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ABSTRACT

Because of the complex nature of the quadrature modulator, understanding the gain
measurement can be confusing. This application report gives a detailed explanation on
how the gain is measured and specified for the TRF370x quadrature modulator family.

Introduction

Measuring the gain of a simple RF amplifier is straightforward. For a typical RF amplifier the input and
output impedances are both 50 ohms. Hence, the power gain of the amplifier is measured by:

Gain [dB] = Pout [dBm] — Pin[ dBm]

This type of measurement is easy to measure with standard RF test equipment, such as a power meter
and spectrum analyzer. The quadrature modulator, exemplified by the TRF370x family of devices,
converts quadrature baseband signals to RF signals. This device differs from a typical RF amplifier in
three ways. One, the input signals consist of two paths: | (in-phase) and Q (quadrature phase). Two, the
input signals are at different frequencies compared to the output signal. Three, the input impedance at the
baseband input signals is not the same as the output impedance at the RF port. This last fact dictates that
measuring a power gain on the device is impractical. Instead, a voltage gain is measured and specified in
the documentation.

Measuring Modulator Voltage Gain

The functional block diagram of the TRF370x modulator is shown in Eigure 1. The input I/Q signals are
differential. The convention used in the data sheets of TRF370x devices is to measure the input voltage as
single-ended. This choice facilitates easier measuring with standard oscilloscope probes. The differential
voltage is simply calculated by:

deifferemial =2x Vmsingle—ended

When measuring the voltage gain of the device, the input signals and the output signals must be
expressed in the same units. The input signals are measured using an oscilloscope and are measured in
volts rms. This value is converted to dBV by the standard equation:

Vin [dBV] = 20 x log(Vin [Vrms])
The output signal is at RF frequencies and is measured with the spectrum analyzer in power units
expressed as dBm. To calculate the voltage gain, the output power must be converted first to units of

volts. The conversion factor for converting the units of dBm to dBV is (see for conversion
derivation):

Vout [dBV] = Pout [dBm] — 13
Once the input signal and output signal are expressed in the same units, dBV, the voltage gain can be
calculated as follows:

Voltage Gain [dB] = Vout [dBV] — Vin [dBV]
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Figure 1. TRF370x Functional Block Diagram

Understanding TRF370x Data-Sheet Plots Related to Gain

Figure 1 in the data sheets of the TRF370x products shows the output power versus the input baseband
single-ended voltage at one specific frequency. This figure for the TRF370317 is reproduced in Figure 2.

With a single-ended input voltage of 0.1 Vrms, the output power is approximately —3.4 dBm. The
calculation for gain is as follows.

Vin [dBV] =20 xlog(2 x 0.1 Vrms) = -14 dBV (1)
Vout [dBV] = -3.4 dBm — 13 =-16.4 dBV )
Gain [dB] =16.4 dBV — (-14 dBV) =-2.4 dB (3

The gain of the TRF370x devices is not plotted versus frequency. Instead, output power is plotted versus
frequency. For the TRF370317, the output power is measured across frequency with a constant input
signal of 98 mVrms. Using through Equation 3, the gain can be calculated from those plots at
any desired frequency.
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Appendix A

Appendix A Derivation of the dBm to dBV Conversion Factor

For a given power out (Pout) expressed in dBm, convert to the units of watts:
40(Pout[dBm]/10)

1000
Given a 50-Q system, convert the watts to volts:
Vout [V] = \/W _ \/1 O(Pout [dBm]/10) %50
1000
Next, convert volts to dBV by:
Vout [dBV] = 20 log(Vout [V])
Substitute and simplify the equation to yield the conversion factor:

Pout [W] =

(Pout [dBm]/10)
Vout [dBV] = 20 log \/10 x50 _ 10 Iog{‘lO[wH +10 Iog(

1000
Vout [dBV] = Pout [dBm] — 13
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Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
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