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ABSTRACT
This application report discusses driving high speed ADCs with the Texas Instruments LMH6521 DVGA
for high IF AC-coupled applications.
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Introduction
Sampled data systems can be categorized into two main types. The first and simplest is the baseband
system known as the “1st Nyquist-zone” system. The second is a more complex under-sampled system,
often referred to as the sub-sampled system or Intermediate frequency (IF)-sampled system. Baseband
system applications are generally DC-coupled while the IF-sample systems applications tend to be ACcoupled. In this application reoprt, the LMH6521 is combined with Texas Instruments high-speed analogto-digital convertor (ADC), the ADC16DV160, that is optimized for an IF frequency of 192 MHz.
The LMH6521 contains two high-performance, digitally controlled variable-gain amplifiers (DVGA) with
exceptional gain and phase matching between channels over the entire attenuation range that mates
nicely with the dual channels of the ADC16DV160. The ADC16DV160 is a monolithic, dual-channel, highperformance CMOS ADC capable of converting analog input signals into 16-bit digital words at rates up to
160 MSPS. The output noise density of the LMH6521 is typically 33 nV/Hz, which makes the LMH6521
suitable to drive 14-bit to 16-bit ADC’s.
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Circuit Description
As shown in Figure 1, a low loss 1:4 (impedance ratio) input transformer TC4-1W is used to match the
LMH6521’s 200Ω balanced input impedance to a 50Ω unbalanced signal source resulting in a low input
insertion loss of 0.8 dB. The LMH6521 provides variable gain, isolation, and source matching to the
ADC16DV160. The band-pass filter between the LMH6521 and ADC16DV160 provides attenuation of the
amplifier distortion products and noise outside the Nyquist zone helping to preserve the available SNR of
the ADC. The filter is a 3rd order 200Ω matched tapped-L anti-aliasing filter designed for an intermediate
frequency of 192 MHz and a 20 MHz bandwidth.
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Figure 1. Tapped-L Band-pass Filter For fc = 192 MHz with a
20 MHz Bandwidth Designed for 100Ω Impedance
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Tapped Inductor Band-pass Filter
The anti-aliasing band-pass filter is called a “Tapped-L” or “Tapped Inductor” filter because it uses series
inductors for the T-match impedance transform. Figure 2 shows L1, L2, and the combination of C11 and
C12 to make up the T-match structure of the filter. As shown in Figure 2, the filter is broken up into three
segments for analysis purposes: down impedance transform, up impedance transform, and band-pass
tank. The tank provides a 1st-order band-pass profile while the impedance transform matches the load
resistance, RL, to the source resistance, RS, at the designated center frequency and increases high
frequency roll-off to 4th order.
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Figure 2. Single-Ended Tapped-L Band-pass Filter Segments

Frequencies above the high frequency corner of 202 MHz have greater than 4th-order roll-off
(>24dB/octave) whereas lower frequencies below 182 MHz will have only a 1st order roll-off. At lower
frequencies there is less total bandwidth for aliasing. This filter scheme can provide > 40 dB harmonic
attenuation with minimal filter complexity and nearly 0 dB insertion loss to allow the LMH6521 to drive the
ADC input to full scale without compressing at the supply rails. Ripple in the pass-band is easily kept
below 1 dB. The equivalent noise bandwidth (ENBW) of this filter is approximately 44 MHz. Figure 3
shows the filter profile over frequency.
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Figure 3. 192 MHz Tapped-L Filter Profile

Inductor L5 (Figure 1) in parallel with the ADC input capacitance and C5 to form a resonant tank to help
ensure the ADC input looks like a real resistance at the target IF center frequencies. Inductor L5 shorts
the ADC inputs at dc which introduces a zero into the transfer function. The value of C5 should be
adjusted with respect to the ADC input capacitance. Since C5 is parallel to CIN(ADC), the equivalent value for
C5 is equal to the calculated value (C5calculated) minus the ADC input capacitance, CIN(ADC).
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IF-Sampling Frequency Plan
The ADC16DV160 sub-samples the 192 MHz IF signal with a 153.6 MSPS clock so that the 20MHz signal
band aliases to the center of the first Nyquist zone at 38.4 MHz. A large benefit of this plan is the
placement of the 2nd order harmonic, H2, completely out of the band of interest when it aliases. HD3
cannot be excluded from the signal band and must be reduced in the system as much as possible. The
frequency ranges of the HD2 and HD3 aliases are shown in Figure 4.
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Figure 4. Using Impedance Transform to Realize Voltage Gain
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System Performance
Figure 5 and Figure 6 show the SFDR and SNR performance over frequency of the circuit shown in
Figure 1. The input signal is measured at −1, −3, and −6 dBFS of the ADC.
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Figure 5. SFDR Performance vs. Input Signal
Frequency
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Figure 6. SNR Performance vs. Input Signal Frequency
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With a 2-tone large input signal with the LMH6521 set to maximum gain (26dB) to drive an input signal
level at the ADC of −1 dBFS, the SNR and SFDR results are shown in Table 1 compared to the stand
alone ADC16DV160 specifications.
Table 1. SNR and SFDR Results
Configuration
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ADC Input

SNR (dBFS)

SFDR (dBFS)

LMH6521 + BPF + ADC16DV160

−1 dBFS

75.5

82

ADC16DV160 only

−1 dBFS

76

89

Optimal Performance
Placement of the LMH6521 relative to the ADC16DV160 is essential for optimal performance. It is
recommended that the amplifier be placed as close the ADC as possible and with excellent layout and
decoupling techniques to achieve the desired system performance. One way to improve channel isolation
is to place the output inductors of each channel of the LMH6521 90 degrees to reduce magnetic coupling
as shown in Figure 7. As a minimum, a 4-layer board should be utilized with one ground, one power, and
two signal layers. However, by adding more layers, thicker top and bottom metal layers, and additional
through vias will improve heat dissipation of the LMH6521 and improve performance.
The LMH6521 DVGA is well suited to drive Texas Instruments family of high speed MSPS data
converters: ADC10DV200, ADC12EU050, ADC12C170, ADC16V130, and ADC16DV160. Contact a
Texas Instruments representative to obtain documentation on the SP16160CH2RB reference design files.

Figure 7. Output Inductors at 90 Degrees
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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 as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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