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LMH6881 Making Differential Amplifier Design Easy
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FIGURE 1. Typical Connection

The LMH6881 was designed to make differential amplifier circuits easy to implement with a new programmable gain architecture. The LMH6881 offers flexible gain, low parts count and consistent performance over the entire gain range. The input is
terminated at 100Ω for differential signals and a single 50Ω resistor is sufficient to terminate the single ended input port.
The LMH6881 is a high speed, high performance fully differential amplifier. With a bandwidth of 2.4GHz and high linearity OIP3
of 44dBm, the LMH6881 is suitable for a wide variety of signal conditioning applications. The LMH6881 Programmable Differential Amplifier (PDA) family takes the best of both worlds; fully differential amplifiers (FDA) and variable gain amplifiers offers
superior noise and distortion performance over the entire gain range without external resistors, enabling using one device for
multiple applications requiring different gain settings. The LMH6881 has been designed to be an easy to implement amplifier
that can replace both fully differential, fixed gain amplifiers as well as variable gain amplifiers. The LMH6881 requires lower
parts count than a comparable fully differential amplifier.
Traditional fully differential amplifiers require external components to set the closed loop gain. As shown in Figure 1 the
LMH6881 does not require external resistors to set the gain. Circuit balance common mode rejection and gain accuracy are
ensured by using well matched internal components. The LMH6881 is a fully differential amplifier that requires no external
resistors to set the closed loop gain. Gain can be set in 2dB increments by external pins, or an internal gain register allows the
use of 0.25dB gain steps. The internal gain resister is accessed through an SPI compatible control bus.

Consistent Performance
In contrast to a typical fully differential amplifier, the LMH6881 offers very consistent performance over a wide voltage gain
range. Key parameters are insensitive to the voltage gain setting. With a fully differential amplifier the bandwidth, noise figure
and distortion performance all change significantly over the usable gain range. In figures Figure 4, Figure 5 are two FDA circuits
one at 8dB of gain and the other at 26dB. From the example it is obvious that the input impedance changes drastically between
the two gain settings. In addition to the input impedance, the noise contributed by external resistors will be different. For a
feedback amplifier the loop gain is defined as the ratio of the open loop gain to the closed loop gain. The FDA will have large
changes in loop gain when the closed loop gain is changed. . As can be seen in Figure 2 the LMH6881 frequency response is
insensitive to voltage gain. A traditional FDA style amplifier frequency response is shown in Figure 3 this graph shows that
SPI™ is a trademark of Motorola, Inc.
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frequency response is very dependent on gain. As shown in the OIP3 is very consistent across the entire voltage gain range as
well.
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FIGURE 2. LMH6881 Frequency Response with 4dB Voltage Gain Steps
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FIGURE 3. Frequency Response for Fully Differential Amplifier
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FIGURE 4. Differential Amplifier 8dB Gain
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FIGURE 5. Differential Amplifier 26dB Gain
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FIGURE 6. Dynamic Range Figure: Using IIP3 — NF to Characterize Input Dynamic Range Capabilities
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Introduced here is the concept of a figure of merit called the Dynamic Range Figure. This figure of merit is calculated by subtracting
the noise figure (NF) from the input third order intercept point (IIP3). The Dynamic Range Figure is a good proxy for the overall
dynamic range of an amplifier. The chart in Figure 6 shows the Dynamic Range Figure plotted along with more conventional
parameters of noise figure and output third order intercept. This chart shows that the LMH6881 retains very good dnyamic range
performance over the entire gain range with best performance in the middle portion of the gain range. With a traditional DVGA the
figure of merit is highest at maximum gain and usually decreases markedly at the lower end of the gain range. This figure of merit
is described in more detail below.
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FIGURE 7. Overall Dynamic Range vs Dynamic Range Figure

The chart in Figure 7 shows the relationship between the Dynamic Range Figure and the available dynamic range at the input of
the amplifier. In this example the channel bandwidth is 20MHz and the overall dynamic range is the difference between the peak
amplitude of the two intermodulation tones and the noise floor. The strength of the intermodulation tones is the tone amplitude
where the IMD3 products are equal to the noise floor.
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FIGURE 8. Noise Figure of LMH6881 Compared to Noise Figure of Traditional Variable Gain Amplifier

The LMH6881 has an internal architecture that avoids the 1:1 increase in noise figure with gain changes that is characteristic of a
traditional DVGA. This allows the LMH6881 to maintain a good Dynamic Range Figure through out the entire gain range. For
comparison Figure 8 shows how the noise figure would compare with a conventional DVGA.
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FIGURE 9. Input Configuration for Single Ended Signal.

The LMH6881 can accept either a fully differential input signal on the two differential input pins. The input impedance is set by an
on chip resistor to 100 Ohms. By having a fixed input impedance the LMH6881 does not need external resistors to match many
common existing signal sources. If a higher input impedance is desired external resistors can be used. The LMH6881 also has the
option of accepting a single ended input. By using the single ended input pins the LMH6881 can be configured to accept 50 Ohm
signals. Only one 50 Ohm external resistor is required as shown in Figure 9.
In contrast the schematic in Figure 10 shows what is required to set the input impedance for a traditional fully differential amplifier.
What makes things even more complicated is that a change in gain for a fully differential amplifier requires a change in the resistors.
With the new PDA architecture the input impedance is fixed at a convenient 50 Ohms and does not change as the gain settings
change.
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FIGURE 10. Traditional Fully Differential Amplifier Input Impedance Calculations
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IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and TI will not be responsible for any failure of such
components to meet such requirements.
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