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Problem #1

Unilateral Model:
\ |
7|
C
c2
C=.001fF
O+ T <
Port R lC1 R1 R2 Port
P1 R1 ~Z Cc=05'WgfF P2
Num=1  R=1000/Wg Ohm NUm=2
VCCS
SRC1
G=(.001*Wg) S
R2=10000/Wg Ohm
Schematic:
|@| S-PARAMETERS I
S_Param
SP1 MaxGain
Start=1.0 GHz MaxGain1
Stop=600 GHz MaxGain1=max_gain(S)
Step=1.0 GHz
+1 Term ' : ++ Term
Term1 . Term2
Num=1 hybridpi_unilateral_hw6 Num=2
7=50 Ohm X1 7=50 Ohm
1 e 1
Results:
m?2 m1
freq=318.0GHz freq=503.0GHz
dB(H(2,1))=0.004 |MaxGain1=0.005
60
40—
=c -
N“('U
!
o= . m2m 1
0_
20 | |
1E9 1E10 1E11 6E11

He[g] H = stoh(S) freq, Hz
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Problem #2

gacirc_10p4
gpcirc_13p52

cir_pts (0.000 to 200.000)

[=elg] gpcirc_13p52 = gp_circle(S,13.52 +{-2, -1, 0, 0.35, 0.5},200)
[=elg] gacirc_10p4 = ga_circle(S5,10.4 +{-2,-1, 0, 1, 2},200)

m2
indep(m2)=163

gain=10.400000

gacirc_10p4=0.002/-119.920
impedance = Z0 * (0.998 - j0.00:

m1
indep(m1)=100

gain=13.520000

gpcirc_13p52=0.002/174.519
impedance = Z0 * (0.997 + j3.036E-

freq

db(S(2,1))

10*log(mag(S(2,1))**2)

MaxGain1

100.0 GHz

9.895

9.895

14.036

In the above displayed Ga and Gp circles, several gain values are plotted, above and below our calculated
values for 50 ohm source and load impedance. We can see that the values of Ga and Gp determined in
calculation occur for 50 ohm source and load impedance, respectively, because they pass through the center of

the smith chart.

The insertion gain also matches well. This can be shown in two ways, as 10*log(mag(S21)"2), using 10*log

because it is a power gain, or equivalently db(S21), which is 20*log(S21). These are mathematically identical.
Max gain is also consistent with our calculation.



Problem #3

Using ADS tuning, an LC matching network can be designed:

|$| S-PARAMETERS I []

S_Param
SP1 MaxGain
Start=5 GHz MaxGain1
Stop=15 GHz MaxGain1=max_gain(S)
Step=.1 GHz
WL o o o WS . =SV Y
*£ _ Term C C *E _ Term
% Termi l C1 t1 hybridpi_unilateral_hw 6 l 2 tz % Term2
Num=1 C=637.9 fF — — C=158.6 fF Num=2
- L=5.383nH X1 L=0.79 nH -
1 Z=50 Ohm :l: R Wo=100 R 1 Z=50 Ohm
S11 and S22
0
-10
== -20—
AN~ B
Al —
@@/ -30—
MnMm ]
T T -40—
-50—
_60 T | T | T | T | T | T
4 6 8 10 12 14 16
freq, GHz
Gain:
60 m>5
freq=10.00GHz
4 m3 MaxGain1=34.036
= e m3
Og 2 freq=10.00GHz
x5 4 dB(S(2,1))=34.036
=T o Max
| m4
-20 | freq=1.000GHz
1E9 1E10 2E10 |dB(S(2,1))=16.381
freq, Hz

We can see that the gain when well-matched is equal to the maximum gain of the transistor, because the
definition of maximum gain is when the input and output are both conjugate matched. The matching networks
create an impedance equal to the conjugate of the input and output impedances.
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Problem #4

Ay
/1

o}
c2
C=0.1*"Wg fF
CO—wv T <>
Port R l c1 R1 R2 Port
P1 R1 ~~ c=05*WgfF P2
Num=1  R=1000/Wg Ohm Num=2
VCCS
&35 | S-PARAMETERS I SROT
\ G=(.001*Wg) S
S_Param MaxGain R2=10000/Wg Ohm
SP1 ‘ I
MaxGain
Start_=1 .0 GHz MaxGain1 _i_
Stop=600.0 GHz MaxGain1=max_gain(S)
Step=1.0 GHz
+¥  Term ' +¥ Term
Term1 — . Term2
Num=1 %brldpl_bllateral_hwfi Num=2
Z= h Z= h
-_L 50 Ohm Wg=100 _ 50 Ohm
m2 m1

freq=318.7GHz
dB(H(2,1))=-0.007

freq=504.9GHz
MaxGain1=-0.014

v
~O0T..E
[ ©
SR
O I><
CLFS
o=

-20 |
1E10

frea. Hz

=|H = stoh(S) eyl s=j"2*pi*freq

ng = 1e-15'wg  aelCYS = .5e-15"wg
=2ely]ri = 1000/wg
e[l wg=100

Helggm = .001*wg

6E11

Selglh21_calc = (gm - (1 + s*cgs™ri)*s*cgd)/(s**2*ri*cgs*cgd + s*(cgs + cgd))



As we can see above, the calculated f,.x and f; match well with calculations. It is important to note that these
values are the same as for the unilateral case, because in this case there is no R, in series with both Cgs and Cgp.

Problem #5

Plot stability factor K and B1 vs. frequency. It is necessary and sufficient for unconditional stability that K>1
and B1>0. In ADS k=stab fact(S) and Bl=stab_meas(S).

|$| S-PARAMETERS I B] afld
StabFact

S_Param
SP1 _ MaxGain StabFact
Start=1.0 GHz MaxGain' StabFact1
Stop=1000.0 GHz MaxGain1=max_gain(S) StabFact1=stab_fact(S)
Step=
21 Term ++  Term
Term1 I Term2 MM
Num=1 hybridpi_bilateral_hw 6 NUTE2 StabMions
- X1 -
Z=50 Ohm Wg=100 Z=50 Ohm StabMeas
'_L '_L StabMeas 1
= e StabMeas 1=stab_meas(S)
MeasEqn
Meas1

U=((((real(Z(2,1))-real(Z(1,2)))**2+(imag(Z(2,1))-imag(Z(1,2)))**2)/4/(real(Z(1,1))*real(Z(2,2)) - real(Z(1,2))*real(Z(2,1)))))**0.5

m1
freq=169.8GHz
StabFact1=1.00

2.0

1.5
ns i
SE . m1
=5 1.0
© O i
no .

0.5

00 | | | | | | | | |

0.0 0.2 0.4 0.6 0.8 1.0

freq, THz

We can see that from DC-170GHz the transistor is potentially unstable, and it is unconditionally stable at all
higher frequencies.



At a 100GHz we calculate the maximum stable gain, mag(S21)/mag(S12) and plot it in ADS. We also plot the
ADS max_gain() function, which will automatically switch from MAG to MSG when the transistor becomes
unstable, and it matches with our calculation. The MSG at 100GHz is 11.9dB.

10*log(MSG)
MaxGain1

m3 m2
freq=100.0GHz freq=169.8GHz
40 MaxGain1=11.907 MaxGain1=9.387
30—
20—
| m3m2
10—
_ \M
O_ |
10 | |
1E9 1E10 1E11 1E12

freq, Hz
ERIIMSG = mag(S(2,1))mag(S(1,2))



Problem #6

Stability circles at 100GHz:

m1
indep(m1)=45
S_StabCircle1=0.898 / 141.872

freq=100.0000GHz

\ impedance = Z0 * (0.060 + j0.344 e
m2

indep(m2)=45
S._StabCircle1=0.898 / 141.872

freq=100.0000GHz
admittance = YO * (0.492 - j2.817

| m4

indep(m4)=319
L_StabCircle1=0.732 / 89.686
freq=100.0000GHz
impedance = Z0 * (0.303 +j0.958

L_StabCircle1

S_StabCircle1

m6
indep(m6)=319

L_StabCircle1=0.732 / 89.686
\_/ freq=100.0000GHz \‘/
inden(S StabGircle) (0.000 to 51.000 admittance = YO * (0.300 -j0.94
indep(S_StabCircle1) (0.000 to 51.000) indep(L_StabCircle) (0.000 to 401.000)

Input:
e Series R =.06*50=3Q
e Shunt R =50/.492 = 101.6Q

Output:
e Series R=.303*50=15.15Q

e ShuntR =50/3=166.67Q

The first of these, series 3.1Q on input, is shown. This value was used because 3Q was very slightly not
unconditionally stable, because the accuracy depends on how well we pick our point on the stability circle.
m1

indep(m1)45
S_StabCircle1=1.002 / 141.056

/’ freq=100.0000GHz

m impedance = Z0 * (-0.001 +j0.3
m2
indep(m2)45
S_StabCircle1=1.002 / 141.056
freq=100.0000GHz
admittance = YO * (-0.009 - j2.8f

3 -
o <@
= (8]
Q — ' m4 =
E indep(m4)819 2
?, L_StabCircle1=1.018 /117.315| #
@ freq=100.0000GHz 2
impedance = Z0 * (-0.012 +j0.6C
m6
indep(m6)318
L_StabCircle1=1.033 / 120.887
freq=100.0000GHz \
inden(S StabCircled) (0.000 to 51.000 admittance = YO * (-0.067 -j1.7¢
indep(S_StabCircle1) (0.000 to 51.000) indep(L_StabCircle) (0.000 to 401.000)
freq StabFact1 StabMeas1

100.0 GHz 1.004 1.433




Problem #7

As we found, MSG at 100GHz is 11.9dB. Use a series input resistor to stabilize with a value such that
stabilized MAG = 9.9dB. This was found to be R=4Q).

Qe
v
R

>
|@ S-PARAMETERS ﬂ IESEIC L_StabCircle
StabFact S_StabCircle L_StabCircle1
S_Param StabMeas StabFact S_StabCircle1 L_StabCircle1=I_stab_circle({{S(1,1),5(1,2)},{S(2,1),5(2,2)}},401)
SP1 StabMeas StabFact1 S_StabCircle1=s_stab_circle({{S(1,1),S(1,2)}.{S(2,1),S(2,2)}},51)
Start= StabMeas1 StabFact1=stab_fact({{S(1,1),S(1,2)},{S(2,1),S(2.2)}})
::Zz: StabMeas 1=stab_meas({{S(1,1),S(1,2)},{S(2,1),5(2,2)}})
Term +=ANW——+— Term
Term1 R Term2
Num=1 R1 hy bridpi_bilateral_hw6 Num=2
Z=50 Ohm R=4.009 Ohm {t}“ Z=50 Ohm
— Wg=100
i |
3 R C l Term L
R2 l C1 Term3 -
R=50 Ohm C=106.47 fF {-t} 02 Num=3 l ‘
:l: C=361 fF 7=50 Ohm N |
—J = MaxGain
MaxGain1
MaxGain1=max_gain({{S(1,1),S(1,2)}1.{S(2,1).S(2,.2)}})
C Term
l C4 Term4
R 50 Ohm C=52.573 fF {t} Num=4
]: C 140.28 fF {t) Z=50 Ohm
freq MaxGain1 StabFact1 StabMeas1
100.0 GHz 9.907 1.108 1.402

Following are the gain circles used for calculating the matching network. The Ga circle specifies the allowable
values of gamma_s (reflection into transistor input from the matching network) for a given gain, and Gp circle
does the same for gamma 1. We select in this case gamma_s as the MSG we designed for above, and with that
we calculate gamma_out = S22+S12*S21*gamma s/ (1-S11*gamma_S). Then to match we must choose
gamma_| as the complex conjugate of gamma_out. This value of gamma | determines gamma_in through a
similar coupling equation, and because our transistor has been unconditionally stabilized, it is the conjugate of
gamm_s, so the input is also matched.

Therefore the gain is the MSG that we specified and the input and output reflections are very small, for our
design frequency of 100GHz.



_3Qmw_ BMW 100
gacirc=0.862 / 135.779
gain=%.907160

impedance = Z0 *

(0.084 +]0.364)

me

indepimdi=0
Gamma_5=0.862/139.779
admittance = ¥0 *(0.601 - J2.610)

m

freq=100.0GHz

5(3,3)=0.862 7 139.738
admittance =0~ (0.601 - J2.610)

235
Gamma_5s

QAT

B
%

-{0,.1,.3,.5},100)

il N

34,4
Garmma_L
QpCire

~

cir_pts (0,000 to 100.000%

cir Em 0.000 to 1000003
freq (100.0GHZ to 100.0GHz)

0 to 0.000)
freg (1 n__u._uozu to 100.0GHZ)

28 Gamma_s=m2(0]
Bl Gamma_in = conj(Gamma_S)

Gamma_L = conj{Gamma_out)

Bl Gamma_out = S522+812°521*Gamma_S/{1-511*Gamma_s)
By Gamma_in2 = 511+512°521-Gamma_L/1-522Gamma_L]

B
/

gpcirc=gp_circlel{S(1,1),3(1,231.45(2,1),5(2,2)}} MaxGain1 -{0,.1,.3,5},100)
M acire = ga_circle({{S01,13,5(1,2)},{5(2,1),3(2,.2)}} MaxGain1

m3
indepim3)=100
gpcirc=0.692 / 109 687
fain=9.907160
impedance = Z0 *

(0.265 +]0.670)

ms

freq=100.0GHz
Gamma_L=0692/ 109 687
impedance = 20 * (0.2658 + j0.670)

me

freq=100.0GHz

54 .4)=0.692 /109,540
impedance = Z0 * (0.268 +j0.670)

freg

Gamma L Gamma out Gamma S

Gamma in

100.0 GHz

0.6927109.637 0.6927-109.687 0BE27139.774

0.8627-139.779




I_% S-PARAMETERS
S_Param

SP1

Start=1 GHz

Stop=1000 GHz

Step=

L6
L=64.832 pH {-t}

Term
Term5
Num=5
Z=50 Ohm

m | StabFact

B] 2

L_StabCircle
S_StabCircle L_StabCircle1

L_StabCircle1=I_stab_circle({{S(1,1),5(1,2)},{S(2,1),5(2,2)}},401)

StabFact S_StabCircle1
StabMeas StabFact1 S_StabCircle1=s_stab_circle({{S(1,1),5(1,2)},{S(2,1),5(2,2)}},51)
StabMeas1 StabFact1=stab_fact({{S(1,1).5(1,2)}.{S(21).8(22)}})
StabMeas1=stab_meas({{S(1,1),5(1,2)} {S(2,1),5(22)}})
.
' . C Term
L5 R — L8 Term2
L=37.525 pH &4 hybridpi_bilateral_hw6 I[Z18 087 ot L=48.2 pH {t} Num=2
Re R=4.009 Ohm {-t} X1 =18.087 pH {1} R= Z=50 Ohm
Wg=100 R= L

MaxGain

T r 3
tz L3

L=37.525 pH
L=64.832 pH {-t} Re PH{
R=

Term
Term3
Num=3
Z=50 Ohm

MaxGain1
MaxGain1=max_gain({{S(1,1),5(1,2)}{S(2,1),5(2,2)}})

Z=50 Ohm El=18.087 pH {t} };4&2 pH {t] ;lzjl';n{):ghm
40
=2 20— m7
—£ -
—'®— T
NOT
285
@E: %/ | m7
\E/ e -20— freq= 100.0GHz
Qg | dB(S(2,1))=9.907
T
1E9 1E10 1E11 1E12
20 freq, Hz 9
1 freq=100.0GHz
0 dB(S(2,2))=-61.501
—_— 1 Min
N 20—
25 . ] o
S 40— freq=100.0GHz
ST i 9 dB(S(1,1))=-72.600
-60— Min
80 | |
1E9 1E10 1E11 1E12

frea. H7



