RF Circuit Design I (ADS Project) Group 6

1. RF Amplifier Design

This report describes the design of a RF amplifier operating at 2.4GHz.

Below are the design specifications: -

Centre Frequency 2.4 GHz
Bandwidth +5%

Noise Figure <3dB

Gain As high as possible
Source impedance 50Q

Load impedance 50 Q2

Size of Circuit Layout 4 x5”

The transistor used here is Fujitsu FHX35LG HEMT.
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2. Design Procedure

The available power gain approach, where the output is assumed conjugate match, is
used here.

a. Transistor performance

Firstly the performance of the FHX35LG transistor is evaluated.
Base on the S-parameter of the transistor at 2.4 GHz (Fig 2).

A = S11S22-S12521
= 0.464.-71.7°

|A| = 0464 <1

K = (1+AP-[S11*-[S22]%) / (2*|S12S21])
= 0.239 <1

Therefore the transistor is conditionally stable at 2.4GHz. It is also found
that the transistor is conditional stable up to 12GHz as shown in Fig 1.
This will present difficulty in the amplifier design, as the microstrip
matching network designed for 2.4GHz may not ensure stability at other
frequencies thus resulting oscillations.

Figure 1 FHX35L G Stabilty Gain and Noise Plot @ 2.4GHz
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Figure 2 Transistor S Parameter @ 2.4GHz

S(1,1)m1] S(1,2)[m1] S(2,1)[m1] S(2,2)[m1]

0.935/ -52.660 0.049/52.580 | 4.193/131.980 0.492 / -44.760

Therefore it is necessary to stabilize the transistor u

sing external component. Firstly,

output series resistor of 30 ohm will be used to stabilize the high frequency performance.

Secondly, to reduce the Q of the matching network

a microstrip line is used to shift the

gain and stability circles closer to the real axis. Thirdly, a 36-ohm shunt resistor at the

input will be used to stabilize the low frequency performance.
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Figure 3 Performance with output series resistance
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Observation : Gain circle radius reduced and K value improved for higher frequencies.
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Figure 4 Performance with 330 mils micro strip
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Observation : Both noise and gain circles shift closer to the real axis.

Figure 5 Performance with input shunt resistor 36 ohm
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Observation: K value improved for the lower frequencies.
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Figure 6 S-parameter of final stabilized circuit

Stab_pow..S(1,1)[m1] | Stab_pow..S(1,2)[m1] | Stab _pow..S(2,1)[m1] | Stab_pow..S(2,2)[m1]

0.729/ -171.699 0.056 / -32.734 48817 41.870 0.317 / -76.703

A = S11S22-S12521

= 0.394/154.2°
|A| = 0394 <1
K = (1+HAP-[S11[*-|S22/%) / (2*|S12S21])

= 0.957 <1

Input stability Circle :

Is = 1S12821 / |(|S11]*|AP)|

= 0.726
Cs = (S117-A"S22) / (|S11]*-|A])

= 1.708£179.25°
Output stability Circle :

I = 1S12821] / |(|S22>-|A]%)]
= 4.99

C. = (S22"-A"S11) / (|S22/*-|A])
= 4.04/-41.8°

Noise Circle @ 1dB :

Ni = (Fi — Fmin) * |1 + To|? / 41n
(1.26 — 1.139)* |1+0.503 £133.4°12/ (4*0.063)
0.270

Cri = o/ (1+Ni)
= 0.396/133.4°

i = VANZHNi(1-|To[?) / (14N))
= 0.4126

From Fig 5, I's of 0.487.£179° is chosen.

Fow = (S22-Al's)/ (1- Suls)
= 0.3738£-109.9° ===> Located within the
load stable region
Therefore I'sof 0.487.£179° is OK.

Page 2-5



RF Circuit Design I (ADS Project) Group 6

b. Input Matching Network

Two step approach is used here. Initial design is done using smithchart
than the values are tuned using ADS. A balanced double stud is used here.

Fig 7 shows the input matching network adopted and Page 7 shows the
smith chart matching calculation and working.

Figure 7 Simplified Input Matching Network

_ The calculated value are Lin1=287 mils
Lin2=302 mils

Lin1

T — o This value are fine tuned usin% ﬁll)zsztgogg‘?
0 L e ils
7% ohm “— rxs L1n2=285 mlls

Lin1

| Schematic and results are shown in page 8 &
9.
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Figure 8 Input Matching Network
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Figure 9 Input Matching Smith Chart
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c. Output Matching Network

The designed input matching network is combined with the stabilized transistor
network to simulate the resulting ['out . (Pg 11 & 12)

Fout = 0.384£-110° (Calculated I'out = 0.3738£-109.9°)

Fig 10 shows the output-matching network adopted and Page 13 shows the smith
chart matching calculation and working.

Figure 10 Simplified Output Matching Network

The calculated value are Lout1=224 mils

Lout3=667 mils
Leut!

Loutd This value are fine tuned using ADS to give

O—: Lout3=195 mils
é Lout3=660 mils

50
|_|’_ %’ ohm

Lout1 Schematic and results are shown in page 14 &

15.

Page 2-10



RF Circuit Design I (ADS Project)

Group 6

Input Matching Network
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freq (2.000GHz to 3.000GHz)

m
f

q=2.400GHz
rout..S(2,2)=0.384 /-110.092
impedance =Z0 * (0.604 - j0.511

Group 6
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Figure 11 Output Matching Network
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Output Matching Network
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m1
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target=0.384 / -110.000
impedance = Z0 * (0.605 - j0.512)

target

S(1.1)

freq (2.400GHz to 2.400GHz)
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d. Final Amplifier Schematic

The designed input and output-matching network are finally combined together
with the transistor and simulated.

Page 18 shows the performance of the amplifier using the parameters before
optimization.
Page 19 shows the performances after optimization.

Final optimized matching network parameters are

Linl =313mils Lin2 = 212 mils
Lout3 =204 mils Lout3 = 738 mils
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Input Matching Network
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Amplifier Performance before Optimise
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Note : Final schematic and layout will exclude the input stabilizing resistor (36 ohm) for the time being. If low frequency oscillation is
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Figure 12 Resimulated Result using 33 ohm output stabilizing resistor
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Appendix B shows the results from the fabricated amplifier design. We were unable to measure

NF as the equipment is not available. Also due to the lack of exact value for the output

stabilizing resistor, 33 ohm was chosen instead of the 30 ohm designed. Input stabilizing resistor
of 36 ohm is also not soldered because no significant oscillation at low frequencies are observed.

Using the actual value of components used in the fabrication, the design is re-simulated and the

result presented in Fig 12.

Comparison

Simulated Actual Difference
S21 16.932 dB 16.191 dB 0.741 dB
S11 -10.538 dB -11.997 dB 1.459 dB
S22 -16.919 dB -15.134 dB -1.785 dB

As expected output match is better than input match (S22<S11). S21 has only 0.741 dB

difference between actual and simulated.

Figure 13 Group 6 RF Amplifier 2.4GHz
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