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Application Note 

Amplifier Design: Improving Gain Flatness Without Sacrificing Return Loss 
 
AN002 
 
 

Your broadband application requires a highly efficient, linear amplifier that features superior gain flatness with excellent 
return losses over the band. The return loss requirement prevents the use of mismatch at the low end of the band to 
flatten the gain, so what do you do?  

Consider the requirements for a driver amplifier first. Since the noise figure (NF) in a driver application is typically not 
critical, there is freedom to tweak the input matching to flatten the gain. Gain will be highest at the low end of the band, so 
the challenge becomes how to selectively reduce the low frequency gain more than the high frequency gain while 
maintaining good return losses.  

A frequency selective resistive load on the device input will do just that. Below is an s-parameter screenshot of the 
GRF4003 LNA/Driver optimized for 400 to 1000 MHz, or a fractional bandwidth of about 85%.  

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. GRF4003 S-Parameter Responses 
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As you can see, the output return loss is very good across the band, but the input return loss is only around 8.5 dB and the 
gain roll-off is almost 5 dB.  

The evaluation board schematic shows the driver solution with a shunt RL added to the device input. This configuration 
selectively loads the low end of the band more than the high end, so it should enhance the gain flatness with an S(1,1) 
improvement as well. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Below are the evaluation board results using the frequency selective resistive loading on the input. Notice how both the 
gain flatness and the input return losses are both improved significantly. 
  

Figure 2. GRF4003 Evaluation Board Schematic (400-1000MHz Tune) 
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Had this been an LNA application instead of a transmit driver, the shunt RL network could have simply been placed on the 
output side of the device with no impact on the input-referenced linearity. Due to the high gain of the device, this resistive 
loading on the output would have resulted in essentially no noise figure degradation.  
 
Please take a look at our excellent LNA/Driver offerings and contact our applications team at applications@guerrilla-rf.com 
with any questions!   

Figure 3. GRF4003 S-Parameters for App Circuit with Frequency-Selective Resistive Loading on the Input 
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Disclaimers  

Information in this application note is specific to the Guerrilla RF, Inc. (“Guerrilla RF”) product identified. 

This application note, including the information contained in it, is provided by Guerrilla RF as a service to its sales team, sales representatives and distributors and may be used 
for informational purposes only. Guerrilla RF assumes no responsibility for errors or omissions within this note or the information contained herein. Information provided is 
believed to be accurate and reliable, however, no responsibility is assumed by Guerrilla RF for its use, nor for any infringement of patents, or other rights of third parties, 
resulting from its use. Guerrilla RF assumes no liability for any datasheet, datasheet information, materials, products, product information, or other information provided 
hereunder, including the sale, distribution, reproduction or use of Guerrilla RF products, information or materials. 

No license, whether express, implied, by estoppel, by implication or otherwise is granted by this datasheet for any intellectual property of Guerrilla RF, or any third party, 
including without limitation, patents, patent rights, copyrights, trademarks and trade secrets. All rights are reserved by Guerrilla RF. 

All information herein, products, product information, datasheets, and datasheet information are subject to change and availability without notice. Guerrilla RF reserves the 
right to change component circuitry, recommended application circuitry and specifications at any time without prior notice. Guerrilla RF may further change its datasheet, 
product information, documentation, products, services, specifications or product descriptions at any time, without notice. Guerrilla RF makes no commitment to update any 
materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes. 

GUERRILLA RF INFORMATION, PRODUCTS, PRODUCT INFORMATION, APPLICATION NOTES, DATASHEETS AND DATASHEET INFORMATION ARE PROVIDED “AS IS” 
AND 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. GUERRILLA RF DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS 
CONTAINED WITHIN THESE MATERIALS. GUERRILLA RF 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. 

Customers are solely responsible for their use of Guerrilla RF products in the Customer’s products and applications or in ways which deviate from Guerrilla RF’s published 
specifications, either intentionally or 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. Guerrilla RF assumes no liability or responsibility for applications assistance, customer product 
design, or damage to any equipment resulting from the use of Guerrilla RF products outside of stated published specifications or parameters. 
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