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Two-Port Power Gain



TWO-PORT POWER GAIN
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Figure 7.1: A two port network with general source and load impedance.
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TWO-PORT POWER GAIN

Power Gain = G = P/ P;, Is the ratio of power dissipated in the load Z, to the power
delivered to the input of the two-port network. This gain is independent of Z, although
some active circuits are strongly dependent on Z..

Available Gain =G, =P, / P, Is the ratio of the power available from the two-port
network to the power available from the source. This assumes conjugate matching in both
the source and the load, and depends on Z¢ but not Z, .

Transducer Power Gain = G; = P_/ P, Is the ratio of the power delivered to the load to
the power available from the source. This depends on both Z; and Z, .

If the input and output are both conjugately matched to the two-port, then the gain is
maximized and G = G, = G+



TWO-PORT POWER GAIN

From the definition of S parameters:

Vi =SV +S,V, =SV, + 5,10V, [3.1a]
Vy =SV +S85,V, =S,V +S5,I0 YV, [3.16]
Eliminating V,” from [3.1a]:
r — Vi _ S 4 S5, 1L _ Zin —Zo [3.2]
"oV Yt 1-s,. I, Z._ +7Z,
V., S,,S,, I Z . —Z
Fout — 2+ — SZZ + 12=21" S _ —out 0 [3.3]
Vz 1- Sllrs Zout + Zo




TWO-PORT POWER GAIN

By voltage division:

Zin + — +
V, =V, 47, =V, +V, =V,"(1+T,) [3.4]
Using: o1
Z, =2, 351
1-T,
Solving for V,*:
Vl+ _ VS (1_FS) [3.6]

2 (1_ 1_‘Sl_‘in)



TWO-PORT POWER GAIN

The average power delivered to the network:

2 2
ST VY (P ) I 0L Sk O S I
27, 87, ‘1_1“51“”]‘

The power delivered to the load is:

v |

=2z, R-irif) [3.8]
P — ’Vl+‘2 |821|2(1—|F,_|2)
- 2Z, p—s,Ir. |’

AR ot
8Z, 1— 8,221“L|2|1—1“511n|2

[3.9]




TWO-PORT POWER GAIN

The power gain can be expressed as:

R __[sa[R-In )
P, -0, [ )1_ S,,T|°
The available power from the source:

avs in|1~in:r; 8Z (1 |1_,S|2)

The available power from the network:

A

Lo b1

P, =P,

avin

- 82 ‘1 S22 out

\1 0|

[3.10]

[3.11]

[3.12]



TWO-PORT POWER GAIN

The power available from the network:

VA 5 S
8Z, |1—811FS|2(1—|F0M|2)

avin

The available power gain:
Py IS4l
|2)1_ Sul's |2

* Pw  l-r

The transducer power gain:

ut

P [sal o i)
! Pave ‘1_822FL‘2‘1_FSFin‘2

[3.13]

[3.14]

[3.15]
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AMPLIFIER BLOCK DIAGRAM

rl’.’r‘lﬂf
r:’rr J
Z, =500 input output Z, =500
MN MN
I I;
. . : e . S S — PT-
Evaluate the appropriate gain equation: Ot = transducer power gain = P
VS

6, . ol I5..f 1] S,,5,,T s

1 5111_'_;': - TMFLF where ', =55, + 15T,
gain term 0 gain term
associated with G, of associated with
mput match device output match

if [.=T,=Z,

So. if you are given the S params and I';.T, then you can calculate the gain.

Note howewver that I'yy; depends on I's unless S5 = 0!

Unilateral case

If the transistor is unilateral,

1-|Ts?

1= 8T’

182112,
1— T

1= Sl )?



Further discussion of two-ports power gains

~ we can define separate effective gain factors for the input (source)

matching network, the transistor itself, and the output (load) matching network as
follows: 1 — I
G — — |Is| ,
|1 — Tinls|?
Go = |$21/%,
1— T
L = .
|1 — Sl

Z,
Input : Output
matching Trm[lgstnr matching
circuit 4" |_> pu ‘_[ r circuit %
G.s 0 GL

—

r,l |ri,, r lrL

out

The general transistor amplifier circuit.



Special case 1

', =Tg=0

Gr = |5 %

Special case 2: 54,=0, unilateral transducer power gain

Gy 1S2117(1 = [Ts1?)(1 = [T |)
11— S1Ts2|1 — SpI'L|?




EXAMPLE COMPARISON OF POWER GAIN DEFINITIONS
A microwave transistor has the following S parameters at 10 GHz, with a 50 2

reference impedance:

S11 = 0.45£150°
S12 = 0.01£-10°
S2; = 2.05£10°
S22 = 0.40£—150°

The source impedance is Zg = 20 2 and the load impedance 1s Z; = 30 2.
Compute the power gain, the available gain, and the transducer power gain.

Solution
From (6.4a,b) the reflection coefficients at the source and load are

_ Zs—2Zy 20—50
T Zs+2Zo 20450
F T D50

——d —_— — _Oo 50-
Z, + 2o 30 4+ 50 .

= —0.429,

S

'z




the reflection coefficients seen looking at the input and output of the terminated
network are

. $12521T°L

Fln . Sll + - Szzrl_
(0.01£—10°)(2.05£10°)(—0.250)
= 0.45/150° = 0.455/150°,
L 1 — (0.40£—150°)(—0.250)

- S$12821Ts
rom—822+ l—S“l"s

— 0.40/—150° + (0.01£—10°)(2.05£10°)(—0.429) — 0.408/—151°.

1 —(0.45£150°)(—0.429)



the power gain is
_ 182112(1 — ITL1?)
(1 = ITial®I1 — S22 |2
(2.05)%[1 — (0.250)?]

G

= 11 = (0.40—150°)(—0.250)’[1 — (0.455)2] SR
the available power gain is
182112(1 — |Ts|?)
Ga= 2 2
1 — 81 Csl*(1 — [Towml®)
2 —
_ (2.05)2[1 — (0.429)?] _sgs

1 — (0.45£150°)(—0.429)|2[1 — (0.408)?]
the transducer power gain is
Gy — 1821 12(1 — ITs1*)(1 — T|?)
|11 — FsTinl?|1 — S22T |2

_ (2.05)2[1 — (0.429)%][1 — (0.250)?] 540
= |1 — (0.40Z—150°)(—0.250)]2|1 — (—0.429)(0.455/1509)2 -




Ornek:

2GHz amplifier (Z_=50(2) with §,,=0.97 2-43 | S ,=0.
S,,=3.39.2140, S,,=0.63 £-32. ' =097 243, ' =0.63 232,
— Gq. Gp. G,

S, =0—>1,, =5,.1,., =Sx»

I, = Slzker = S;z
N A Sul a5 _ P S| A=)
GP = P - 2 2 '-GA - T 2. 2
in '::1_ rm )|1_Sjjr};| Pm’E (1_ rumr }|1_‘§11r5
o _ P :|521f(1—rf)(1—|r_£|2)
P =T, fi-S,T
G, =G, =Gp =Gy = — S, L _32042-12548

I L S



Example: Gain Expressions

e An RF amplifier has the following S-parameters at f,: s,;=0.3<-70°, s,,=3.5<85°,
S,,=0.2<-10°, s,,=0.4<-45°. The system is shown below. Assuming reference
Impedance (used for measuring the S-parameters) Z,=50€, find:

e (a)Gy, G, Gp
® (b) I:)L’ I:)A’ I:)inC'

40Q

Amplifier

5<0° Z, =730
{511 S12}

S21 S22




Example Cont...

_ Z—Z, Z, ~Z,
e Stepl-FindI' ;and T, . Is=z57z-="0111 I Zﬁ =0.187
e Step2-FindI';and T, . [ =u=0h _(0146— j0.151
. 17 L-sply )
e Step 3-Find G, G,, G+ [ _522-DIs _oec ooy
e Step4-Find P, P,. T
e D=s11s22-s12s21 s \2(1—\F ‘2)
* Gp=GT Try to derive THosraojrp)
Pa = ﬁ['Z] —0.078W € These 2 relations
2 2
I N G
Rn =Pal1-|52=25.7,| |=0.0714W A= =14.739
" A( ‘Z“ZS 0 \1—3111“5\2(1—\1“2\2)
PL =GpR, =0.9814V 1-0y |2 209 12
PFin ‘ L‘ ‘521‘ ‘ S‘
Gt = —12.562

2
‘1— 8221_]_‘ ‘1— I71g ‘2

| Note that this is an analysis problem. I
19




Stability



Oscillation is possible if either the input or output port impedance has a negative

real part; this would then imply that

Because I, and I',,; depend on the
source and load matching networks, the stability of the amplifier depends on I'g and I';

Z

S

Input
matching
circuit

G

X

1

rl Ir,

The general transistor amplifier circuit.

Transistor

[S]
Gy

1%l > 1 o [Teal > 1.

M

1‘,,,,,( [11

Output
matching
circuit

B

® Unconditional stability: The network is unconditionally stable if [Ij,| < 1 and
IT'out] < 1 for all passive source and load impedances (i.e., |[I'g| < 1and [I',| < 1).
® Conditional stability: The network is conditionally stable if [y, | < 1and [Tou| < 1
only for a certain range of passive source and load impedances. This case is also

referred to as porentially unstable.



Load stability circle

_ (Sn—AS)?

C. =
152212 — | A2
S1252;
Ry =
152212 — |AJ?

Source stability circle

_ (Sn—ASy)”

Ce =
ST ISul - AR
S12821
Rec =
S I ESNE

A = 511822 — S12821.

(center),

(radius).

(center),

(radius).



Unconditional stable:

If the device is unconditionally stable, the stability circles must be completely outside
(or totally enclose) the Smith chart.

ICLl =Rl >1,  for [Sul| <1,
||Cs| e Rsl > 1, for ISzzl < 1.

If |S;1] > 1 or |S22| > 1, the amplifier cannot be unconditionally stable because we can
always have a source or load impedance of Zj leading to I's = 0 or I'y, = 0, thus causing
ITinl > 1 or |Tow| > 1. If the device is only conditionally stable, operating points for I's
and ", must be chosen in stable regions, and it is good practice to check the stability at
several frequencies near the design frequency. If it is possible to accept a design with less
than maximum gain, a transistor can usually be made to be unconditionally stable by using
resistive loading .



Tests for unconditional stability

K-A test

These two conditions are necessary and sufficient for unconditional stability, and are
easily evaluated.

_ 1= |S111% — |S2|* + |A?
2|8125211

— |A] = |S11822 — S12821] < 1,

- 3

—> K

recall from the previous paragraph that we must have||S;;| < 1 and |S2;| < 1/if the device

~ istobe unconditionally stable.

While the K-A test is a mathematically rigorous condition for unconditional stability,
it cannot be used to compare the relative stability of two or more devices since

it involves constraints on two separate parameters. Recently, however, a new criterion
has been proposed that combines the S parameters in a test involving only a single
parameter, s, defined as



A quantitative test

_ 1— |81/ :
1822 — AST; | + [S12521]

I

Thus, if & > 1, the device is unconditionally stable. In addition, larger values of x imply
greater stability.

SuSnl's  8S» — Al

rOﬂ=S T ,
t 22+1—S|11‘3 1 —Suls

Unconditional stability implie that|Ioy| < 1 forany passive source termination, l"s.:



Example 2

The S parameters for the HP HFET-102 GaAs FET at 2 GHz with a bias voltage of
Vgs = 0 are given as follow (Zo = 50 Ohm):

S,, = 0.894 < -60.6
S, =3.122<123.6
S,, = 0.020 < 62.4
S,,=0.781 < -27.6

Determine the stability of this transistor using the K-A test and the p test, and plot
the stability circles on the Smith Chart

26



Example 2

Remember, criteria for unconditional stability is:
For the K-A test:

\A\ =1S5,S, —S, S, | <1
o _1[Suf —[Sn[ +[Af
2‘812821‘
For the u test:
1-|S,,| 4

a ‘Szz _ASJZ

+|S12821|

1

27



Example 2

Calculation results:
For the K-A test:

Al=]S,S,—S,S,|=0.696 <1

B et e M B )
2SS,

K =0.607 <1

For the u test:

1-[S.|

— =0.86<1
S, —AS;|+]S,S,,

y7;

Which indicates potential instability

28



Example 2

Calculation for the input and output stability circles:
Output stability circle center and radius:

C —(822_ As, ) —=1.361< 47

R = 8;2521 -1 =0.50
S | —|a

Input stability circle and radius

c —(5.245) 13, _es
S.| =14

R = SS -1 =0.199
S.| =14

29



STABILITY

4

Input
stability
circle
:‘;. ‘\ ‘* . R S
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Figure 7.4: Example of stability circles
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A unilateral device condition for unconditional
stability

* For a unilateral device condition for unconditional stability in terms of S
parametersis |S;,|<1, |S,,]|<1.

Explanation: For a unilateral device, the condition for unconditional
stability is | S, [<1, |S,,|<1.S;; parameter signifies the amount of power
reflected back to port 1, which is the input port of the transistor. If this S
parameter is greater is than 1, more amount of power is reflected back
implying the amplifier is unstable.

* If [S;;|>1o0r |S,,|>1, the amplifier cannot be unconditionally stable.

If |S;;|>1 or |S,,|>1, the amplifier cannot be unconditionally stable
because we can have a source or load impedance of Z, leading to 's=0 or
[L=0, thus causing output and input reflection coefficients greater than 1.



Condition for unconditional stability

* The condition for unconditional stability of a transistoris |A|< 1 and K>1.
Here, |A| and K are defined in terms of the s parameters of the transistor
by defining the S matrix. To determine the unconditional stability of a
transistor in K-A method, the S matrix of the transistor must be known.

e |If the S parameters of a transistor given are
S,,=-0.811-j0.311
S,,= 0.0306+j0.0048
S,,=2.06+j3.717
S,,=-0.230-j0.4517
Then A for the given transistor is 0.336.

Explanation: Given the S parameters of a transistor, the A value of the
transistor is given by [S,,S,,-S,,5,, | . Substituting the given values in the
above equation, the A of the transistor is 0.336.



Unilateral Gain



Unilateral Gain

This time the mismaich factors, Gg and G, , are independent of each other, meaning
that the input and output ports of the device can be matched independently. Gg and G;
result from (13) and (14) when we set I';, = Sy4 and ', = Sss. Go simply represents
the transducer gain of the active device when terminated in the system characteristic

impedance, Zo.
It is a simple matter to show that, for a unilateral device, maximum gain is obtained
when we set:
s = S5
and
=55
(17) then gives the value of the maximum unilateral gain as:

1 1
1 —1511/?] 1 — [S22/?]

A further useful consequence of assuming unilaterality is that Rollett’s stability factor
tends to infinity and the stability criteria (??) simply reduce to:

Gru,., = So1°
|

1S11| < 1
1S22| < 1



Amplifier Design using S-parameters



Amplifier Design using S-parameters

Stability check

Matching network design according to gain, power or
noise maximization

Conjugate match for maximum gain but usually lower
bandwidth.

Trade off between gain and bandwidth



rin=r§$
Fout-——' FZ.

1— |
11— S|

. 1
1|2

2
15211

Z
mgg;tng Trax[xsistor mgtu:lg?r:g
circuit l |‘> g] j r circuit
G, 0 G
rl Ir. r.| In,

The general transistor amplifier circuit.



In the general case with a bilateral transistor (|S)2| # 0), i, 18 affected by 'y, and vice
versa, so that the input and output sections must be matched simultaneously.

the necessary equations:

S125uTL
rs=38n+ ,
RS T %% o
S12521Ts
'] =8S»n+ .
L 2 — Suls
We can solve for I'g by first rewriting these equations as follows:
S1,85
FS=S#+ 1‘221"
T —~ 8%
. S2—ATs
I'; = ’
1 -8,

where A = §,15» — S125,,, as before.

Cs(1 — |S22l®) + T'3(AS3, — Si1)
= [s(AS}, 83, — |Sul* — AS},83,) + S§,(1 = |S221%) + 857,535, 52




(S11 — AS3Ts + (AP = |Sul? + [S22|* — DIs + (S7; — A*Sy) = 0.

By + /B — 4|Cy[?
[ = .

2C,)
By % \/B} —4|Cy)?

1= T

B = 1+ |Sul® — |Sxl* — |A?,
By = 1+ |Su* — |Snul* — A%,
C] - S]] — AS;z,
Cy = Spn — ASY;.



Solutions to

I's and I, are only possible if the quantity within the square root is positive, and
it can be shown that this is equivalent to requiring K > 1.

Thus unconditionally stable devices can always be conjugately matched for maximum
gain, and potentially unstable devices can be conjugately matched if K > 1 and |A| < 1.

for the unilateral case. When S, = 0, I's = §7; and I', = 5, and then
the maximum transducer gain of reduces to

1
Gru,, =
1 —|Sul?

1
1 — |82

2
5211




Maximum stable gain

If the transistor is unconditionally stable, so that K > 1, the maximum transducer
power gain of (6.40) can be simply rewritten as follows:

Gr,, = Bal g — yxZ-1).

|512]

The maximum gain does not provide a meaningful result if the device is only

conditionally stable, since simultaneous conjugate matching of the source and load are
not possible if K < 1

In this case a useful figure of merit is the maximum stable gain, defined as the
maximum transducer power gain of (6.46) with K = 1.

_|Sul
Sl

The maximum stable gain is easy to compute and offers a convenient way to
compare the gain of various devices under stable operating conditions.

For K = 1: G




CONJUGATELY MATCHED AMPLIFIER DESIGN

Design an amplifier for maximum gain at 4.0 GHz using single-stub matching
sections. Calculate and plot the input return loss and the gain from 3 to 5 GHz.
Use a GaAs FET with the following S parameters (Zo = 50 £2):

f (GHz) Sn 521 S12 Sn
3.0 0.80/—89° 2.86/99° 0.03/56° 0.76/—41°
4.0 0.72/—-116° 2.60.76° 0.03.57° 0.73/-54°
5.0 0.66/—142° 2.39.54° 0.03.62° 0.72.—68°
Solution

We first check for unconditional stability of the transistor by calculating A and K
at 4.0 GHz:

A = 811822 — 512871 = 0.488/—-162°,

— [S111% = S22/ + |AJ?
K=1 1S111° — |S221° + |A| — 1.195.
2[81282|
Since |A| < 1 and K > 1, the transistor is unconditionally stable at 4.0 GHz.
There is therefore no need to plot the stability circles.




For maximum gain, we should design the matching sections for a conjugate
match to the transistor. Thus, I's =I'y, and ' = T3, and I's and I', can be
determined :

B, + /B — 4|Cy|?

[s = = 0.872£123°
: 2C, e
By % /B3 — 4|C,P2
P = 0.876.61°.
2,

Then the effective gain factors can be calculated as
' 1

G = = 417 =620 B,
> T 1-|Tg)?
Go = |$2|* =6.76 = 8.30 dB,
1— T2
G; = = 1.67 = 2.22 dB.
. 11 — $2T1|?

So the overall transducer gain will be
Gr.. =620+ 8.30 + 2.22 = 16.7 dB.

The matching networks can easily be determined with a Smith chart.
For the input matching section, we first plotI',
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Example

Design an amplifier for a maximum gain at 4.0 GHz. Calculate the overall
transducer gain, G, and the maximum overall transducer gain Gyax- The S
parameters for the GaAs FET at 4 GHz given as follow (Zo = 50 Ohm):

S;; =0.72<-116
S,;, =2.60<76
S;, =0.03 <57
Sy, =0.73 <-68

45



Example (Cont)

Determine the stability of this transistor using the K-A test
SS -85S =0.488 <-162

A= 0.488

2

2

1-1S

11

C+|A

SZZ
S..S

12 21

K = =1.195

2

Since |A| < 1 and K > 1, the transistor is unconditionally stable at 4.0 GHz.

46



Example (cont)

For the maximum gain, we should design the matching sections for a conjugate

match to the transistor. Thus, ' =T, *and ', =T
from;

2

B +,/B -4C,

*
out

['s and I', can be determined

r —0.872 <123
2C.
B i\/Bf —4c|
r = —0.876 <61

: 2C.

47



Example

The effective gain factors can calculated as:

G = 1 ~-=4.17 =6.20dB
1—-1|S,
G =|S.| =6.76 =8.30dB
)
= -~ =1.67 =2.22dB
‘1_SZZFL

So the overall maximum transducer gain will be;
G _=6.20+8.30+2.22=16.7dB

T

48



Example 4

An FET is biased for minimum noise figure, and has the following S parameters at
4 GHz:

S,, = 0.60 < -60
S,, =1.90 < 81
S,, = 0.05 < 26
S,, = 0.50 < -60

For design purposes, assume the device is unilateral and calculate the max error in
G, resulting from this assumption.

49



Unilateral form

 In many practical cases |S,,| is small enough to be ignored, the device then can be
assumed to be unilateral, which greatly simplifies design procedure

« Error in the transducer gain caused by approximating |S,,| as zero is given by the
ratio G/G+, and be bounded by:

1 G. 1

2 < < 2
1+U) G, @-U)
Where U is defined as the unilateral figure of merit

AR ERE
1-|s,|)@a-|s.

22

)

50



Example 4 (cont)

To compute the unilateral figure of merit;

—_— 812
- @-|s.,

SZ:L‘ S11
A
Then the ratio of G;/G+ Is bounded as;

1 G, 1

< <
1+U) G. @1-U)’

S22
S22

= 0.059

)

0.891< CC;T <1.130

TU

51



Example 4 (cont)

In dB, this is;

~0.50<G —G_ <0.53dB

Where G; and G4, are now in dB. Thus we should expect less than about + 0.5 dB
error in gain.

52



CONSTANT GAIN CIRCLES



Constant gain circle and design for specified gain

* In many cases it is preferable to design for less than the maximum obtainable gain, to
Improve bandwidth, to obtain a specific value of amplifier gain, or to minimize the

effect of device variations.
 This can be done by designing the input and output matching sections to have less

than maximum gains; in other words, impedance mismatches are purposely

Introduced to reduce the overall gain.
« The design procedure is facilitated by plotting constant gain circles on a Smith chart,
to represent loci of r andr, that give fixed values of gain for the input and output

sections (Gs and GL).

54



Constant gain circle and design for specified gain

Only unilateral case is shown for simplicity

The error in the

transducer gain caused by approximating |S;| as zero is given by the ratio G /Gy. It can
be shown that this ratio is bounded by

1 Gy 1
. 4
1+U2  Grg ~A-UY i)

where U is defined as the unilateral figure of merit,

|S11 1181211521 1| S22
U= . 6.49
(= 1SuP)Y1 — SaP) R

Usually an error of a few tenths of a dB or less will justify the unilateral assumption.




The expressions for G g and G for the unilateral case are given by (6.20a) and (6.20c):

1 — |l
Ge = :
> 1= SulsP
1 — ||
G = ;
“T = SulLP

These gains are maximized when I'y = ST, and ', = §73,, resulting in the maximum values
given by

1
- , 6.50
O = To150P (620
GL 1 (6.50b)

™ 1= |8nl



Now define the normalized gain factors gs and g; as

Y

Gs I —|[s|? 2

= = | — ; 6.51
G, 1 — T 2

= = 1 — |8220°). 6.51b

Then we have that 0 < gg < l,and 0 < g; < 1.
|

For fixed values of g5 and g;, (6.51) represents circles in the I's or I'; plane. To show
this, consider (6.51a), which can be expanded to give

gs|l — Suls|?> = (1 = Ts>{1 — |Su %),
(gsISul> + 1 = 1Sn1)ITs1? — gs(Suls + S5,T%) = 1 — |Su > — gs,

gs(S s+ S7,I'S) o 1—|81]* — gs
1= —g)ISul?  1-01-gISul*

P

(6.52)

_ JT=gs(1—|5ul?

FS s 338;1
1—(1—gslSnl?




The equation of a circle with its center and radius given by

_ gsS7]

1= = golSil?

Rg — VT —gs(1 - |S“|2).
1—(1—gs)ISnl?

Cs

output section

CL — gLSEZ
1—(1—gp)lS»l*
R, — VT —g(1 = [S2/%)
L=

1—(1—gulSnl*

(6.54a)

(6.54b)

(6.55a)

(6.55b)



Summary for the constant gain circles

The centers of each family of circles lie along straight lines given by the angle of S, or S5,
when gg (or g;) = | (maximum gain), the radius R (or R;) = 0, and the center reduces to Sy, (or §;,)

it can be shown that the 0 dB gain circles
(Gs =1or G, = 1) will always pass through the center of the Smith chart.

The choices
for I's and I'; are not unique, but it makes sense to choose points close to the center of the

Smith chart to minimize the mismatch, and thus maximize the bandwidth. Alternatively,
as we will see in the next section, the input network mismatch can be chosen to provide a
low-noise design.



AMPLIFIER DESIGN FOR SPECIFIED GAIN

Design an amplifier to have a gain of 11 dB at 4.0 GHz. Plot the constant gain
circles for Gy = 2 dB and 3 dB, and G; = 0 dB and 1 dB. Calculate and plot the
input return loss and overall amplifier gain from 3 to 5 GHz. Use an FET with the

following S parameters (Zp = 50 £2):

f (GHz) AT S Si2 S
3 0.80£—90° 2.8100° 0 0.66/—50°
4 0.75/-120¢° 2.5./80° 0 0.60/-70°
5 0.71/-140° 2.3.60° 0 0.58/—85°
Solution

Since S12 = 0 and |S;;| < 1 and | S22| < 1, the transistor 1s unilateral and uncon-
ditionally stable. From (6.50) we calculate the maximum matching section gains
as
G : =229=36dB
R T .

1
G - =1.56 = 1.9 dB.
S BTN

The gain of the mismatched transistor is

Go = |52/ = 6.25 = 8.0 dB,



—so the maximum unilateral transducer gain is
Gru,, =3.6+19+8.0=13.5dB.

Thus we have 2.5 dB more gain than is required by the specifications. We use
(6.51), (6.54), and (6.55) to calculate the following data for the constant gain
circles:

Gs =3dB 8s = 0.875 Cs =0.706/120° Rs =(0.166
Gs=2dB gs=0.691 Cs=0.627/120° Rs=0.294
G,=1dB g, =0806 Cp=0.520/70° R; =0.303
GL =(0dB 8L = 0.640 CL = 0.440/70° RL = (0.440

The constant gain circles are shown in Figure 6.13a. We canchoose G = 2dB
and G, = 1 dB, for an overall amplifier gain of 11 dB. Then we select I'g and I',,
along these circles as shown, to minimize the distance from the center of the chart
(this places I's and I';, along the radial lines at 120° and 70°, respectively). Thus,
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Example 5

Design an amplifier to have a gain of 11 dB at 4 GHz. Plot constant gain circles for
Gs=2dBand 3dB;and G, =0dB and 1 dB. The FET has the following S
parameters (Z, = 50 Q):

S, =0.75<-120
S,, = 2.50 < 80
S,,=0.00<0

S,, = 0.60 < -85

63



Example 5 (cont)

Since S;, =0 and |Sy;| <1and |S,,| < 1, the transistor is unilateral and
unconditionally stable. We calculate the max matching section gains as;

G —— 1 _229-36dB
1S,
1
™ 1S,

The gain of the mismatched transistor is;

G, =|S,| =6.25=8.0dB

64



Example 5 (cont)

So the max unilateral transducer gain is

G =3.6+1.9+8.0=13.5dB

TU max

Thus we have 2.5 dB more available gain than required by specs, since the design

only requires 11 dB gain. However, the question also asked us to analyze the effect
of having:

Condition 1: Gg=3dBand G, =0dB
Condition 2: Gg=2dBand G, =1 dB

(Note that these conditions must happens at the same time in order to keep the gain
at 11 dB.)
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Example 5 (cont)

For condition 1 (input side), when G4 = 3 dB:

-=0.706 <120

R —N170. (1_‘8“[) —0.166
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Example 5 (cont)

For condition 1 (output side), when G, =0 dB:

CL
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Example 5 (cont)
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Constant Gain Circles in the Smith Chart

To obtain desired amplifier gain performance

1 Gy 1-| T |° >
G. — —_ ﬁ  — 5 — & (1_ S L)
’ 1-|S,, | Es G.  [1-T.S,, [ | Si
normalize
l G 1—| T, |
max ﬂ s L — L 1— S,, 2
L 1_ | SEE |2 E-JL Gi.ma}-; | 1_ FLSZE |2 ( | - | )
g = G __1-]L i (-1, ) This can be written
j Gfmax | ]'_]'_;SH |2 ! HS a CifCl@ 6quati(}11

69



Circle Equation and Graphical Display

R R~2 ! I 2 2
(F _dgf) +(l_" _dgr) _Fg:'

i

ngu' \F — at l—g! (l_ | Sa‘f |2)

s 1_ | SH |2 (1 _gz) “ 1— | S:‘a‘ |2 (l_gr)

Constant source gain circles  Constant load gain circle

See Ex. 9.7
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Gain Circles
* MaxgainI', _ =1/(1-|5;|%) when T =5.*; gain circle
centerisatd, =S;* and radius r, —O

* Constant gain circles have centers on a line
connecting originto S, *

* For specialcaseI.=0, g;=1-|S;|%and

d,i=ry;=15;1/(1+]S;|%) implying I'; = 1 (O dB) circle
always passes through origin of I, plane



Trade-off Between Gain and Noise

Maximum gain and
minimum noise figure are
mutually exclusive

Noise figure

Constant gain
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Example: Unilateral Constant Gain Circles

The s-parameters of a bipolar transistor at 500MHz are the following

S11 S21 S12 S22
0.706 -150deg 3.162 80deg 0.01 45deg 0.866 -60deg

Compute the coordinates of the lateral consant-gain circles of the source, from Gg,,,,x to 1dB,
in 1 dBsteps, and plot on the Smith Chart.

1 1
Gsmax= 17572~ 1o70ep=1-995,  10l0g(1.995)=3dB

Next compute g, Cs, 75

Js = Gsi:ax = G (1 —15411%)=1.995(1 — |0.706|%)=1; G (in dB): 3, 2,1,0,-1
I = S14 _ g5,

, : 1-(-g )s.|
G - T |

gS=G_~;r.n;;x =|I_l_‘.1t;=<’11||2 (1_|SH|2) R \}1_ g,g (1 o |S|)

1-(1-g.)s.|




The Corresponding Unilateral Power Gain, with S»=0

e IfS;, = 0, the maximum gain of a two-port is achieved when I, = S{; and I} = S,,

* The resultant gain change is, Gggx =

* The maximum unilateral gain,

1 . 1
Grumax=GsmaxGomaxGrmax= — 2 1241 ~ >
1-[5714] 1-(S23]

GTUmadezGSmade + Gomade + GLmade



Example: Continue

Gs (in dB) 3 2 1 0 -1

Gs(in factor) 2 1.58 1.26 1 0.79
Js 1 0.79 0.63 050 0.4
|Cs| 0.706 0.63 0.55 0.47 0.4
7 0 0.25 0.37 0.47 0.56

+0dB
-1dB




Example: Continue

Design and amplifier with 15dB gain, using the transistor specified on the previous pages.
Assume unilateral condition and find the appropriate input or output network(s).
1. The basic transducer gain, s,;=3.16=10dB. Therefore +5dB increase is needed.

2. Gppm = ———=1995=3dB Gy =— - —4-56dB

1-[0.706]* 1-[0866>
Conjugate matching the input would only increase the gain by 3dB.
Achieving a partial match at the output can provide +5dB gain increase.

3. Plot the +5dB unilateral constant gain circle and select the appropriate impedance

transforming network (see next page).
4. Cascade the output network to the device and compute the total gain.

50Q2
—/\VW:

Output
@ Network 50Q2

|

Gy=10dB G,=5dB



Example: Continue

Computation the +5dB load constant-gain circle:
1. Convert +5dB to factor G,=1log™ %‘B— =1og~1(05) =316
25 = Gy (1-[sp|*) = 316(1-0866%) = 0.79

2. Compute the center vector
g5  079-(0866)-(£60°)

= = 081.£60°
L lospf(i-g,)  1-0866%(1-079)
3. Compute the radius
(1 —1322|2)1/1 —%;  (1-08662 V=079 -
r, = = =01

1-|spP(1-g,)  1-0866%(1-0.79)



Example: Continue

Output Circuit Design at S00MHz

e
-11.71
|Cs
_ij -1
-1.01 R=500
7.96 7.96
Lp = = =15.76nH.
P fgmby  (05)(101)
318 318 0
C = = =372 F
ST fomxe (037 O F

T

COC A e



Example: Finish

> 1| 1-0.67°

[1-55,T |2 [1- (8662 - 60°)(067.£61°)

Gr= 1521|

Grgg =10log(31.62) =15dB 2ody o

\(’-’ . . - ; ™~ ,'_:{5“ --'_.‘\T CC vt 0 GLA S

C Xp < L

N D

=31622 =3162

\ — §
low ‘='..:' Ti.t,::
W P
i



Simultaneous Conjugate Match Design

Simultaneous Conjugate Match
Source and Load Terminations

“hen sy, # 0, and the unilateral assumption cannot be made, the input and output reflection
coefficients are functions of the s-parameters and the termination at the adjacent port. The
conditions required to obtain maximum transducer power gain are

% E 3
Iys =Ty and v =Tour
T the above conditions occur simultaneously, the new input output impedances of the devices are:

_ SppSol ML _ ¥ _ sizSalms _
Ty =sp+72 e Tus and  Toyr =sp +7- STy v
50Q2
—_H
Input Output 500
@ matching Transistor matching :I
network | < = < > | network

I =Ius FIN I

Solving for Ty and I'yg from the two equations provides:

_ ByzyBi-4cf _BziJBg—qCﬂz
Tus = and Ty =

2C; 2C,

where
By =1+[syy|” —Jsy|” -] Cy =s11—(A)sn |A] = 511522 —s12521]

B, = I"‘|Szz|2 -|311|2 —|ﬁ|2 Cy =5y —(A)sy;



Simultaneous Conjugate Match Maximum Gain

Simultaneous Conjugate Match
Maximum Gain

The matching network may be designed by starting from the 50 terminations or from the
transistor.

2509 509! 50Q
Tus | [Tme 50Q

The maximum transducer power gain, under simultaneous conjugate match conditions, is obtained
from the previous transducer gain formula, using T's= I'ys and I = Ty,

2
(1=l o (1= )
(1 —s1Tws (1 - spTn) =SSl |
Substituting for I'yg and Ty, and using the stability factor (K), gives the relation
G max =E2L|(K- K> -1)
Is12|
The maximum stable gain is as defined the value of G max When K=1, namely

S
Gl\/lsca:‘l'"z—ll

ISDJ,;;’?

GT,max =




Example:Simultaneous Conjugate Match Design

Find the input and the output networks for the simultaneous conjugate match at
200MHz, for a transistor with the following s-parameters. Use 50Q2 source and load terminations,

and compute the matched gain.

In=T'ms Tout =r1\2L

s;;=0.4/162°
$,,=0.04/60° Input |9 _ Output
$51=5.2/63° matching S - matching | 502
$5,=0.35/-39° 09 etwork < network

I

ML

Solution s

First see if the transistor is stable at the operating frequency and bias point:

1 +(0.068)% — (0.4)* - (0.35)* _
2(5.2)(0.04)

since K is greater than 1, calculate B,

B,=1 +(0.4)? - (0.35)* - (0.068)” = 1.03

The transistor passes both tests, (K> 1, By >0), therefore at 200MHz it is

K =

1.74

unconditionally stable.



Example: Continue

Simultaneous Conjugate Match
Source and Load Calculation

The maximum gain is T
MS

Gma}(:\?f“\(K— Kz—l)

2

5.2 2 \

=101 % 4+10log|l.74 - 1.74) -1
g ot %8 (174)

—21.14+(-5)=16.1dB

The magnitude of the load matched source

and reflection-coefficients can now be found using the
expressions from page 3.2-1:

0.958—+(0.958 2 _4(0.377) .
___9______(______)_———-£———-")"_—. 0_487439

I

Tve

Ty = -
ML 2(0.377)£ -39
) _ ‘ a2 _ ) 4 2
rMS=103 J105 404247 _ 50 /162"

2(0.424) £162°



Example: Continue

The desired source reflection coefficient, I'ys =0.522.£ —162°.
Proceeding from the 50Q source, the input matching network is:

Shunt C =j1.45 = jbe Series L =j0.33 =jx,

® Y Y YL
jx,=j0.33
IN
P MS
jb=i1.45 —
@
b=1.45
031830149 o o [ = 1.96(0.33) . o

0.2



Example: Continue

The computed load reflection coefficient, I'y,; = 0.48.£39°.
The matching output network is designed, proceeding from the 50€2 load:

Series C=-j1.28 = -jx¢ Shunt L = -j0.78 = -jb.

. i
. jx=-j1.28
ML

x= — o= 4078 50 Q2
®
.96
__ 38 o L1796 _
0.2(1.28) 0.2(0.78)

RF Circuit Schematics




LOW NOISE AMPLIFIER DESIGN



Low noise amplifier design

Besides stability and gain, another important design consideration
for an RF or microwave amplifier is its noise figure.

In receiver applications especially, it is often required to have a
preamplifier with as low a noise figure as possible since, the first
stage of a receiver front end usually has the dominant effect on the
noise performance of the overall system.

Generally it is not possible to obtain both minimum noise figure
and maximum gain for an amplifier, so some sort of compromise
must be made.

This can be done by using constant gain circles and circles of
constant noise figure to select a usable trade-off between noise

figure and gain.



Low noise amplifier (LNA) design

the noise figure of a two-port amplifier can be expressed as
R
F = Fyin + —-|¥s = You[?, (6.56)
Gs

Ys = Gs + j Bg = source admittance presented to transistor.

Yopt = optimum source admittance that results in minimum noise figure.
Fin = minimum noise figure of transistor, obtained when Ys = Yo, .
Ry = equivalent noise resistance of transistor.

G = real part of source admittance.

The quantities Fyyn, Iopt, and Ry ‘ .
are cnNaracterisucs o1 tne parucuiar transistor being used, and are called the noise parameters

of the device; they may be given by the manufacturer, or measured.

Instead of the admittances Y5 and Y, we can use the reflection coefficients I'y and
I"opt, Where
1 1—-Tg

~ 2o L+Ts’
s _ L1-To
T Zo1 4Ty

5 (6.57a)

(6.57b)



Using (6.57), the quantity |Ys — Y(,WI2 can be expressed in terms of I'g and Iy
4 IT's — Coptl?

Ys — Youl|* = . 6.58
1Es = Toml Z2 |1 4 Ts2|1 4 T2 o)
Also,
i 1< 1—1‘;) 1 1—|rs)?

Gs = Re{Ys} = 2 ) = : 6.59
3= Redis) 220(1+rs+1+r; Zo 1+ Ts? )

Using these results in (6.56) gives the noise figure as

4R s — FCopel?

T e (6.60)

Zo (1—=ITs/)I1 + Fopl*

For a fixed noise figure, F, we can show that this result defines a circle in the I's plane.



First, define the noise figure parameter, N, as

.- ICs — Copl* _ F — Fruin

— = 1% Coel s (6.61)
1 —|Tsl? ~ 4Rn/Zo e

which is a constant, for a given noise figure and set of noise parameters. Then rewrite (6.61)
as

(P's — Pop)(T§ — Tgp) = N(1 — [Ts?),
I'sTs — (CsTay + T§Topt) + Foptlae = N — N|Ts[?,

_ (PsPou +T§Top) _ N = [Topl?

FsTs N+1 TN+

Now add |Tep|?/(N + 1)* to both sid

e the square to obtain

r N(N 4 1 = |Top|?
oo Digp _ YNV 41— Tol) 6.62)
N +1 N +1
This expression defines circles of constant noise figure with centers at
Cr= : 6.63

FEN+I e
and radii of

N(N +1 = |Tepl?)

R / =2 (6.63b)

N+1



LOW-NOISE AMPLIFIER DESIGN

A GaAs FET is biased for minimum noise figure and has the following § parameters
and noise parameters at 4 GHz (Z; = 50 Q2): §;; = 0.60/—-60°, §7; = 1.9/81°,
S12 = 0.05£26°, S» = 0.5.=60°; Fiyin = 1.6dB, I'gpr = 0.62£100°, Ry = 20 2.
— For design purposes, assume the device is unilateral, and calculate the maximum
error in G resulting from this assumption. Then design an amplifier having a
2.0 dB noise figure with the maximum gain that is possible with this noise figure.

Solution
We first compute the unilateral figure of merit from (6.49):

- |S11 1181211521 11 S22 |
(1= 1Su1»A — 1852

Then from (6.48) the ratio G/ Gy 1s bounded as

1 Gr " 1
< '
(14+U¥ Gy A-=U)>

= 0.059.

or

0.891 < ﬁ- < 1.130.
Gry

In dB,
—0.50 < Gr — Gy < 0.53 dB,

where G r and Gy are now in dB. Thus, we should expect less than about £0.5 dB
error in gain due to the approximation of a unilateral device.



Next, we use (6.61) and (6.63) to compute the center and radius of the 2 dB
noise figure circle:

F — Fpip , 158—1.445 g
e B .1 & W) . SO 1 +0.62/100°)% = 0.0986,

4RN/zo' + Fonl 4(20/50) Lk |
o

G = 0.562100°,

PN +1 62100
NN +1=Toxl?

Rp = VN ;+1 ont )=0.24.

This noise figure circle is plotted in Figure 6.14a. Minimum noise figure
(Fimin = 1.6 dB) occurs for I's = I'op = 0.62/100°. Next, we calculate data for

several input section constant gain circles. From (6.54) we compute the following
data:

Gs (dB) 8s Cs Rs
1.0 0.805 0.52/60° 0.300
1.5 0.904 0.56/60° 0.205
15} 0.946 0.58260° 0.150

These circles are also plotted in Figure 6.14a. We see that the Gg = 1.7 dB gain



circle just intersects the F = 2 dB noise figure circle, and that any higher gain will
result in a worse noise figure. From the Smith chart the optimum solution is then
s =0.53/75°, yielding Gg = 1.7dB and F = 2.0 dB.

For the output section we chose I';, = §3, = 0.5/60° for a maximum G, of

1
L= e PR

The transistor gain is
Go = |Su|* = 3.61 = 5.58 dB.
so the overall transducer gain will be
Gry = Gs+ Go+ G, =8.53 dB.

The complete AC circuit for the amplifier, using open-circuited shunt stubs in the
matching sections, is shown in Figure 6.14b. A computer analysis of the circuit
(with S); # 0) gave a gain of 8.36 dB.
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Example 6

An GaAs FET amplifier is biased for minimum noise figure and has the following
S-parameters (Z, = 50 Q):

S, =0.75 < -120
S,, = 2.50 < 80
S,,=0.00<0

S,, = 0.60 < -85

[p = 0.62 < 100

F =16dB

Ry =20 Q

For design purposes, assume the unilateral. Then design an amplifier having 2.0
dB noise figure with the max gain that is compatible with this noise figure.
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Example 6 (cont)

Next use the formulas to compute the center and radius of the 2 dB noise figure
circle:

N R | =0.0986
AR /z
C = L 0.56<100
N+1
\/N(N+1— )
R, = —0.24
N +1

The gain of the mismatched transistor is
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Example 6 (cont)

The noise figure circle is plotted in the figure. Min noise figure (F.;, = 1.6 dB)
occurs for I' = Iy, = 0.62<100°

Gs (dB) Os Cs Rs
1.0 0.805 0.52<60° 0.300
1.5 0.904 0.56<60° 0.205
1.7 0.946 0.58<60° 0.150

It can be seen that Gg = 1.7 dB gain circle just intersects the F = 2.0 dB noise figure

circle, and any higher gain will result in a worse noise figure.
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Example 6 (cont)

For the output section we choose I', = S,,* = 0.5<60° for a max G, of:

1

G = ~=1.33=1.25dB
1—|S.

G =|S | =3.61=5.58dB

G, =G, +G,+G_ =8.53dB
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Example 6 (cont)
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Examples
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A silicon transitor has following S-matrix at 1 GHz with a 502 reference impedance,

0.38/—158"  0.01.34°
3.50480%  0.40£—43"Y

The source and load mmpedances are 252 and 402 respectively. Compute the unilateral power
gain, unilateral available power gain and unilateral transducer power gain.

Solution:
From the S-matrix, it is obvious that, the transistor has Sis = 0.01/34° which is comparatively
small and closes to zero. Hence, it can be assumed that the transistor is unilateral.

The wvalue of source reflection coethicient I', and load reflection coeflicient I'; can be calculated as

Z_Z | = =4
r.—%—-% _2=-50 _ 1 _ 1.5
Z.+ Zo _ 25+50 3 3
Zi—Zy 40 — 50 1
r,=21—209 > = g0

T Z,— Z; 40+ 50 9 9



From the generic formula we can calculate the power gain of the transistor,

Sa1[2(1 — |T[?)

G p—
(1 — | |?) |1 — Sooly|?

Now, as the transistor 1s approximated as unilateral, therefore, I',,; = S and I';,, = Sy{. So,

S P = |Tu?)

(1= S1?)[1 — Soaly|?
(3.50)2 x 0.99

~ 0.86 x [1 — 0.05/1379]2

352 % 0.99

~ 0.86 % 1.08

= 13.05

= 11.16d5

G =Gy

Similarly by applving the generic formula of available power gain as given below, the required



parameter can be calculated.

S21]2(1 — |Ts[?)

Ga=Gay =
! A= ST (1 = [Swl?)
B 3.5%2 x 0.89
©0.84 x |1 —0.13£2792
3.52 x 0.89
0.84 x 0.79
In similar fashion,
Soq|2[1 — |T4|2][1 — ]2
o — o 1SuPIL= LR =T)

|1 - S'I'IF5|2|1 _ Sﬂﬂrilg

B 3.52 % 0.99 x 0.89

T 11— 0.1322792]1 — 0.05/1379)2
3.52 % 0.99 x 0.80

_ — 5 = 11.02d
- 079 < 1.08 12.65 = 11.02dB




A transistor has following S matrix at 1 GHz (50€2) and connected to the network given below.

i
E......-...._ _...........E

0.91/-44%  0.06268° @ —— I .
3.92/149% 0.93/-17° : :
§ .................. ;- — _..........E

Determine the value of I'y and ['; to maximize the transducer power gain.

Solution:

We need to determine the values I', and I'; such that the transducer gain 1s maximum. Therefore,
at first we need to check the stability of the transistor.

By applying the Rollet’s stability criteria,

1= Sul? = |Snl + |A]?

B 2|S512591|

where A = Sy;Sa — S12S01 and |A| = [0.91/—44°0.93/—17° — 3.92/149°0.06/68°| = [0.6 — j0.6| =
0.84 < 1. Hence,

K

~ 1-0912-0.932 + 0.842
N 2 % 3.92 x 0.06

= 0.026

<1

As the transistor fails the Rollet’s stability test, the transistor network will be conditionally stable
for some values of Z, and Z;. Therefore, we need to determine the range of values I'; and I', for

K

which the transistor network will be stable. We need to determine the centers and radn of imput

and output stability circles.



Figure 1: The stable and unstable regions for a transistor with specific S-matrix
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The mput stability circle divides the smith chart into two parts. The region of stability can be
determined by considering the valued of |Syq|. If |S11]| < 1, then the region containing the center
of the smith chart will be stable region for both mput stability circle case (1.e. load reflection

coefficient) and output stability circle case (i.e. source reflection coeflicient).

Same recipe can be applied for identifying the stable region for output side but the decision has
to be taken based on the value |Sy|. In the present case the |Syi| < 1 and [Sys| < 1, thus, the
portion of smith chart contaiming the center will be stable region. The stable and unstable regions
are determined using Smith chart and shown in Figure-1.

Bi++/B?—4|Cy|2 Bat/B2—4|C5)2 ,
Now, [', = = T, | [, == 2 4G Where,

20, 20,

Bi =1+ |Sul> — |S»|* — |A =0.257
By =14 |Sy|* — |[Sy|* — |A]? =0.331
Cy = Sy — AS,
= 0.91/—44" — (0.842/—45" x 0.93217Y)
= —0.03-0.275 = 0.27/-96.3°

In order to have a solution of I'; and I'y for conjugate matching, the quantities, B% — 4|C4|? and
Bf — 4|C4|? must have positive values. In this case, none of the quantities gives a positive value.
Therefore, the maximum gain can not be obtained and the transistor network can not be matched
to achieve the maximum gain.




An amplifier uses a GaAs HBT device having the following scattering parameters (Z; = 5002).
The mput of the transistor is connected to a source with Vi = 2V (peak) and Z; = 25() and the
output 1s connected to Z; = 10012 load. Compute the available power from the source and power

delivered to the load.
0.61/—170°  0.06£70°

2.3/8(° 0.72/—25°
Solution:

The reflection coefficients I'; and I'; can be determined as

_ F_x
B L. — 2y 25 — 50 _ lilBUD

1
- Z.+Zy 25450 3 3

L

Z1 — Zy 100 — 50 1

T ¥ 70 100+-50 3

From the signal flow graph, the value of mnput and output reflection coefhicients can be determined

as
S1259117
=8, 4+ ==
in 11 + 1 — SEEFE
2.3/80° x 0.6/70° x L
—061/—170° 3 — _065—4007 =065/—-173.77°
+ (072025 x 1 J 0.65/—173.77
S1QSQ1F5
Faut — SEE + 1——511&
2.3/80° x 0.6,70° x L/180°
=0.72/-25" + 2 = 0.703 — j0.33 =0.776/—25"

1—0.61/—170° x /1800



Now, the average power supplied by the source to the transistor network 1s

|
Ps — Q_Zﬂ V +12
V]2 |1 =12
" 87 | — Talam|?
2 11— 1218072
T 8x50 11— (121800 x 0.652—1739)|2
= 0.014W

In similar fashion, the power delivered to the load can be determined as
_ Vel? [Sa[2(1 — [T?)[1 — T2
8Zy |1 — Spoly|?|1 —T'.1;, |2
2 232 x (1— é) x |1 — %EISUDP

P

T8 x50 JT—0.72/—250% x |1 — (1371800 x 0.65/—173.779) 2
— 0.108W



Determine the length of short-circuited shunt stubs (I; and lj) & the length of the transmis-
sion line (I, and I3) at 3 GHz for the network shown below. The s-matrix of the network is.

s €

sovvre [ §
0.66,—142°  0.03262° ..
2.39/76° 0.72/—68° @ . o
!11 Load End
: l Matching Network
\d v
GND Source End GND GND

Matching Network
Solution:
The transmission lines used in the matching networks are assumed to be lossless. In order to

design the matching network, wee need to check the stability conditions of the transistor from the
supplied S—matrix values.



Applying Rollet’s stability criteria we get

1—[S1 > — S| + |AF

K =

2|S12S5a1]
where /A = S1159 — S1252 and |A]| = |U.66£—14QDU,725—68U — 2.3955400,03,{59D| = | —0.38+
j.173| = 0.42 < 1. Hence,
aee? a2 192
K 1 — 0.66 0.72c +0.42 155 > 1

2 % 2.39 x 0.03

Therefor, the transistor network passes the Rollet’s stability criteria. So, the network 1s absolutely

stable for any values of I'y and I7.

By+./B2_4|Cy|2 Baty/B2A[C52 .,
14 and [ = 252 ]y Where,

Hence, I', = 5C

By =14 |Su|*> = [Su> = |A]? =0.74
By =1+ |Sy|* — [Sul* — |A]P =091

Cy = Sy — AS3 =—03—0.198;
Cy = S0 — A5y =198 x107* —;0.73



So, 'y = 0.78 + 0.625 = 0.79233.1° and I'; = 0.78 4+ 0.625 = 0.99/38.48%. The length of the short

circuited shunt stubs and the length of the transmission line can be easily determined by using
Smith chart. Smith chart based solutions for the same are shown below.

Smith Chart based solution for input matching Smith Chart based solution for output matching
network network



It 1s mentioned in the problem that all the values are taken at a frequency of 3 GHz. Hence, the

value of wavelength A\ = %’;11%190 = 10 cm.

So, the length of the short circuited stubs [; = 0.06\ = 0.6cm, [, = 0.182\ = 1.82cm, and the
length of the lossless transsion lines are [ = 0.24\ = 2.4 cm and I3 = 0.482)\ = 4.82cm. The entire
transistor network after conjugate matching i1s shown in Figure-2

I3 = 1.82cm

R ' . o o

1, =4.82cm I e
C ¢ s

: Load End §

: Matching Network :

v v

GND Source End GND GND

Matching Network

Figure 2: A transistor network with conjugate matching sections
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* https://www.ece.ucsb.edu/~long/ecel45a/ampdesign.pdf
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