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Outline

5.3 S-parameter representation of devices
Impedance matching with Z, S parameters
Impedance matching with immittance chart

5.4 Non-TEM mode transmission lines

5.5 Non-linear elements and Toda lattice

Ch.6 Noises and Signals
6.1 Fluctuations
6.2 Fluctuation-dissipation theorem



Review: Scattering (S) matrix (S parameters)

Transmission lines: wave propagating modes — Channels

Take |a;|%, |b;|* to be  output S-matrix input
powers (energy flow). (bl\ (Su - Su oo Sln\ (al\
, z z R 5
‘ \bn} \Snl o Sni o Snn} \an)
b= >Sa
In the case of two-terminal pair circuit
a1 S <—a2
b S > by
A py GND GND

0)-( 2E)-6 e
by So1 S22 a2 hh 1/ \a



S-parameter representation of high-frequency devices

DATA SHEET

1 NEC / GaAs MES FET

NE76084

C to Ku BAND LOW NOISE AMPLIFIER
N-CHANNEL GaAs MES FET

S-PARAMETERS Siq

Wos =3V, lo=10 mA
START 500 MHz, STOP 18 GHz, STEP 500 MHz

az,bz
allbl

GND o OGND Sy

S511 =1,52 = 1>




Review: Smith Chart

I : reflection coefficient

Z0
Z Z .
z = 70 =T+ 1y
o
Im Z —— X-constant

.. y-constant

> ReZ




Comment: Mirror effect

An amplifier may change the effective impedance of passive elements.
]
N

equivalent circuit

il — i
“ 0 o) Ceff
S s M B O
d’Ul '
j1=sC(vy —v,) =sC(1+ A)v, Ceﬂ‘g = sCogv1 = J
J1 1 g
= ¢ — J1
(1 ~+ A)Cv1 Ceff V1
Ceff — (]- + A)C

- mirror effect



S-parameter representation of high-frequency devices
Ex) NE76084 MES FET 0.5~18GHz

1.0

Insert input and output matching circuits to kill reflections.

17

The datasheet tells that we need
Impedance matching circuits
with transmission lines with
Zy = 50 (.

i o
500 {Zi; Z
VY Input BIT output
@ mqtchl_ng CET ma_tchl_ng
circuit circuit

50Q2



Impedance matching circuits

The circuit 1s summarized at the boundaries as

Zs

- BJT

Vs O | FET

If we know Z-parameters of the input/output matching circuits,

from Ho-Thevenin’s theorem
AYYAY

50 + Z1,’

AV
50 + Z9,

ZS:Z;2_ 2y, =27 —



Z-matrix, Ho-Thevenin’s theorem

Vi Z1n 24 J
Z-matri O— —O 1\ _ (411 412 1
] o o (8)= (0 %) ()

Ho-Thevenin F@12+_;3 F@W m
ol - o I O Ie

4 N
1. Measure the open terminal voltage V. Then
2. Turn off all the power sources (voltage sources: short, current 7= Vo
sources: open). Measure the open circuit impedance Z;. 7 + ZU

o
Vi=0 . Vi =-50J; =Z11Ji +Ziady .. J = — J.
1 1 11J1 + £12J2 1 50—|—Z112

VAL
Vo = Zo1J1 + Zogdo = | Loy — J:
2 21J1 + 422J2 ( 22 5O—|—Z11>2/7 g




Impedance matching circuits

The circuit 1s summarized at the boundaries as

Z
(RO — - | BT,
s z,-»| FET | <2z,

4}

If we know Z-parameters of the input/output matching circuits,
from Ho-Thevenin’s theorem

: ANA, YA
T — Zl . 12 2% - ZO L 1221 .
ST 504z M T B0+ Zg,
{Z;;} : BJT (FET) Z-parameters, again Ho-Thevenin says
Z12Z21 Z12221
7, = Zyq —  Zp=Zog —
l 70+ 2oy 2" Zs+ Zn

matching condition: Z; = Zs, Z, = Z;



Impedance matching with S-parameters
In S-parameter treatment, we use complex reflection coefficients

to express load, source etc.

a— (311 512) & D e ﬁ — S+ 5125017
bl «— | \O21 S2)| —> b, " a1 H 1 — Soory,

Ts a— «—a b S12991T
1 (511 512) 2 - %2 _ g, 4 D12om S
bi<—|\Sn Sn/| —> b, a9 1 — Siirs

Matching condition: 7L = Tou, TS = Tin

B+ V/B? —4|M|?
- oM ’

Byt /B2 — 4|N|?

Solution
e 2N

Ty,

with
Bl =1+ |511|2 — |522|2 — |detS|2, Bz =1- |Slll2 + |522|2 — |detS|2
N = SQQ — SfldetS, M = SH — S;‘QdetS

~»



Practical impedance matching with Smith chart

Series and parallel connection of passive elements and traces on charts

Smith chart Admittance chart



An example of Impedance matching

frequency 100 MHz ~ 628 Mrad/s s e
immittance chart 1
Im r f
A Lp ?509

Z,=20—10i (Q)
1

equalize: 0.4 + jy =
: W= T g
y=—v0.24 = —0.49

1
—0.49 = —-0.2 —
(UCSZO

~ 110 pF

1
271 % 108 x 50 x 0.29

similarly Lp = 65 nH

Cs ~




Impedance matching designer

http://home.sandiego.edu/~ekim/e194rfsO1/jwmatcher/matcher2.html

http://leleivre.com/rf_Icmatch.html



http://leleivre.com/rf_lcmatch.html
http://home.sandiego.edu/~ekim/e194rfs01/jwmatcher/matcher2.html

Useful freeware: Smith v4.0
http://fritz.dellsperger.net/smith.html

C | @ fritzdellsperger.net/smith.html ww & 0
HH | News&Search Physics Software Traffic etc B Google Scholar G Google B Google E1ZR |w| =& -T=Ea - Y Bookmarks F0iEOTyI7-

Smith-Chart Software and Related Documents
NEW Software Smith V4.0

Smith V4.0 6'664kB exe Computer Smith-Chart Tool and S-Parameter 11.2016
Plot, Setup Smith v4.0.exe

1. Smith-Chart Diagram
» Matching ladder networks with capacitors, inductors, resistors,
serie and parallel RLC, transformers, serie lines and open or
shorted stubs
» Free settable normalisation impedance for the Smith chart
» Circles and contours for stability, noise figure, gain, VSWR and Q
» Edit element values after insertion
» Tune element values using sliders (Tuning Cockpit) NEW
* Sweep versus frequency or datapoints
» Serial transmission line with loss
+ Export datapoint and circle info to ASCII-file for post-processing
in spreadsheets or math software
» Impoert datapoints from S-parameter files (Touchstone, CITI,
EZNEC)
» Undo- und Redo-Function
) + Save and load designs (licensed version only)
New Version 4.0 e Save netlist (licensed version only)
Octobre 2016 » Print Smith-Chart, schematic, datapoints, circle info and S-Plot
graphs
» Copy to clipboard for documentation purposes
s Settings for color and line widths for all graphs

Download

2. S-Plot

* Read S-Parameter - Files in Touchstone®-, CITI- and EZNEC-
Format

« Graphical display of s11, 512, s21 and s22

+ Graphical display and listing of MAG (maximum operating power
gain), MSG (maximum stable gain), stability factor k and u and
returnloss

* Linear or logarithmic frequency axis
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5.4 Non-TEM mode transmission line

4 V+av
ﬂde
Characteristic impedance

LC model: Z = iwL, Y = iwC

The inductance represents magnetic fields circulating the core and the
capacitance electric fields directing from the core to the shield.

Zoy = 1 /é . real, dispersionless (no -k relation)

Non-linear o-term in Z or Y — dispersion (longitudinal components)



5.4 Non-TEM mode gives mass in transmission line

K K K
C: capacitance per unit length
L —C L —c L —— C L:inductance per inverse unit length
K: inductance per unit length
Y =w(C + :
= W —
wl

1 K
—k*=YZ=[iwC + — | iwK = - CKw? + —
1wl L

Constant finite mass: E = hw o k*
(Schrodinger eq.: Parabolic partial differential equation)

Coupling between linear dispersions: mass mechanism  cf. Higgs



5.4 Non-TEM mode gives mass In transmission line

= w, unchanged with dx — 0

-
)




5.4 Giving mass to LC transmission line

w > wyg —> k ~ 771 No dispersion
Wo
Velocity: ¢* 2 _ =t !
= = = — =
k- n VKC
W~ Wy W= wpy+ ow
0 hk? hk?
k= 2772—w CLEeE= how = —
Wo 2(n°/wo)  2m*



e .
J'n 1 JrH' Jr.f‘!""l
Va1 = Vy —1" L;«.r+| —>

(a) (b)

Toda lattice is a typical non-linear system with exact (soliton)
solutions. It is defined as follows:

a
The springs in (a) have Toda-potential: ¢(r) = Ee_br +ar (ab > 0)

Equation of motion:

d*u,,
m—- = —aexp[—=b(uns1 — up)] + aexp[—b(un — up1)]
For relative shift d27“n

. —bry, —br,a1 —br,—1
_ m = a(2e —e R
Th = Upt1 — Un dt>2 ( )

Force of a spring: f — —¢/(7“) — a(e—br — 1)



Solitons In Toda lattice

d? fn b
— 1 It — ) — —\Un n—1 — 2 n
742 0g(+a> m(f+1—|-f 1 — 2fn)
L Soliton solution: U, = wzsech2(/€n + owt + 5),
sech?(x) o =21, w =sinhx,

k, 0 :constants

> X

_-77‘.“ 0 .
N = 2 soliton solution:

. Tn+1Tn—1
Up = 5
Tn

T = 1 4+ 62771 + 62772 + A1262(771+772)’

M = kin + oywit +0;, 0y = £1, w; = sinhk;,

—1

)

0.5 ab Sil’lhz(fil — /432) — m(01w1 — 0'2(4)2)2
A12 —

_5 | m(alwl + 0'2(4)2)2 —ab Sinhz(lil + KJQ)




Non-linear capacitance: Vari-cap

Varicap BB505

0 la [2
= [ a@aiyde+ [ 20, - 2)de = 280
€ _Ed € 0 €

2en @) 2 _ B B
V—I—Vb—T(ﬁd—l-E) "C_W_ 2en SV Vo

VW =V, 446V oV —V




L-Varicap transmission line




Solitons In non-linear circuit
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Toda lattice circuit, Soliton circuit

Iﬁi—l

et In
“"””% ----- (A [ NS [ S — J. Pays. Soc. JAPAN 28 (1970) 1366~ 1367
INPUT Vﬂ_,T% Wy T V“*'T CUTPUT
. , , E : . Studies on Lattice Solitons by Using
Fig. 1. A nonlinear network equivalent to a one-dimensional anharmonic lattice. The circuit element E]ECtI‘iCﬂl MNetworks

have an inductance L=22 xH or capacitance C(V)=27 V/'-0.48 pF.

Ryogo HiroTA and Kimio SuzUKI
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Fig. 16. Microwave soliton oscillator prototype. 60
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