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GaN Power Amplifier Pulsed Operation
— Best Practices

Introduction

This document provides application information for pulse operation of Qorvo GaN MMIC-based power amplifier products.

Drain Pulsing - Summary

For decades, pulsing of RF/microwave amplifiers has been used in radar systems and other applications where pulsed RF
signal are required. Drain pulsing has some advantages over gate pulsing for high power microwave amplifiers, primarily
for switching speed and stability concerns. Although the need had developed over the years to switch higher voltages and
currents, especially using GaN power amplifiers, the implementation of switching the drain voltage has been adopted in
the majority of pulsed applications.

Additional circuitry can be included to reduce overshoot, provide current limiting, fault shutdown capability, etc., at the cost
of additional components and complexity. These functions are not covered in this application note.

The next section presents a description and discussion of a simple drain voltage pulsing circuit (Figure 1).

Drain Pulsing — Circuit Schematic

From Power

Supply Charge-Storage Capacitors
Iziliz voltage to 5@V o7 _LE3 15 155 5 157 g8
D ’|IauuF»1mJlTaaqumelIaequmaJ[—iaszlmJl]aaqu1mJIToaumaav
[t
EGP10B
Ultra-fast Switching Diode
[F1sv nc Llvee Ve |8
(S
[Pulse In 2lin Ho | PV\H Ore, 17989 \ |F: / IRF1407
*3v Logic High c1 c2 -
! Logic Low = —
From Logic TaauE, 25y 3|com vs & To.1uF, sov Futse od | To MMIC/
Package VD
Circuit or 4 s
Pulse N IR2117 "
Generator
J MOSFET
Controller

Figure 1. Schematic of a simple pulse drain voltage circuit
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Drain Pulsing - Components

The primary component of a drain voltage pulsing circuit is the power switching MOSFET/HEXFET. It is required to have
low Ron channel resistance (in the mQ range) to provide a low voltage drop when switching high drain currents, fast
switching speed, and sufficient voltage and current handling to maintain reliability.

The MOSFET controller drives the gate control signal to switch the power MOSFET. It accepts simple +5V/QV pulse
switching logic (TTL/CMOS compatible) from other circuitry, or from a laboratory signal or function generator. This can be
implements as an IC (simple) or built from discrete components (more complex, but can potentially achieve higher
switching speed).

The charge storage capacitors (C3-C8) provide sufficient charge storage to allow for fast switching times. These
capacitors must be of suitable voltage rating to avoid damage, and of sufficient capacitance value to store and supply
sufficient charge during amplifier pulsing.

The layout of the drain pulse circuit PCB should seek to reduce any stray capacitance or inductance around the various
components, especially between the MOSFET controller and the power MOSFET, so as to provide for good pulse fidelity
to the amplifier. The use of short leads to minimize inductance between the pulse circuit and the amplifier to maintain
good pulse fidelity at the amplifier, and reduce possibility of oscillation, is recommended. Shielded wires may also be
required to avoid distortion of the pulse.

Any additional bypassing capacitance of the microwave amplifier needs to be considered when determining the amount of
charge storage capacitance on the drain voltage pulse circuit. Pulsing an amplifier with approximately 1000-2000 pF of
additional bypassing should be possible with minimal impact to the rise and fall times, but additional bypass capacitance
will likely impact the achievable switching speeds.

For a system application, the power supply circuitry should have sufficient output capability to maintain its voltage in both
the on and off states of the pulse circuit (lab supplies should have no problem with this); additional capacitance may be
required to provide sufficient charge storage over environmental conditions.

Pusle widths of about 1 us and longer can be obtained with a circuit similar to the above.

RF Pulse Within the Drain Pulse Envelope

Potential power and phase measurement improvement can be obtained by pulsing the RF input signal within the drain
voltage pulse (Figure 2), and gating the measurement system to measure the RF power within the same pulse window.
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Figure 2. Gating of the RFpulse within the VD pulse

Delaying the start of the RF pulse after the start of the drain pulse (~ 100 ns to 10 us) allows for any potential transient
instabilities to settle out prior to application of the RF signal, when moving through a momentary (potentially) unstable
voltage condition on the leading edge of the pulse. It also reduces the variation when comparing amplifier performance
due to the thermal variations during the on period. It also allows for obtaining consistent performance among several
amplifiers in a given application (e.g., a phased-array antenna, or power-combined SSPA), since any amplifier voltage
transients have dissipated prior to applying RF power to the amplifier(s). The amount of delay between the drain and RF
pulses is system specific, and is dependent on the amount of transient disruption (if any) on the leading edge of the drain
voltage pulse, and the settling time required of the voltage pulse.

Gating the pulse measurement (e.g., between 35% to 65 % of the RF pulse) allows for settling out of RF power variation
due to transients on the VD pulse, or thermal variation during the RF pulse. Gating the RF measurement allows for a
consistent measurement reference point for the output power, both within a specific device, and from device to device.
This allows for uniform comparison of a group of amplifiers, or uniform comparison between different amplifier products.

Gate Voltage Pulsing

Pulsing the gate voltage has been of interest for a number of years. The elimination of the need to switch high drain
voltages and large amounts of drain current, with the subsequent potential simplification of the circuitry involved, is the
primary motivation.

While the potential exists for faster switching speeds, smaller pulse widths, plus the reduced voltage switching, when
using a gate voltage pulsing circuit, there are some issues to be considered. The first is that many RF/microwave power
amplifiers require large capacitive bypassing to insure stable operation over RF load and temperature conditions. This
additional capacitance (usually > 10 uF) is difficult to drive with conventional small signal voltage components. Removal of
the largest of these capacitors may be possible, but due diligence needs to be performed to ensure that the amplifier
remains stable over its expected operating conditions.

Additionally, switching between the pinchoff voltage of the amplifier and the nominal gate voltage is a smaller voltage
range, but is much more sensitive in voltage variation at the amplifier than drain switching (between 0 V and the operating
drain voltage). The range of gate voltage for given value of quiescent drain current in a GaN power amplifier can be 0.3 V
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or more over process variations, with a subsequent variation of quiescent current at a fixed value of gate voltage. This
requires the gate voltage pulse circuit to be more immune to voltage variations due to power supply variations and
extraneous signal coupling that can be passed to the amplifier which can cause variation in performance.

Ability to meet fast switching times and narrow pulse widths means that the gate voltage pulse circuit is even more
sensitive to circuit parasitics. Detailed modeling and electromagnetic analysis of the circuit and component layout is
required to minimize these effects.

Note that the additional large value drain storage capacitors are required for gate pulsing operation as well as for drain
pulsing, so as to reduce the loading of the drain power supply.

Qorvo engineers are actively investigating gate voltage pulse circuitry for our GaN-based power amplifier products; as
more information becomes available, this applications note will be updated.
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Additional Information

For information on pulsed power amplifiers, ESD, Soldering Profiles, Packaging Standards, and Handling and Assembly, please refer to
the relevant product data sheets and application notes at www.gorvo.com, or contact Qorvo for general guidelines.

Contact Information
For the latest specifications, additional product information, worldwide sales and distribution locations:

Web: www.gorvo.com
Tel: 1-844-890-8163

Email: customer.support@gorvo.com

Important Notice

The information contained in this Data Sheet and any associated documents (“Data Sheet Information”) is believed to be reliable;
however, Qorvo makes no warranties regarding the Data Sheet Information and assumes no responsibility or liability whatsoever for the
use of said information. All Data Sheet Information is subject to change without notice. Customers should obtain and verify the latest
relevant Data Sheet Information before placing orders for Qorvo® products. Data Sheet Information or the use thereof does not grant,
explicitly, implicitly or otherwise any rights or licenses to any third party with respect to patents or any other intellectual property whether
with regard to such Data Sheet Information itself or anything described by such information.

DATA SHEET INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE PRODUCTS DESCRIBED
HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO SUCH PRODUCTS WHETHER
EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE, USAGE OF TRADE OR OTHERWISE,
INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Without limiting
the generality of the foregoing, Qorvo® products are not warranted or authorized for use as critical components in medical, life-saving,
or life-sustaining applications, or other applications where a failure would reasonably be expected to cause severe personal injury or
death. Applications described in the Data Sheet Information are for illustrative purposes only. Customers are responsible for validating
that a particular product described in the Data Sheet Information is suitable for use in a particular application.

© 2022 Qorvo US, Inc. All rights reserved. This document is subject to copyright laws in various jurisdictions worldwide and may not be
reproduced or distributed, in whole or in part, without the express written consent of Qorvo US, Inc. | QORVO® is a registered
trademark of Qorvo US, Inc.
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