Introduction

Agilent Technologies’ ATF-54143
is a low noise enhancement mode
PHEMT designed for use in low
cost commercial applications in
the VHF through 6 GHz frequency
range. Agilent Technologies’ new
enhancement mode technology
provides superior performance
while allowing a dc grounded
source amplifier with a single
polarity power supply to be easily
designed and built. Unlike a
typical depletion mode PHEMT
where the gate must be made
negative with respect to the
source for proper operation, an
enhancement mode PHEMT
requires that the gate be made
more positive than the source for
normal operation. Biasing an
enhancement mode PHEMT is
much like biasing the typical
bipolar junction transistor.
Instead of a 0.7 V base to emitter
voltage, the enhancement mode
PHEMT requires about a 0.6 V
potential between the gate and
source for nominal drain current.

The ATF-54143 is housed in a
4-lead SC-70 (SOT-343) surface
mount plastic package. The 800
micron gate width of the
ATF-54143 makes it ideal for ap-
plications in the VHF and lower
GHz frequency range by providing
low noise figure coincident with
high intercept point. The wide
gate width also provides low im-
pedances that are easy to match.
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This application note describes
the use of the ATF-54143 in a low
noise amplifier optimized for the
1850 to 1910 MHz band for PCS
base station applications. The
amplifier design combines low
noise figure and good third order
intercept point (IP3) while main-
taining moderate input and output
return loss. The amplifier makes
use of surface mount miniature
multi-layer chip inductors for a
compact layout.

When biased at a bias point of

Vgs =3V and Ig of 60 mA, the
ATF-54143 is specified as having a
nominal noise figure of 0.5 dB
with a typical gain of 16.5 dB. Out-
put intercept point (OIP3) is
specified at +36 dBm making the
device capable of an input
intercept point (11P3) of nearly
+20 dBm.

LNA Demo Board

For applications in the VHF
through 2.4 GHz frequency range,
a generic demonstration board
was developed. The board as
shown in Figure 1 is etched on
0.031" FR-4 for low cost. The
board utilizes small surface
mount components. Input and
output are via E.F. Johnson
SMA connectors part number
142-0701-881.

PCS Amplifier Design

The schematic diagram describing
the PCS low noise amplifier is
shown in Figure 2. Circuit topol-
ogy is very similar to the typical
depletion mode circuit except for
the method of biasing the device.
A parts placement drawing is
shown in Figure 3. The parts list
for the amplifier is shown in Table
1. A photograph of a completed
demonstration board is shown in
Figure 4.
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Figure 1. 1X Artwork for the Agilent ATF-54143 Low Noise Amplifier
Demonstration Board. Actual dimensions: 1.043 inch by 0.755 inch.
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Figure 2. Agilent ATF-54143 low noise PCS amplifier using passive Figure 3. Component Placement Drawing for the Agilent
biasing. ATF-54143 Low Noise Amplifier.

Table 1. Component Parts List for the ATF-54143 Amplifier.

C1,C4 8.2 pF chip capacitor

C2,C5 8.2 pF chip capacitor

C3,C6 10,000 pF chip capacitor

J1,J2 SMA Connector, EF Johnson p.n. 142-0701-881

L1 2.7 nH inductor (Toko LL1608-FH2N7S)

L2, L3 Strap each source pad to the ground pad with 0.040" wide

etch. The jumpered etch is placed a distance of 0.050"
away from the point where each source lead contacts
the source pad. Cut off unused source pad. See text.

L4 5.6 nH inductor (Toko LL1608-FH5NGK)
Q1 Agilent Technologies ATF-54143 PHEMT
R1 300 Q chip resistor

R2 1200 Q chip resistor

R3 10 Q chip resistor

R4 50 Q chip resistor

R5 10K Q chip resistor (see text)

Z0 50 Q Microstripline

Figure 4. Photograph of completed Agilent ATF-54143 Demonstration Amplifier.
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One of the advantages of the en-
hancement mode PHEMT is the
ability to dc ground the source
leads and still require only a
single positive polarity power sup-
ply. Whereas a depletion mode
PHEMT pulls maximum drain cur-
rent whenVgs =0V, an
enhancement mode PHEMT pulls
nearly zero drain current when
Vgs = 0 V. The gate must be made
positive with respect to the
source for the enhancement mode
PHEMT to begin pulling drain cur-
rent. It is also important to note
that if the gate terminal is left
open circuited, the device will

pull some amount of drain current
due to leakage current creating a
voltage differential between the
gate and source terminals.

Biasing the ATF-54143 is accom-
plished by the use of a voltage
divider consisting of R1 and R2.
The voltage for the divider is de-
rived from the drain voltage
which provides a form of voltage
feedback to help keep drain cur-
rent constant. The purpose of R4
is to enhance the low frequency
stability of the device by provid-
ing a resistive termination at low
frequencies. Capacitor C3 pro-
vides a low frequency bypass for
R4. Additional resistance in the
form of R5 (approximately 10KQ
is added to provide current limit-
ing for the gate of enhancement
mode devices such as the
ATF-54143. This is especially im-
portant when the device is driven
to P1dB or Psat. The effect of R5
will be discussed in the results
section of this application note.
R5 can be eliminated if the values
of resistors R1 and R2 are appro-
priately chosen. More on this
subject in a later section.

The amplifier uses a high-pass im-
pedance matching network for
the noise match. The high-pass
network consists of a series ca-
pacitor (C1) and a shunt inductor

3

(L1). The high-pass topology is
especially well suited for PCS and
WLAN applications as it offers
good low frequency gain reduc-
tion which can minimize the
amplifier’s susceptibility to cellu-
lar and pager transmitter
overload. L1 also doubles as a
means of inserting gate voltage
for biasing up the PHEMT. This
requires a good bypass capacitor
in the form of C2. C1 also doubles
as adc block. The Q of L1 isex-
tremely important from the
standpoint of circuit loss which
will directly relate to noise figure.
The Toko LL1608-F2N7S is a small
multilayer chip inductor with a
rated Q of 32 at 800 MHz. Lower
element Qs may increase circuit
noise figure and should be consid-
ered carefully. This network has
been optimized primarily for
noise figure with secondary em-
phasis on input return loss.

A modest amount of source
inductance in the form of L2 and
L3 is used to improve input return
loss with minimal effect on noise
figure.

The amplifier uses a similar high-
pass structure for the output
impedance matching network. L4
and C4 provide the proper match
for best output return loss and
maximum gain. L4 also doubles as
a means of inserting voltage to the
drain. Resistor R3 and capacitor
C6 provide a low frequency resis-
tive termination for the device
which helps stability. C6 was cho-
sen to be 10000 pF or 0.01 pF over
a 1000 pF capacitor in order to
improve output intercept point
slightly by terminating the low
frequency (F2-F1) difference com-
ponent of the two test signals
used to measure IP3. This can be
especially important for the typi-
cal 1.25 MHz spacing used in
CDMA IP3 evaluation.

The demonstration board is de-
signed for use with any of the

SOT-343 packaged family of
Agilent Technologies enhance-
ment mode PHEMT devices. The
demonstration board was also de-
signed so that the designer has
several circuit options with which
to optimize performance for a par-
ticular application. Component
mounting pads are provided near
L4 to allow a resistor to be paral-
leled with L4 to lower gain and
increase stability. A space is also
provided for a resistor in series
with the device drain lead. The
space has already been jumpered
on the demo board and can be
easily removed with a sharp knife
if a series resistance is desired.
Neither of these resistors is re-
quired for this LNA design. It is
important to remember that any
amount of resistive loading in the
drain circuit will effect gain and
more importantly P1dB and OIP3.

Inductors L2 and L3 are actually
very short transmission lines be-
tween each source lead and
ground. The inductors act as se-
ries feedback to the device. The
amount of series feedback has a
dramatic effect on in-band and
out-of-band gain, stability and in-
put and output return loss. The
amplifier demonstration board is
designed such that the amount of
source inductance is variable.
Each source lead is connected to
a microstripline which can be
connected to a ground pad at any
point along the line. For minimal
inductance, the source lead pad
would be connected to the ground
pad with a very short piece of
etch at the point closest to the de-
vice source lead.

A moderate amount of source
inductance is used in the PCS
amplifier design. Each source lead
is connected to its corresponding
ground pad at a distance of
approximately 0.050" from the
source lead. The 0.050" is
measured from the edge of the



source lead to the closest edge of
the ground strap. The remaining
unused source lead pad may be
removed by cutting off the unused
etch. On occasion, the unused
etch which looks like an open
circuited stub has caused high
frequency oscillations. During the
initial prototype stage, the amount
of source inductance can be tuned
to optimize performance.

Performance of the Agilent
ATF-54143 Amplifier

The amplifier is tested at a bias
point of Vgs=3V @ Ig=65mA.
The measured noise figure and
gain of the completed amplifier
are shown in Figures 5 and 6.
Noise figure is a nominal 0.7 dB
to 0.8 dB from 1900 through
2200 MHz. Gain is a nominal

16 dB at 1900 MHz. Matching cir-
cuit losses have been measured
on similar printed circuit boards
using similar discrete matching
components and have been found
to exhibit several tenths of a dB of
loss. Subtracting this loss from
the measured noise figure of the
complete amplifier results in a
nominal 0.5 dB noise figure for
the device by itself.

Measured input and output return
loss is shown in Figure 7. The
input return loss measures a
nominal -6.4 dB at 1900 MHz
while the output return loss
measures -12.5 dB.

Most PCS base station low noise
amplifiers are used in a balanced
configuration. The usual balanced
configuration consists of the an-
tenna feeding the input port of a
90 degree hybrid coupler which
feeds two similar ATF-54143 am-
plifiers with an equal amplitude
power division with a 90 degree
phase offset between the two am-
plifiers. An additional 90 degree
hybrid coupler combines the out-
puts from the ATF-54143
amplifiers into a single output.
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Figure 5. Agilent ATF-54143 Amplifier Noise Figure vs. Frequency.
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Figure 6. Agilent ATF-54143 Amplifier Gain vs. Frequency.
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Figure 7. Agilent ATF-54143 Amplifier Input and Output Return Loss vs. Frequency.

The primary advantage of the bal-
anced configuration is up to a

3 dB improvement in P1dB and
OIP3 with only a slight degrada-
tion in gain and noise figure due
to coupler losses. Another impor-
tant advantage of the balanced
configuration is very good input
return loss. As long as the ampli-
tude and phase of the reflected
signal from each ATF-54143 am-
plifier are reasonably matched,
the resultant reflection from the

input 90 degree hybrid will be
very low resulting in very good
input return loss. Any reflected
power is dissipated in the isolated
port load resistor on the fourth
port of the input 90 degree hybrid
coupler.

Further improvement in LNA S11
is possible by lengthening L2 and
L3. Lengthening L2 and L3 also
reduces in-band gain and im-
proves in-band stability. The limit



on how much source inductance
can be tolerated by the device is
based on out-of-band gain peaking
and resultant instabilities. Consult
Appendix 1 for additional infor-
mation regarding source
inductance and its resultant effect
on amplifier performance

The output third order output in-
tercept point (OIP3) was
measured to be +36.5 dBm at

1.9 GHz. This calculates out to be
an input intercept point (11P3) of
+20 dBm.

Passive Biasing versus Active
Biasing and its effect on P1dB and
Gate Current

The P1dB of the low noise ampli-
fier is dependent on the type of
bias supply used as well as the dc
impedance presented to the gate
terminal. The output P1dB of the
amplifier as biased in Figure 2
measured +19.6 dBm. As the am-
plifier is driven to P1dB and
beyond, the device is being driven
out of Class A and into Class AB.
As a result of driving the amplifier
into Class AB, the drain current
can either increase or decrease in
value. This is very much fre-
quency and load impedance
dependent. An added effect is that
gate current will increase with
increased RF drive.

Both depletion mode and en-
hancement mode PHEMTSs
manufactured by Agilent Tech-
nologies use Schottky-barrier
metal for the source and drain
contacts. A simplified schematic
diagram showing these contacts
as two Schottky diodes con-
nected back to back is shown in
Figure 8.

In the case of a depletion mode
PHEMT, the normal negative gate
to source voltage will reverse bias
the gate to source Schottky diode
junction resulting in very low gate
current. In the case of an en-
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Figure 8. DC representation of PHEMT
showing back to back Schottky barrier
contacts.

hancement mode PHEMT such as
the ATF-54143, the positive gate
to source voltage will forward
bias the gate to source Schottky
diode junction. At low values of
forward conduction the resultant
Igs Will be very low (in the YA re-
gion) increasing to 100s of pA as
Vgs approaches approximately

0.7 V. Normal gate current under
standard bias conditions and op-
eration in the linear region will be
very low. However, as the RF in-
put is increased to the level that is
nearing P1dB, the average recti-
fied gate current will increase.
The degree of increase in gate
current under high RF drive is

Q

bias circuit dependent. Several
different bias schemes were
evaluated and the results of which
are presented in this section. The
amplifier is tested with both pas-
sive and active bias and with
various amounts of gate current
limiting.

The configuration for passive bi-
asing is as shown previously in
Figure 2. Resistor R5 in Figure 2
provides gate current limiting by
presenting a high impedance to
the device. The circuit is analyzed
with resistor R5 equal to 10K Q
and R5 equal to 0 Q.

The amplifier circuit was also ana-
lyzed with active biasing as shown
in Figure 9. The active biasing
scheme uses the typical textbook
bias circuit using a PNP transistor
and several resistors connected as
a regulator. Resistors R1 and R2
provide a constant voltage at the
base of Q2. The voltage is in-
creased by the 0.7 volt Vgg drop
of Q2 and presented to the drain
circuit. Resistor R3 sets the drain
current based on a constant sup-
ply voltage Vyqq and a constant
voltage at the emitter of Q2. Ca-
pacitor C7 provides an ac bypass
at the collector of Q2. This capaci-
tor helps suppress any noise and/
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Figure 9. Agilent ATF-54143 LNA with Active Biasing.



or oscillations that may be caused
by Q2. Resistor R6 provides simi-
lar gate current limiting as did R5
in the passive bias circuit. The ac-
tive biasing circuit is tested with
resistor R6 setat 0 Q, 1K Q, and
10K Q.

The parts list for the components
used in the active biasing circuit is
shown in Table 2. The RF circuitry
uses the same components as
shown in Figure 2 and Table 1.

Table 2. Component values used in
the Active Biasing circuit

C3,C6,C7 0.01 pF

Q2 2N2907 PNP BJT or
equivalent

R1 1450 Q

R2 1050 Q

R3 23Q

R4 10Q

R5 50 Q

R6 10K Q

R7 1K Q

In order to evaluate the perfor-
mance of each of the various
passive and active biasing cir-
cuits, RF input power was swept
from -14 dBm up to +8 dBm at
1880 MHz. The graph in Figure 10
shows RF power output versus RF
power input for the various pas-
sive and active biasing
configurations. The graph in Fig-
ure 11 relates RF power input to
average rectified gate current for
the various bias configurations.

Analysis of the Passive Biasing
Network

As shown in Figure 10, the passive
biasing supply with R5 = 10K Q
provides a slightly higher P1dB
but then quickly compresses. The
high impedance gate supply with
R5 = 10K Q actually allows the
amplifier to have gain expansion
just prior to P1dB. With R5=0 Q,
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Figure 10. Power Output vs. Power Input for Passive and Active Biasing.
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Figure 11. Gate Current vs. Power Input for Passive and Active Biasing.

the amplifier has higher saturated
output power due to the stiffer
bias supply. The equivalent im-
pedance of the gate supply is

300 Q in parallel with 1250 Q

or approximately 242 Q which

is then in series with

R4 (50 Q) =292 Q. The stiffer gate
supply actually allows greater
gate current to flow under hard
drive conditions.

The graph in Figure 11 shows that
the average rectified gate current
at P1dB is less than 50 pA for R6
= 10K Q and 0 Q. However, at
P3dB, the rectified gate current
for R6 =0 Q, is 850 pA which cor-
responds to an input power level
of +6 dBm. Increasing the input
power level to +8 dBm causes the
gate current to approach 2.3 mA.
Increasing R5 to 10,000 Q, limits
the gate current to 100 pA even at
an input power level of +8 dBm.

Analysis of the Active Biasing
Circuits

In general, active biasing does not
offer any advantage over passive
biasing with regards to improving
P1dB. However, saturated power
output is best with R6 = 10K Q. As
noted with the passive biasing cir-
cuits, increasing the value of R6
does limit gate current under hard
drive conditions and is highly rec-
ommended. As shown in Figure
11, even 1000 Q for R6 is not high
enough to minimize the draw of
gate current under hard drive con-
ditions. Using 10K Q for R6 limits
the gate current to 500 pA even
with an input power of +8 dBm.

Maximum Suggested Gate Current
The maximum suggested gate cur-
rent for the ATF-54143 is 2 mA.
Incorporating resistor R5 in the
passive bias network or resistor
R6 in the active bias network



safely limits gate current to

500 pA at P1dB drive levels. In
order to minimize component
count in the passive biased ampli-
fier circuit, the 3 resistor bias
circuit consisting of R1, R2, and
R5 can be simplified if desired. R5
can be removed if R1 is replaced
with a 4.7K Q resistor and if R2 is
replaced with a 27 K Q resistor.
This combination should limit
gate current to a safe level.

P1dB and Drain Efficiency

The data in Table 3 compares the
P1dB and relative drain efficiency
of each bias circuit. The passive
bias circuit with R5 equal to

10 KQ provides superior P1dB
and superior drain efficiency. The
higher impedance passive circuit
allows the drain current to de-
crease at P1dB with the side
effect of improved drain effi-
ciency.

Table 3. P1dB and Drain Efficiency for Various Bias Networks.

Circuit Vd Idg Id@P1dB DCinput PldB Eff.
(V) (mA) (mA) (mW) (dBm) (%)
Passive R5 =0 3 60 61.0 183 +18.3  36.90
Passive R5=10K 3 60 43.0 129 +19.6 70.70
Active R6 =0 3 60 57.7 173 +18.8  43.80
Active R6 = 1K 3 60 58.7 176 +18.6  41.10
Active R6 = 10K 3 60 58.9 177 +18.7 4190

Conclusion

The Agilent Technologies’
ATF-54143 low noise PHEMT has
been designed into a low noise
amplifier application for the 1850
to 1910 MHz PCS market. The am-
plifier provides low noise figure
(0.75 dB) and very good

[1P3 (+20 dBm) coincident with
moderate input return loss, good
output return loss and moderate

gain at a bias point of Vgs =3V
and I = 60 — 65 mA. The enhance-
ment mode technology also
eliminates the need for a negative
power supply making biasing sig-
nificantly easier as compared to
biasing depletion mode devices.

Appendix 1.

Determining the Optimum Amount of
Source Inductance

Adding additional source induc-
tance has the positive effect of
improving input return loss and
low frequency stability. A poten-
tial down-side is reduced low
frequency gain, however, de-
creased gain also correlates to
higher input intercept point. The
question then becomes how much
source inductance can one add
before one has gone too far?

For an amplifier operating in the
2 GHz frequency range, excessive
source inductance will usually
manifest itself in the form of a
gain peak above 6 GHz and even
sometimes above 12 GHz. Nor-
mally the high frequency amplifier

gain roll-off will be gradual and
smooth. Adding source induc-
tance begins to add bumps or gain
peaks to the once smooth gain
roll-off. The source inductance,
while having a degenerative effect
at low frequencies, is having a re-
generative effect at higher
frequencies. This shows up as a
very high frequency gain peak
(S21) and also shows up as input
return loss (S11) becoming more
positive. Some shift in upper fre-
quency performance is acceptable
as long as the amount of source
inductance is fixed and has some
margin in the design so as to ac-
count for S21 variations in the
device.

A wide-band gain plot of S21 for
an amplifier using the 400 micron
gate width ATF-55143 device is
shown in Figure 12. The plot
shown in Figure 1 represents an
amplifier that uses minimal
source inductance and has a rela-
tively flat gain response at the
higher frequencies. The amplifier
has relatively high gain at 2 GHz
but less than 0 dB gain above

6 GHz.

The wideband gain plot shown in
Figure 13 is for the same amplifier
that uses additional source induc-
tance. Increased source
inductance improves low fre-
quency stability by lowering gain
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Figure 14. Wide-band gain plot of 2 GHz ATF-55143 amplifier with an unacceptable
amount of source inductance producing undesirable gain peaking in the 12 to 13 GHz
frequency range.
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