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APPLICATION NOTE

Designing Low Noise Amplifiers for PCS Application

ABSTRACT

This application note will review the process by which
microwave amplifier designers choose their designs based
on performance requirements, real estate constraint and
prices. Traditionally, for small signal amplifiers, there has
been three distinct and generally incompatible basic designs
that have met most design goals: the high gain, low return
loss 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 amplifiers
that meet specific design goals has increased. This article
will demonstrate how the different basic design types can be
accomplished using alow cost NEC HJ-FET in a plastic pack-
age (Part I), and how improved performance can be achieved
for alow noise PCSamplifier by using series feedback tech-
niques (Part 2). Finally, (Part 3) will introduce some device
modelization techniques used in creating non linear models
and will verify these models with the above mentioned cir-
cuits.

While the designs proposed may not yield the optimum
design solutionsfor all PCSapplications, it doesintroduce a
few important RF and microwave techniques that can be ap-
plied to other digital applications.

DESIGN CONSIDERATION

In this article, the design is for a 58 MHz bandwidth
amplifier at a central frequency Fc=1960 MHz. The band-
width represents less than 3% of Fcand consideration will
only be given to narrow band amplifier reactively matched
designs (defined as less than 10% of F¢). There are three
basic transistor amplifiers designs available to engineers:
maximum gain amplifiers, low noise amplifiers and high
output power amplification. In each distinct mode of opera-
tion, the FET (or Bipolar transistor) is presented with differ-
ent loads and source impedance transferred from 50 Ohms.
Each design goal will require adifferent design approach and
matching networks.

DEVICE CHOICE AND CHARACTERISTIC

The device chosen for all designsisthe NE34018, alow
noise, low cost Gallium Arsenide Hetero-Junction Field Ef-
fect Transistor (HJ-FET) housed in a miniature (SOT-343)
plastic surface mount package. This device was selected be-
causeit offersan excellent compromise between cost and the
high performance associated with High Electron Mobility
Transistors: Low Noisefigure (0.6 dB) and high gain (16 dB
typical) at 2 GHz under low bias conditions (2V, 5 mA), a
prime concern for productsin the mobile communication in-
dustry. Both Noise and S-Parameters for the NE 34018 are
availablein Table 1.

With a0.6 um by 400 um geometry, the deviceislarge
enough to provide a reasonably high output power (output
IP3 of 23 dBm typical at 2 V, 10 mA) with noise parameters
optimized for the 1 to 3 GHz band (0.6 dB typical at 2 GHz).
Additionally, the geometry, larger than other HJ-FETs makes
it easier to design at the PCS and MMDS fregquency bands
both for impedance matching and stability. Other devices
available to designers such as standard MESFETs (Metal
Semiconductor Field Effect Transistors) were discarded be-
cause they provide atypical noisefigureof 1.0 dB at 2 GHz.
This leaves little margin for matching network losses and
device variations when compared to typical PCS amplifier
design goals. Other devices, such as PHEMTs (Pseudomor-
phic High Electron Mobility Transistor) have the required
low noise (0.3 dB at 3 GHz), but their small geometry (0.15
um by 180 um) does not provide the necessary output power.
Additionally, most PHEMTs are prone to instability prob-
lems at low frequencies.

GAIN MATCH THEORY

In the design of amplifiers for maximum gain, the pur-
poseisto transform the input and output loads: I'sand T to
the matched counterparts of the device: T'gy and I' . This
optimal source and load impedance will allow the maximum
power transfer through the 2 port network (the amplifier) and
will maximize the gain: The device is simultaneously
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NE34018 SPARAMETERS
VDS=3V, IDs=20mA CS, IDSS = 71 mA
Frequency S11 S11 S21 S21 S12 S12 S22 S22
(GHZ) MAG ANG MAG ANG MAG ANG MAG ANG
0.50 0.969 -18.7 8.662 160.8 0.016 81.1 0.667 -7.3
0.75 0.937 -27.5 8.396 152.0 0.024 77.0 0.652 -10.9
0.90 0.915 -32.7 8.209 147.0 0.028 74.8 0.641 -12.9
0.95 0.905 -34.4 8.159 145.3 0.029 74.1 0.636 -13.6
1.00 0.898 -36.1 8.096 143.6 0.031 73.3 0.632 -14.3
1.25 0.852 -44.4 7.770 135.7 0.037 70.1 0.611 -17.5
2.00 0.697 -68.4 6.775 113.9 0.056 61.4 0.539 -26.4
2.50 0.591 -84.9 6.144 100.9 0.066 56.5 0.496 -32.0
3.00 0.493 -102.7 5.553 88.9 0.075 52.1 0.458 -37.1
4.00 0.368 -141.9 4.526 68.0 0.091 44.9 0.399 -44.7
5.00 0.349 -173.2 3.790 51.2 0.107 39.9 0.343 -48.1
6.00 0.362 170.2 3.332 36.7 0.127 35.6 0.284 -50.8
7.00 0.356 154.4 3.024 22.0 0.148 28.8 0.230 -61.8
8.00 0.336 123.7 2782 5.7 0.171 20.3 0.199 -89.6
9.00 0.385 87.0 2.523 -11.6 0.189 9.8 0.208 -127.5
10.00 0.495 62.6 2.245 -29.4 0.200 -1.8 0.234 -172.5
NOISE PARAMETERS At this point, an important assumption can be made to
Frequency NFMin GammOpt GammOpt r(n) simplify the calcglar[ions. The network is assumed to bg uni-
(GH2) (dB) MAG MAG lateral (a perfect isolation between the output and the input:
1.00 0.41 0.610 597 0.13 Si2= 0). The value of such an assumption can be assessed by
150 0.48 0.560 71.0 0.14 the unilateral figure of merit [3]:
1.90 0.59 0.490 88.0 0.12
2.00 0.60 0.490 89.0 0.11 U= |SJJ|8222"$1"812| S
3.00 0.66 0.450 1280 004 (1-1S)2-|Sd) ?

Table 1: NE34018 Noise and S-Parameters This formula defines the boundaries of the error introduced
by the simplified calculation between the transducer power
gain G and the unilateral transducer gain Gy :

1 2 < g < 1 2
(1+U) G, (1-U) 3
If the error is deemed small enough to justify the unilat-
j j“" NE34018FLL FL eral assumption, then the unilateral transducer power gainis

Input

Source Matching
Network

Output
Matching
Network

Figure 1: Circuit matching.
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conjugatively matched (Figure 1). From general microwave
two port network theory [1], [2], the maximum gain is de-

fined as:

G =IS, I’

(1=1Tg, (@1, 1)

@

(3T gy S)(ETwS) —Taulim %1%2'2

defined as:

G (HI )LD

|l_ rSM Sl|2| 1- rLM Sz|2 (4

In this case, we can easily see that the gain only depends
on the S-Parameters of the device and the matching to the
input and to the output. TheloadsT'sand I'. presented to the
active device alow for different designs and optimize the
performance of the amplifier. Complex number theory can be
utilized to demonstrate that G, will bemaximized if T's=S"11
and 'L = S'2, (awell-known simplified matching principle)
in which case the obtained maximum gain from the deviceis:

_iap? 1
=151 (ISP (ISP 6
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Simulation Test

Frequency Range (MH2) (1932-1990) (1932-1990) (1932-1990)
Gain (dB) 17 Min. 16.5 Min.
Noise Figure (dB) 2dB Max. 1.5dB Max. 1.5dB Max.
Input 1P3 (dBm) 6 dBm Min. 6 dBm Min. 6 dBm Min.
Input Return Loss (dB) -20 Min. -19 Min.
Output Return Loss (dB) -20 Min. -20 Min.
Bias condition (dBc/HZ) 3V, 20 mA Max. 3V, 20 mA Max. 3V, 20 mA Max.
Real Estate (Mils*Mils) 250*250 N/A 250*250
Pricein 100 K Quantities (US$) Lessthan $1 N/A Lessthan $1

Table 2: Maximum Gain Design Performance: Goals, smulation and tests.

Thisformulashowsthat the maximum unilateral gain of
an amplifier is determined solely by the S-Parameters of the
device chosen, regardless of the source or load impedance.

In reality (as can be seen by the attached S-Parameters),
the isolation of this device is not perfect and consequently
Si2 = 0. The condition under which both input and output
ports can be matched simultaneously to achieve a maximum
gainismuch more complicated. Theinput match dependson
the load impedance and vice versa. The resulting calcula-
tions are beyond the scope of this article, however, the re-
sults are of importance in the design of microwave amplifi-
ers. The maximum gain is found to be achieved when the
device is simultaneously conjugatively matched with the
source and load coefficientsreferenced earlier: I'sy and ' .
Since the unilateral assumption isno longer valid, these two
reflection coefficients involve elaborated complex number
calculations routinely processed by linear simulators. These
two loads also need to have an amplitude less than 1 to en-
sure both stability and the matching of asource (or load) that
has the real part of its impedance positive. The equivalent
and necessary condition to this equation is:

K = HISI-IS,| +IAI >1 (6)
218,35
Where A =§,;S,-S,S,, (7)

When the device is simultaneously conjugatively
matched, the maximum transducer gain is obtained with the
following formula:

G.= ‘% (K £ VK*-1) ®)
2

Thisis the Maximum Available Gain (MAG) provided
by device manufacturers and is only valid when K>1. If ad-
ditionally, |A|<1, the deviceisunconditionally stable and Gax
will be achieved. When K<1, the transistor is potentially un-
stable and Gn,ax does not exist. However, we can see that as
K—1 and K>1, G converge towards a value called the

Maximum Stable Gain (MSG) defined as:
Sy

S

9
MG = ©)

STABILITY MATCH

One area of interest to all designersis the stability of
thecircuit, especialy when using Hetero-Junction FETswith
very high gain levels at lower frequency. These types of
FETs display a natural propensity to oscillations. The cir-
cuit isdefined as unconditionally stable when it cannot os-
cillate under any source or load impedance. The input re-
flection coefficient must be lessthan onefor all loads. This
ensures a positive input resistance from the device, and a
similar condition applies to the output resistance in regard
to the input loads. These conditions are satisfied with the
equations:

S+ ﬁ < 1 for any Sourceloads

1_rL$2 (10)
r<1f
SeSul
TS RS < Lfor|ri<y @
They trandlate back in the K factor and the B1 factor:
_LSEISLHAE (12)
21S, Sl
And either:
|A|:| S.l Sz_ Sz $1| <1 (13)
or Bl = 1+|S_1|2_|S2|2_|A|2>0 (14)

In the circuit design shown in the following sections, care
was taken to carry an unconditionally stable circuit by add-
ing a shunt resistance to ground on the output (See the out-
put resistor R1 of schematic of Figure 2). This stabilizing
network represents an acceptable compromise between out-
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put power, gain levels and stability. With such anarrow band
design, itisalwaysimportant to verify the stability issue over
a broad frequency range (from 100 MHz to 10 GHz, in this
case).

MAXIMUM GAIN DESIGN

Using these matching techniques on the NE34018 in the
band of interest, the circuit was modeled using Libra as a
linear simulator (Figure 2) with bias conditions of 3V, 20
mA. The lumped elements were all modeled using lossy ele-
mentswith afinite Q factor. The topology chosen was ahigh
passfilter on both input and output so that the designer would
have better control over theimpedance presented out of band
at lower frequencies. At these frequencies, thesefilters present
amismatch with acontrolled phase quantity that is chosen to
avoid oscillation, they also improve stability by reducing the
amount of gain generated by the device and buffer the device
from the system’s out of band impedances. Finaly, this type
of configuration also provides DC isolation on the input and
output, further reducing the need for extra components.

The simulated gain and input/output return loss perfor-
mance are presented in Figure 3. Theinput load presented to
the device, S11 of the device and the noise circles are shown
in Figure4. Thismatch yieldsan excellent return loss (better
than 20 dB) with anoisefigure of 1.5 dB because the optimal
impedance I'opt Was not presented. The circuit fabricated as
seenin Figure 5 with only five matching elements (DC sup-
ply not included) and real estate that could have been limited
t0 0.250" by 0.250.” The actual performance is summarized
in Figure 6 at 3V, 20 mA, and Figure 7 at 3V, 30 mA.
Although power was neither simulated nor designed for, the
power performance and | P3 were measured and are presented
in Figures 8 to 11. Table 2 summarizes the design goals,
simulated performance and actual |aboratory results. Notethat
the simulated and actual performance of the circuit match
well. However, lumped element matching values utilized to
correlatethesedid not track exactly. Thisisbecausethe simu-
lation of the DC bias network beyond the RF Ground (C4
and C5 on the assembly drawing) was omitted, and most of
thelumped capacitor havealow self-resonance, consequently
they no longer act as pure capacitance. For example, a12 pF
capacitor had aself resonance around 1.5 GHz and had a defi-
nite inductive behavior beyond self-resonance. Minor tuning
had to be performed to define the final circuit match. Once
the optimal tuning was achieved, it was a so shown that the
design performance had little sensitivity to biasing. With an
increased hias current, all parameters but noise figure im-
proved. Finally, as expected, the resulting Noise Figure was
not low enough for afirst stage Low NoiseAmplifier, despite
the very low minimum noise figure inherent to the device.
However, the next section will provethat an excellent perfor-
mance can be achieved with the proper match.

1 (The MAG or MSG values are provided by California Eastern
Labsin the Design Parameter Library for all NEC devices.)

LOW NOISE MATCH

A low noise amplifier (LNA) design minimizes the noise
figure of its active device by presenting an optimal source
reflection coefficient I'gopywhilethe output circuit isdesigned
for flat gain and overall stability to the circuit. It is a particu-
lar case of the Gain Match theory described earlier in that the
input load is fixed and defined by the active device's noise
parameters (specifically T'sopt), and the designer has to ad-
just accordingly the output match to achieve both gain crite-
riaand stability.

With an arbitrary sourceload, I's, the deviceyieldsanoise
figure, NF, given by:

2
4r, 1T = Tg o)
2 2
[+ Feom|” [2-11[] (15)

Where r,=R\/50 is the equivalent noise resistance usu-

ally provided with the noise parameters by device manufac-
turers. From (15), it isclear that NF = NF i, when's=T'gopy)

Noise figure can also be expressed as:

_ A
NF= NFmin+ r_s [ (Gs' C%(Opr) )2 + (BA'BS(Opt) ) ’ ]

NF = NFi,+

(16)
Consequently, the noise expression can be simplified to:
NF = NFmin+ ANF a7

Wheretheterm ANF isameasure of the additional noise
generated by a source mismatched, I's, compared to the opti-
mal source I'sopy). Equation (16) shows that noise figure
contours with constant value NF;j can be defined as circles
centered on;

[ som
Ce= —liolii (18)
2
Where N = M| 1+ FS(op[)|2:| [s- r5(0pt)2|
4 n 1'| rs|
(19)

Thisformularepresents the amount of mismatch from the
optimal load for agiven value of NF;. The associated radius
can then be calculated as follows:

1
M= m \/Ni2+ N (1'| rS(OPt)|2) (20

In practical application, if NFj=NFyn, then Cnr = Tgopt), the
radius of the circleis ryg=0 and the device is matched to its
minimum noise figure. On the other hand, as seen previously
in Part 2, because the device is not matched to the optimal
load, a mismatch loss will result, decreasing the circuit gain
by afew dB to the associated gain. In acascaded design, care-
ful consideration should be given to achieve a compromise
between noise and gain performance since the noise figure of
subsequent amplifier stageswill affect the overall performance
of the system but will be reduced by ahigher gain in the first
stage.
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P1 TL1
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Figure2: Maximum Gain Amplifier. Cimulation circuit 1.

O Max_Gain_tb O Max_Gain_tb V Max_Gain_tb

Si1 SI1J3 S1J2
Max_Gain_Amp Max_Gain_Amp Max_Gain_Amp
S[11] S[22] S[21]
dB dB dB
5.0 19.0
0.0 18.0
?5. M1
5.0 M2 17.0
ﬂ
-10.0 / 16.0
-15.0 ! 15.0
-20.0 'O'\\C 14.0
M4 \\
-25.0 13.0
RS VAN
-30.0 12.0
3.0

1.0 Frequency 0.5 GHz / DIV

M1 Frequency = 1.93000000 value = 17.4271848
M2 Frequency = 1.99000000 value = 17.0672716
M3 Frequency = 1.93000000 value = -27.2875339
M4 Frequency = 1.99000000 value = -23.2566723

Figure 3. Max Gain amplifier simulati

on results.
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M1 : Input Matching network load to the device at 2 GHz
M2 : S11 parameter of the OUT at 2 GHz

Figure 4: S-parameter, matching network and noise
circles.
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EVALUATION BOARD PARTS LIST, HIGH GAIN MATCH

QTY | PARTOR NOMENCLATURE OR ITEM
IDENTIFYING NO. DESCRIPTION MATERIAL/SPECIFICATION NO.

1 SD-100407 Schematic Diagram NE34018-EVAL 14
1 TF-100413 NE34018-EVAL Test Fixture Block 13
1 LL 1608-FHIN8S L2 1.8 nH Inductor TOKO 12
1 LL 1608-FH3N3S L1 1.2 nH Inductor TOKO 11
1 MCR03J271 R1 0603 270 OHM RES ROHM 10
1 MCH185A1R5CK C2 0603 1.8pF CAP ROHM 9
1 MCH185A2R2CK C1l 0603 2.2pF CAP ROHM 8
2 MCH185A121JK C4,C5 0603 120pF CAP ROHM 7
2 MCH185C102KK Ce, C7 0603 1000pF CAP ROHM 6
2 881-6116 C8, C9 4.7 uF CAP AVX 5
1 NE34018 U1l IC NEC, HJ-FET 4
3 2340-6111 TG P1 Pin Header 3M 3
2 2052-1215-00 J1,J2 OSM JACK OMNI SPECTRA 2
1 FD-100407 PCB 18 Package-EVAL Fabrication Drawing| 1

EVALUATION BOARD PARTS LIST, LOW NOISE FIGURE MATCH

QTY | PARTOR NOMENCLATURE OR ITEM

IDENTIFYING NO. DESCRIPTION MATERIAL/SPECIFICATION NO.

1 SD-100407 Schematic Diagram NE34018-EVAL 14
1 TF-100413 NE34018-EVAL Test Fixture Block 13
1 LL 1608-FHIN8S L2 1.8 nH Inductor TOKO 12
1 LL 1608-FH3N3S L1 3.3 nH Inductor TOKO 11
1 MCR03J271 R1 0603 270 OHM RES ROHM 10
1 MCH185A1R5CK C2 0603 1.5pF CAP ROHM 9
1 MCH185A2R2CK C1 0603 2.2pF CAP ROHM 8
2 MCH185A121JK C4,C5 0603 120pF CAP ROHM 7
2 MCH185C102KK Ce, C7 0603 1000pF CAP ROHM 6
2 881-6116 C8, C9 4.7 uF CAP AVX 5
1 NE34018 Ul IC NEC, HJ-FET 4
3 2340-6111 TG P1 Pin Header 3M 3
2 2052-1215-00 J1,J2 OSM JACK OMNI SPECTRA 2
1 FD-100407 PCB 18 Package-EVAL Fabrication Drawing| 1

Figure 5: NE34018 Evaluation Board.
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Figure6: Maximum Gain Amplifier test results, Figure9: 2 GHz Evaluation Board, | P3 versus
3V. 20 mA Pin sweep simulation.
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Figure8: NE34018 evaluation board, Pin-Pout Figure1l: 2 GHz Evaluation Board, |P3 versus
simulation.

Pin sweep test results.
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The same configuration as the optimum gain design was the gain by about 2 dB. Once again, these simulated results
adopted for the low noise design (a high pass structure), and track very closely with actual |aboratory testing, as seen in
the simulation results using Libra are summarized in Tables Figure 15. The noise figure consistently measured between
3and 4 and presented in Figures 12, 13 and 14. Asshownin 0.7and 0.8 dB at 3V, 20 mA. Figure5also providesthefinal
Table 4, the noise figure performance drastically improves assembly drawing of the low noise amplifier design.

t0 0.7 dB, the input return loss decreased to about -5 dB, and

Goals Simulation Test
Frequency Range (MH2) (1932-1990) (1932-1990) (1932-1990)
Gain (dB) 15 Min. 15 Min. 15.5 Min.
Noise Figure (dB) 0.8 dB Max. 0.75 dB Max. 0.8 dB Max.
Input Return Loss (dB) N/A -5 -5
Output Return Loss (dB) -15 Min. -17 Min. -16 Min.
Bias condition (dBc/Hz) 3V, 20 mA Max. 3V, 20 mA Max. 3V, 20 mA Max.
Real Estate (Mils*Mils) 250*250 N/A 250* 250
Pricein 100 K Quantities (US$) Lessthan $1 N/A Less than $1

Table 3: Low Noise Design Performance: Goals, smulation and tests.

Max Gain_tb Max Gain_tb Max Gain_tb Max Gain_tb

SI1 NF1 NFMIN1 K1

PCS Amplifier PCS Amplifier PCSAmplifier PCSAmplifier

Frequency S2,1] NF NFMIN K
(GHz) dB dB dB

1.00 12.0467 1.2887 0.7284 1.0858
1.10 13.0367 1.0898 0.6543 1.0832
1.20 13.8214 0.9497 0.6100 1.0997
1.30 14.4192 0.8507 0.5869 1.1328
1.40 14.8695 0.7812 0.5784 1.1700
1.50 15.1816 0.7337 0.5798 1.2131
1.60 15.3737 0.6972 0.6026 1.2545
1.70 15.4657 0.6845 0.6310 1.2893
1.80 15.4693 0.6899 0.6625 1.3211
1.90 15.3946 0.7088 0.6958 1.3563
2.00 15.2593 0.7211 0.7051 1.3878
2.10 15.0835 0.7331 0.7177 1.4253
2.20 14.8711 0.7508 0.7307 1.4595
2.30 14.6317 0.7725 0.7439 1.4906
2.40 14.3731 0.7967 0.7570 1.5190
2.50 14.1018 0.8222 0.7700 1.5444
2.60 13.8339 0.8476 0.7823 1.5643
2.70 13.5609 0.8717 0.7941 1.5818
2.80 13.2850 0.8935 0.8055 1.6013
2.90 13.0082 0.9118 0.8164 1.6229
3.00 12.7328 0.9252 0.8267 1.6472

Table 4: NE34018 L ow Noise Amplifier, optimized for Noise Figure.
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Figure 12: Low Noise Amplifier simulation circuit.
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Figure 13: Noise Figure and gain simulation. Figure 14: Input, output return loss and gain
simulation.
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Figure 15: Evaluation board lab results.
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HicH PoweErR MATCH

Under normal circumstances, few low noise amplifier
designers are concerned with the power performance of their
amplifiers. However, the recent expansion of digital modu-
lation schemes (such as QPSK or CDMA) has demanded new
requirements such as a specified high linearity performance
(or high output power). Since this paper focuses only on
LNAs, the power amplifier design will not be addressed.
However, theinter-modul ation performance and some of the
power concepts behind the Third Order Intercept Point (1P3)
will be reviewed.

In a small signal amplifier, the power levels are low
enough that distortionisnegligible, and the small signal model
or S-Parameters can accurately characterize the device over
a wide dynamic range. When the power levels increases to
wherethe device nears saturation, distortion becomes a prob-
lem. The transistor’s parameters will vary appreciably over
the signal’s cycle with the input power level. Consequently,
thesmall signal model isnolonger valid. The device no longer
amplifies linearly, and harmonic components start to be sig-
nificant. The power performance of the circuit in classA is
calculated because the device remains turned on throughout
the signal’s cycle under the quiescent bias point. As for the
high gain and the low noise amplifier, the circuit matching
will drive the overal performance of the amplifier. In this
situation, the output match will have the most effect on the
device's output power and once again the design will be a
particular case of gain match theory. The output isfixedto an
optimum load for output power while the input is designed
for gain and stability criteria.

If the deviceisbiased at V cc and presented with an RF
load, R (also known as the load line), then the AC current
generates a collector output voltage, Vo, With its DC com-
ponent being Vcc. Theinherent size of the device will limit
the maximum current that can be delivered (usually slightly
above Ipss) and the breakdown voltages (influenced by the
fabrication processof the device) will limit the voltage swing.
Assuming the signal to be a sine wave, the output power de-
livered to the load will be:

2
_ Vou <Vcc

2R T 2R (20)

This represents the maximum output power that can be
delivered by the device under the quiescent bias point (Vcc,
Icc) related by:

lcc= Ved/RL.

To optimize the power performance under a given bias
point, the designer will have to define the appropriate RF
load (both real and imaginary) for the circuit. The real part
will betheload line, and theimaginary part must tune out the

output capacitance of the device. There are severa ways to
identify such desired loads. DC characteristics and the output
parasitics of the device can be used with Steven Cripps method
[6] of defining the optimal match on the Smith chart. Another
method is to use RF tuners to experimentally define the out-
put impedance that will yield the best results. Figures 16 and
17 show such an experiment. In Figure 16, diode tuners are
used to present the conjugate match to the device and record
the corresponding P1gg and Psy (defined in this case asthe 3
dB compression point) at 3V, 20 mA. Figure 17 exhibits the
same device tuned with an optimal power load and the same
conjugate source match. In this case, the 1 dB compression
point improves by 1.3 dB and the saturated power by 1.7 dB.
The load was changed from:

l_Conjugate: 0.54 < 2440 to
Zow= 045< 724

Figure 18 exhibits the inter-modulation components of
the device when presented with Zop:. When the optimal out-
put impedance is known, the designer can create his output
matching network in the same way Topt, S or S 22 were
reached and achieve optimal output power. It isimportant to
notice that in order to avoid reducing output power perfor-
mance, the stabilizing network will have to bein the input or
relatively lossless.

CONCLUSION

This paper describes three different design topologies
availableto engineers. These designs address amplifiers with
a special focus on the PCS band for mobile communication
applications. lllustrative examples have been developed and
are available as evaluation boards from California Eastern
Laboratories. These boards can be used to evaluate the per-
formance of NEC devices. These specific designs addressthe
high gain, low return loss amplifier and the low noise ampli-
fier and use a limited number of matching elements and real
estate. Combined with a low part cost, these approaches re-
ducetheoverall cost of such an amplifier to aminimum. From
adesign standpoint, simulators are useful and powerful tools,
however, they can be difficult to use and time consuming when
a number of variables need to be optimized. This paper re-
views some of the analytical techniques that engineers use
before simulating and optimizing their designs. When com-
pleted, accurate trandlation of the simulation must beimported
into alayout and atest circuit, and this often leads to another
round of tuning and optimization. However, thislast round is
usually minimal, and eventually, laboratory results match the
simulation very closely. Part Two of this paper will describe
how other techniques, such as series feedback, can be applied
to offer an optimal compromise between low noise, excellent
input return loss and acceptable 1P3 performance for PCS
applications.
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