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Abstract

This paper documents the design of a-stege post amplifier (small signal amplifiéoy a

frequency range from 2.4 to 2.5 GHRer the simulations, the amplifier has 23.5 to 24.3 dB of

gain, input and output return losses less ti&n6 dB, and uses ~23mW of DC power. The

transistors used for this design were both 300um Emode pHEMTSs biased at Vds=3V,

IDS=3.5mA, and Vgs =0.45VThe design mcess used for this design is the Triquint TQPED

150mm, 0.5um pHEMT procese.he desi gn program used was AWR
Office (Version 9.01).

Introduction

Thetwo-stage post amplifier design started with the desire for anifnplith ~22 dB of gain,

good input and output return loss, low DC power consumption, moderate noise figure, and
moderate power efficiency. This design achieves a gain of 23.5 to 24.3 dB, input return loss
better thar15.6 dB, output return loss bettban-16.7 dB, a noise figure better than 3.2 dB, a
PAE of 45.5% at the P1dB point, anses~23mW of DC power. In the following sections of

this paper | will present and discuss the requirements/goals, the design process, the simulated
results, the mode considerations, the layout and 1/Os, and the test plan for this amplifier design.

Block Diagrams

The post amplifier designed for this project was part in a larger system, show in Figure 1 below.
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The post amplier is part of the receive chain, following a Low Noise Amplifier and followed by
a mixer or I/Q Demodulator. Module level requirements and other consideridu@pertain to
my designwill be discussed in later sections of this paper.



A simple schemat for the Post Amplifier itself is provided in Figure 2. The amplifier is atwo
stage designwith both the first and second stages u€irg0 (300um) Emode pHEMTs.The

design is biased at +3V and draws ~7.5mA of current (3.75mA per stage). Fusigarditails
will be discussed later in this paper.
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Figure 2

RequirementdGoals

The orly true requirement placed a@his design was to have at least 22 dB of gain over the
frequency range of 2.4 to 2.5 GHz. Aside frdms tseveral goals were created for the design.
As it is a small signal amplifier, it was desired to have a good input and output return loss. It
was also thought practical to design the amplifieuftzonditional stabilitymoderate DC power
consumptionPAE, and noise figure (although not necessarily at the cost of the primary
requirement).Using a voltage supply of 3V was also a preliminary gdalble 1 below presents

the requirements and goals for this design along with wivaslable to achievesdar as
simulated results.

Table 1
Parameter Specification / Goal | Expected Performance (Triquint)
Frequency 2.410 2.5 GHz 2410 2.5 GHz
Drain Voltage +3.0V +3.0V
DC Power <45 mW 22.65 mW
Gain 22 dB 23.5t0 24.3 dB
Gain Flatness +/- 1 dB +/- 0.4 dB
Noise Figure <3dB 3.2 dB max
Input Return Loss <-15dB <-15.6 dB
Output Return Loss <-15dB <-16.7 dB
# of Stages 2 2
Size 60 x 60 mil 60 x 60 mil
PAE TBD 45.5 % at P1dB
P1dB TBD 15.0 dBm out
Stability b b




Design

The design approadhook for this amplifier was to begin with a basic design by choosing an
arbitrary bias point (but still using 3V for the Vds), conjugately matching a single stage, putting
two stages together, and seeing where | stood as far as my 22dB of gain requifearrthere

| created a second design where | was able to cut back on the gain in order to reach some of my
other design goals. A more detailed description of my design process follows.

| initially looked at the DCIV curves for the-BBode pHEMT device For my first design | had
chosen a bias point at Vds = 3V, Ids = 7.5mA, and Vgs =.0'&/reduce the amount of DC

power consumed by each stage, for my final design | changed the DC bias point at Vds = 3V, Ids
= 3.5mA, and Vgs = 0.45V. | figured thigas far enough away from the pinchoff voltage

(0.35V) to be safe. The DCIV curves for a singiem&de device are shown belowkigure3.
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| then selfbiased the pHEMTS using a voltage divider with the configuration showigume4.
| usedlarger resistive values in the end to help with stabalizing the devices.

Figure 4



Next, | looked at stabalizing the transistor. | found it easiest to stabilize the design by adding a
series 60 Ohm resistor to the gate, and as | mentioned above |anggzd/alues for my voltage
dividerto improve the stability as wellAlthough the design at this point was not

unconditionally stable, as desired, adding real components helped to meet this gdatmatic

of the stabilized device as well as theutesg Mul plot and stability circles (from 2 to 5 GHz)

are shown below ifigure 5
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The next step in my design process was to find the appropriate input and output matches to
achieve my goalsAs this was a small signal amplifier dasigbegan by matching to the
simultaneous conjugate match. With this particular match | had great input and output return
losses and a lot of small signal gain, but | additionally wanted to reduce my noise figure in case
the design might be able to be ds$e another system (would be more of a selling point while

al so meeting the goals set forth for this p
figure circles and found a point where | wo
redwce the noise figure and with some tuning was able to still achieve good input and output
return lossesThe gain and noise figure circles are shown beloRiguare 6.
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The Smith Chart Matchingrogram was used to match to the chosen points. The single stage
design was duplicated and cascaded to create the initidtage design. The interstage was
then tuned to reach the desired performance goals.

The final steps of the design were the @iag from ideal to real (Triquint supplied) elements, to
which the design had to be further tuned to maintain its performance, and then the laying out of
the elements and use of the extraction tool for the interconnecting traces. In the Simulations
sectio that follows this section, the simulations for this final design (with extraiciees) are
presented. Figurebelow shows the final schematic for the tatage post amplifier design.

Figure 7



Simulations

The plots below correspond to the simeathfinal layout of the tw«stage posamplifier design.
This includes the use of Triquint elements and extracted interconnect traces from the layout.

Looking at the DC analysis, the simulatiorFigure 8showsVds = 3V,Vgs = 0.45V, and Ids =
3.47 mA pr the first stage and Vds = 3V, Vgs=0.45V, and Ids = 3.78 mA for the second stage.

Stage 1 Stage 2
Figure 8

Looking at S21, the value for tlgain ranges from 23.5 to 24.8 dB. This is relatively flat (+4
dB) across the band. A plot of S21 is showFRigure 9
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Looking at the input and output return losses, S11 values are bettet 5B and S22 values
are better tharnl6.7 dB. A plot of S11 and S22 is showrFigure 10
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Looking at the stability (M1) plots the values are all above 1, from 0.1 to 10 GHz. Shown in
Figure 11beloware the Mul plots for the individual stages as well as the amplifier as a whole.
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Looking at the noise figure pi® the value is ~ 3.2 dB across the band. | had set a goal of 3dB
for noise figure and ended up 0.2 dB above this goal. Fortunately, since noise figure is not a
primary goal for a small signal amplifier, this value was good enough. The noise figuee plo
shown below irFigure 12
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Finally, looking at the Input Power vs. Output Power and PAE, the amplifier has an output
power of 15 dBm at its 1dB point (which is-8& dBm in), and the PAE at this point is 45.5%
Plots are shown below rigure 13
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For this design Variedthe biasing voltage and capacitor sitesee the effects thigould have
on the simulated results. | also checked the current carrying capacities of theavestiat|

used to connect up the components in my layout.

The positive bias voltage is nominally +3V for this design. | simulated the design with bias
voltages ranging from +2.6 to +3.4V in 0.2V steps. The largest concern | had with this was that |
had biased relatively close to the piraffivoltage of the pHEMT (450mV was the design Vgs
and the Triquint manual gives a nominal piafhvoltage of 350mV). With the voltage divider



| have in this design, +2.6V to 3.4V Vds relates to 0.39V to 0.51%, \goking at the plotted

results at 2.45 GHz (center of band of interest), S21 changes from 15.4 to 26.9 dB, S11 changes
from-11.4 to-17.4 dB, S22 changes froih2.8 to-21.9 dB, the noise figure changes from 3.2 to

3.5 dB, and the Mul values are dbae 1, but increase in value as the voltage increased. Plots
are presented below Higure 14

0 s21 . s11
35 »ﬂ\\
30 =
25
el -10
15
10 -15

: =

0 -20

0.5 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
Frequency (GHz) Frequency (GHz)
26t03.4V >154t026.9dB 26t034V >-114t0-17.4dB
s22 -

0
-4 DB(|S(2,2)]) 5
Layout_Extract
2.448 GHz

A A H\A/’—& 7 \\A 3.464 dB
A
2.455 GHz %

-12.75 dB 3

2.453 GHz
-14.49 dB

-20

2.449 GHz
-17.36 dB

-30

-A- DB(NF())
Layout_Extract
-40 0

05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
Frequency (GHz) Frequency (GHz)

26t034V >-12810-21.9dB 26t034V>32t035dB

Mul

4.5
35
3
25
1.5

0.5
0

05 115 225 3 35 4455 556 657 758 85 9 9510
Frequency (GHz)

261034V > Mul>1

Figure 14



For checking the tolerance on the capacitors, | changed the capacitor valuesd®oro +10%

in 5% steps. S21 values were pretyisistent, changing only frog8.8 to 24 dB. S11 values
changed from14.3 t0-16.5 dB. S22 values changed frebs.3 t0-20.3 dB. Noise Figure

values changed from 3.2 to 3.3 dB. Mul values were all above 1 and only around the band of
interest did tke Mul values seem to increase. The plots described above are shown below in

Figure 15
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Finally, |1 checked the line widths of the metal connections between components in my layout.
Specifically, | was concerned with the curreatrging capacities of the lines that would be
experiencing a high current. | checked both the resistors in my biasing network as well as the
lines from the DC pads to the pHEMTSs. The Triquint design guide says that the NiCr resistors
can handle 1 mA/umnal the width of the resistors in my design are 2.5 um, therefore they can
carry 2.5 mA. These resistors should see 0.3 mA of current, nominally, so they should be ok.
The resistor location and analysis is shown belo®igure 16
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Figure 16

The Triqunt design manual says that Metal 0 traces can handle 1.5 mA/um and Metal 1 can
handle 9 mA/um.l actually had to increase some of my line widths to give myself some margin,
so in the end the narrowest Metal O trace was 20 um wide and the narrowest tiéetaivlas 10

um wide (amounting to being able to carry 30 mA of current on Metal 0 and 90 mA of current on
Metal 1). From the DC analysis, with +3V, the max current these traces would see is 3.8 mA,
however, with an increase in voltage (+4V for exampley could see up to 20.6 mA of

current. The trace location and analysis is shown beldugire 17
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Figure 17



Module Considerations

Part of the process for this design was to consider the effects my design would have on the chips
on either side of mchip in the receive path and vice versa.

A low noise amplifier precedes my post amplifier. What | considered here was how good the
match would stay if these two chips were placed in series. Both angphBee designed to 50
ohms, but putting the twvdesigns together still might yield not as good a match as expected.
Unfortunately, at the time of this report being written | did not have s2p data from the LNA
design, but the simplest resolution seemed to be to design an attenuator to be placedetwee
two amps to ensure a good match. | designed a quick Tee attenuator showim Bejone 18

My amplifier was not designed with the addition of an attenuator in mind, so adding this to my
design would bring my gain below the 22dB spec, but | |¢aigeas a future consideration with

a redesign of the amplifier.

Figure 18

A mixer follows my amplifier in the receive chain. What | considdrek was the filtering out

of unwanted signals. In the top level block diagram there is not a filterhemgwalong the

receive chain meaning all sorts of unwanted signals and spurs could reach the mixer. To help
resolve this | designed a bapdss filter that would probably be best placed closer to the receiver
so that the unwanted spurs are not amplifoed,l placed it between my amplifier and the mixer
for this theoretical designThe BPF has a relatively low loss-4f9 dB in the pasband. The
BPFhas its-3dB points at 1.9 and2 GHz, so it is not a terribly narrow filter. Theturn losses



