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Problem #8

Parameterized degenerated transistor:

T~

C
C2
C=C_GDF
O <>
Port R c R1 R2 Port
P1 R1 L c P2
Num=1 R=Ri Ohm — C=C_GSF Num=2
VCCS
SRC1
G=gm S
R1=1e¢100 Ohm
R2=R_DS Ohm
C
C3
~ C=CsF
Circuit to check G11 and G22:
&% | S-PARAMETERS l
S Param
SP1
Start=1.0 GHz
Stop=250.0 GHz
Step=1.0 GHz
4 Term hybridpi-degen 14 Term
§ Term1 X1 § Term2
Num=1 : Num=2
Ri=4.96 Ohm
Z=50 Ohm C_GS=80.17e-15F Z=50 Ohm
- C_GD=0e-15F -
= gm=.10007 =

R_DS=79.44 Ohm
Rs=5.835 Ohm
Cs=136.4e-15F



m1

0.04 — freq=134.0GHz
] real(Y(1,1))=0.009
0.03 ) Im2
TORS . "] |[freq=134.0GHz
5595 002 real(Y(2,2))=0.010
= m3
o222 freq=125.0GHz
017 G11_calc_3=0.008
0.00 —j=—r—=77 [T L — L — LR — freq= 1250GHZ
0 50 100 150 200 250 G22_calc_3=0.008

freq, GHz
Felg} W = 2*pi*freq
e[ G22_calc_3=( (1/79.4)/(1+.1007*5.835))*freq/freq
=ely] G11_calc_3=(2"pi*freq*80.17e-15/(1+.1007*5.835))**2*4.96

Zoomed in on intersection:

J0 110 120 130 140

The main discrepancy is the frequency dependence of G22 caused by the source degeneration. The design
model G11 and G22 (dotted lines) intersect at 126Ghz as intended, but since G22 is increasing, their actual

simulated intersection is at 134GHz.



Full amplifier:

— l C C
= c = |
4 - c2
C=50.5 fF
T™ C=50.5 fF
+,_Term_.;_t:vn_._ ' -7 VeV N T "oV N
Termd L4 L L + Term
Num=4 L=L/2 H L6 L3 Term2
Z=50 Ohm : L=L H L=L/2 H Num=2
T R= R= Z=50 Ohm
— 1 Py — 2 .-l-
@ S-PARAMETERS hybridpi-degen hybridpi-degen —
X1 X2
S Param Ri=4.96 Ohm Ri=4.96 Ohm
SP1 C GS=80.17e-15F C GS=80.17e-15F
Start=10 MHz C_GD=0.0001e-15 F C_GD=0.0001e-15 F
Stop=500.0 GHz . gm=.1007 gm=.1007
Step=5 GHz VAR R DS=79.44 Ohm R_DS=79.44 Ohm
VART Rs=5.835 Rs=5.835
L=126e-12 Cs=136.4e-15 F Cs=136.4e-15 F
Y. K- » e W
+4 _ Term L L ‘ngl_{vw +2 _ Term
Term1 Term3
? Num=1 tiuz H IIfL H I[guz H ? Num=3
Z=50 Oh . . = Z=50 Oh
-L m R= R= R= J- m
Results:
1E|r'1e5q=10 0OMHz | |76
(s21 caic)—6 519 freq=118.5GHz
" (s21_calc)=3.534
B a=10.00MH m3 m7
Jg?g(z _'I))_s 8242 freq=105.5GHz freq=126.0GHz
1 ))=0. dB(S(2,1))=3.934 db(Gate_loss_calc)=-3.376
10mag
Ny
W
T= 0 O O v
oo &=t e i,
OI g 8 gf\l = [}
<2 Pe1o) :
AR sSmn :
02 ;
g% i
1
-0 | | | R : : :
1E7 1E8 1E9 1E10 1E11 2E11 1E7 1Eq 1E9 1E10 1E11 SE11
freq, Hz i
mw = 2*pi*freq freq, Hz

[@Fels21_calc = 20%l0g(2*.063*25*(exp(-2*Ag)*exp(-2*Ad)))
[FAg = w2+4.96*(50e-15)*2+25

[FAd = 25126

=il Gate_loss_calc = exp(-2*Ag)
Zeli] Drain_loss_cale = exp(-2*Ad)*freqg/freq



We can see above that the low frequency gain is consistent between simulation and calculation. There are
discrepancies between calculated loss and simulated loss, the gate transfer response rolls off faster than the
calculations suggest, in part because of the cutoff frequency of the line itself. The drain line frequency response
also indicates a frequency dependence at higher frequencies because of the source degeneration, which results
in the amplifier having a lower 3dB bandwidth than we expected, at 105GHz instead of 118 GHz.

We also observe that the loss on the gate and drain lines is equal at 126GHz, the frequency at which G11=G22.



