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The lossless line

input impedance of a length [ of transmission
line with characteristicimpedance Z,, loaded

with an arbitrary impedance Z,
L

_______l;l_____..
S
N




The lossless line
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The lossless line

V(z)=V, .(e_j-,b’-z +F.ej-,8.z) 1(2)= V" _(e_j.ﬂ.z r _e,-.ﬂ.z)

0

time-average Power flow along the line

4 2
P.., =1-Re{v(z)- |(z)*}= 1-’\/0 ‘ -Re{l—r* e 2P L T.e?1P? —|r|2}
2 2 Z,
» _1 M -(1—|F|2) (z—z* = Im
2 Z,

Total power delivered to the load = Incident
power — “Reflected” power
Return “Loss” [dB] RL=-20-log|l] [dB]



Reflection and power [ Model

z.P I:)L .PaPL
L) | |2 IR

Sadio; alox L

The source has the ability to sent to the load a certain
maximum power (available power) P,

For a particular load the power sent to the load is less than
the maximum (mismatch) P, <P

The phenomenon is “as if” (modael) some of the power is
reflected P, =P, - P

The poweris a scalar!




Matching, from the point of view of

power transmission

If we choose a real Zo *

ZL:ZI* -7, FLZF

complex numbers
in the complex plane
>Re [




Scattering matrix-S

a, d, |:bl:|:|:811 812]{31}
«— —> b, Sy S| | @&

S ‘2 _ PowerinZ, load
“I" Power fromZ, source
D
a,b
information about signal power AND signal phase
S.

]
network effect (gain) over signal power including
phase information



Impedance matching

IM=1 90° = =
[, =0.8./60° r, I
135° - Z L
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®
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How?
225° 15°
315 [, =0 perfectmatch @

o
270 ‘Fo‘ <I, “good enough” match



The Smith Chart
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The Smith Chart

+1 M Iml
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Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1

Re [




Impedance Matching with Stubs

Bypass Capacitor
(Chip)

Output Matching
Circuit

Il
Input Matching Circuit




Analytical solutions

Exam /[ Project




Case 1, Shunt Stub

Shunt Stub
,:‘ d )‘n
= Yy
7 \
A ‘ |

Open or
shorted |
stub



Analytical solution, usage

codgp+260) =T

I’y =0.593.£46.85°
T,|=0593 ¢=46.85 cos(p+20)=-0593 = (p+20)=+126.35°

The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation
“+” solution N\ _2"rs‘
(46.85°+26)=+126.35° O=+39.7° Imy, = = =—1.472
6, =tan*(Imy, )= -55.8%(+180°) >4, =1242> VT3]
“-" solution

(46.85°+20)=-126.35° @ =-86.6°(+180°) > O = 93.4°
> +2-|]

Imy, =
V1-If

=+1472 6, =tan*(Imy,)=55.8°



Case 2, Series Stub

Series Stub
difficult to realize in single conductor line
technologies (microstrip)

O
A
O Y

)
it

Zy e Z

O

\ | e 1 /i \\
& Y \

A ‘ '
b ——— &Y \ /
Open or SN
shorted
stub

o)




Analytical solution, usage

F2-|)

codp+260)=|T}] 0, =p-1=cot™ \/_2
1Ty

I, =0.555 £ —29.92°
I,|=0555 ¢=-29.92° cos(p+20)=0555 = (p+20)=+56.28°

The sign (+/-) chosen for the series line equation
imposes the sign used for the series stub equation

"+" solution |, S o
(-29.92°+20)=+56.28°  6=43.1° Imz, = \/_82 — +1.335
0, ——cot*(Imz, )= -368(+180°)—> 0, —1432° VITsl

“." solution

(—29.92°+20) =‘1156.28° 6 = —13.2°(+180°) —» 6 =166 .8°

~N 2.
Imz, = I =-1.335 6, =—cot*(Imz, ) =36.8°

VIS




Microwave Amplifiers



Amplifier Power /| Matching

Two ports in which matching influences the
power transfer

O " " O
] w et
V_\. (’\;) -q_]";] V 2 Zf




Amplifier as two-port
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Input matching circuit

ADS m1 ™
indep(m1)=13 \
CCCIN=0.412 / -177.966
gain=1.000

/ impedance = Z0 * (0.417 - jo.o1\so

Sopt
CSIN
CCCIN
\s_q_____.._--—/

If we can afford a 1.2dB decrease ofthe input gain for
better NF,Q (Gs = 1 dB), position m1 above is better
We obtain better (smaller) NF



Output matching circuit

m4
indep(m4)=49 N
CCCOUT=0.186 /-132.892 \

gain=0.200
impedance =20 * (0.749-j0.212)

CSOUT
CCCOUT
\\\__—d///

output constant gain circles CCCOUT: -0.4dB, -0.2dB, 0dB, +0.2dB
the lack of noise restrictions allows optimization for better gain (close
to maximum — position mg)



The Smith Chart
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The Smith Chart
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Microwave Amplifiers

Broadband amplifiers




Broadband/Wideband amplifiers

Achieved by some design techniques (only at
the expense of gain, complexity)

Compensated matching networks

Resistive matching networks

Negative feedback

Balanced amplifiers

Distributed amplifiers

Differential amplifiers



Balanced amplifiers

90°
hybrid

X

o
vV, 4—‘”“1 >< D /
L Gp
* EE— *
Vi \ L"£3
7 )

90°
hybrid

two identical amplifiers with two hybrid couplers
3 dB/90° to cancel input and output reflections

821:_7]'(GA+GB) 1 SZl‘A:B ==1-G
1 F:E-(FA+FB)

31125'(FA_FB) Sll‘A:B =0



Balanced amplifiers

0°, -9 dB
3 an 40 dB
. -3 -3 dB
0%, -6 dB 0°, +31 dB
AW
. >< 90°, +31 dB ><
LYWW 90°, -9 dB
40 dB
0°, -3 dB _3a8 80°, +34 dB —3dB
A
>< 180°, +34 dB ><
_—
LW 90°, -9 dB
40 dB
90°, -6 0B _3a8 90°, +31 dB —3d8
WA
" >< 180°, +31 dB ><
LW | 180°, -9 dB
40 dB
Signal in -3 dB 180°, +37 dB —3dB
(s \l“.l’\"'vl
>< 270°, +37 dB ><
DWW 90°, -9 dB -
40 dB 270°, +40 dB
90°,-6 dB —3d8 90°, +31 dB _3d8
W
>< 180°, +31 dB ><
—ENW | 180°, -9 dB
40 dB
80°, -3 dB 348 1809, +34 0B —3dB
AN
>< 270°, +34 0B ><
DWW 180°, -9 B
40 dB
180°, -6 dB L 180°, +31 dB “3dB
"v"‘u‘\f\r:‘_
>< 270°, +31 dB ><
=il | 270" 308
40 dB



Distributed amplifiers

[nput

Output

Z. 1,
—\WW—¢ o > O— O O
— Ul { (s f_;% (‘;—I- .o e J7
&, LA 1) O L)
Input Z,. 1 Z,.1 Z. 1,
R R; R, R. R, 2.
* *o . + + +
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Distributed amplifiers

the phase delays on the gate (input) and drain
(output) lines are synchronized

7/g:05g+j'ﬂg Yo =g+ 1 By ﬁg'g:ﬂd'ld
Power gain

2 —N-a “N-a.l
:gm'zd'zg (e 970 _ @ V' %dd

4 (e_“g'lg _p %l )2

Lossless power gain

_OmZqZg N
4

G




Distributed amplifiers

10 N=4

Gain (dB)
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Differential amplifiers

In differential mode the input capacitances of
the two transistors are connected in series
Unity gain frequency is doubled

D
0 o Sm—
V() l V()




Differential amplifiers

We use circuits to transition from an unbalanced
signal to a balanced signal (or vice versa)

hybrid couplers 3dB [ 180°
"balun" (balanced - unbalanced)

&: & unbalanced

O
Oo—
unbalanced g balanced
By —1

—
-
M4 M4
+ o —

balanced




Compensated matching networks

Control the design of the matching
networks at more (at least 2) frequencies
and impose the same gain

A
MAG

MSG
[dB]




Microwave Amplifiers

Multistage Amplifier Design



Multistage amplifiers

Interstage matching can be designed in two
modes:

Each stage is matched toavirtual =0

T -

o

Zo

Zo Zo Zo



Multistage amplifiers

Interstage matching can be designed in two
modes:

One stage is matched to offer necessary I for the

second stage

v —>

V4
ZO Zout Zin 7



Example multistage LNA

Similar to the project assignment
LNA using ATF-34143 providing:
G =20dB
F=1dB
@f = 5GHz



Example

ATF-34143 atVds=3V Id= zomA

@SG HZ o 1.0 PP(;q=_5.000GHz
. NFmMin=0.540
511 =0.64/139° s
S12 = 0.119./-21° " oe]
>21=3.165 £167 A
$522 =0.22 £146°
5 a
Fmin = 0.54 (typically[dB] ') = MAG=14.245
N m4
[ opt = 0-45 £174° 2
rn = 0.03 K
54— L

| T
1 2 3 4 5 6 7 8 9 10
freq, GHz



Example, LNA @ 5 GHz

ATF-34143 atVds=3V Id=20mA.

G H Z IATF-34143
5 IS-PARAMETERS at Vds=3V |d=20mA. LAST UPDATED 01-29-99
Sll — O 64 :1390 #ghzsmar50

2.0 0.75 -126 6.306 90 0.088 23 0.26 -120
512 2.5 0.72 -145 5.438 75 0.095 15 0.25 -140

o
O . 1194- 21 3.0 0.69 -162 4.762 62 0.102 7 0.23 -156

40 0.65 166 3806 38 0,111 -8 0.22 174

3 165 4160 é 5.0 0.64 139 3.165 16 0.119 -21 0.22 146

6.0 0.65 114 2.706 -5 0.125 -35 0.23 118
7.0 0.66 89 2.326 -27 0.129 -49 0.25 91
8.0 0.69 67 2.017 -47 0.133 -62 0.29 67

S 22 =0.22 41460 9.0 0.72 48 1.758 -66 0.135 -75 0.34 46
. . IFREQ Fopt GAMMAOPT  RN/Zo
Fmin = 0.54 (tipic [dB] | sz & we v -
o 2.0 0.19 0.71 66 0.09
r 0. 45 4174 2.5 0.23 0.65 83 0.07
opt 3.0 0.29 0.59 102 0.06
4.0 042 0.51 138 0.03
F =0. 03 é 5.0 0.54 0.45 174 0.03
n 6.0 0.67 0.42 -151 0.05
7.0 0.79 0.42 -118 0.10

8.0 0.92 0.45 -88 0.18

9.0 1.04 0.51 -63 0.30
10.0 1,16 0.61 -43 0.46




Multistage amplifiers

If we need more power gain than only one
transistor can supply
design target 20dB

MAG @5GHz =14.248 dB < 20dB
We use Friis formula to separate the target:

Power gain

Noise
on two amplifier stages



Friis Formula (noise)

. G, G .G, G-GZ-Gs

Effects of Friis Formula:

it's essential that the first stage is as noiseless as
possible even if that means sacrificing power

the second stage can be optimized for power gain
Friis Formula must be used in linear scale!
Avago/Broadcom AppCAD

AppCAD Free Design Assistant Tool for Microsoft
Windows = Google




Friis Formula (noise)

1
Geas =61 -G, Feas = F1 +E(F2 _1)

1
Friis formula

first stage: low noise factor, probably resulting in a smaller gain
second stage: high gain, probably resulting in higher noise factor
It's essential to introduce a design margin (reserve: AF, AG)
G= Gdesign +AG
F= I:design —AF
Interpretation of the design target

G > Gyegign Petter, but it’s not required to sacrifice other
parameters to maximize the gain

F < F yesigns DELLET, the smaller the better, we must target the
smallest possible noise factor as long as the other design
parameters are met



Friis Formula (noise)

Friis formula
first stage: low noise factor, probably resulting in a smaller gain

second stage: high gain, probably resulting in higher noise factor
Separation of the design parameters on the 2 amplification

stages (Estimated!)
input stage: F1=0.7dB, G1=9dB
output stage: F2=1.2dB, G2=13dB
To verify the result apply Friis formula
First transform to linear scale !

F.[dB] Gy[dB]

F,=10 10 =10°%" =1.175 G, =10 10 =10%°=7.943
F,[dB] Gy[dB]

F,=10 10 =10%!2-1.318 G,=10 10 =10"°=19.953

F -F +Gi(|:2 _1)=1215 Gy =G,-G, =158.49

1
F...=10-l0og(1.215)=0.846 dB  G_,, =10-log(158.49) =22 dB



Friis Formula (noise)

Avago/Broadcom AppCAD

File Calculate Application Examples Options Help
NoiseCaIC Set Number ofStages’ = |2
Stage 1 | Stage 2
Stage Data Units

Stage Name:

MNoise Figure dB

Gain dB

Output IP3 dBm y

dNF/dTemp dB/*C 0 0

dG/dTemp dB/°C 0 0

Stage Analysis:

NF [Temp corr) dB 0.70 1.20

Gain [Temp corr) dB 9.00 13.00

Input Power dBm -50.00 -41.00

Output Power dBm -41.00 -28.00

d NF/d NF dB/dB 0.97 015

d NF/d Gain dB/dB -0.03 0.00

dIP3/d IP3 dBm/dBm 0.00 1.00

Enter System Parameters: System Lpaluere
Input Power 50 dBm f Gain= 1 InputlP3= 750 dBm |
Analysis Temperature 25 3E | NoWg Figure = Output IP3 = 1450 dBm
Noise BW 1 MHz | Noise Temp i Input IM level=  -135.00 dBm
Ref Temperature 25 & ‘ SNR = 6313 dB Input IM level = -85.00 dBC
S/N [for sensitivity] 10 dB ‘ MDS = -11313 dBm Dutput IM level=  -113.00 dBm
Noise Source [Ref) 230 ‘K | Sensitivity = 10313 dBm Output IM level = -85.00 dBC
Moise Floor= -173.13 dBm/Hz| | SFDR= 7042 dB




Multistage amplifier design

Separation of the design parameters on the 2
amplification stages (Estimated!)

input stage: F1=0.7dB, G1=9dB

output stage: F2=1.2dB, G2=13dB

total: F=0.85dB, G=22dB
Meets design specifications (with design margin)
We can reuse some of the results in the single stage LNA
design (Lecture 8)

input matching can be used for the input of the first stage —
very low noise, good enough power gain

output matching was designed for maximum gain, can be
used for the output of the second stage

input and output matching were designed for 50Q source
and load, similar to current conditions



Ul

Multistage amplifier design

Input Interstage Output
matching. Transistor matching. Transistor matching.
o] | 1G] [G,] [G] [G,] G, | []se0
o) A
[Gg,] [G,] [G,,] [Ge,] [G,] [G,.]

Gain computation

Interstage matching can supplement the gain for both
amplifier stages

The design for input and output matching must be

achieved on a single transistor schematic (recommended:

easier)




Input matching stage 1 (S1)

nput Interstage Output
matching_ Transistor matching. Transistor matching.
[G,] G [G,] [G,,] E] 500
. J U Y,
Y Y
F1=0.7dB,G1=9dB F2=1.2dB, G2=13dB

We favor optimization for noise (low/minimum)
Also considered
Power gain (can be lower, but not too much)
Bandwidth (through Q, quality factor)
Stability



Input matching stage 1 (S1)

ADS /

//

m1

indep(m1)=91

CZ=0.196/-131 .61\9\

freq=5.000GHz

impedance = Z0 * (O.>\41 -j0.225)
\

\
\

FW

Sopt
CSIN
CCCIN

m2 \

indep(m2)=85——

CZ7=0.315 /-133.406 |

freq=5.000GHzZ /

impedance = Z0 * (0.588 - j0.299)
7

/

m3 /
indep(m3)=77
CZ=0.461/-142 B57
freq=5.000GH

impedance =Z0 * (0.405 - j0.287)

For the input matching circuit
noise circle CZ: 0.75dB

o
e a
mm
O
p(m3)
— //

input constant gain circles CCCIN: 1dB, 1.5dB, 2 dB
We choose (small Q = wide bandwidth) position ma




Input matching stage 1 (S1)

ADS m1 ™
indep(m1)=13 \
CCCIN=0.412 / -177.966
gain=1.000

/ impedance = Z0 * (0.417 - jo.o1\so

Sopt
CSIN
CCCIN
*H_____.._--—//

If we can afford a 1.2dB decrease ofthe input gain for
better NF,Q (Gs = 1 dB), position m1 above is better
We favor better (smaller) NF



Input matching stage 1 (S1)

G.,: Position ma1in complex plane, 1dB

Iy =0.412 £-178° I|=0412, =-178°

codgp+260) =] Iy, ()] T:i -;52

cos(p+260)=-0.412 = (p+26)=+114.33°

0, =tan(Imly,(0)) =tan | -+ 22|
V1-|0]
>
_[+11433°  [146.2° ~0.904 , _[137.9°
(¢+2‘9)_{—114.330 ‘9:{31.80 Ir'"[3'3(‘9)]:i+o.904 9“"{42.10




Output matching stage 2 (L2)

Input Interstage Output
matching ~_Transistor  matching ~_Transistor matching_
so] | [Gs] | | 6] [G] [G,] ] 500
“ J J
Y Y
F1=0.7dB,G1=9dB F2=1.2dB, G2=13dB

We favor optimization for gain (high/maximum)
Also considered

Bandwidth (through Q, quality factor)

Stability
noise is not an issue, output matching doesn’t
influence noise factor



Output matching stage 2 (L2)

m4
indep(m4)=49 N
CCCOUT=0.186 /-132.892 \

gain=0.200
impedance =20 * (0.749-j0.212)

CSOUT
CCCOUT
\\\__—d///

output constant gain circles CCCOUT: -0.4dB, -0.2dB, 0dB, +0.2dB
The lack of noise restrictions allows optimization for better gain (close
to maximum — position mg)



Output matching stage 2 (L2)

G, ,: Position mg4 in complex plane, 0.2dB

[ =0.186 £-132.9° I, |=0.186; ¢=-132.9°
cog(p+260) = Imy, (0)]= \/_2—112 = —0.379
1-|1,

cos(p+260)=-0.186 = (p+26)=+100.72°

=tan~(Im =tan™ 20|
0, =tan”*(Imly, (0)])=t [ WJ

+100.72° 116.8° —-0.379 159.3°
2 — p— —_— j—
(p20) {—100.720 7 {16.10 mly, (0) {+o.379 & {20.70




Interstage matching (l)

Input
matching Transistor

509[ 1G] | | 1G]

Output
Transistor matching

G, ] G,,] E] 500

nterstage
matching

[G)]

“ J Y,
Y Y
F1=0.7dB,G1=9dB F2 2=13dB

We take into account gain (high) but also noise
Also considered

Bandwidth (through Q, quality factor)

Stability
We influence the noise factor of the second stage, the
noise must be considered but with less restrictive
conditions (Friis shows that higher noise is acceptable).



Multistage amplifier

Power gain

G, [dB]=G,[dB]+G,|dB]+ G, [dB]+G,[dB]+G_,[dB]
G, =|S,|° =10.017=10.007 dB

G, [dB]=1dB+10 dB+G, [dB]+10 dB+0.2 dB

G, |dB]=21.2dB+G, |dB]

nterstage match design must provide at
east 0.8dB gain to meet specifications, by
vetter match for the output of the first
transistor and for the input of the second
transistor




Interstage matching 1/2




Interstage matching 1

A single transmission line keeps constant the
magnitude of the reflection coefficient

a circle around the | ///”‘““\\\\
Smith Chart center - 2N
// N
‘ﬁf - / ® P 2007070 ; \
(SRR
_ O R
< \
r ‘i r 4_! o {\ {\ I )
7
ZO Zout Zin ZO \\ N OCK Z /
series\ //
line o
a3 7



Interstage matching 1

Can be designed in two ways:

starting from the output of the first stage (reflection
coefficient S22) towards the circles (drawn for the second
stage):
stability
gain
noise
starting from the input of the second stage (reflection
coefficient S11¥) towards the circles (drawn for the first
stage):
stability
gain
First design direction has the advantage to offer
control over the noise introduced by the second stage



Interstage matching 1

Starting point — complex conjugate

i B s LT PR
indep(m4)=49 Term 1 i ] TL2 T

CCCOUT=0.1861-132.892 \ 7 R < S50.0 Ohm _ £ Chm: gy
gain=0.200 \ -zmmma VAL el S
impedance& Z0 * (0.749-j0.212 > N—___—F-rGHz. . | FEE0GHI g

CSOUT
CCCOUT

7<ﬁ
@-

Z =50Q-(0.749 — j-0.212)
Z =37.45Q— j-10.6Q

/ Z" =37.45Q+ j-10.6Q
\ ////




Interstage matching 1

A single
transmission line
allows reaching a
point that cannot be

optimized ) m o/ \
G, ,=0.2dB §S§ / m % \\
Gg,=1dB “@:q@w \ o°o /’
F,=0.7dB S /

Only one parameter //

is available for wide

band performance ///

tuning -



ADS

TLOC | I TLOC
W ¥ T 5w o .. .TLOC . . N LN N ST e} Term
] Tormis v _l:] ;E:;OO o L1 - - .A:“. o . . TL5 S T2 —|:] . Z=50 Ohm Term2:
| § N R m_ z=5000hm & o, Z=50.0 Ohm éh?n .. . 7=50.00nm [ — E=159.3 = § Num=2
Z=50 Ohm A E=146.2 E=150 W E=116.8 Ref F=5 GHz Z=50 Ohm
» : - | Ref ° F=5GHz F SGH - File="D:\f341433a. s2p F 5 GHz - File="D:\f341433a. 52p F 5 GHz : : C A

freq=5.000GHz
dB(S(2,1))=23.875

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



ADS

T rﬁq 7

Term1 : —l:]

Num=1 . .

Z=50 Ohm = Ref
ADS
~~
AN
N
Y—

woom L ws S e 1 Zeom |
Cre " ZEB0.0OMM STo, . z=50.00hm . oo, Z=50.0Ohm [ E=1593
FE5GHZ ol - File='Di341433as20" fooo - - - File='DA341433as2p't o oo - J ReF. . FEOCHz
3.5
3.0—
2.5—
2.0—
m2
= freq=5.000GHz
nf(2)=0.593
1.0— 2) |
0.5|||||||||||||||||||
40 42 44 46 48 50 52 54 056 58 6.0

freq, GHz

Term
Term2
Num=2
Z=50 Ohm



Interstage matching 2

Using multiple transmission lines for
matching each stage to a intermediate ['=0
(virtual) allows detailed control over final
reflection coefficient (and thus gain/noise)

Zo Zo Zo Zo



Interstage matching 2

Input Interstage Output
matching ~ Transistor  matching ~ Transistor  matching

500[ [G6] [G,] [G)] [G,] [G,] I|500

/A\ 50Q)

G | | 6] G | | 6s] G,] G,,] E]

Ul
O
)

Instead of a single match design we have to design two
matching networks

However both matching networks are anchored to a fixed
point (50Q, '=0) so we can use design formulas (Impedance
Matching with Stubs)

Also, due to the presence of multiple networks, we can target
precise positions (reflection coefficients) on both stages



Multistage amplifier

Power gain
G, [dB]=G,[dB]+G,[dB]+ G ,[dB]+G,,[dB]+ G,[dB]+ G_,[dB]

G;|dB|=1dB+10 dB+G,,[dB]|+Gs,[dB]+10 dB+0.2 dB

G, |dB]=21.2dB+G_,[dB]+Gs,|dB]

|\ J

Interstage matcﬂrdesign must provide at
least 0.8dB in total gain to meet
specifications, by separately better matching
the output of the first transistor and for the
input of the second transistor



Interstage matching 2

Using multiple transmission lines for
matching each stage to a intermediate ['=0
(virtual) allows detailed control over
reflection coefficient on both stages

Adaptare _ Adaptare _ Adaptare
intrare Tranzistor inter-etaj Tranzistor iesire

500 II G ] G ] G ] G ] G ] IISOQ

50Q / 500 50Q
[I G ] G ] e [ ] B, G ] G ] E]




Interstage matching 2

One of the stages creates through its
matching network a reflection coefficient '=0
towards which the other stage is matched

> 8 r‘?zo FO:O

o/-1

_ QD; Z.,0 (52)

or/“sp1 Z Sp2
)

= Im(y,) \T/ =1m(y,)

The two shunt stubs combine
into a single one

Z,,0

o/ ~2




Interstage matching 2

The two shunt stubs combine into a single

one
Z,,0 Z,,0

g ~
.’ \
4+ @ypl] @
=Imy b LJ=Im(y,)

= Im(y, Im(y,
\s -

ZO’el \¢ ZOIOZ

ZOleSplz
=Im(y,) + Im(y,)




Interstage matching 2

series line 2
moves around
the center of the
SC

shunt stub 2 on
the circle g=1

shunt
stub




Interstage matching 2

For every stage we use
a series line and a
shunt stub

the series line moves
the reflection
coefficient from the
desired starting point
on the unity
conductance circleg=1-%a

the shunt stub moves
the point to the center
of the Smith Chart (Zo
match)

The two shunt stubs
will then combine into
one

CCCIN
fa L

ref




Output matching stage 1 (L1)

G, , (we use the same point <- output L2), 0.2dB

I, =0.186 ./ —132.9° I, |=0.186; ¢=-1329°
2-|1, |
codp+26)=-T| Imly, (0)]= \/— = -0.379
i

cos(p+20)=-0.186 = (p+26)=+100.72°

the length of the shunt stub 6, is not calculated
because it is not needed

(42 +100 72° 116 8 iy, o 379
~100.72° 16 1 mly. (6 + o 379




Output matching stage 1 (L1)

Equation |Solution L1A| Solution L1B
D+26 +100.72° —-100.72°
0 16.1°
Im[y(0)] —0.379 +0.379




Verify stage 1

- g Term1 - “TL3 - ST
: NUF=1 o+ ZEE00 ORM: 5 pr qmpe
7=50.0 Ch
z=500mm | [ ES198. . fogupg
| Ref  F=5GHZ F=5.GHz -
52P

dB(S(2,1))

14
i m1

12

102

ol m1
| freq=5.000GHz

5| dB(S(2,1))=11.475

4 T | T | T | T ‘ T ‘ T | T | T | T
40 42 44 46 48 50 52 54 56 58 60

freq, GHz

LN T R Terma
E=11B8" .. . E=1B83 . . . Z=50 Ohm
. F=5 GHz- Ref ~ F=5GHz = =
35
3.0
2.5
8 o0 m2
't freq=5.000GHz
15 nf(2)=0.549
1.0
05 ]
40 42 44 46 48 50 52 54 56 58 60

F1<0.7dB,G1>9dB

freq, GHz



Input matching stage 2 (S2)

G., (moving from I, we choose towards
complex plane origin — m3 — gain 2dB)

m1 m2

indep(m1)=91 indep(m2)=85
CZ=0.196/-131.619 CZ=0.315/-133.406
freq=5.000000GHz freq=5.000000GHz

impedance = Z0 * (0.741 - j0.225) impedance = Z0 * (0.588 - j0.299)

m3
" indep(m3)=77
CZ=0.461/-142.657

m1
MY [freq=5.000000GHzZ

impedance = Z0 * (0.405 - j0.287)

CSIN
CCCIN




Input matching stage 2 (S2)

G, (going from m3 towards origin), 2dB

I, =0.461/—142.66° T,,|=0.46% ¢=-142.66°
- F2.r
COS((P“LZH):_‘FSZ‘ |m_Ys2(‘9)]: ‘ SZL
\/1_‘F82‘

cos(¢p+20)=-0.461= (p+20)=+117 .45°

the length of the shunt stub 6, is not calculated
because itis not needed

+117 45° 1 039
(p+ Im[ysz
—117.45° +1 039




Input matching stage 2 (S2)

Equation |Solution S2A | Solution S2B
D+26 +117.45° —117.45°
0 130.1° 12.6°
Im[y(6)] ~1.039 +1.039




Verify stage 2

. Term1 o Tl - o Co N Tl Term? -
. L=500Chm . f . . . _E=1338. . E:13.D1 S S 'E:HEB' : .. . E=1E83 0 o 2=50 Chm
. . .. bRef o FS8GHZ oo . . . .F=5GHz. . NRef  F=BGHz =
SR R S = =
G, G, G,
14 m 5
12—_ 4_
= 10— ]
- ] 3 m2
% 8| S freq=5.000GHz
s m1 E , nf(2)=0.749
T 6 freq=5.000GHz i
N dB(S(2,1))=12.270 i
2 T ‘ T ‘ T ‘ T | T | T | T | T | T | T 0 T ‘ T ‘ T ‘ T | T | T | T | T | T | T
40 42 44 46 48 50 52 54 56 58 60 40 42 44 46 48 50 52 54 56 58 60
freq, GHz freq, GHz

F2<1.2dB, G2<13dB X Gi= 11.5dB,G2 =12.3dB,G1+G2 > 22dB



Stage 1/2

dB(verif_et1..5(2,1))

dB(S(2,1))

According to the conclusions of the Friis
formula, the second stage obtains a higher
gain because a higher noise is acceptable.

m3

m3
ind Delta=0.000
dep Delta=0.795
delta mode ON

I I I I I I I I
40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz

(2)

verif et1..nf

nf(2)

m4
ind Delta=0.000
dep Delta=0.200
delta mode ON

I I I I I I I I I I
40 42 44 46 48 50 52 54 56 58 60

freq, GHz



Merging the two shunt stubs

The two shunt stubs merge into a single one
There are 4 possible combinations depending

on how we chose the electrical length for the
two series lines

for each chosen electric length (8) the

corresponding Im[y(0)] must be used
EX:

0,,=116.8° 6,,=130.1° Imy,, | = 1m[y,,(0)]+ 1m[y,,(6)]=-1.418
0., =tan(Imy,,) 6, =125.2°



Merging the two shunt stubs

4, possible combinations

the admittances are in parallel and add up, not the electrical

lengths

0, 0, - Im(y)
— - | 0

- Im(y)
0_

+Im(y) +Im(y) L1 @

- Im(y) - Im(y)

imly,, | = 1mly,, (0)]+1m[ys,(0)]

_— @@ = @@ i

+ Im(y)

0,, = tan‘l(l m[ysp])



Merging the two shunt stubs

Solution S2A Solution S2B
0 =130.1° 0=12.6°
Im[y(8)] =-1.039} |Im[y(6)] = +1.039
=0 | =116.8° =t , =116.8°
Solution |p=116.8° Im[y(0)] = -1.418| < Im[y(0)] = +0.66
L1A Im[y(6)] = -0.379 46, =125.2° 0,=33.4°
0., =130.1° 0., =12.6°
/v 0, =16.1° commmtapp| 0, , =16.1°
Solution |9 =16.1° Im[y(6)] = -0.66 Im[y(6)] = 1.418
1B Im[y(0)] = +0.379'% 6, =146.6° 0,=54.8°
0., =130.1° 0., =12.6°




Smith Chart

series line =2

moves around /m/
the center of the / A
SC L\ M

shuntstub 2> on
the circle g=1

shunt \\\
stub series
lines




Merge 1, Smith Chart

6,,=116.8° 0,,=130.1°
Imly,,| = 1My, (6)]+ Im[y,,(6)]=-1.418

0, =125.2°

— = o o (oIS
‘j:p o ini_inter_smith2. TL1.E 118_803
\ '
-

stub = R J
/"'"_'_"""-. ini_inter_smith2. TL2ZE  [125 20 =1
L\ Y - n =7

combinat 2=l X l

7 Lo 12 J
5 /_\ \ linii_inter_smith2 TL3E  [{3040 3

Updatel Dretails | Fesat | Cahcel
.




Merge 1, ADS

dB(S(2,1))

© 7 Flle="CaDoc\AvagoATE 3414303414338 52p"

30

25—

20—

15—

10— m’]
5 freq=5.000GHz

dB(S(2,1))=23.707

ettt
40 42 44 46 48 50 52 54 56 58

freq, GHz

nf(2)

] . ]

— . 1 I — L~ % T ] . . .

TL1 L5 U6 L2 7=50 Ohm
Term . ... T ! S oL . - . 2 N o o . Term2
Temm1 ——_ ZE00 0N 5_gh 0'onin 25010 Ohm 2=800 0Am- - 72500 Ohm 7=50.0°Chin E=159.3 U]
Tl [ ES . Blgey - - | Eensg [ EN2820 . Eamng - - |- Ecres o | Rer o FesoHr AU
iy IR =8 Gz F=5 GHz F=5 GHz F=8 iz F=5 GHz F=5 GHz
z=s0onm L 1 =
o o L8R = o o = =
SHP1 NP2

© File="ChOocivagoATF34 143434143533 52" ©

_ m2
- freq=5.000GHz
nf(2)=0.586




Merge 2, Smith Chart

6,=116.8° 6,,=12.6° linii
Im[ysp] = Im[yLl(e)]_l_ Im[ysz(‘g)] =+0.66

6. =33.4° o
Sp - meter to tune by clicki
After each changs
Trace Hist ’_ =]
St U b rrrrrrrrr 100 | _
|
. J
\\co m b I n at" = inii_inter_smith2. TL1.E 118.803
N —
Q .
a9, s | iniLinter _smith2 TLZE [33 400 |
Y 1
@ r
/
lini_inter_smith2. TL3.E 12.5003

Updatel Dretails | Fesat | Cahcel




Merge 2, ADS

-

dB(S(2,1))

freq, GHz

SRR — e e
N R i e e i =
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el 1. -E:;SG?-HQZ- E=1462 - E=t168- | 'E:EB(;HZ “E=126 J [EEIE - E=1163 - | Ref - F=5GH
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i = o L L = e o =
SHP1 SNP2
" File="CDoc\AvagoATF 341433414338 520"~ ~ ° " File="Ch\Doc\AvagoATF 34143134 14338 52p"
26 3.5
i m1
3.0
24 — mo
oy 2.5 freq=5.000GHz
1 S 0 nf(2)=0.621
c
20—
| m1 1.5
18— freq=5.000GHz 10
il dB(S(2,1))=24.269]
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Merge 3, Smith Chart

6,=16.1° 6,,=130.1°
Im[ysp] = Im[yu(@)]"' Im[ysz(‘g )] =—0.66

6. =146.6°
Sp "
o900
/o - o [n] o
[a]
: <
= < ._@fﬁ% GD et smiti2 TLLE [15 105 =]
stub DOON 3 °
O% RS s 9 i th2 TL2 E —
\\co m bi n at" Y q_ (7p)] //:\ ({:? inil_inter_smi 145_80J
TN \ < \\\ > o )
<R o o et smit2 TL3E (135,15
: o
a
Updatel Dietails | Feset | Cancel



Merge 3, ADS

-

dB(S(2,1))

freq, GHz

—r 1 1 1 R L 3o
- Toc T mee e o T
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" File="CDoc\AvagoATF 341433414338 520"~ ~ ° " File="Ch\Doc\AvagoATF 34143134 14338 52p"
26 3.5
i 3.0
24 — mo
oy 2.5 freq=5.000GHz
1 8 4o nf(2)=0.624
c
20—
| m1 1.5
18— freq=5.000GHz 10
| dB(S(2,1))=23.972
N e e By S e R R L L L N S SO BN O
40 42 44 46 48 50 52 54 56 58 6.0 40 42 44 46 48 50 52 54 56 58



Merge 4, Smith Chart

0,=16.1° 0,,=12.6° linii
imly,] = 1mly,,(O)]+ Imly, (6)] = +1.418 _ fserie

6, =54.8°

A
- z linii_inter_smith2. TL1.E {5100 3
stu b Olbls! o }
=~ ) — inii_i ith2. TL2ZE 5
W c o b i n a t" i : CD irn_inker_smitl 54,500 3
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inii_inter_smit 12600 3

Updatel Dretails | Fesat | Cahcel
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Merge 4, ADS
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Interstage matching 2

All the combinations obtained meet the
target conditions for gain and noise
Choose a convenient one depending on:

the physical dimensions of the lines | = 3(5900 A
frequency bandwidth/flatness
stability

performance (noise/gain)

input and output reflection
etc.



Supplement Mini Project



Implementation in microstrip

technology

microstrip lines
dielectric layer
plane metallization (ground plane)
traces which will control:

characteristic impedance

physical/electrical Iength/ ‘ y /
'z/ \Ground plane




Implementation in microstrip

technology

quasi TEM line

Figure 3.25b
© John Wiley & Sons, Inc. All rights reserved.
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quasi TEM line, EmPro
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Implementat
technology

quasi TEM line, EmPro
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Implementation in microstrip
technology

quasi TEM line, EmPro




Implementation in microstrip

technology

~ Aproximativ TEM

a) COUPLED STRIP GEOMETRY



Implementation in microstrip

technology

~ Aproximativ
TEM

N

AN ITINTGINITIIES TN I N IIINI SIS IITIIIIIINY.

c) ODD MODE ELECTRIC FIELD PATTERN {SCHEMATIC)



Implementation in microstrip

technology

Equivalent geometry of a quasi-TEM
microstrip line with effective dielectric
constant homogeneous medium

A
€ d d

Y
ST S S ST TS S S
(a) (b)



Empirical formulas

C

vy = \/a E W
B = koi/€ec,
d
€r + 1 € — | |
€e = N N 2
- 2 ST T AW s
60 8d W
IH(CJF ) for W/d < 1
7 Jee W 4d
) = 4
120
: i for W/d > 1.
| e [W/d +1.393 +0.667In (W /d + 1.444)]




Empirical formulas

%4
Zo e +1 € — 1 0.11 € = =
A= 0 r 4 7 023 4+ —— e
60 2 € + 1 €
d
377
b = )
2Z0./€r g
8(3‘4
for W/d < 2
82‘4 — 0 /

x| 5

2 & — 1 0.61
— B—l—ln(2B—l)—|—2— In(B—-1)4+0.39 — — for W/d > 2,

| €5 €5



Characteristic impedance

Large impedances require narrow traces
Small impedances require wide traces
Zo. €2
] L _2nf
I{Joﬁgxh—:?‘t\\“ ~ 0= C
I S .
20 P T T T e~ ¢ = Je kol
xhh\x\%ﬁ: P e
NN
NN R
\\\SE
10 \\‘

Wik
0.1 ! 10



Microstrip standardization

Standardization
dimensions in mil
1 mil =103 inch
1inch=2.54 cm

Trace thickness

based on the weight of
the deposited copper

oz/ft? g/ft? inch mm
oz/ft?
0.5 14.175  0.0007 0.0178
102:28-359 and 1.0 28.35 0.0014  0.0356
1ft=30'48cm 2.0 56.7 0.0028 0.0712



Microstrip standardization

Typically the height of the dielectric layers is
also standardized in mil

‘ Standard Thickness |

RO4003C:

0.008" (0.203mm), 0.012 (0.305mm), 0.016" (0.406mm),
0.020" (0.508 mm)

0.032" (0.813mm), 0.060" (1.524mm)

RO43508B:

*0.004" (0.101mm), 0.0066" (0.168mm) 0.010" (0.254mm),
0.0133 (0.338mm), 0.0166 (0.422mm), 0.020" (0.508mMm)
0.030" (0.762mm), 0.060" (1.524mm)




DS linecalc

In schematics: >Tools>LineCalc>Start

for Microstrip lines >Tools>LineCalc>Send to
Linecalc

.
. LineCalc/untitled

' = D
D) E el &
Component
Type |MLIN v | D |MLIN: TL25 v
Substrate Parameters
Physical /‘\ ,_2_,
— Y D (57 ///
ol iia w 13.660 mi > // L/ //
— L 386.030 (mi  ~] 74 ( /
H 15.000 | mil > = / ’1&(}{/
Er 9,600 N/A 3 ¢ e+
Mur 1.000 N/A [ = ‘
Cond 5.96E47 TA Synthesize Analyze
Hu 3.9e4034  |[mi M ‘ ‘ ‘ E ‘ T:t:fla_te; :;e:u'ts
T 1.400 mi ] Electrical A_DB = 0.060
oo + 8004 20 50.098%00  [Ohm _v| |SkinDepth=0025
Component Parameters E_Eff 294.984000 \die;fiv}‘
Freq 10.000 |GHz ¥ | A
Wall1 1.0E+30 |mi v A
wall2 L.0E+30 |mi > A
Values are consistent




ADS linecalc

1. Define substrate (receive from schematic)
2. Insert frequency
3. Insert input data
Analyze: W,L = Zo,E or Ze,Zo,E | at f [GHZ]
Synthesis: Zo,E > W,L / at f [GHZ]

2

nnnnnnnnn

aaaaaaaaaaaaaaa

K_Eff = 6.276

A_DB = 0.060
v | SkinDepth = 0.025




ADS linecalc

Can be used for:
microstrip lines MLIN: W,L < Zo,E
microstrip coupled lines MCLIN: W,L,S < Ze,Zo,E

2o LineCalc/untitled

File Simulation Options Help
<] F <] F
N H& N H&
Component Component
Type [MLIN v | o [Mun: TL2s v | Type [MCLIN v | 0 [McLN: McLIN_DEFAULT v |
Substrate Parameters Substrate Parameters
4 3
Physical Physical
D Aumna v w 13.660 i~ s w s52201  [mi_v]
- _— L 386.030 [mi  ~ - s 7.993661  |mil
H 15.000 {mil =) 4 - H 15.000 — (/e
= : L 121714173 [mi_ v (==t
Er 9,600 3 Er 9,600 — [ sl S wle+|
£ —_—
Mur 1.000 Mur 1.000
Cond 5.96E+7 SYnthe=s (- A0S Cond 5.96E+7 Synlhesx Ay
‘ |Z| | Calculated Results IZ‘ Calculated Results
Hu 3.9e+034 mil Hu 3.9e+034
——— K_Eff = 6.276 KE = 6.978
T 1.400 (mi_ v Electrical A_DB = 0.060 T 1.400 Electrical KO = 4.870
EN 1 00044 ‘ 20 50.098900 [Ohm v | |SkinDepth=0025 Tann 1 A00a 4 7 20.040 AE_DB = 0018
Component Parameters | = 3| Component Parameters AQDE=00:2
P E_Eff 294.984000 wliggiv\ P 0 39.370 SkinDepth = 0.025
Freq 10.000 ‘Qﬂz al Freq 10.000 0 52.511663
Wwall1 1.0E+30 ‘mll > | C_DB -11.046865
Wwall2 1.0E+30 ‘mll ] E_Eff 90.000
Values are consistent Values are consistent




ADS linecalc

, _

Values are consistent

File Simulation Options Help
' < i)
D E &
Component
Type |MCLIN v | ID |MCLIN: MCLIN_DEFAULT v

Substrate Parameters
Physical

N e & w 9.924201  [mi  ~|

: - : 5 7.993661  |mi v/

- 15.000 | mil A b :
L 121.714173  |mi v |

Er 9.600 N/A |

Mur 1.000 N/A

Coad 5 O6E+7 N/A Synthesize Analyze

Hu 3.9e4034  |mil v ‘ EI l | }

T 1.400 ' mil v| Electrical

Tanh 1 N0Na_A Y ZE 70.040 I’Ohm v !

Component Parameters 70 39.370 l'Ohm v |

Freq 10.000 GHz v 20 52.511663  [Ohm ¥ |
C_DB -11.046865
E_Eff 90.000 deg  ~|

v
E o\ e S
t

Calculated Results

KE = 6.978

KO = 4.870

AE_DB =0.018
AO_DB =0.032
SkinDepth = 0.025




Transmission lines

http://rf-opto.etti.tuiasi.ro
Transmission lines [ Rogers

more precise formulas including
t, trace thickness
f, frequency
formulas for
microstrip
strip
coupled lines



Implementation in microstrip

technology

"MTEE MTEE MTEE
Tee1

Tee2 Tee3
. Subst="Alumina" . . L . . . . . . . . Subst="Alumina". . . . . . . .Subst="Alumina"
W1=13.66 mil W1=13.66 mil W1=13.66 mil
T e e o S R e s ) S o e
W3=13.66 mil ' o o ' ' " W3=13.66 mil

W3=13.66 mil

-TL25-

o TLoo - LR T T . ’
e . . \%be; é/glrt:]rﬂma" SnP1 A 5\7[)18:; ggl:ﬂma" . | . . . a;lb?; Glglrl:]rﬂma sipy - alljbf:ti é/glrunr::ma“. TL33 : P
Subst="Alumina”  L=386.03mil 07 DO41433a520% 447 49 130 O aeeym . PRRBMERS ey a;’ff;:é'g'fn”ﬂ na
W=13.66 mil ‘ ‘ Subst="Alumina" ’ L=315 mil
A e S e S =315 mil

L=116.91 mil

MSub

Alumina
H=15 mil
Er=96
Mur=1 - - Term®
Cond=596E+7 . . Num=4
Hu=3.9e+034 mil , P S i s 5 T 7 5 e o Z=50 Ohm .
g;[.;t:rg.u(lmm_ : . 2 % 2 = Glint » - Gli2 CLin3 . . .CLin4 . - CLin5

Rough=0 mil . . oo o . Subst="Alumina'Subst="Alumina". Subst="Alumina'Subst="Alumina'Subst="Alumina"
; o } W=9.89 mil W=1255mil  W=1268mil W=1255mil W=9.89 mil =
$=7.89 mi $=21.60 mil S$=24.95mil  $=21.60 mil $=7.89 mil

[=24525mil = L=23724mil~ "L=23675mil L=237.24 mil L=245.25 mil



Implementation in microstrip

technology

On all schematics you must have an substrate
model/component

Miscrostrip lines and coupled lines are computed in
Linecalc for the same substrate __,

f‘. .“. I ‘“

TE2S
- Subst="Alumina"
’ b mil -
- .=386 .03 mil -

- MSub

- Alumin
. H=15.mil.
Er=96
Mur=1
- Cond=5.96E+7
" Hu=3:9e+034 mil
S=tdmil =
. TanD=0.0001
Rouah=0 mil




Implementation in microstrip

technology

We use components from the “Transmission
Lines — Microstrip” pallete

MSUB - substrate

MLIN — series line

MLOC - open-circuit shunt stub

MTEE — modeling of T junction (shunt stub
connection to main line)

MCFIL — coupled line filter section (more accurate
model than MCLIN - takes into account that two
adjacent sections are physically close)



Implementation in microstrip

technology

Attention is required when MTEE
inserting parameters for MTEE Subst="Allmina"

W1=13.66"mil

and MCFIL by checking in the W2=1366mi

. . . W3=13.66.mil

schematic the width of the lines e
connected to each port. T I

-

CLin1
- Subst="Alumina"
- W=9 89 mil -
. $=7 .89 mil .
. L=245 25 mil




Implementation in microstrip

technology

Usually there is a shift of the transfer function (red) towards lower
frequencies compared to the ideal model (blue)

due to the MCFIL/MCLIN difference
Tune the length of filter elements to move the filter bandwidth
around fo = ;GHz

40
ADS
20—
X .
<t N\
nhn O]
(aajan)] -
i)
_20_
40 | | | | | | | | | | | | | | | | | | |

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



DC Bias

http://rf-opto.etti.tuiasi.ro
Agilent Application Notes

decoupling signal from DC Bias circuitry

DC Bias circuits for microwave transistors
Appcad has tools for designing DC Bias
circuits


http://rf-opto.etti.tuiasi.ro/
http://rf-opto.etti.tuiasi.ro/
http://rf-opto.etti.tuiasi.ro/

| 1 |
1 INTPUT CHOKE 1 1 OUTPUT CHOKE 1
| 1 |
| 1 |

NETWORK NETWORK :
(VIN, IIN) (Vour, lour)
INPUT =7 === m== ==~ === "~ OUTPUT
SOURCE ~ BLOCKING 1 AP ELIANCE ' BLOCKING
RESISTANCE CAPACITOR MATCHING CIRCUITRY | CAPACITOR
1 ' l Il
YNy 1 —@ L — 1
I ACTIVE DEVICE 1
AC SIGNAL N 1 LOAD

SOURCE ¢ RESISTANCE




DC Bias, typical choke

pc O ? O ac
Z
— 1R
CURRENT CONTROLLED
RcH>10Z
FROM TO
DC O & MA/ O AC
Z
—_— C<10

VOLTAGE CONTROLLED
(FET GATE)



DC Bias, typical schematics/values

AC
OOUT
20 nH
AC
N O ! FET H 1
10pF =
1 h
% 24 or Rs 10 pF +Vop (12V)
" I
5 TURNS #22 WIRE 5 TURNS #22 WIRE
ON Q2 FERRITE ON Q2 FERRITE
0.1 uH 0.1 uH g
BASE 0O COLLECTOR
BIAS VOLTAGE BIAS VOLTAGE
15Q 150
= 1HF 47 pF 47 pF 1pF
NPN I

= = EC ¢ AC —
b ouT



DC Bias, elements in E/S

— O--—
— 5
*~— — —
e
= | emiTTER
BYPASS _L §B'AS
s | -—0 & O-—— CAPACITOR T RESISTOR
100 pF :
S11 (AT 4 GHz) = 0.52  154° -—0 | -

S11 (AT 0.1 GHz) =0.901 £ -14.9°
S'11 (AT 4 GHz) = 0.52 £ 154° UNCHANGED
AT 4 GHz

S'11 (AT 0.1 GHz) = 1.066 ~ -8.5° |S11|>1
AT 0.1GHz



DC Bias, bipolar transistors

V RB1 Rc
NON-STABILIZED AN/ & “MWN— Ve
RB Rc
—WA—0— A—O Ve
Rs

_r S
RB2

VOLTAGE FEEDBACK AND CONSTANT
VOLTAGE FEEDBACK BASE CURRENT SOURCE



Example project

Unify the two schematics
L8 —amplifier
Lg —filter

X T TLO R T TLC
.. TLIN s IL : S \ i S TLIN ; i
TL18 = TL13 = R
TL19 TL15 TL14 TL16

fermm . . . . Z=50.0 Ohm 7-50.0'Ohm 5 i e _1:] . Z=50.0 Ohm S S e .Z=50.0hm -
Fonna Z=50. m Z=50.0 Ohm p—— Z=50.0 Ohm S Z=50.0 Ohm ¥
G . . E=1379 E=1462 - - 5"P1 . E=1088 - |- - - - E=125.2 E=1301 - nP2 . E=1368 - .E=124 3.
Num=1 ittty = iy = =
'Z:ISO e o Ref F=5GHz F=5GHz . . Flle D \f341433a s2p" F=5GHz . Ref ~ F=5GHz F=5GHz . ; Flle D \1’341433a s2p F=5.GHz . F=5GHz

! -

',_{ Term2

- Num=2
CLIN CLIN N N CLIN Z=50 Ohm
TL11 TL10 TL8 TL9 TL12

'Ze=70.04 Ohm " Ze=56.18 Ohm Ze=5511 Ohm Ze=56.18 Ohm  Ze=70.03 Ohm S

©Z0=39.37 Ohm* *Z0=45.05 Ohm" Z0=45.76 Ohm - Z0=45.05 Ohm" Z0=39.37 Ohm
.E=90. . . . .E=90. . . E=90 . .E=90. . . E=90 .
.F=5GHz . . _F=5GHz . . F=5GHz . .F=5GHz . F=5.GHz .



Result (unbalanced)

40

20—
=
o 7
o |
@

_20_
40 | | | | | | | | | | | | | | | | | | |

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



Result (unbalanced)

m1
freq=5.000GHz
dB(S(2,1))=23.021

i q
8 —
LN N N L L N B B
42 44 46 48 50 52 54 56 58 6.0

40
freq, GHz
20—
<7
TN
(e
oM M =
© O
-20—
-40 I | [ | [ | I | [ | I | [ | [ | [ | I

freq, GHz



Result (~periodic in frequency)

m1 m2
50 freq=5.000GHz | freq=15.13GHz
- m1dB(S(2,1))=19.973 |dB(S(2,1))=3.809
25— m?2
= 0—
5 %
L s0—
75
'1OO_IIII|IIIIIIII|I{\IIIIIII
0 5 10 15 20 25

freq, GHz



Tune -> balance

purpose: balance the gain characteristic of
the amplifier (maximum at design frequency)

favor tuning lines at the end of the amplifier

eliminate/minimize effect of the tune on noise

ey il : S L S =N ; i ST ; =TI
Sl —1 Tie 0 N T o IEINGE S T3 ENGEEE s e B

: e TL19 TL15 s TL14 i

% ; . 7=50.0 Ohm 75 nooeSmP 7= - 7=50.0 Ohm - 72500 Ohmi A .Z=50.0hm .- -

7=50.0'Ohi
Z5°0.00hm E=1243
I Ref  F=5GHz

Tem1 E=1379 SﬁP1 E=1252 SI';P2
e | . - ES1378. . p_i0 " . E=1088 2. . =130 : o o oo E=1368 -
Num=1 Ref =~ F=5GHz  r_cohs _File="D:\f341433a.s2p" o 1 R F=5GHz  F_sgnz . . . File="D\f341433as2p” . .,

|~ I~
_______________ o '_|}_J oo
vvvvvvvvvvv g : 4 Num=2
o 50 0
LN TL10 TL8 TL9 TL12
”””””””””””””” Z6=70.04 Ohm~  Ze=56.18 Ohm Ze=5511 Ohm Z6=56.18 Ohm  Ze=70.03 Ohm o
»»»»»»»»»» s R T ©Z0=39.37 Ohm" *Z0=45050hm" Z0=4576 Ohm ‘Z0=4505 Ohm‘ Z0=39.37 Ohm = — AT
........... R .. . . . . . . .E=90 . .E=90. . . . E=90 - E=90. - . . E=90 . . . e

.................. PR . . . . . . . . .F=5GHz .F=5GHz . . F=5GHz F=5GHz . . F=5GHz . TP



Tune -> balance, result

40

20—
=
o T
M !
@

20—

freq, GHz



Amplifier, Filter, Total

40

20— —
oo~  0-
S 8 |
AL

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



C Bias elements in ADS schema

Insert L (RF chokes) and C (decoupling)
additional 5oQ connection lines

source

load

between blocks

ITEE
Teet

Teer27 : Te'eé
" Subst="Alumina" Subst="Alumina" Subst="Alumina"
- W1=13.66 mil - A0uH - - wW1=13.66mil W1=13.66 mil -
- W2=13.66 mil W2=13.66 mil - W2=13.66 mil -
. W3=13.66 mil . W3=13.66.mil . W3=13.66 mil .
1 e 1 G 1 i A
e 7 : L ) s o e i [
TL35 Cc1 TL25 = = TL29 TL31 Cc2 47 TL32 C3 TL34
Term4 \?vub:‘,; Gélun:lna'c 15 pF ’ MLO Subst="Alumina" =~ = SnP1. ’ C Subst="Alumina" © Subst="Alumina'C=15 pF o SnPQ C © Subst="Alumina" TL33 T C=15 p'F © " Subst="AlUmina"
mi 2 3 T27 - W=1366mi- - - - - -Z° - - S W=13.66 mil - - iioc W=1366mil- - - SO W=13.66 mil I : W=13.66 mil -
Num=1 = " LOC = ="Al
250 om‘n 236.73 mil Subst="AILFB88'03 mil ISR sDR Jas d5 i Ti30. L=39.61 mil : File="Df341433a 20" o \SN;JDf; eé m'"a L=236.73 mil
i1 eomill Subst="Alumina =315 mil
-1 L=364 it W=13.66 mil
- L=116.91 mil
Alumina
H=15 mil
Er96 e 1
Mur=1 ‘ IS TEP ! Temé -
Cond=5.96E+7 Rl Siapd e AR Itab Num=2 -
Hu=3.9e+034 mit SlED NS ok Subst="Alumina" SUPSI="Alumi £=50 Ohm
T=14mil. . . . . . . . . . . Subst="Alumina" = _MCHL .. MCFIL . .mcRL  MCHI W1=9.89 mil . . W=13.66 mil
TanD=0.0001 W1=13.66 mil CLin1 CLin2 CLin3 CLin4 CLin5 W2=13.66.mil L=236.73 mil
Rough=0 mil C C C W2=9.89mil © " Subst="Alumina'Subst="Alumina" Subst="Alumina" Subst="Alumina'Subst="Alumina" ’ C ’
W=9.89 mil W=12.55 mil W=12.68 mil W=12.55mil - W=9.89 mil =
-8=7.89 mil -8$=21.60mil. . $=2495mil . .S=21.60mil. .S=7.89mil .

L=23025 mil . L=22724mil . L=23175mil. . 1=227.24mijl .L=230.25 mil



Gain ->Tune/Optimization

, 40
ADS
20—
0_
=h
@ -20—
m i
[ 2)
40—
-60—
80 | | | I | I | | | | | | | | | | | | |

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



Final result (Gain)

ADS

dB(S(2,1))

40

m1

m2

m1
freq=4.750GHz

dB(S(2,1))=21.635

m2
freq=5.250GHz

dB(S(2,1))=20.536

ot
4.4 46 48

I | [

5.0
freq, GHz

1
5.2

ot
5.4 9.6 0.8

6.0



Final result (Noise)

m3 md m4
freq=4.750GHZz freq=4.960GHZz |freq=5.250GHz
nf(2)=0.813 nf(2)=0.715 nf(2)=0.836
Min

nf(2)

20
10
m3 mb m4
\ 4 \ 4 \ 4

freq, GHz



Layout (Example)

Temporary replacement of the transistors and

lumped elements (LC) with elements for which
ADS has case information

ATEE

Tee2

Teel
Supbst="Alumina"
W1=13.66"mil
W2=13.66-mil
YW3=13.66.mil
31
|
Terma TL35 €1 TL25
Num=1 Subst="Alumina"C=15 pF MLOC Subst="Alumina"
z=50 OFRi¥=13.66 mil TL27: - W=13.66 mit
- - L=236.73 mil Subst="Allmsee.03 mil
W=13.66 mil
L=364.11 mil

Alumina
H=15 mil
Er=8.6
Mur=1
Cond=5.96E+7
Hu=3:9e+034 mil
T=1.4 mil
TanD=0.0001
Rough=0 mil

5 L L Tee3
= L1 = L2 Subst="Alumina" = L4 Subst="Alumina"
L=10 uH L=10 uH W1=13.66 mil L=10 UH W1=13.66 mil
= 5 W2=13.66 mil = W2=13.66-mil
W3=13.66 mil Wy3=13.66.mil
- =
i TU29 TL31 c2 . TL32 c3 TL34
26884_1987H =" Aluring" " Slibst="Alurina"C=15 pF A 84 gt dimina" TL33  C=18pF Suhst="Al
W=13.66 mil wLoc - W=13.66 mit - W=13.66 mil Subst="Alumina" W=13.66
L=417.19 mil TL30 - L=39.61 mil- = - L=334.80 mil W=13.66 mil L=236.73
Subst="Alumina" . R L=315 mil
WW=13.66 mil .
L=116.91 mil _
l I e
METEF TermG
MSTEP StepQ TLuB MNumn=2
Step1 Subst="Aluming® SUbst="Alumin| Z=50 Ohm
_ Subst="Alumina" M F CFI Wieggami . W=13.66 mil
W1=13.66 mil Cl_|n1 CLan CL1n3 CLln4 CLlnS W2=13.66 mi L 236 73 rnll
" W2=9.89 mil Subst="Alumina"Subst="Alumina" " Subst="Alumina" Subst="AlUumina"Subst="Alumina"" o ’
S W=9.89 mil W=12.55 mil - - W=12.68 mil W=12.55 mil W=9.89 mil R G A=
5=7.89 mil $=21.60 mil - 5=24.95mil- 5=21.60 mil §=7.89- mil
1=230.28 mil . L=22724 mil . . L=231.75 mil L=227 .24 mil . 1.=230.25 mil .

mina"’
il -



Layout (Example)

B | T e————————— 2 4 w444 a a4 e e e a4 e
-
"
: 2
U108
S S T S S S R R S S S S S S S S S S S S S T S S S S S S S T e S S T S S S S T A SR T R S T T T ST ST L s e

SR




Contact

Microwave and Optoelectronics Laboratory
http://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro



