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ABSTRACT

This application report discusses the use of the Texas Instruments LMH6554 as an ADC driver.
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General Description

Texas Instruments latest family of ultra-high-speed data converters are capable of sampling frequencies in
the low end of the GHz range and are designed to work with a fully differential signal. The combination of
high frequencies and fully differential inputs translates into special requirements in terms of amplitude,
phase match and high frequency hardware performance for single to differential conversion. The
LMHG6554 is part of the LMH™ high speed amplifier family.

Texas Instruments LMH6554 fully differential current feedback (CFB) operational amplifier is capable of
performing the single-to-differential conversion required to drive these high speed ADCs. However, special
considerations are required to ensure that the dynamic range of the circuit is not affected by the selected
configuration. For more information, see LMH6554 2.8 GHz Ultra Linear Fully Differential Amplifier

(SNOSB30).

Single-to-Differential Conversion

Traditionally, transformers have been used to provide single-to-differential conversion, but these are

inherently band-pass by nature and cannot be used for DC-coupled applications. The LMH6554 provides

excellent performance as a single-to-differential converter down to DC. Figure 1 shows a typical

application circuit where an LMH6554 is used to produce a differential signal from a single ended source.
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Figure 1. Single-Ended Input with Differential Output

When using the LMH6554 in single-to-differential mode, the complimentary output is forced to a phase
inverted replica of the driven output by the common-mode feedback circuit as opposed to being driven by
its own complimentary input. Consequently, as the driven input changes, the common-mode feedback
action results in a varying common-mode voltage at the amplifier's inputs, proportional to the driving
signal. Due to the less-than-ideal common-mode rejection of the amplifier's input stage, a small common-
mode signal appears at the outputs, which is superimposed on the differential output signal. The ratio of
the change in output common-mode voltage to output differential voltage is commonly referred to as
output balance error. The output balance error response of the LMH6554 over frequency is shown in
Figure 2.
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Single-to-Differential Conversion

BALANCE ERROR (dBc)

To match the input impedance of the circuit in Figure 1 to a specified source resistance, R, requires that
R:||Rn=Rs. The equations governing R,y and A, for single-to-differential operation are also provided in

Av=1VIV
/N
/
/
/
//
L/
10 100 1000

FREQUENCY (MHz)

Figure 2. Balance Error

Figure 1. These equations, along with the source matching condition, must be solved iteratively to achieve
the desired gain with the proper input termination. Component values for several common gain
configurations in a 50Q environment are given in Table 1.

Table 1. Gain Component Values for 50Q System

Gain R Rg Rt Ry

0dB 1910 62Q 27.7Q
6 dB 200Q 91Q 76.8Q 30.3Q
12 dB 35.7Q 147Q 37.3Q
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3 Common-Mode Level Considerations

The output common-mode level of the LMH6554 can be set by the level present at the VCM pin (either by
a simple resistive divider circuit, a dedicated voltage reference, or a reference level define by an ADC),
Figure 3, and has a typical range of £1.25V relative to the common-mode level of the supply voltages (that
is, (V. + V.)/2). Often overlooked is the interaction between the output common-mode (VOCM) level and
the input common-mode (VICM) level at the input terminals of the amplifier. The interaction between these
two voltage levels is set by the feedback resistive network around the amplifier. This application bulletin
focuses on analyzing some of the typical configurations of the LMH6554 with proper biasing to achieve
optimal performance in driving Texas Instruments ultra-high-speed ADCs.
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Figure 3. LMH6554 Pinout
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4 LMH6554 DC-Coupled Configurations

The configuration shown in Figure 4 is a single-ended-to-differential conversion circuit set for a theoretical
gain of 6dB. This configuration uses a dual symmetrical voltage supply of £2.5V, thus setting the common
mode of the entire amplifier to V* + V™ = 0. If the VOCM of the amplifier is set to 0V (Ground) via the VCM
pin, the VICM is also set to OV (assuming zero offset from the differential source V). Under these
conditions the amplifier is configured for optimal performance, and full dynamic range of the amplifier is
available without any biasing conflicts. The output series resistors Ry at each amplifier output helps to
isolate the amplifier from any load parasitic that may potentially cause undesirable oscillations. R, can be
selected to match the ADC input resistance to properly balance the output impedance.

200Q2

200Q

Figure 4. LMH6554 SE-Input ADC Driver Circuit with A = 6dB
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Now let's consider the case if VOCM is increased to 1.25V by connecting the VCM pin to a 1.25V
reference voltage. It will be shown that the driver circuit dynamic has completely changed. If the previous
circuit in Figure 4 is just transferred without any further consideration the bias conditions will change as
displayed in Figure 5.

20002

200Q

Figure 5. Previous Circuit with VCM = 1.25V

The circuit will exhibit very poor performance due to the following reasons:
* The VCM pin is already at the nominal limit of 1.25V.

e As specified in the LMH6554 datasheet (SNOSB30), the nominal single-ended output voltage swing is
+1.42V. With the VOCM level set to 1.25V this squeezes the SE output swing headroom and limits the
swing at the most to be 170 mV.

* Because of the feedback resistor divider affect, the VOCM will affect the VICM level by shifting it
472 mV towards the positive supply. As specified in the datasheet, the nominal VICM range is +1.3V.
This shift in VICM may only be suitable for applications that can tolerate input signals of up to
1.3V - 472 mV = 828 mV.

Some of Texas Instruments ultra-high-speed ADCs require an input common-mode level of 1.25V. Refer
to Texas Instruments ultra-high-speed ADC datasheets for more details. To properly configure the
LMH6554 as an ADC driver in a fully DC-coupled signal path such that it meets this input common-mode
requirement, the reference voltage VCMO of the ADC is utilized by connecting it to the VCM pin of the
amplifiers to set the output common-mode level to 1.25V. Because the amplifier is configured for a fully
DC-coupled signal path, the amplifier's split power supply values need to be shifted to the recommended
value of V" = 3.75V and V™ = -1.25V. This is recommended so that the amplifier's output common-mode
level matches the ADCs input common-mode level of 1.25V required for some Texas Instruments ultra-
high-speed ADCs. However, shifting the supply voltages does not solve the problem at the input terminals
of the amplifier given that the voltage level will remain at 472mV. In order to balance the input and output
common-mode levels of the amplifier to the same level of 1.25V, an additional set of pull-up resistors is
needed.

The pullup resistors are important in this configuration because they assist in forcing the dc bias
conditions of the amplifier such that VOCM = VICM. Under this condition the amplifier will provide optimal
performance. The value of the pullup resistor is easily calculated using Equation 1 and Equation 2. The
VICM voltage is set by the voltage divider formed by the pullup resistor, and the remaining resistors in the
feedback path toward the source; in this case the equivalent resistance is set by 91Q in series with the
parallel combination of 76.8Q and the 50Q shunt from the driving source. Using Equation 1 and

Equation 2, the required pull-up resistance to the +3.75V supply is then calculated to be 243Q (the closest
1% commercial value). To simply the calculation, set VICM = VOCM = 1.25V and V* = 3.75V.
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+3.75V

+3.75V

Vemo = 1.25V

Figure 6. Fully DC-Coupled Configuration with Shifted Dual Supplies (VCM = 1.25V)
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With the added pullup resistors in place the circuit is now properly biased and the complete full dynamic
range and swing capabilities of the amplifier are restored. There are a few considerations to keep in mind
for a fully DC coupled configuration:

The source must be able to sink (or source) current. For the displayed configuration there is about
6.24 mA being injected to the 50Q signal source.

If a filter is present between the source and the amplifier, then it must be able to pass DC levels or the
circuit must be re-configured to work with an AC coupled source.

Keeping the circuit symmetrical helps to reduce undesired common-mode responses.

The fully dc-coupled configuration can be modified to work with an AC-coupled source in case the
sourcing/sinking condition can not be met. Because the source is now ac-coupled it changes the input
resistance as depicted in Equation 1 and thus the input bias condition. To maintain the same value of
input common mode of 1.25V, the pull-up resistors have to be increased to 332Q. Additionally, AC-
coupling the non-drive input with a 50Q termination in series with capacitor C keeps the circuit fully
symmetrical and helps reduce offsets due to differences between the differential feedback paths.
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Figure 7. AC-Coupled Source Configuration (VCM = 1.25V)

LMH6554 AC-Coupled Configuration

AC-coupled configurations are attractive especially for those applications requiring a single voltage supply.
The LMH6554 is capable of handing single-supply applications while maintaining optimal performance.
AC-coupling the inputs allow the amplifier to self-bias to the same common-mode level set at the output. If
the single-supply voltage of the LMH6554 is +5V, to achieve optimal performance the common-mode level
should typically be set to mid-supply rail of VCM = 2.5V as shown in Figure 8. AC-coupling the LMH6554
for a single-supply application to drive Texas Instruments ultra-high-speed ADCs is also possible. It is
recommended that under these conditions, the VCMO pin of the ADC be connected to ground so that the
ADC will self-bias its differential inputs to the optimal input common mode using internal circuitry. Refer to
Texas Instruments ultra-high-speed ADC datasheets for more details.

Bypassing the VCM pin of the LMH6554 is recommended to reduce noise contributions from either the
resistive divider, external sources, or a fixed low-power low-noise 2.5V reference.

--- +FB
R
O—Wv—%--- -IN
=== +IN
RF%
-----FB

Figure 8. Fully AC-Coupled Single Supply Configuration (VCM = 2.5V)
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LMH6554 Gain Compression at GHz Frequencies

While the LMH6554 exhibits excellent performance for frequencies in the upper MHz spectrum, the
situation is quite different when the input frequency approaches the GHz range. If relatively good linearity
is required, then it is important to ensure that the amplifier is working below the 1dB compression point or
the ADC performance will be compromised by the distortion products coming from the driving amplifier. In
order to test for linearity, the input-referred 1dB compression point of the circuit in Figure 7 was measured
with a 100Q load at 750 MHz and 1GHz. The power gain of the circuit is nominally —3dB due to the fact
that the swing at the input; output ports is the same but the input impedance is 50Q while the load is
100Q. Results shown in Figure 9 from the 1dB compression point test show that the corresponding input
power level at 750 MHz is +7dBm while at 1GHz it reduces to +3.9 dBm. Assuming that the ADC is
connected directly to the amplifier, it would make sense to operate the amplifier below the limits
mentioned above, meaning that at 750 MHz it could be operated with an input power of about +4dBm,
while at 1GHz the maximum input power should not exceed 0dBm. The best performance is usually
achieved when the amplifier is operating well below the compression zone.

-2

) \

| m1GHz IIP 1dB=3.9dBm \
m 750MHz IIP 1dB=7dBm

10 I
-15 -10 -5 0 5 10

Figure 9. 1dB Compression Point of the LMH6554 at 750 MHz and 1 GHz.

Interconnect at GHz Frequencies

One important point that is commonly overlooked for high-speed GHz range amplifiers is the interconnect.
Wiring techniques that seem to have no effect at lower frequencies become problematic at GHz
frequencies. For example, open segments of PCB traces and unpopulated sections of the board
connected to the main signal path can become resonant or produce undesirable reflections if the amplifier
is operating in the GHz region. Figure 10 shows the LMH6554 stand-alone evaluation board with the 14-
pin LLP package configured for the circuit shown in Figure 4. On the evaluation board it is evident that the
high-speed coaxial-microstrip interconnect and well-designed interfaces reduce the effect of
discontinuities. Un-driven ports are terminated with 50Q SMA loads, and all DC blocking is done by
coaxial structures or good quality capacitors geometrically compatible with the microstrip line. For this
particular circuit configuration the source and load were AC coupled, and in order to avoid any imbalance
in the circuit, DC blocking was added to the un-driven input port and the unused output.
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Figure 10. LMH6554 RF Test Setup

LMH®6554 Driving a High-Speed 12-Bit ADC

In order to test the application ideas presented in the previous sections, a set of LMH6554 evaluation
boards were configured for an AC-coupled source as shown in Figure 8 and for a fully DC-coupled with
shifted split supplies as shown in Figure 7. Both of these driver configurations were interfaced with a high-
speed 12-bit ADC (ADC12D1800) with an input frequency of 1.05 GHz at 1.5 dBm. Given that the main
interest is to characterize the “raw” performance of the LMH6554+ADC system, there was no filtering
between the output of the LMH6554 and the input port of the ADC. The selected ADC was configured
according to the following parameters shown in Table 2.

Table 2. ADC Test Parameters

Parameter Value
ADC Full-Scale Range 800 mVpp
ADC Common-Mode Level 1.25v
ADC DC-Input Impedance 100Q

Input Mode

Single | channel unused port terminated on 50Q

Input Frequency (at LMH6554 input port)

1.05 GHz @ +1.5 DBm with 1.5 GHz low-pass filter

The performance of the ADC with the fundamental at about —3dB below full scale (corresponding to a

1.5 dBm input power at the input of the LMH6554) shows the presence of a significant third order
harmonic (HD3), Figure 11. Correlating this result with the actual linearity performance of the LM65554
suggests that distortion coming from the amplifier is the root cause for the presence of the third harmonic.
Reducing the input power level at the LMH6554 input by 3dB results in a significant reduction of the third
harmonic and improvement of the overall ADC performance as shown in Figure 12. Additionally, it is clear
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that the LMH6554 is unable to drive the ADC to full scale at GHz frequencies due to the inherent
degradation in linearity and if optimal performance is required then the amplifier must be working well
below the 1dB compression point and the addition of filtering stages would be recommended. With the
addition of a dual 1.6GHz low-pass filter the effects of distortion products coming from the LMH6554 is
reduced as shown in Figure 13.
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(LMH6554 is Entering Compression Range)

Figure 11. ADC Performance, Pin = 1.5 dBm AC-Coupled Mode
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Figure 12. ADC Performance, Pin =-1.5 dBm AC-Coupled Mode

(LMH6554 is Well Below 1dB Compression Point)
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Figure 13. ADC Performance, Pin = 1.5 dBm AC-Coupled Mode
with 1.6GHz LP Filters Between the LMH6554 and the ADCs Input Port
(LMH6554 is Entering Compression Range)
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The fully DC-coupled configuration with shifted supplies was tested with a Pin = =1.5dBm. The ADC
performance shown in Figure 14 is practically equal to that of the AC-coupled configuration.
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Figure 14. ADC Performance at Pin =-1.5dBm and
Fully DC-Coupled Configuration
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Summary

The overall performance of the LMH6554+ADC system is summarized in Table 3.

Table 3. LMH6554 ADC System Performance
AC-Coupled AC-Coupled AC-Coupled DC-Coupled
Pin = +1.5dBm Pin = +1.5dBm With Pin =-1.5dBm Pin =-1.5dBm
1.6 GHz LP Filters
SNR 52.594 dBFS 52.817 dBFS 54.845 dBFS 54.798 dBFS
SFDR 50.628 dBFS 57.956 dBFS 59.481 dBFS 63.071 dBFS
THD -47.869 dBFs -53.055 dBFS -56.197 dBFS -56.193 dBFS
SINAD 46.627 dBFS 49.963 dBFS 52.502 dBFS 52.473 dBFS
ENOB 7.453 Bits FS 8.006 Bits FS 8.429 Bits FS 8.424 Bits FS
Integrated -52.594 dBFS -52.817 dBFS -54.855 dBFS -54.798 dBFS
Noise
Conclusion

The LMH6554 is a suitable ADC driver for frequencies up to around 1GHZ and can be interfaced to high-

speed data converters in DC- or AC-coupled configurations as long as the bias point of the amplifier is

optimized for the target application, and the linearity constraints are taken into consideration. The addition

of filtering stages is recommended if optimum performance is required and can be implemented in
distributed, lumped or hybrid configurations.

The performance of the system at GHz frequencies is dependant on the layout, and actual hardware
selection given that transmission line effects start to become noticeable.
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