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High Speed Electronics 2019 — Exercise 3 Solutions

wr = Im _ 5 41012 rad/s

— + R, =40.7Q

For f = 10GHz,

w = 2nf = 6.28*10%° rad/s; w << wr
w
Fpin =1+ zﬁw—T = 1.06
NF = 10 log(F) = 0.25 dB

1
Xopt = —=— = 1592 0

wCys

For f =94GHz,

w = 2nf = 0.6*10% rad/s; w = wr

w \? w \* w \?
Fpin =142 |Rygn <w—T) + g,znysz(w—T> + 2ygmR (w—T) =17
NF = 10 log(F) = 2.3 dB

1
Xopt = @= 167.0.
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b) AssumeZs;=Rs=50Q
v2 + |Zs|%i2 + 2Re (vpin Z3)

F=1+ 4KTR

v2 = 4T (R + gl(1 + (wRC)2)>

m
. 4kTy 2
i2 = —(a)CgS)
4KkTYR
. 4kTy 2
Re(vyis) = (wCys)
Im

For f =10GHz,

Va2 =363 kT

in2=8*10° kT

Re(Vnin') = 3*107° kT

F=2.82

NF = 4.5 dB
For f =10GHz,

Vo2 =375 kT

in2=7*103 kT

Re(Vnin') =0.29 kT

F=3.11

NF =4.9 dB
c)

vE = 4kT <R + gl (1+ (a)RC)Z)> Af

m

Assumingvery low frequency, wRC<< 1

ﬁ=4m(R+1JM‘

Im

Atroomtemperature T =293 K,
Vo? = 1.5%107% Vv?

Smallest possible signal v, = 1.2 pVvV

d) Low frequency Af = 1 Hz. Cg looks open. So we need to calculatev,?, in? and Vnin . We also
need to move all the noise sources outside the circuit:
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R:&+Bg

+
50Q Vi, ina = 4kTg Y

in1’ represent the noise due to drift/diffusionin the FET
The aimis to find v, and i, associated with the noise due to 50Q) resistor and the channel.

v,2
R=R+R
N —
+ | : —
N
i, 500

(i) To find i,%, consider input open:

R=R+R,
I 1
——O-

+
Vn 12

50Q

2
VnZ

i01 =in1 + (Va1 + Vn2)*8m
Representingall the noise sources in the above circuit as i,?

R=R +R,

L

.y io1?
In 500Q W
L

i01 = gm|n*50
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Equatingio; from the above circuits:

in1 Vi + Vi
2= 92,502 o2 (Assuming uncorrelated sources)
%= aker (T +R+50>—023kT
= Gm * 502 502 )

(ii) To find vo?, considerinput shorted:

R=R+R,
-
+
V 2
500 pl
Vin hd | 3 iOZ
nl
Vn22
[ v

i02 = in1 + Vni€m

Representingall the noise sources in the above circuit as v,?

R=R+R,

50Q Vi, C) g2

i02 =8mVn

Equatingio, from the above circuits:
l'2
vE= vl + = kT (R +L) = 364 kT

m m
e = ing _ (R 14 )_
VUplp = =0 +9r2n*50_4kT 50+9m*50 =7.3kT

Thus the minimum noise figure for the device with a 50Q resistance at the source is
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vy + |Zs |7 + 2Re(vyinZs)
4kTR, -
NF =10 log,oF = 9.2dB

8.3

2. a-c) Gate capacitance normalized to areas is given by

1 1 1 1
— =4 =4 =
Cg  Cox Cq Cc

Thus, the gate capacitance per unit width for a gate length of L; =20nm

1_< L I 1)
C; \LgCox  LyCq ' LyCe

m* & Lg*Cox Lg*C, Lg*C, L
(fFF/u) (fFF/p) (fFF/p) (fFF/w)
InAs 0.023 15.15 0.888 0.307 0.952 0.184
Ino.s3Gaon.47As | 0.041 13.9 0.888 0.548 0.856 0.242
GaN 0.2 8.9 0.888 2.672 0.547 0.301
d)
qWw2v2m* [ qC/, 3
ds,sat = 272 C (Ves — Vr)2
3n‘h , q
Cox + >

Considering all the common terms as a constant and substituting

, CoxC,
Coxzcox | | Cczﬁ
3
2
I = KN2m* 1
dosat TN T CalCox  Co)
t72C,.C.

|ds,sat(GaN) =0.06K
lgs sat(IN0.53Ga0.47As)=0.137K
lgs sat(INAs)=0.139K

Thus InAs has the highest saturation current given that there is no scattering.
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Y11 le] _ jwC —jwC
3. a) r= Y21 Yzz - —ja)C ]WC + R_l
1
0z =t [T = |f e K
Y11Y22—Y12Y21 | —Y12 Y11 R R

c) The added parasitic network is connected in series to the given RC network, so the Z
parameters of the full system are sum of Z parameters of individual networks.

1
4R+-— 2R
jwC

2R 3R

7 =[R+ja)C R]+[RG+RSD Rsn]
total R R RSD ZRSD

d) It is easier to convert from Y parameters to the hybrid-m model. Now the total Y
parameters of network including the parasitics is given by,

3R —2R
Y = 1 Zy _221] _ 1 1
Z11Z9y — Z12Z91 | =212 Z11 R <8R n .3 ) —2R 4R +ja)_C
jwC
Yu
Vin Yn 8mVin Yo

—
-»—

. 1
The hyrid parameters are, Y, =Y +Y, (8R+jwic)
2
Y, =-Y;, = 3
(8R +](1)_C>
1
2R +—+=
Yo=Y +Yp = ]a)?f'
R (8R +](1)_C>



