1.3 GHz Sihgled Endea
Amplifier Design
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Design Requirements

Focusing on maximizing the gain and minimizing retum loss.

+11dB Single-Ended Transistor Amplifier
Center frequency of 1.3 GHz

VSWR = 21




Circuit

BJT_PNP
& 2N3s0s

J s

MRSTUB MRSTUB

Stub1 Stub2
MLIN

1

MLIN
TL8

VI BJT_NPN
INPUT ML MRF901 OUTPUT ML — ] y |
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Bias Transmission Line

:w LineCalc/linecalc.lcs
1 Shunt

File  Simulation  Options  Help

Car. NEHE

Component

Type |MLIN * | I MLIN: MLIN_DEFALLT
Cap.

. @ Substrate Parameters
Matching Transistor Physial

Circuit NV T Side D |MSUB_DEFALLT w mm
Side [+— 3mm —D-{ ‘4— 3mm —bl |<— 3mm —>| . : mm

Er

N/A

Zin = oo B

Synthesize Analyze

El El Calculated Results

K_Eff = 3.315
Cond Electrical A DB=0123

- 70 50.000 ohm v SkinDepth = 0.000
Companent Parameters 90,000 deqg v

Freg 1,300

N/A

Wall1

NJA

wall2

A

Values are consistent
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Radial vs Straight Stub

y MRSTUB
Stub1

© Subst="MSubt"
- Wi=3.022 mm-
L=2044mm{G . - . - . - =-78,
_Angle=60 . . . . . ,3))=-31.146

m1
h

~ Length

Term
Term1
oMSwb b 1Y [z=50 ohm

- MSUB

-MSub1 . -

H=16 mm .

(Er=44

Mur=1

" Cond=1.0E+50°

- Hu=1e+33 mm-

- T=0.035 mm .
CTanD=002 = MLIN .
,Rough=0rm |
Bbase= Subst="MSub1"
‘Dpeaks= - - - - o oo wea022 mm

rj{i}_ SPARAMETERS. | = . e ———— o freq, GHz

S_Param

SP1
Start=1GHz -
Stop=2-GHz -
Step=.001.GHz .




4

SNP File from VNA

L

e . MUN o e v T I o v Bl |
Termi1 L - L2 Term2

= n " " Num=2
=50 Ohm. _ SubstMSub Subst="MSub' /

2N

L=-48 mm - S . . ... =48 mm-

S_StabCirclel

depll _StabGCircle1) (0

S[1,1]=complex( 0.4112, 0.5062)

i P D . . R . n ndep(S_5tabGire
B

.S2P_Eqgn . : : S 2ea e

S2P1

S[1,2]=complex( 0.0814, -0.0162) = K=1.132 E%

S[2,1]=complex( 2.7747, -0.2916) g _

0.1571468

- 8[2,2]=complex
- Z[1]=50 .
Z[2]=50

-0.0360,-0.1569) -

freq, GHz freg, GHz
Mu - . .
- 3 'StabCirC\e . . . . . . L StabCircle - . . . . . . . Mu1 . . . . K = (1-pow(mag(S(1.1)).2}-pow(mag(S(2,2)).2 }pow (mag(D) 2 )12 *mag(S(1.2)*S(2.1)))
- S_StabCircle1 = L_StabCirclet

- Mul=mu(s)
S_StabCircle1=s_stab C|rcle(S 51) L_StabCircle1=I_stab <:|rcle(8 51)

M 0= mag((s(1,1)°S(2.2))-(S(1.2S(2.1)))
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Calculations

511522 — S12521 A 2-port is unconditionally stable if:

1—|514|%—|S22|%+|D|? K>1 and |D| <1
2|512521|

1+ [S11? — |DJ? — |S22|? By +,/B} —4|C1|? By & /B3 — 4|C 2

Fms — mil =

2001 2"

S11 — DS%,
14 |S22|? — |D|? — |S11]?

Sao — DSY,

Available Power Gain: 14T
Zx = Zp—=X

Pa.vu o |821|2 (J- - |FS|2) ° J. — FX
Pavs (1 —[S22]?) + [Cs[*(|S11]* — [D[?) — 2Re(I'sCh)

GA =

Transducer Power Gain:

puut |S‘21|2 (J- - |FS|2) (l - |FL|2) f;A._Tnur — L_'21 [_f{ =+ +/ I{Q — ]_]

512

GT = = .
Pavs  [(1 = S11I'g)(1 — Sg2l'p) — S12821 L. T'g|?
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MATLAB

Workspace

g Network Design %%%
phasor = @ (mag,ang) mag®cosd(ang)+lji*mag®sind(ang): ¥phasor (mag/ang) NETTIE 1'.|r3||.|E
511 = phasor({0.65,50.76); 7
512 = phasor (0.083,-11.2399); B1 13718
521 = phasor(2.78,-6.00); B2 0.5783

522 phasor (0.161,-102.937) ; I:-I D.41 E'Elil + D.4?EB|
%%%%Gains and others CE 'D.1DDE‘ - D.D?.?gl
= 0.157; %From ADS simulation
= 1.132; %¥From ADS simula D 0.1570
GA 8.3734
1 + abs(511)"2 - D*2 - abs(522)"2:
- D*conj (522): 20,2193
abs (S22)°2 - D2 - abs(S11)°2; aT 13.7703
- D*coni (511): 134797

- sqrt(B1°2 - 4%abs(Cl)"~2)) /(2 ction ¢ he source 1.132':'
2 - sgrt(B2"2 - 4*aks(C2)°2))/ /(2

[T R I T o I S SR R el

[ R S T T e e e
[ R e T T A =1

®(mag,ang)mag*cos...
= 50 * (1+4Rs)/(1-Rs) ce ¢ he source side 01831 + 03418
= 50 * (L+R1)/(1-R1) #Impedance of the lo 0.4407 - 0.5062i

[ (abs (S21)~2) * (1-abs (R1) ~2) 1/[ (1- (abs (522) ~2) ) + (abs (Rs) ~2} * { (abs (S11) ~2) - { ("2} } ~2*real (Rs*C1}} | 3Available Power Gain 0.4112 + 0.5034

| S G T o T o T o6 T 8 |
RO R SR

GT = [(abs(521)~2)* (l-abs (Rs)~2)* (1- (abs (R1)~2))1/[abs((1-(511*Rs))* (1-522*R1} - (512*521*R1*Rs))"2] $Transducer Power Gain 0.0814 - 0.0762i
27747 - 0.2916i
-0,0360 - 0.1365

Gmax = abs((521/512)*[K - sqgrt(K~2-1)]) tMaximum Available Gain 33,3247 + 59,9844

48,2834 - 33.9500i

[ SEI O I 8 )
oo -]

Gul = [(l-(ab=(R=))"2)/abs(1l-511*R=s)"2]* (ab=(521)"2)*[[l-ak=s(R1)"2]/[ab=(1-522*R1)"2]] fUnilaterial Transducer

Ld W W
WO
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Matching networks

Input
matching
circuit

G

M

Transistor

[5]
Gy

Cutput
matching
circuit
Gy
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Matching network cont.

S

Zs= 48.3-j89Q Z, = 33.28+j9.9 O »

1. Calculate Zs and Z, for MN 2. Smith chart tool to find TX line length

. Zs =483 -89

| E—— L. 1 Zl 33'3 +)9.9 :
| S| | S|
T T
. M3 . . . . . T . . . . M6. . . . .
. £=500hm<{¢f . . . . . . . Z=5000hm .
. Essover 5 ... E=350403485 {t}
F=1.3GHz F=1.3 GHz

7=50.0nhm {4} - -
E=1184
_F=13GHZ

E=27 6936 {f} .
F=13GHz

3. Simulate the 2-port power gain
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Matching network cont.

1.1 1 [ I rr1 r [ r r 1.1 [ T 111 [T 1 11
s 1.5 =0 =5 =0

fraqg, GH=

Power gain > 11dB achieved
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Matchina natwork cont.

Z5=148.2889-[88.9848 - - . 7/=332794 +[9.9134
e N N TR _ Tem |
o o o . - . o I o . . . Term?_
"Msubt"  MTEE_ADS —  Subst="MSub1" . 5;1 . Subst='MSubt" . . . MTRE_ADS . Subsl "MSub1" L=
omm e W=3022 mm n W=3022 mm Teep W=3.022mm =50 Ohm
semm fty  Subst="MSub1" |=3132189 mm J} | L=27.54649mm y  Subst="MSub1" = 1743151 mm '
S WAE3022mm g g S WAE3022mme : :
-W2£3.022mm - W2F3.022 mm- 2 L 2
. W3:3.022mm W3E3.022 mm, _ . B .
“MLIN
s
> o Subst="MSub1"
MLIN. W=302mm{d} . .
TL2 L=14.35072 mm {t}
SubsE"MSub1? o o -
W=3.022 mm

1=4228694 mh i}

Simulation with actual leng

th

> 1

dB(S(1,1))

1dB

dB(S(,1))

L
=]

'
5]
=1

'
"
th

L
m
v b b b b g

]

'
in

m 1
freq=1.300GHz

dB(S(1,1))=-25.900

o

mi

0o 05 1.0

m3
freq=1.300GHz
dB(S(2,1))=11.085

15 20 25
freq, GHz

m3

30

o

-20

-30

el

0.0 05 1.0

L L B L L B LB

freq, GHz

3.0

dB(S(2,2))

& &8 B 3

&

[ N EE T T T |

=}

m 2
freq=1.300GHz
dB(S(2,2))=-28.517

/\/J

05 1.0




Empirical Result; Return Loss

Initial attempt

P 511 Log Mag 10.00 de/ ref 0.000 de [F2] P s11 Log Mag 10.00 dB/ rRef 0.000 dB [F2]

50.00 — 50.00 —
>1 1.3000000 GHz -4.1064 dB >1 | 1.3000000 GHz -5.0784 dB

S11 S11
Before the Matching Netwo After the Matching Network

1 Start 300 kHz IFBW 30 kHz Stop 3 GHz ! 1 Start 300 kHz IFBVW 30 kHz




Empirical Result;

Initial attempt

pIE 522 Log Mag 10.00 de/ Ref 0.000 dB [F2]
50.00

; 1.3000000 GHz -15.711 de

S22
Before the Matching Network

1 Start 300 kHz

P S22
50.00

Log Mag 10.00 de/ ref 0.000 de [F2]

>1 1.3000000 GHz -13.011 dB

S22




Empirical Result;

Initial attempt

P 521 Log Mag 10.00 de/ ref 0.000 dB [F2] PIEE 521 Log Mag 10.00 de/ rRef 0.000 de [F2]

50.00 — 50.00 ——
>1  1.3000000 GHz 8.6057 dB »>1  1.3000000 GHz 8.5377 dB

S21
Before the Matching Networ After the Matching Netwotk

1 Start 300 kHz Stop

Start 300 kHz IFBW 30 kHz Stop 3 GHz !




Empirical Result; Circuit




Empirical Result; Gain

Final attempt

B 521 Log Mag 10.00 de/ ref 0.000 de [F2]

=1 | 1.3000000 GHz 9.7539 de

40. 00

10. 00

-10. 00

40, 00

—50. 00

1 Start 300 kHz IFB\Y 30 kHz




Empirical Result ; Return Loss

Final attempt

P 511 Log Mag 10.00 dB/ Ref 0.000 dB [F2]

b S22 Log Mag 10.00 de/ ref 0.000 de [F2]
50.00

=1 | 1.3000000 GHZ -6.8963 dB 50.00

=1 1.3000000 GHz -16.830 dE




Conclusion

S21 (Gain) S21 (Gain)

-6.9

168.3%

15
168 12%

Without Matching Network _ With Matching Network
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Challenges Faced

SMA broke during testing > + Solder and Board Placement

MATLAB results vs SNP results > o Check for Typos (Interpret as Output
Impedance)
Inaccurate placement of Stubs

> « (Consistent measurements
Tuning ADS Values

What happens if the frequency is increased?




