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Problem #1

g% S-PARAMETERS

S_Param
SP1 ~ MaxGain
Start:1 .0 GHz MaxGain1
Stop=500.0 GHz MaxGain1=max_gain(S)
Step=1.0 GHz
+ ¥ Term — i1 Term
Term1 — Term2
Num=1 %bndm % Num=2
7= h /= h
_| | #500hm C_GD=.001e-15F _| J#o00hm
gm=.209 _L
= R_DS=38.27 Ohm =
C _GS=166e-15F
Ri=2.39 Ohm
60 60
.- 40 ’_g(__) 404
jany = i o® il
%éé 20— %IS' 20|
g 1 mi 22 E m2
0 3 0
20 T T -20 I I
1E9 1E10 1E11 5E11 1E9 1E10 1E11 5E11
m1 freq, Hz [} h = stoh(S,50) freq, Hz

freq=400.0GHz
MaxGain1=0.020

m2
freq=400.0GHz
MAG _calc=0.02(

I=ela] |Gain_calc = .209/(j*2*pi*freq*166e-15)
=PI MAG_calc = 10*10g(.209**2*38.27/(4*2.39*(2*pi*freq*166e-15)**2))

Simulated MAG and current gain are on left, calculated value are on the right. The agreement between
the two is extremely good.
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Problem #2

g;% S-PARAVETERS

S _Param
SP1
Start=10 MHz
Stop=500.0 GHz
Step=
+J Term = — ) R 3 Term
Term1 " R2 Term2
Num=1 Rl hybridpi R=50 Ohm Num=2
7=50 Ohm < =50 Ohm ? SDe 001et5 F Z=50 Ohm
" gm=.209 1
= = R DS=38.27 Ohm = =
C_GS=166e-15 F
Ri=2.39 Ohm
m1 m2
freq=10.00MHz | freq=35.01GHz
m1 dB(S(2,1))=9.995 dB(S(2,1))=6.983
10 . m2
. il
= \
O \
m -5
©
_107
15 | | | |
1E7 1E8 1E9 1E10 1E11 5E11

freq, Hz

The low frequency gain of 10dB has been achieved. The calculated 3dB frequency of 35 GHz agrees
quite well with the simulation.
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Problem #3

First simulate with Rin = 0 to verify cutoff frequency:

I$ S-PARAVETERS — = ] 4 ~ - .
| - - - 1_
hybridpi hybridpi hybridpi hybridpi —
S_P
sE1aram VAR X1 X2 X3 X4
Start=1.0 MHz @ VAR1 C_GD=.001e-15 F C_GD=.001e-15 F C_GD=.001e-15 F C_GD=.001e-15 F
Stop=560 0 GHz L=1046-12 gm=.05225 gm=.05225 gm=.05225 gm=.05225
Step= ' Rin =0 R_DS=100 Ohm R_DS=100 Ohm R_DS=100 Ohm R_DS=100 Ohm
C_GS=41.5e-15 F C_GS=41.5e-15F C_GS=41.5e-15 F C_GS=41.5e-15F
Ri=Rin Ohm Ri=Rin Ohm Ri=Rin Ohm Ri=Rin Ohm
W o N o W o -
Term
Term1 L - - L
Num=1 L1 L2 L3 L4 L5
7=50 Ohm --H/2H L=L H L=L H L=L H L=L/2 H
R= R= R= R= R=

|

We can see that the calculated Bragg frequency is quite close to the simulation. The forward gain is
also very close to unity (no attenuation) up until the cutoff frequency after which it decreases incredibly

quickly. The input reflection is also quite small at low frequencies, but it increases steadily,

approaching unity at the cutoff frequency.

mi
freq=146.5GHz

dB(S(2,1))=-3.307 mi

dB(S(2,1))

-100

-150

1E11 5EM1

1E10

1E9

freq, Hz

dB(S(1,1))

o
[S]

o
o

o

m2
freq=146.5GHz
dB(S(1,1))=-2.733

<

&
IS

1E6

\ \ \ \ \
1E7 1E8 1E9 1E10

freq, Hz

1E11  5EM1

Term
Term2
Num=2
Z=50 Ohm

Simulation is performed again with Rin = 9.56 Ohms as calculated. As we might expect, it lowers the
3dB bandwidth, in this case to about 70GHz. It also damps out some of the spikes seen in the input

reflection.

m3
freq=69.58GHz

mi
freq=146.5GHz
dB(S(2,1))=-21.753m3

-20 —

-40 —|
-60 —|

-80

dB(S(2,1))

-100 —

dB(S(2,1))=3.025
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Loss
dB(S(2,1))

The calculated loss is plotted with S21. At low frequencies the agreement is good between the two, but
as frequency increases the agreement worsens. This is a result of multiple approximations which were
taken in the derivation of the loss equation.

However it can be seen that this approximate loss equation gives a good prediction of the 3dB

bandwidth of the input line, of 74GHz, versus the simulated 70GHz. Since the loss after 3dB is
generally not very important, it can be a very useful design equation.

Loss = 20*log10(exp(-4*(2*9.56*50*(pi*41.5e-15*freq)**2)))

0 m3 o
. freq=70.11GHz
-10- Loss=-2.775
20 md
| ~ freq=70.11GHz
30 N dB(S(2,1))=-3.07
-30)— \\
: AN m6
40 freq=99.79GHz
i ., | Loss=-5.622
'50 T T T T T T T ‘ F 1T 11T 1T 1T T ‘ T T T T T \\ m7
0 100 200 300 freq=09.79GHz
freq, GHz dB(S(2,1))=-6.983
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Problem #4

Two circuits are tested: on the top with ports 1 and 2 is a circuit including the Ri loss. On the bottom
with ports 4 and 3 is a circuit with Ri=0.

55| s-PARAMETERS — -
S_Param %bridpi %bridpi
gf:rt:1 0 M-z xﬁg C_GD=.001e-15F C_GD=.001e-15F
e o7 gnF.05225 gn=.05225
§§§§=5°°'° otz 'I'Qin2i7463172 R_DS=100 Ohm R DS=100 Ohm
’ C GS=91e-15F C GS=91e-15F
Ri=Rin Ohm Ri=Rin Ohm
P o' ¥ g, iy
» & Term L . i +3 Term
Term1 Termp
Nur=1 I|:1|_/2 H l[EL H ||:§|_/2 y Num=2
Z=50 Ohm ~_ = = 2250 Ohm
1 © "~ ~ T
g :-1;!= ™ e B g-—-----;!=
hybridpi hybridpi
x4 X3
C _GD=.001e-15F C_GD=.001e-15F
gnm.05225 gm=.05225
R_DS=100 Ohm R_DS=100 Ohm
C_GS=91e-15F C GS=91e-15F
Ri=0 Ohm Ri=0 Ohm
LA P e i P,

o e *+ _Term
Termd ||:7 Il: 8 :: 6 Term3
Nun~4 . ° 6 NUm=3
7=50 Ohm:;{:uz H IEe:L H L=L/2 H om0 ohm

We can see below that for the lossless case (S43) the bragg frequency is 6GHz lower than predicted, at
64GHz. But at 70GHz we can see that the loss does indeed lower S21 3dB below S43, so the bragg
cutoff and loss 3dB bandwidth have been placed very close to each other.

m2
freq=70.11GHz
dB(S(4,3))=-7.05

mi

freq=70.11GHz
dB(S(2,1))=-10.04

m3

freq=63.94GHz
dB(S(4,3))=-3.08

0

==
oM~
< N
—~

nun

dB(
dB(

-15

dB(S(1,1))

-100

0

150 I I \ \

1E10

\
1E11  5E11



@ Find L-FC o obkin Sawme

Pev—;»ccf-"o«. ,e\‘l(qy oun Obd-lnd“ [ine.
Easy, jUS use same Valuss: [z Q2 7pH
C=ALF
Cormgs = 7z = 70GHE
F/mf ateayaYeon on 00/1?.,17'//)14 N

2o L2 L.yg

@WM:L —7 e © w
¢

IC» Rps J o Ro s

CThis cawses loss .
Ltis ne /onf(r \frez UL, = gpmc/mf

52
— = Xe04, grven in notes)
A & 5p, C 0357 (persectin g,
-2 AL
527 201092 g > /mlo( A, )= m6.2d8
s from (4]

/’%6’/ (o35 15 S/(yl/tfif“"f because Ros

/s Seall




Problem #5

Taking same L and C values from problem 4 is a simple way to ensure delays are matched.

| $ | S-PARAMETERS |

S_Param

SP1 VAR

Start=1.0 MHz VAR1 ——1

Stop=500.0 GHz L=227e-12 — —

Step= 1 - < c2 -
C=91fF —~ C=91fF

2 Term ) Term
Term1 t 1 t 5 t5 Term2
Numr=1 Num=2
7050 OnmL=L/2 H R L=L H R L=L/2 H om0 Ohm

B R= R1 R= R2 R= g
= R=70 Ohm iRﬂo Ohm =

: Term L ) L ) L ] Term
Termd L7 8 6 Term3
Nun~4 Nun=3
2=50 Ohm -2 aull LL2H =50 Ohm

The unloaded transmission line has a cutoff frequency of 64GHz, as it did in problem 4. We can see
that the low frequency loss of 4.7dB is 1.5dB less than what was calculated. The approximation that
was used to find the drain loss is better as RDS is greater than Z0. We also see the cutoff frequency
lower than expected at 47GHz. This is due of the large effect that that a low RDS has on the artificial

transmission line.

m4
freq=63.94GHz
dB(S(3,4))=-3.085
20 — m1
I freq=1.000MHz
o 40T dB(S(2,1))=-4.682
nn
AL m3
Qg o0 freq=46.68GHz
50| dB(S(2,1))=-7.793
m6
-100 B L O I O B B B A freq=70_1 1GHz
0 100 200 300 400 500 |dB(S(2,1))=-14.124

freq, GHz

Comparing plots from the last problem, the loss on the output transmission line is higher than the input,
according to the notes it is usually the reverse, but that assumes a high drain-source resistance.
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Problem #6

o Cc=91fF = Cc=91fF
R s Term
R3 t1 tz ts Term2
R=500MM (oo 1 L=L H L=L/2 H g:?ozéhm
R= R= R=
! L L T
;% S-PARAMETERS hy bridpi hy bridpi
X1 X2
S Param C_GD=.001e-15 F C_GD=.001e-15 F
SP1 vl VAR gm=.1143 gm=.1143
Start=100.0 MHz VAR1 R_DS=70 Ohm R_DS=70 Ohm
Stop=500.0 GHz L=227e-12 C_GS=91e-15 F C_GS=91e-15 F
Step= Ri=4.37 Ohm Ri=4.37 Ohm
e, e, - .
- Term L L L R
Term1 L7 L8 L6 R4
Num=1 _ _ _ R=50 Ohm
7220 onm =12 H L=L H L=L/2 H
. R= R= R=
m1 m3

freq=100.0MHz freq=100.0MHz
dB(S(2,1))=10.459 |(s21_calc)=12.177
m2 m4

freq=67.49GHz freq=96.79GHz
dB(S(2,1))=7.358 |(s21_calc)=9.135

2003 mm4
07
5= 20—
S 4o ]
7
SE 8
©Ls 60
-80—|
-100 ‘ ‘ ‘
1E8 1E9 1E10 1E11 5E11

freq, Hz
B Ag = 3.57e-23 * freq™2

[Helg) Ad = 0.357
=elg) s21_calc = 20*log(. 1143*50/2*( exp(-Ag/2)*exp(-Ad*3/2) + exp(-Ag*3/2)*exp(-Ad/2)))

The low frequency gain has about 1.7dB difference between calculation and simulation, which is
expected as seen in the last problem where there is a 1.5 dB disparity in the output loss. The simulated
cutoff frequency is 67.5GHz, very close to the expected 70GHz. However, the calculated cutoft is

97GHz, a significant disparity which is probably due to the inaccuracies in modeling the gate and drain
losses.
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Problem #7

]

0w
0 ohe

Zoomed in partial view:

VAR
VAR1
L=113.5e-12
Cgs =91e-15
E% S-PARAMETERS L_in =2.27e-010 {t}
C =45.5e-15
S_Param Ri=0
SP1 Rds =0
Start=100.0 MHz
Stop=200.0 GHz — — —
Step= | c1T = | C2 - | C3 -
e C=C F - C=C F - C=C F
- P, S, P, AN e,
R3 L L L L
R=50 Ohm L1 L2 L9 L11
L=L/2 H L=L H L=L H L=LH
R= R= R= R=
— o 2 [ e | 2 fpm— e 1 3 [r—
hy bridpi hy bridpi hy bridpi
X1 X2 X3
C_GD=.001e-15 F C_GD=.001e-15 F C_GD=.001e-15 F
gm=.1143 gm=.1143 gm=.1143
R_DS=Rds Ohm R_DS=Rds Ohm R_DS=Rds Ohm
C_GS=Cgs F C_GS=Cgs F C_GS=Cgs F
Ri=Ri Ohm Ri=Ri Ohm Ri=Ri Ohm
P P Y Pl L e g W
L] Term
Term1 L L L
Num=1 L7 . L8 . L24 . L25 .
7250 Ohm L=L_in/2 H L=L_in H L=L_in H L=L inH
1 R= R= R= R=



HelgldelT = 2.28e-12
Hel]s21_calc = .1143*50/2*10*freqg/freq

501
m1
~ ] I — freq=158.5MHz
5= 0 \ V! T3 dB(S(2,1))=29.120
&% ] m3
=0 ] freq=140.0GHz
3 ] dB(S(2,1))=-17.063
-100 i I I I I I I I I I ‘ I I I I I I I I I
0 100 200

freq, GHz
Note: s21_calc_freq does not fit in this screenshot, see the written portion of solutions.

The low frequency gain calculation obviously agrees well with the low frequency gain of this amplifier.
The frequency dependent portion which accounts for the attenuation which takes place as a result of
mismatch in the time delay between input and output transmission lines is fairly consistent up to the
output transmission line cutoft frequency of 140GHz, because that cutoff frequency is not modeled in
our calculations.



