

J(t) = ! /c - Y (s)V(s)e®ds = ZR(si)V(si)esit (c > 0)

2T J oo

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



Quartz crystal filter

CRYSTAL FILTER | - 0

Response (dB)

()5 nannocane. hooomomann | e omoem e os o o oo oo o B oaoe
M K K X (C) 243325 44335 443375 4434 443405

Frequency (Hz)



Kondo Resonance and Phase shift

—(IsT)Id H—=IsHlaT)

Er 1 ’/—\/6 Many body resonance. un fonde
But still has the phase shift of /2 !

Co atoms on Ag (111) surface

Co (magnetic) Defect (non-magnetic)

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



Resistance bridge &gt 7V v ¥

R, . Wheatstone bridge

AVS-47 Resistance bridge

Not a “bridge” circuit!



Schering Bridge

F I\ Ly = Loly, L= LaZ3Y

1
Yj_ = — —|—’EL|.J'C;'1

Ry Je=R, +—., Z:=R Ly = ——nr
+ - ) 2 2, 3 O i

E <D> G iwCx

Cy
G
3/\ & R, + L R, L (1 —|—iwC1)




Hartshorn bridge

Magnetic moment measurement

—Ka24n K#E XKa4{n

774KRT *\\L/ B ol Resistance measurement
s I HEAR ANEFon

R‘% §||§ L S

o774 NEE

<l

074 MEB %
L EnE R T
(f=400Hz)

L b2 "k




Capacitance bridge F ¥ /SV XAV R 7Y v ¥

General Radio
3-terminal
Capacitance bridge

Agilent E4981A




What Is Spice?

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

*(0---R1---1---C1---2---V1---0
ex) a CR circuit and a dc power source R10110

Cl11220

V1205

.END

Graphical user interface: Circuit diagram

LY LINEAR =
"TECHNOLOGY BRZ2—RYF ENGUSH X RE SE  ELAbE  Mylnear
2 | VYai-—vav

Linear Technology
web site

A8T7x—2




Circuit Simulator

sshingoss Gmal m& HE O Download LTSpice from
the web site of Linear
Technology

Google

BAHE

Google B & I'm Feeling Lucky



23z} EuLabe

Operation example

11 Ya—vav THAHR—b BA 21

Home > FHAU4H—+ > Uor9z7

Design Simulation and Device Models

YZZTo/0C—RBEBRERERMYFoT LFaAL—FRT7UT | T2 a0n—3, 23— REEZERLI-BRE, IO TORMHBETLERMICESISFHETESL]
LTFHFA v2alb—a3 I—LERELTVET .

* 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 ) #4 0—F (201445 ASB EH)
» LTspice IV(Mac OS X 10.7+F) &4 v>o—F

- BEEE & >3—Fhhuk

Mac OS XA 2—kAvk

LTspice IVIZ B /E% Spice I SaL—2EEBRAA A, BRE2—JICHBEEMZ, X
AVFLT LFAL—EDYIaL— 3 ERBICT AODOETILERBLTVET.
SpiceDHEICLY, RAVF T LFAL—EDLIalL—avi, BEDSpice3Ial

« AA—h-HAF
—SERICERTEL(ERILEN, BEAEDRMVF T LFaAL—RENTER o« A—HFFHAEALT TPILER)
RREFAO-S THTEICENTEET  SpiceLY=F7T2/QS—DAAYF 7 LF « FSUADER
aL—3M80%IZxt T HMacro Model, 2008 A 5477 BETILESIZER, s TEMRE

FSUU RS, MOSFETEF LECCASAHUO—KTEET, LIS —OHEFEERSD
LTspiceD VA y3—%740— [ t |

LTspicel=BT2ETAERS ‘b

MYLINEAR R4 A2
| TPOWFRCAND
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Theorems for paired terminal circuits
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Transfer function of single-pair terminal circuits
Resonance circuit
Bode plot
General properties



