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APPLICATION NOTE

Optimizing LNA Performance for CDMA Application

Using Nonlinear Simulator

ABSTRACT

Thisapplicationnotewill review theprocessby whichdesigners
can take advantage of the latest simulation tools such as
Xpedion’ sDesign Systemstoachievetheoptimal performance
required by new digital communication system encryption
including Code Division Multiple Access (CDMA).

Traditionally, for small signal amplifiers, therehasbeenthree
distinct and generally incompatible basic design approaches
that have met most design goals: the high gain, low returnloss
conjugately matched amplifier, the low noise amplifier and
the high output power amplifier.

With the emergence of new technologies, in particular digital
communications, the need for composite amplifiersthat meet
specificdesigngoal snot met by standard designshasincreased.
A previousarticledemonstrated how thedifferent basicdesign
typescould beaccomplished using alow cost NECHJ-FET in
a plastic package [1]. This article will emphasize improved
performance of the original low noise amplifier for PCS by
using series feedback techniques and predicting the system
performanceonthedigital signal throughnonlinear simulation
analysis.

Whilethedesignsproposed may not yield theoptimumdesign
solutions for all PCS applications, it does introduce a few
important RF and microwave techniques that can be applied
to other digital applications.

CDMA DESIGN CONSIDERATIONS

CDMA uses correlative codes to distinguish one user from
another withinseveral channels, butinamuchlarger bandwidth
per channel (1.25 MHz) than typical analog phone systems.
These codes enabl e the superposition of several userswithin
one channel and allow each user to operate in the presence of
substantial interference. However, the proximity of high
interferencelevel signalsto the usersadded to the continuous
“on” state of the Power Amplifier (P.A.) on thetransmit side
dictatetwo of themain RF requirementsof thesubsystem: low
noise figure and high linearity. These parameters are key in
distinguishing other mobile application LNAsfromaCDMA
cellular receiver. Thelow noisefigureensuresthe appropriate
carrier to noise ratio necessary to achieve the dynamic range
required by the user, even after adding insertion lossfrom the
input diplexer. The high linearity prevents distortion from
outside of band signals such as the on board P.A. or second
harmonics from the Amps band. Additionally, because the
CDMA modulation scheme uses adiplexer to the antenna (as
opposed to aswitch turning either the transmit or receipt side
on and off), the LNA needsto provide afairly adequate input
return loss to the diplexer or this component would be load-
pulled. Unwanted pulling increases the diplexer’s insertion
loss and provides undesirable group delays in the received
signal. With these system requirements in mind, the typical
CDMA LNA isspecified asper Table 1. Aswasexplainedin
Reference[1], suchrequirementsrepresent acompositedesign
that cannot readily be conceived with traditional matching
methods. Rather, with a state-of-the-art nonlinear simulator,
engineers can quickly analyze the effect of series inductive
feedback on their digital systemsand synthesize an amplifier
that will meet the system’s requirements.

ITEM PARAMETERS SPECIFICATIONS| SIMULATION TEST UNITS NOTES
LNA SECTION RESULTS RESULTS

1 Operating Voltage 3 3 3 \% Low Voltage
2 Current 20 20 20 mA Medium Current
3 Operating Frequency 1930-1990 1930-1990 1930-1990 MHz |1S-95 Cellular Band
4 Gain 13 15.5 14 dB
5 NF 1.0 0.5 0.6 dB
6 Input IP3 10 13 12 dBm
7 |Input VSWR (50 OHMS) 2:1(-9.5dB) -10 -10 dB
8 |Output VSWR (500HMS)| 1.5:1(-14 dB) -16 -16 dB
9 | Operating Temperature -40 to +80 Not Stimulated -40 to +80 °C

Table 1. CDMA Low Noise Amplifier: Specifications, simulation and test results.
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DEVICE CHOICE AND CHARACTERISTICS

Designersof highvolumecommercial productssharecommon
goas. high performance, small size, low costs and high
manufacturing yields. When choosing an amplifier device,
the choices are many: Silicon Bipolars Transistors, Si
MOSFETs, GaAs FETs and more recently Heterojunction
Bipolar Transistors (HBTs) [1]. The device chosen for this
designisthe]NE3801d, alow noise, low cost Gallium Arsenide
Hetero-Junction Field Effect Transistor (HJ-FET) housedina
miniature (SOT-343) plastic surface mount package. The
devicewasselected becauseit offersan excellent compromise
between cost and the high performance associated with High
Electron Mobility Transistors. It provides Low Noise figure
(0.55 dB), high transconductance gain (16 dB typical) and
high linearity (output |P3 of 26 dBm typical) at 2 GHz, under
reasonable bias conditions (2V, 20 mA). This usualy is a
prime concern for products in the mobile communication
industry.

Witha0.6 um by 800 um geometry, thedeviceislargeenough
to provide areasonably high output power while providing a
noise performance optimized for the 1 to 3 GHz bands.
Additionally, the geometry, larger than other H>-FETsmakes
it easier todesign at thePCSand MM D Sfrequency bandsboth
forimpedance matching and stability. Other devicesavailable
todesignerssuchasstandard M ESFETs(M etal Semiconductor
Field Effect Transistors) or Silicon Bipolars were discarded
becausethey provideatypical noisefigureof 1.0dB at 2 GHz.
This leaves little margin for matching network losses and
device variations when compared to typical PCS amplifier
designgoals. Other devices, suchassmaller topology PHEMTs
(Pseudomorphic High Electron Mobility Transistor) havethe
requiredlow noise(0.3dB at 3GHZz), but their small geometry
(0.15 um by 180um) does not provide the necessary output
power. Additionally, most of these PHEMTs are prone to
instability problems at low frequencies.

DEVICE NONLINEAR MODEL COMPARISON

The output of a nonlinear smulation is only as good as the
nonlinear model that was used and the implementation of the
model’ sequationswithinthesimulator coreengine. California
Eastern Labs devel opsits own nonlinear models based on its
internal device characterization and using an appropriate
model withinthosethat arecommonly availableincommercial
simulators[2]. Themodel isthenverifiedindifferentsimulators
and comparedtotheoriginal datauponwhichitwasdevel oped.

The choice of anonlinear model for aFET is determined by
evaluating the DC characteristicsof thedeviceand comparing
these measured characteristics to the characteristics of the
nonlinear models. Different models implement the DC |-V
curve equations differently [2]. For the device under
consideration, NEC’' NE38018, Triquint’ sOwnModel (TOM)
best representsthe P-HEM T, showing almost linear increase
in drain current with increasing drain voltage at lower gate

voltages (Figure 1).

Once the DC model is verified, agood fit to the AC datacan
be achieve by adding the bond wire and package parasitic
effects.
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Figure 1. NEC NE38018 DC modeled.

DEVICE MODEL EXTRACTION RESULTS

The nonlinear device mode! for the[NE38018 was extracted
by CEL and optimized using X pedion Design System over the
following ranges:
DC: Vbs=0Vto5V,Vcs=0Vto-0.8V
AC: VDs=2Vto3V,Ibs=10 mAto 40 mA,
Frequency, fo=0.1 GHz to 6 GHz
Power: VDs =3V, IDs = 20 mA, fo=2 GHz


http://www.cel.com/pdf/datasheets/ne38018.pdf
http://www.cel.com/pdf/datasheets/ne38018.pdf
http://www.cel.com/pdf/datasheets/ne38018.pdf
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Figure 2. presentsthe topology and parameters of the device
model and Figures 3. -6. comparetheresults of the extracted
devicemodel to themeasured data. S-parameter comparisons
(Figures3.-6.) areshownat thedesired LNA biasof Vds=3V,
|ds=20mA using X pedion’ spost-processinginterface. Figure
7 showsthe measured and model ed output power curves. The
good agreement obtained based on these parameters verifies
the accuracy of the nonlinear model and the appropriate
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implementation of the model within the simulator. This is
especially crucia for the noise performance, since the
implementation of thenoi separametersissimul ator dependent
and will vary to some extent depending on the simulator
engine utilized. With the model verification completed, the
designer can safely proceed to the LNA design.
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Figure 3. NEC NE38018 M easured vs. Modeled S11

Figure 4. NEC NE38018 M easured vs. Modeled S22
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Figure5. NEC NE38018 Measured vs. Modeled S21
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LNA DESIGN

Inthisarticle, thedesignisfor a58 MHz bandwidth amplifier
at acentral frequency Fc =1960 MHz. The bandwidth repre-
sentsless than 3% of Fc and consideration will only be given
to narrow band amplifier reactively matched designs (defined
aslessthan 10% of Fc). Asdiscussed earlier, there are three
basi ctransistor amplifier designsavail ableto engineers: maxi-
mum gain amplifiers, low noise amplifiers and high output
power amplification. If design engineers can apply different
matching networksontheinput and the output to achievetheir
specifications (for example, power and noise figure), with
hope of limited mutual effects, such an approach cannot be
used when one tries to achieve both return |oss and minimum
noise figure at the same time. Thisis because the impedance
that minimized thenoisefigure (I'opt the conjugateimpedance
totheratio of theinput voltageand current noise sourcesof the
FET), isdifferent from the I'sm (Gamma Source Match) that
minimizesthereturnloss(Figure8). Soin practice, designers
can only achieve good noisefigure at the expense of theinput
match (NFminof 0.6dB foraR.L of -4 dB) or viceversa(aR.L
of —20 dB with a NFmin of 1.6 dB)[1]

Figure 8. NEC NE38018 Gamma Opt and S;;

INDUCTIVE FEEDBACK CONSIDERATIONS

To achieve arespectablereturn losswhile keeping the lowest
noisefigure, the designer somehow needsto bring I'opt close
to I'sM or vice versa. This can be achieved by introducing
inductive feedback on the source of the active device. Ascan
be seen in Figure 9, increasing the source inductance from
closeto O nH (theminimuminductance provided by thesource
viahole) to 1.8 nH, bringstheinput S-Parameter S11 towards
the center of the Smith chart, while having minimum impact
on the noise match (noise circles).
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A thin, 10 mils (0.254 mm) wide transmission lineis used as
the shunt inductance to ground. It isin general impractical to
use a lumped inductance in the 0.4 to 0.8 nH range. Such
inductance surely would have inductive parasitics at these
frequenciesthat would exceed thedesired valueand tol erance
variationsin production would provide an unacceptabl e attri-
tion rate. Evidently, thisis one areathat hasto rely solely on
simulation results as experiencing with transmission line
lengths in a laboratory is not an available option. In this
design, a 10 mils wide by 70 mils long line on each of the
device's source pins provides the 0.7 nH inductance that
provides the optimal performance.

Figure 10 exhibits how the source inductance modifies the
performance of the device at 1,900 MHz: Noise Figure im-
proves by asmall margin (0.02 dB), and stability improvesas
well, allowing the engineer to use conjugate matching theory
(since K>1). An additional non-negligible benefit isthe im-
proved linearity that results: OIP3 improves by up to 6 dB
whenafew nHsareadded tothe source. However, thetradeoff
isexercised on gain, which can potentially drop by 5 or 6 dB.
In the design, the 70 milslong line correspondsto 1.778 mm
which reduces the gain by 2.5 dB but increase OIP3 by the
same amount. Upon completion of the design, the engineer
can expect up to 5 dB improvement in [1P3. Thisvariationis
verified in Figure 11, where a lower gain accounts for the
different curves, however, P1dB and Psat are mostly indepen-
dent of Ls.

An additional inherent danger of this technique is the in-
creased instability of the design at higher frequencies. Asthe
frequency increases, thetransmission line becomesrelatively
more inductive and increases the amount of feedback to the
device's source up to an oscillation level. Thisissue can be
reduced by carefully choosing the input/output matching
topology so that transducer gainislimited at thefrequency of
potential oscillation. Design of ahigh-pass/ low-pass match-
ing network on the input and output is one solution that
addresses the problem.
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Figure9. NEC NE38018 S11 and Noise Circles
vs. Source Inductance
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LINEAR CIRCUIT SIMULATION OUTPUT POWER TONE
30
For any simul ation, considerablecaremust betakento account
forthemany componentsand board parasiticsinthesimul ation. 25 03nH
At 2 GHz, 0.5 nH of parasitic can amount to up to a 6 Q 06nH 15nH
impedance. Therefore, an accurate simulation resulting in a c 20 09t -
minimum board tuning inthelaboratory can only beachieved a 7
through careful modeling of all components utilized by the g 15 7 7
design, including: 2 7 o/ 7‘
g 1 77
1. Using models for the 0603 resistors and capacitors that /JZ;A
include parasitics. Most manufacturers of such 5 /VAVA
components now provide an accurate high frequency /'% VA
model. 27, |
2. Using an accurate model of the board characteristics o0 s 0 5 10D
including loss tangent effects and metal deposition PIN (dBm)
thickness.

Figure 11. Output Power Curves versus Source

3. Utilizingviaholesandviapadsinstead of perfect grounds Inductance.(Ls)

where appropriate.

Using such guidelines and including the amount of source
inductance previously selected, atopology waselected for the
linear simulation of small signal gainand noisefigure(Figure
12). Figure 13, 14 and 15 provides the simulation results of
the amplifier under linear operation.

NOM=0.8m, MIN=0, MAX=5m, IS_REVERSE=FALSE, NB_PTS=100
NOM=1.9g, MIN=1g, MAX=3.0g, IS_REVERSE=FALSE, NB_PTS=100
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Figure 12. Nonlinear Circuit Schematic for Simulation.
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SIMULATION RESULTS

Figure 13. Simulated I nput/Output Match and Gain.
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NONLINEAR CIRCUIT SIMULATION

INTERMODULATION AND OUTPUT POWER
SIMULATION

Having achieved agood linear performance, design engineers
can now take advantage of non-linear simulator features
which use the Harmonic Balance and Envelope analysis to
provide the nonlinear behavior of the design.

Envelope Analysis

The Adjacent Channel Power Ratio (ACPR) is the most
critical parameter to simulate for the CDMA communication
system because it is the only test that really reproduces the
disrupting effect that a transmitted signal can have on other
channels. It isimportant as it indicates how much power the
receiver will transmit or generate outsideits channel and thus
how much it will interfere with adjacent channels. Proper
simulation of theACPRrequiresaninput signal, which hasthe
appropriate peak to average power ratio. In the CDMA
encoding, thisratio depends on the particular active channels
being used and is arbitrarily smulated using a time varying
signal envelopesuperimposed ontheRFinput signal. Thiscan
provideavery accuratesimulation of ACPR sincetruenonlinear
and dynamic circuit behaviors (signal modulation of bias) are
included. Figure 17 shows the resulting spectra for two
different input power levels and Figure 18 the resulting
output eye diagram under high ACPR conditions. However
powerful theseresultsmay be, under X pedionDesign Systems,
each simulation took |essthan 30sto complete on a400 MHz
PIl laptop.

OUTPUT POWER SPECTRUM
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Figure 17. Sectral regrowth for Pin =-10 dBm and 0 dBm
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OUTPUT VOLTAGE TONE LABORATORY TEST RESULTS
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Upon achieving satisfying results with the smulation and =
choosing the appropriate circuit values for the different

components, aprototypeboard was constructed and tested for 1/ AN 15
compliancewiththeproposed specifications. Theperformance v/ \\ 2
resultsarereported in Figure 20— 22, summarizedin Table1 N
and areshownto provideagood agreement with thesimul ated 1 2 3
results. The assembly drawing and billing of materials are Frequency, T (GHz)

displayed in Figure 19 and Table 2. Figure 20. LNA Gain and Return L osstest results
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Reference Designator Description Approximate cost in
(Refer to Figure 11) $ (100K quantities)

Ul NE38018 GaAs HJ-FET microwave transistor (NEC) 0.40

C7,C8 4.7 mF SMT AV X capacitor 0.02

C2, C6 1000 pF SMT chip capacitor, 0603 package 0.02

C5 120 pF SMT chip capacitor, 0603 package 0.02

C3 2.7 pF SMT chip capacitor, 0603 package 0.02

C4 56 pF SMT chip capacitor, 0603 package 0.02

Cl 10 pF SMT chip capacitor, 0603 package 0.02

R1 (2in parallel) 56 KW chip resistor, 0603 package 0.005

L3 5.6 nH Inductor, TOKO 0.05

L2 3.3 nH Inductor, TOKO 0.05

L1 100 nH Inductor, TOKO 0.05

PCB1 0.031 thick double sided Getek printed circuit board 0.5
Total parts cost (approximate) $2.53

Table 2. LNA Billing of Materials
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SUMMARY

Thisapplication note has demonstrated an LNA design at 1.9
GHz using oneof NEC’ snew super low cost GaAsP-HEMTs
which is optimized for mobile applications, especially those
with a CDMA input signal. The required performance
specifications were presented, simulated and tested. The
inductive series feedback technique was described and the
concept was demonstrated using Xpedion’'s design suite.
Xpedion’s simulation software was then used to predict and
optimize the LNA performance in regards to gain, noise and
ACPR performance. Finally, optimized measuredresultswere
reported and resulted in an LNA that met all the specification
goasfor atypical CODMA application.

By applyingthedesi gntechniquespresentedinthisapplications
note and understanding how inductive feedback affects
different design parameters, engineerscan quickly developan
LNA that is customized to their requirements. The use of
powerful simulation tools such as Xpedion’ sdesign suite can
only accelerate the design cycle by predicting the design’s
performance, optimizing circuit parameters to achieve the
target goals and reducing on bench tuning. To further the
robustness of their design and gain an invaluableinsight into
futuremanufacturingyiel ds, designerscanal sotakeadvantage
of Xpedion’ sstatistical analysistoolsand statistically “ center”
their designs for minimum production attrition.

TheNE38018isanexcellent choicefor mobilecommunication
L NAsbecause of good microwave performance at low power
biasing, compact packaging, low cost and NEC'’ s consistent
processes. A very compact PCS LNA was presented that
would cost just over $.80in 100K quantitiesfor high volume
manufacturing.

REFERENCES

[1] California Eastern Laboratories, AN1022, “Designing
Low Noise Amplifiersfor PCS Applications.”

[2] Cdlifornia Eastern Laboratories, AN1023, “Converting
GaAsFET Modesfor Different Nonlinear Simulators.”

[3] Cdlifornia Eastern Laboratories, AN1033, “nonlinear
HJ-FET Model Verification in a PCS Amplifier.”

California Eastern Laboratories

Exclusive Agents for NEC RF, Microwave and Optoelectronic
semiconductor products in the U.S. and Canada

4590 Patrick Henry Drive, Santa Clara, CA 95054-1817
Telephone 408-988-3500 « FAX 408-988-0279 *Telex 34/6393
Internet: http:/WWW.CEL.COM

Information and data presented here is subject to change without notice.
California Eastern Laboratories assumes no responsibility for the use of
any circuits described herein and makes no representations or warranties,
expressed or implied, that such circuits are free from patent infingement.

© California Eastern Laboratories 03/03/2003



