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4-Channel Integrated Ultrasound Pulser HV7321 Second Harmonic 

Distortion Measurement
INTRODUCTION

One of the most important transmit pulser requirements
for ultrasound harmonic image systems is the second
harmonic distortion (HD2). This Application Note
introduces the Microchip Technology Inc. HV7321
4-channel 5-level high-voltage ultrasound pulser IC,
discusses its performance, and explains how HD2 is
measured and calculated.

HV7321 OVERVIEW

The HV7321 is a 4-channel, 5-level, ultrasound trans-
mitter with built-in T/R switches, output protection
diodes and clamp diodes. The HV7321 can provide
currents up to ±2.5A, and the output voltage can swing
up to ±80V. The HV7321 supports both Transparent
and Re-Timing mode. The re-timing clock frequency
can support up to 220 MHz. The re-timing feature helps
reduce the output jitter introduced by the driving field-
programmable gate array (FPGA). 

The HV7321 has two different modes for CW
transmission: CW-Mode 0 and CW-Mode 1. 

In CW-Mode 0 (Mode = 0, PWS = 0), the VPP1 & VNN1
rails are used for CW transmission. The output current
is reduced in CW Mode-0.

In CW-Mode 1, the HV7321 accepts the output of an
external CW beamformer as CW source.

The HV7321 is LVCMOS 2.5V/3.3V input-compatible,
which enables the part to be interfaced with FPGAs
directly. 

For additional details, refer to the HV7321 Data Sheet,
“4-Ch. 5-Level ±80V High-Voltage Ultrasound Pulser
with T/R Switches” (DS20005639A).

HV7321 FEATURES

• Power Sequencing Free 5 Output Levels 
including RTZ (Return-To-Zero)

• Output Voltage up to ±80V

• ±2.5A Peak Output Current

• ±300 mA Current from VPP1/VNN1 in CW Mode-0

• Integrated T/R Switch & RX Damper Switch

• Bleeder Switches Achieve True Zero During RTZ

• Supports Both Transparent and Re-Timing Mode

• Re-Timing Clock Frequency Supports up to 
220 MHz

• Built-in Output Protection Diodes and Clamp 
Diodes

• +2.5/+3.3V Input Logic

• Built-in CW Switches to Pair with External CW 
Transmitters (CW Mode-1)

• 9 mm x 9 mm 64-Lead VQFN Package

FIGURE 1: HV7321 Typical Application Circuit.
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WHAT IS SECOND HARMONIC 
DISTORTION (HD2)?

HD2 is the ratio of second-order harmonic amplitude to
the fundamental frequency, the first order of an
ultrasound transmit pulser output. It is measured in
decibels (dB).

WHY IS HD2 IMPORTANT TO 
ULTRASOUND TX PULSERS?

Harmonic medical ultrasound image systems are
designed to construct the second-order harmonic by
receiving the echo signals scattered by body tissue.

Normally, in order to minimize the TX pulser positive
and negative waveforms differences in the system,
standard-harmonic imaging uses TX pulse-inversion
and pulse echo-cancellation.

Although there are some other echo-signal
data-processing methods for harmonic imaging, this
application note will focus mainly on the TX pulse
inversion-cancellation method. 

Normally, ultrasound transmitters use a few half-cycles
of a square waveform pattern. A perfectly symmetric
square wave, with exactly 50-50% duty cycle, should
not contain any second harmonic component. But in
the frequency spectrum of a slightly asymmetric or
distorted square wave, the second-order harmonic
component will show up. 

TX pulsers use P-MOSFETs and N-MOSFETs to
generate positive and negative pulses. P-MOSFETs
are different from N-MOSFETs in principle. This is
because one conducts by carrier and the other by
electron. They are different in size when conducting the
same current. Therefore, ultrasound harmonic image
systems must use the inversion-cancellation method.

The purpose of pulse inversion-cancellation is to mini-
mize the second harmonic spectrum components in the
sum of two transmitting pulses, inverting and noninvert-
ing waveforms. If the TX pulser can make sure that the
sum of second-order components of the inverting and
noninverting waveforms is zero or near zero, then the
user can assume that the second-order harmonic
energy in the sum of the two echo signals is all gener-
ated from the body tissue. 

HOW TO MEASURE THE HV7321 TX 
OUTPUT HD2?

The HV7321 HD2 measurement setup is shown in
Figure 2. A competitor’s 4-channel pulser was
measured using the same setup for reference. Both ICs
were installed on their dedicated evaluation boards.

GUIs were installed on the PCs, and the GUIs
communicate with the evaluation boards via USB.
Measurements were acquired by a Tektronix

TDS3034B oscilloscope. For both measurements, the
oscilloscope was set to 4-average acquisition mode,
10k points horizontal resolution and 2.5 GS/s sample
rate. Data was acquired from channel-0 of both
evaluation boards.

FIGURE 2: HV7321 and Competitor IC 
HD2 Measurement Setup.

Figure 3 shows the measurement of one cycle of ±70V
5 MHz signal (A) and its inversion (B) from channel-0 of
the HV7321. Figure 4 shows the frequency spectrum of
A-B and A+B. HD2 is measured as -48.2 dB.

FIGURE 3: HV7321 TX Output Wave-
form, 1-Cycle, 5 MHz with 220 pF//1 k Load.

FIGURE 4: HV7321 TX Output Spec-
trum, 1-Cycle, 5 MHz with 220 pF//1 k Load.
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Figure 5 shows the measurement of one cycle of ±70V
5 MHz signal (A) and its inversion (B) from channel-0 of
a competitor’s pulser. Figure 6 shows the frequency
spectrum of A-B and A+B. HD2 is measured as
-32.4 dB.

FIGURE 5: Competitor TX Output 
Waveform, 1-Cycle, 5 MHz with 270 pF//100 
Load.

FIGURE 6: Competitor TX Output 
Spectrum, 1-Cycle, 5 MHz with 270 pF//100 
Load.

CONCLUSION

Microchip’s HV7321 4-channel 5-level high-voltage
ultrasound pulser IC has less than -40 dB of second
harmonic distortion. Due to the low second harmonic
distortion, the HV7321 is a good pulser choice for
portable medical ultrasound harmonic imaging
systems, NDT ultrasound transmission pulsers, and
piezoelectric or capacitive transducer drivers.
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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights unless otherwise stated.
 2016 Microchip Technology Inc.

Microchip received ISO/TS-16949:2009 certification for its worldwide 
headquarters, design and wafer fabrication facilities in Chandler and 
Tempe, Arizona; Gresham, Oregon and design centers in California 
and India. The Company’s quality system processes and procedures 
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping 
devices, Serial EEPROMs, microperipherals, nonvolatile memory and 
analog products. In addition, Microchip’s quality system for the design 
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY	MANAGEMENT		SYSTEM	
CERTIFIED	BY	DNV	
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Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, 
dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, 
KeeLoq logo, Kleer, LANCheck, LINK MD, MediaLB, MOST, 
MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, PIC32 logo, 
RightTouch, SpyNIC, SST, SST Logo, SuperFlash and UNI/O 
are registered trademarks of Microchip Technology 
Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, 
ETHERSYNCH, Hyper Speed Control, HyperLight Load, 
IntelliMOS, mTouch, Precision Edge, and QUIET-WIRE are 
registered trademarks of Microchip Technology Incorporated 
in the U.S.A.

Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, 
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MPLINK, MultiTRAK, NetDetach, Omniscient Code 
Generation, PICDEM, PICDEM.net, PICkit, PICtail, 
PureSilicon, RightTouch logo, REAL ICE, Ripple Blocker, 
Serial Quad I/O, SQI, SuperSwitcher, SuperSwitcher II, Total 
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, 
WiperLock, Wireless DNA, and ZENA are trademarks of 
Microchip Technology Incorporated in the U.S.A. and other 
countries.

SQTP is a service mark of Microchip Technology Incorporated 
in the U.S.A.

Silicon Storage Technology is a registered trademark of 
Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology 
Germany II GmbH & Co. KG, a subsidiary of Microchip 
Technology Inc., in other countries. 

All other trademarks mentioned herein are property of their 
respective companies.
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