APPLICATION NOTE

o

SKYWORKS®

SKY65050-372LF: Low Noise Amplifier Operation

Introduction

The SKY65050-372LF is a high performance, low noise,
n-channel, depletion mode pHEMT, fabricated from Skyworks
advanced pHEMT process and packaged in a miniature 4-lead
SC-70 package. The SKY65050 has a nominal noise figure of
0.65 dB (including input RF matching network loss) and a gain
of 14 dB at 2.4 GHz. By changing external tuning components
the SKY65050 can be used for many different applications
ranging from 850 MHz up to 6 GHz.

This application note describes how to properly tune the
SKY65050 for optimal noise figure and gain performance
and provides suggested tuning networks for commonly used
frequency bands.

Evaluation Board

The SKY65050 evaluation board is produced using 10 mil

thick Rogers 4350B material. This ensures excellent board
performance up to 6 GHz. FR-4 material may be used for lower
frequency applications to reduce manufacturing costs. Low cost
0402 sized surface mount components are used to simplify
handling and lower the overall cost of using the device. With

the exception of the input high Q inductors, 0201 surface mount
components may be used to further reduce component parasitics
and overall footprint. Parasitic losses through the input traces and
matching networks directly add to the overall measured noise
figure. Excess trace length and component spacing should be
eliminated to ensure the lowest possible noise figure

The PCB layout should be incorporated into circuit designs
to ensure the accuracy between simulation and real world
performance. Skyworks Solutions provides a circuit model,
de-embedded scattering parameters, and noise parameters.

The Skyworks evaluation board is primarily designed for the
2.4 GHz RF matching network. Subtle changes will need to be
made in order to properly accommodate the matching networks
for other frequencies.

Biasing

The easiest and preferred method to bias the SKY65050 is

by using a self-biasing resistor between the source lead and
ground. This method eliminates the need for a second DC voltage
supply and reduces board space and the number of external
components. When current flows from drain to source through
the resistor, the source voltage becomes biased above DC
ground. The gate pin of the device should be left unbiased at

0 Vpg, thus creating the desired negative Vgg value.

For optimal noise performance, Ipg should be set to about 15 mA
with a 27 Q resistor. Vpg can range anywhere between 2 V and
5 V without affecting noise performance and device reliability.
Increasing Ips will increase the device noise figure, but will also
increase P1 ¢g and third order distortion performance.

LNA Design

The input match largely dictates the overall noise figure of the
device. For a wideband noise and input match, a shunt inductor
and a series inductor are used. High Q Coilcraft CS series wire-
wound inductors are used to minimize circuit loss. A high Q, low
value DC block capacitor should be used on the input as well for
optimal noise performance. Components with lower Qs may be
used but may increase noise figure as a result.

For lower frequency operation, a small value feedback capacitor
connected from gate to source is used. This capacitor shifts

the frequency of operation down. This eliminates the need to
use high value, lossy input inductors on the input to shift the
frequency of operation.
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Source Inductance

The SKY65050 has two source leads that must be well grounded
for proper RF performance. The amount of source inductance
has a large effect on in and out of band stability and gain. Adding
source inductance to the device will improve low frequency
stability and return loss, but at the expense of gain and high
frequency stability. If too much source inductance is added high
frequency gain peaking will occur and input return loss will
become positive, indicating potentially unstable operation.

For the 2.4 GHz RF matching network, the source length lead
should be approximately 25 mils. This length provides about

14 dB gain while still maintaining wideband stability. The source
lead length should be increased for lower frequencies and
decreased for higher frequencies. Adding the correct amount of
source inductance will prevent oscillations at high frequencies.
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Figure 1. Skyworks Evaluation Board

Output

The output matching topology is typical for a RF amplifier
consisting of an RF choke inductor and a DC blocking capacitor
to isolate Vpp and the RF output from each other.

Resistive loading on the output can further improve stability, but
at the cost of degraded output power and linearity. A small series
or shunt resistor in the drain circuit will improve broadband
stability. A low value shunt capacitor on the drain can also help
remove high frequency instabilities.

Conclusions

The SKY65050 provides a low cost, high performance solution
where sub 1 dB noise performance and high gain is required.
Through the use of external components the device can be easily
used for frequencies between 850 MHz and 6 GHz.
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Figure 2. Recommended Schematic for 900 MHz Operation
Table 1. Recommended Components for 900 MHz Operation

Component Value Size Manufacturer Part Number Notes
C1 30 pF 0402 Johanson 250R07S300JV4T High Q
C2 1000 pF 0402 Murata GRM1555C1H102JA01D
C3 0.5 pF 0402 Johanson 500R07SOR5BVAT High Q
c4 15 pF 0402 Johanson 500R075150JV4T High Q
C5 1000 pF 0402 Murata GRM1555C1H102JA01D
C6 0.2 pF 0402 Johanson 500R07SOR2BVAT High Q
C7 1000 pF 0402 Murata GRM1555C1H102JA01D Place approx. 30 mils (0.762 mm) from pin 3
C8 1000 pF 0402 Murata GRM1555C1H102JA01D
L1 9nH 0402 Coilcraft 0402CS-9NOXJL High Q
L2 12 nH 0402 Coilcraft 0402CS-12NOXJL High Q
L3 12 nH 0402 TDK MLG1005S12NJ
L4 27 nH 0402 TDK MLG1005S27NJ
R1 271 Q 0201 Panasonic ERJ1GEF27R0
R2 150 Q 0201 Panasonic ERJ1GEF1500
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RF IN

Figure 3. Recommended Schematic for 1 GHz Operation
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Table 2. Recommended Gomponents for 1 GHz Operation

RF OUT
R2

Component Value Size Manufacturer Part Number Notes
C1 30 pF 0402 Johanson 250R07S300JVAT High Q
C2 1000 pF 0402 Murata GRM1555C1H102JA01D
C3 0.5 pF 0402 Johanson 500R07SOR5BVAT High Q
c4 15 pF 0402 Johanson 500R07S150JV4T High Q
C5 1000 pF 0402 Murata GRM1555C1H102JA01D
C6 0.2 pF 0402 Johanson 500R07SOR2BVAT High Q
C7 1000 pF 0402 Murata GRM1555C1H102JA01D Place approx. 30 mils (0.762 mm) from pin 3
C8 1000 pF 0402 Murata GRM1555C1H102JA01D
L1 7.5nH 0402 Coilcraft 0402CS-7N5XJL High Q
L2 8.2 nH 0402 Coilcraft 0402CS-8N2XJL High Q
L3 12 nH 0402 TDK MLG1005S12NJ
L4 27 nH 0402 TDK MLG1005S27NJ
R1 27 Q 0201 Panasonic ERJ1GEF27R0
R2 150 Q 0201 Panasonic ERJ1GEF1500
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Figure 4. Recommended Schematic for 1.55 GHz Operation

Table 3. Recommended Components for 1.55 GHz Operation

Component Value Size Manufacturer Part Number Notes
C1 30 pF 0402 Johanson 250R07S300JVAT High Q
C2 1000 pF 0402 Murata GRM1555C1H102JA01D
C3 0.3 pF 0402 Johanson 500R07SOR3BVAT High Q
C4 15 pF 0402 Johanson 500R07S150JV4T High Q
C5 1000 pF 0402 Murata GRM1555C1H102JA01D
C6 0.5 pF 0402 Johanson 500R07SOR5BVAT High Q
Cc7 1000 pF 0402 Murata GRM1555C1H102JA01D Place approx. 30 mils (0.762 mm) from pin 3
C8 0.7 pF 0402 Johanson 500R07SOR7BVAT High Q, Placed 100 mils (2.54 mm) from R2
L1 5.6 nH 0402 Coilcraft 0402CS-5N6XJL High Q
L2 3.3nH 0402 Coilcraft 0402CS-3N3XJL High Q
L3 8.2 nH 0402 TDK MLG1005S8N2J
R1 27 Q 0201 Panasonic ERJ1GEF27R0
R2 180 Q 0201 Panasonic ERJ1GEF1800
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Figure 5. Recommended Schematic for 2.4 GHz Operation
Table 4. Recommended Components for 2.4 GHz Operation
CGomponent Value Size Manufacturer Part Number Notes
C1 33 pF 0201 Johanson 250R05L330JV4SK High Q
C2 1000 pF 0201 Murata GRM033R71E102KA01
C3 0.5 pF 0201 Murata GRMO0335C1ER50C
C4 15 pF 0201 Murata GRM0335C1E150JD01
C5 DNP - -
C6 1000 pF 0201 Murata GRM033R71E102KA01
c7 1000 pF 0201 Murata GRM033R71E102KA01 Place approx. 25 mils (0.635 mm) from pin 3
C8 1000 pF 0201 Murata GRM033R71E102KA01
L1 3.3nH 0402 Coilcraft 0402CS-3N3XJL High Q
L2 1.8 nH 0402 Coilcraft 0402CS-1N8XJL High Q
L3 3.6 nH 0201 TDK MLG0603S3N6C
L4 27 nH 0201 TDK MLG0603S27NJ
R1 27 Q 0201 Panasonic ERJ1GEF27R0
R2 180 Q 0201 Panasonic ERJ1GEF1800
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Figure 6. Recommended Schematic for 3.5 GHz Operation
Table 5. Recommended Components for 3.5 GHz Operation

Component Value Size Manufacturer Part Number Notes
C1 30 pF 0402 Johanson 250R07S300JVAT High Q
C2 1000 pF 0402 Murata GRM1555C1H102JA01D
C3 0.3 pF 0402 Johanson 500R07SOR3BVAT High Q
C4 15 pF 0402 Johanson 500R07S150JV4T High Q
C5 1000 pF 0402 Murata GRM1555C1H102JA01D
C6 1000 pF 0402 Murata GRM1555C1H102JA01D
Cc7 1000 pF 0402 Murata GRM1555C1H102JA01D Place approx. 5 mils (0.127 mm) from pin 3
C8 1000 pF 0402 Murata GRM1555C1H102JA01D
L1 2.2nH 0402 Coilcraft 0402CS-2N2XJL Placed approx. 20 mils (0.508 mm) from pin 4,

High Q

L2 1.8 nH 0402 TDK MLG1005S1N8J
R1 27 Q 0201 Panasonic ERJ1GEF27R0
R2 180 Q 0201 Panasonic ERJ1GEF1800
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APPLICATION NOTE ¢ SKY65050-372LF: LOW NOISE AMPLIFIER OPERATION

Typical Performance Characteristics

Vpp =3V, Zg = 50 Q, Ipp = 16 mA, T = 25 °C, includes 900 MHz matching network, unless otherwise noted
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Figure 11. Noise Figure vs. Frequency, Input RF
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Typical Performance Characteristics

APPLICATION NOTE ¢ SKY65050-372LF: LOW NOISE AMPLIFIER OPERATION

Vpp =3V, Zg =50 Q, Ipp = 16 mA, T = 25 °C, includes 1 GHz matching network, unless otherwise noted
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Figure 17. Noise Figure vs. Frequency, Input RF
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Figure 18. Gain vs. Input Power, F = 1 GHz
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APPLICATION NOTE ¢ SKY65050-372LF: LOW NOISE AMPLIFIER OPERATION

Typical Performance Characteristics

Vpp =3V, Zy =50 Q, Ipp = 16 mA, T = 25 °C, includes 1.55 GHz matching network, unless otherwise noted
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Figure 24. Gain vs. Input Power, F = 1.55 GHz
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Typical Performance Characteristics
Vpp =3V, Zy =50 Q, Ipp = 16 mA, T = 25 °C, includes 2.4 GHz matching network, unless otherwise noted
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Figure 30. Gain vs. Input Power, F = 2.4 GHz
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Typical Performance Characteristics

Vpp =3V, Zy =50 Q, Ipp = 16 mA, T = 25 °C, includes 3.5 GHz matching network, unless otherwise noted
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Figure 35. Noise Figure vs. Frequency, Input RF
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Copyright © 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands
and names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.
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