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High Speed Electronics 2019 — Exercise 5 Solutions

1. a) To determine S11 (Input reflection co-efficient)

Zin=R+ Z,
Zin—Zy R
Zim+Zy R+2Z,
To determine S,, (Output reflection co-efficient)

Si1=1

R
AA'AY;
ZO p— Zout
ZO'U.t = R + ZO
Zout - ZO R

So2 = Iy =

Zow +2s R+ 274

To determine Sy; (Transverse gain)

Z, R
1
| S
VS ZO VZ
v, =V, Zo
27 SR 4227,
2V, 27,
V. ~ R+2Z,

To determine S1, (Reverse gain)
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R Z,
1
Vl ZO Vs
v, = v, —20
17 %R+ 2z,
¢ o 27
27y T R+2Z,

b) To determine S11 (Input reflection co-efficient)
R

Zin = Ra||(R1+ Zy)
Zin_ZO
=l = 7,42,

To determine S,, (Output reflection co-efficient)

ANN——

ZO [] R2 O=—0 zc:tut

Zout = R1 + (R211Zy)

Zout - ZO
S =T =
22 out Zout +ZO
To determine Sy1 (Transverse gain)
Z Vi, Ry
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v, =V, Zo
2= 'np + 27,
Zin
Vi =V.——
mn SZin + ZO
2V, 2ZinZ,

Sy1 =

Vi (Ri+Z0)(Zin + Zo)

To determine S1, (Reverse gain)

R, v, Z,
NV 1
Vi Zo R, C— 7 ot Vs
Zol|R>
V,=V,————
PR+ (R1Z0)
Zout
V,=V,—
2 SZout + ZO
S — 2V1 — 2Zoui: (ZOHRZ)
12 Vs (Rl + (RZHZO))(Zout + ZO)
2. To determine S1;
i I
i, Vi I v,
1 cgd
———— Cgs
+
¢ D ]2
@ NON :
R
&
Z' _ZO
S1u=1Iin = ;TZO
mn
V.
Zin = l_s
mn

V2

ip = — Vz)ja)ng =gmVi+9g4aV2 + Zo
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_ Vl(jwcgd - gm)
V, =

) 1
jwCgq + ga + 7,

in = (Vs = V3)jwCqa + 77—
(R P )
]ngS

Substituting for V, in the i;;,, expression above gives

Vi
Zin =1
lin
From which S;; can be calculated.
To determine S,
i |
Vi T Vv, s
2 L
I
e Cad
Ces
-
20 W gd - Vs
gmvl
R
i
Zout—Z, Vs
Sop =Tout = ﬁ, where Z,,; = “
Writing KCL at node V1
. . Vi Vi
i =V = V)jwCyq = 1 T 7
K)o
( JwCys
VajwCyq

Vl =

1 1 .
(R +]'—ng5 + Zo +]a)ng)
Similarly, KCL at node V2
s = (VZ - Vl)jwcgd +Vigm + V294

Substituting for V; in the iy expression above gives Z,,,; = ? from which S,, can be computed.
S
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To determine Sy,

Zy L Vi ﬂ’ Vv,
 I— \ d [ \ d
T Ced
co—— Cgs
+
i O =
8mV1
R
<
2V
Sy1 = 72

Now we try to write V2,Vs can be calculated from KCL at nodes V1 and V2.

. . V,
=W - Vz)]a)ng = 7 +Vigm + V294
0

Which gives,
. 1
V,(jwCga + ga +7-)
Vi = p 2
(]ngd - gm)
Also,
o =1 Vi .
ls = SZ = 1 + WV - VZ)]ngd
© (R+7ac)
]ngS
Which results to,
A 1 1 . .
—=V| =+ 1\ +jwCyq | —Vo(jwCyq)
0 Zo (R +- )
]ngs

. . 2V,
Solving the above equations and rearrange them to get S,; = 72
N
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To determine Sy,

iy i
Vv, ’ﬁ Vv, —
4 [ 4 ITJ
- Cad i
——— CgS
Z +
3l O O
gm 1
R
L 2
2V
S12 = 71
S

As usual, writing eh KCL equations at V1, V2 nodes
Vi Vi

p=—+ =V —V)jwCyqy
o (R )
JwCys

. 1 1
e
V= ( JwCys
2 j(lJng
Also,
V-V .
s = SZ = (V2 =V)jwCga + Vigm + V294
0

Vs . . 1
7 =V1(Gm —jwlga) + V2 (gd + jwCyq + Z—)

0 0

Substitute for V2 in the above expression and rearrange to get
2V,
12 — Vs
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3. Since direct numerical calculations of S parameters is very tedious, let us compute the numerical
y-parameters and convert them to S-parameters.

General hybrid m-model

A It
y11+y12§, . \Jv/?(}’zl‘yztz)ﬁ ; Yart¥i
| ]
Ced

¥ | ]

Vin 8

_ ImVin 94
1

Comparing the above two models, the y-parameters cab be extracted at

w = 2nf = 2w =50 % 10° = 314 * 10°

-1 .
Vi = (R4 — F G =225 4 jc
11 — ijgs jw gd — jw gd

1+ jwRCy
_ w?RCZs il 4 JjwCys
1+ w?R2CE 79 T T4 w2R2CE,

Y;; =34%107% +j1.5%1073 S

Yy, = —jwCyq = —j1.57 %1073 S

Y21 = gm — jwCgq = 20 %1073 — j1.57 x 1073 S

Yy = ga + jwCyq = 5% 1073 + j1.57 % 1073S
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Using MATLAB y2s function, the parameters were converted and the absolute values of the
S-parameters were obtained.

Sy, = —0.8127 — j0.9502; |S;4| = 1.25
S1, = 0.1763 — j0.9397;|S;,| = 0.9561
S,y = 0.1674 — j0.9313;|S,,| = 0.9462
S,, = —0.8226 — j0.9063; |S,,| = 1.22

Since |S11| >1, the system is NOT unconditionally stable.

To draw the stability circle, the center and the radius of the circle should be computed using
the following equations:

552 _A*Sn
C=——"————=-0.6296 —j0.0137
15,212 — A2 )
|512521|
R=—""""—=0.3912
115,217 — [A]7]

A = 511522 - 512521 == 0.6530 +11.8397

Convertingthe calculated C and R to z parameters and normalizingto Zp = 50 Q gives
C=0.2272-j0.0103 and R =2.29

The Smith chart shows the output stability circle. Since |S11| >1, the whole region outside the
stability circleis unstable. A portion of the Smith chart being unstable confirms again that the
system is NOT unconditionally stable. The ' is also plotted in the Smith chart and it can be
seen to lie in the unstable region. To make the system stable, the I is brought inside the
stability circle by following the constant resistance circle. Thus a reactive element of -j0.57 can
be added in series with the load to make it stable.
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1
980 NI o nowomis 1031

Say:

4. Zout = 100+j200 Q
Assuming characteristicimpedance Zy = 50 Q, the normalized Z,,: = 2+j4 Q

Zout Must be matched toz, =50 Q

Steps:

e Followthe constant resistance circle from Z, which correspondsto a series inductor
with reactancevaluej3.
Z =lij;L = 24nH
Zy
e Followthe constant conductance circle downwards to reach Zou: which corresponds
to a parallel capacitor with susceptance value j0.5.

Y = ZyjwC ; C = 1.59 pF

With the same Land C, at w = 10 GHz, theimpedance and admittance values willbe Z = j
30.14 and Y = j5. Measuring from the center of Smith chart to the impedance point following
the new L and C gives the magnitude of the reflection co-efficient (from the bottom of Smith
chart). I =1 complete reflection in this case.



Abinaya Krishnaraja

abinaya.krishnaraja@eit.Ith.se

05

s

24 nH

—— 1.59 pF




