Tl Designs

Quad-Channel, 12-bit, 50-MSPS ADC Reference Design
With Low-Noise, Low-Distortion, DC and AC Inputs

w3 TeXAS INSTRUMENTS

Designs

The TIDA-00799 reference design demonstrates how
to implement a single-ended or differential input path,
which can be AC coupled or DC coupled for an
ADC3422 device. The TIDA-00799 design also
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¢ Single-Ended to Differential Reference Design
Using OPA656 and THS4541

e Channel A and Channel B DC-Coupled Using
THS4541

e THS4541 and ADC Achieves 70-dB SNR and
96-dB SFDR

e Low-Power Operation Suitable for Battery-Powered
Devices

Applications

< Portable Instrumentation

* Low-Power Data Acquisition

¢ |IGBT and MOSFET Diagnostics
* Motor Control

e Imaging
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Circuit Description

This TIDA-00799 TI Design is based on the quad-channel ADC3422. This designh showcases an analog-
to-digital converter (ADC) with three different input paths. The first and second channels have both been
DC coupled using the THS4541 wideband, fully differential amplifier (FDA). Both channels can be
configured for single-ended input or differential inputs with modifications to the bill of materials (BOM).
Channel 3 can be used as a scope input because it uses the junction gate field-effect transistor (JFET)
OPAB56 as a high input impedance amplifier followed by the THS4541 fully differential amplifier. Channel
4 of the ADC has been configured as a passive path through a transformer (AC coupled). Channel 4
accepts single-ended inputs by default but can be modified to accept differential signals by doing a BOM
modification.

ADC3422

The ADC3422 is a member of the ADC3xxx family. At the time of this writing, the ADC3xxx family features
the lowest-power ADCs in the industry, capable of running 25 MSPS to 160 MSPS. The ADC3xxx family
provides flexibility and scalability with 12- and 14-bit, 2- and 4-channel, and JESD204B and serial LVDS
options ranging from 50 mW to 200 mW of power consumption per channel. The focus of this design is on
the ADC3422, which is a quad-channel, 12-bit, 50-MSPS ADC; however, the same circuit can be applied
across the entire ADC3xxx family with minimal modifications.

Channel 1 and Channel 2—DC Coupled

Channel 1 and channel 2 are DC coupled with the THS4541 fully-differential wideband amplifier. By
default (jumper JP7 and JP8 at pin 1 and 2), both channels have been designed to accept 50-Q
impedance, single-ended inputs; however, these channels can be modified (jumper JP7 and JP8 at pin 2
and 3) to accept AC-coupled signals. This modification can be performed by installing J5 and D6 and
removing the jumper JP7 for channel 1, followed by installing J7 and D7 and removing the jumper JP8 for
channel 2 to accept differential inputs. The schematic design is shown in Figure 1.

Several methods are available for calculating the resistors around an FDA to convert from a single-ended
input to differential output. The following assumptions simplify the results:

1. Start the design by selecting the feedback resistors and making them equal on both sides.

2. The DC and AC impedances from the summing junctions back to the signal source and the ground (or
a bias voltage on the non-signal input side) are set to retain a feedback divider balance on each side of
the FDA.

Using the feedback resistors, solve for R; (termination resistor to ground on the signal input side), Rg,
(input gain resistor for the signal path), and Rg_ (matching gain resistor on the non-signal input side). The
same resistor solution can be applied to either AC or DC coupled paths. Adding blocking caps in the input
signal chain is a simple option where adding it after the R; element has the advantage of removing any
DC currents in the feedback path from the output Vo, to ground. Earlier approaches to the solutions for
R and Rg, (when the input must be matched to the source impedance, Rg) have followed an iterative
approach. This complexity arises from the active input impedance looking into the Rs, element. When the
FDA is used to convert a single-ended signal to differential, the common-mode input voltage at the FDA
inputs must move with the input signal to generate the inverted output signal as a current in the Rg_
element, which is just one way to view the situation. Equation 1 shows a more recent solution where a
guadratic in R; can be solved for an exact required value. This quadratic emerges from the simultaneous
solution for a matched input impedance and target gain. The only required inputs are:

1. The selected R value.
2. The target voltage gain (A,) from the input of R; to the differential output voltage
3. The desired input impedance looking into R; and R, to match the source impedance Rg
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Solving this quadratic for R; starts the solution sequence (see Equation 1):

R<| 2R, 4 NS A2 )
S|TTFT o v 2REREA o

R2-R _ _
T X2RF(2+AV)—RSAV(4+AV) 2Rp(2+Ay)-RgAy (4+Ay) @)

Being a quadratic, there are limits to the range of solutions. Specifically, when R; and Rg have been
chosen, there is physically a maximum gain that starts to solve for the negative R; values (if input
matching is a requirement). With R selected, check Equation 2 to verify that the maximum gain is less
than the desired gain:

@

If the achievable A, yx is less than desirable, increase the R; value. As soon as R; has been derived
from the preceding Equation 1, the Rs, element can be calculated by the following Equation 3:

2. RF R
Xi_
Av S
R
1+ S

Ry @)

RG+:

Then the simplest approach is to use a single Rs_ = R; || Rg + Rg. on the non-signal input side. These
solutions are shown as separate elements here, but a single resistor to GND as given by Equation 4 is
also acceptable. Equation 4 calculates a direct solution for Rg_.

Rt )

This design proceeds from a target input impedance matched to Rg, signal gain A, and a selected R
value. The nominal Rg value for this THS4541 implementation is 402 Q. Decreasing the R; value improves
noise and phase margin but reduces the total output load impedance, which can degrade harmonic
distortion. Increasing the value increases the output noise and may reduce the loop phase margin
because of the feedback pole to the parasitic input capacitance back to the input pins; however,
increasing the value also reduces the total loading on the outputs.

This design starts with a 402-Q feedback resistor and has been designed for a DC-coupled, 50-Q input
match providing a gain of 2.35 V/V to the THS4541 output pins. The third order, inter-stage, low-pass filter
provides a 20-MHz Bessel low-pass response with a 0.85-V/V insertion loss to the ADC, resulting in a net
gain of 2 V/V from the board edge to the ADC inputs. Even though the THS4541 can absorb overdrives,
an added external protection element has been added using the BAV99 low-capacitance diodes, as
Figure 1 shows. Pin 1 and pin 2 can be jumpered together to enable DC-coupled testing. When the source
is an AC-coupled, 50-Q source, pin 2 and pin 3 are jumpered to maintain the differential balance. FFT
testing normally uses a AC-coupled bandpass filter into the board and requires an AC-coupled connection
at pin 2 and pin 3 of jumpers JP7 and JP8.

The results for this implementation use 1% standard resistor values: Choose R = 402, Assume Rg = 50,
A, = 2.35 V/V, and then solve for Ry = 61.9, Rg, = 162, Rg_ =190 (162 + 61.9 / 49.9 for balance).
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Figure 1. THS4541 Circuit Implementation With 20-MHz Cutoff Bessel LPF Driving ADC3422
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THS4541 and ADC3422 Results

The results for the implementation of the THS4541 and ADC3422 show a good combined response. In a
simple test in which a clean, filtered signal was fed into the THS4541 and ADC3422 circuit, the signal-to-
noise ratio (SNR) was better than 70 dB, which is a slight degradation from the 70.3 dB of the ADC3244
device using a transformer interface. The spurious-free dynamic range (SFDR) that the following Figure 2
shows in the left-side measurement panel is slightly lower (3 dB) than the transformer interface input path
(channel 4). In summary, a clean active interface can be implemented using the THS4541 device to drive
the high-performance requirements of the 12- and 14-bit ADC3xxx data converter family. For applications
below 5 MHz, consider the 1-mA precision THS4551 FDA. For applications above 50 MHz, consider the
2.8-GHz, low-noise LMH6554 FDA as a viable option.
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Channel 3—High Input Impedance

Channel 3 has been designed with an OPA656 device which has a JFET input stage followed by a single-
ended to differential amplifier (THS4541) and the second-order, low-pass (19-MHz) Bessel filter.

There are two main parameters to consider for channel 3:
1. The allowed maximum analog input voltage for the ADC is —1 dBFS (1.8 V,,).
2. The maximum first Nyquist zone bandwidth is 25 MHz.

Based on these requirements, the acceptable input signal can be 2 V... For this design, the user sets up
the OPA656 device to accept +1 V and with a gain of 2 V/V. This setup provides 4 V,, to the fully
differential amplifier (FDA) stage, which then decreases to 1.8 V., max for the ADC. The OPA656 device
is used in a non-inverting configuration, where the gain of the non-inverting amplifier is shown in
Equation 5 (R, = R; = 200 Q, which results in a gain of 2 V/V and a 400-Q load at the amplifiers output).

R
Vour = 1+R_ Vin
1

®)

The input has been designed to provide a 1-MQ termination with an optional 50-Q input resistance for a
50-Q source. The input resistance can be selected by installing (50 Q) and uninstalling (1 MQ) a jumper
(JP1) on the board. After the input termination resistors, a 150-Q resistor in series is added to limit the
current into the overdrive protection BAV99. The BAV99 diode pair is added after the 150-Q series resistor
on the positive input terminal, which is connected to the positive and negative supplies to protect the input.
The BAV99 diode pair is capable of protecting against 300 mA of current and provides protection up to
+50-V input transients. The diodes add about 2.5 pF of capacitance to the circuit. A 50-Q resistor is added
after the BAV99 to ensure that the majority of any fault current flows into the protection diodes (BAV99)
and not the internal electrostatic discharge (ESD) diodes of the OPA656 device. An external capacitance
is added after the 50-Q resistor at the positive input. This additional external capacitance provides a 100-
MHz bandwidth into this stage from the source and limits the high-frequency signals and broadband noise.

Figure 3 and Figure 4 show the simulation circuit and transfer character for the OPA656 stage. As shown
by the transfer function, the OPA656 provides the gain of 6 dB or 2 V/V and capacitor C1 provides the
100-MHz bandwidth.
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Figure 3. Simulation Circuit for OPA656
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Figure 4. Transfer Function for OPA656 Stage

The fully differential amplifier (FDA) stage uses a THS4541 amplifier. To get from 4 V, to 1.8 V, a total
insertion loss of 7 dB is required, as shown in Equation 6.

Insertion loss = 20 x Iog[%j =-6.93575

(6)
Assuming a 2-dB insertion in the final RLC low-pass filter stage, the FDA stage must be designed for an
insertion loss of 5 dB or a gain of 0.567 V/V. Figure 5 shows a simplified diagram of the FDA stage:
Re
W
RIN
1
Vin- e— AN -+ * Vourt+
OPA
Vine —WW St~ * Vour-
N Rin
W
Re
Figure 5. Single-Ended to Differential Amplifier
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Figure 5 derives the relationship between input voltage (V,,) and output voltage (Voyr) and using the
relationship between V,, and Vq;, the values for R, and R¢ can be calculated. Solving for voltage at node
1 shows the relationship between Vq;, and V,,_, as Equation 7 shows. Solving for voltage at node 2
shows the relationship between Vq_ and V,,,, as Equation 8 shows. To calculate the differential output
voltage, Vg, is subtracted from Vqyr,, as Equation 9 shows.

R
Vouts = _[R_FJ x VN
IN W)
R
Vout- = —£R—F] x Ving
IN ®
R R
Vour+ = Vour- = [R_Fj X ViN- — {R_FJ x Ving
IN IN 9)
Re
Vours = Vour- = R |” (VIN— + VIN+)
IN (10)
Re
Vour_oirr = Vours = Vour- = —| g— | X Vin-
IN (11)

V\\. is connected to ground which means V,,, = 0; substitute V,, into Equation 10 to further simplify the
equation. Equation 11 represents the relationship between single-ended input voltage (V) and
differential output voltage (Vour oiee). The values of R. = 248 Q and R, = 438 Q have been selected to
calculate a gain of 0.567 V/V from the FDA stage. These output signals are offset to the V¢, control pin

voltage.
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Figure 6 and Figure 7 show the simulation circuit and transfer character for the FDA stage. As the transfer

function shows, the THS4541 device provides a gain of =5 dB or 0.567 V/V. If the peaking is not desired,
refer to the designing attenuations section of the THS4541 data sheet ([1]). The second-order RLC filter
attenuates this peaking.

R19 438

Vinput ;
R21 438 ;
VE&icc

+

R1 1k

U2 THS4541 ij, i

Mem
.
§

R24 248
VCC VEE Vem
+ + +
@ VS3 4.7 @ VS4 0 @ VS51.2

Figure 6. Simulation Circuit for Single-Ended to Differential Amplifier
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Figure 7. Transfer Function for Single-Ended to Differential Amplifier

The maximum input signal in the FDA stage is 4 V... With a gain of 0.567 V/V the output is 2.268 V.,
which means the signal swings +1.134 V around the common-mode voltage (V). To prevent —1.134 V
from clipping into the negative rail (0 V), set V., to 1.2 V. The common-mode voltage from the THS4541
output must be level-shifted from 1.2 V to 0.95 V in the low-pass filter stage to meet the input common
requirements of the ADC.

The low-pass filter stage has been designed using a second-order, low-pass Bessel filter with the
following parameters:

* F, (cutoff frequency) =3 dB = 19 MHz

+ Q=0.58

» DC gain (filter attenuation) = 0.8 V/V (-2 dB)
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This filter design starts with a single-ended input and single-ended output to derive the equations to
convert to differential at a later stage. The design begins with the use of an RLC filter, as Figure 8 shows.

R1 L

Vi O AMAN— . o Vo

Figure 8. Single-Ended, Low-Pass RLC Filter

Equation 12 calculates the general Laplace transfer function for the circuit in Figure 8 . Refer to the RLC
Filter Design for ADC Interface Applications application report for the full design details [2].

1

Vi LC
\Y R R
° 8248 i+—1 1+ e
R,C L R, JLC (12)
Calculating the DC attenuation (o) from Equation 12 results in Equation 13:
R2
R1 +R 2 (13)
The total DC impedance that V, experiences is calculated using Equation 14:
Rt =R;+R; (14)
Rewrite Equation 12 by substituting o and R; in the following Equation 15:
1
M LC
\% R+ (1-a
°© 52,3 1 +T ( ) + L
aR+C L alLC (15)
From Equation 15, the key elements for the second-order filter can be derived, as the following
Equation 16 and Equation 17 show:
1
Q- alLC
Rr(1-a
S2+s 1 + T ( ) + 1
aR+C L alLC (16)
I
olLC (17)
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W, represents the cutoff frequency in radians and Q represents the quality factor. W, and Q describe the
frequency response of the second-order filter. Start the design process by selecting Ry and a according to
design requirements and then solve for R, R, , L, and C for the provided values of W, and Q. Use
Equation 16 and Equation 17 to solve for L. Two possible solutions are available for deriving L: a greater
value and a lesser value solution, as Equation 18 and Equation 19 show, respectively. Using the greater
value for L (from Equation 18) results in a decreased required C value, whereas using Equation 19 results
in an increased C value.

L= 2VF\{/;Q [1+\/1 —(1—a)(2Q)2}

L= ZVITIZQ[1—\/1—(1—a)(2Q)2} -

Equation 17 can be rewritten to solve Equation 20. By using Equation 18 or Equation 19, the value of C
can then be calculated.

co 1
RN
al (WO) (20)

By using Equation 12 through Equation 20 and following the design requirements, the values for R, R,, L,
and C can be calculated.

(18)

e R, =80Q

e R,=3200Q

High L, low C solution:
e L=536uH

« C=16.4pF

Low L, high C solution:
e L=419nH

« C=209pF

When all the required values have been calculated, the single-ended filter design can be converted to a
differential filter. To convert the example filter design shown in Figure 8 to a differential filter, first refer to
Figure 9, where each element has been duplicated.

R, L
A o /\/\/\/ (Y YY) _ o A
R, —— €
ml Vo
_ R, |
R: L ____ C
v o /\/\/\/ m . o) v

Figure 9. Differential Low-Pass RLC Filter

One important difference in understanding the operation of Figure 9 is to consider both the common-mode
and differential-mode characteristics. For the differential signals, which matter most to the ADC input, this
circuit is exactly the same as Figure 8 in that the midpoint ground for R, and C is transparent to the
differential signal. The common-mode part of V, still experiences the DC load provided by R, and also has
the same frequency response as the differential input signal.
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Figure 10 shows a simpler solution for achieving DC biasing without common-mode filtering. In this
diagram, the two-series capacitors are combined into one capacitor of equivalent series capacitance.

R, L
AO /\/\/\/ (Y Y Y _ OA
R
——CR2 |V,
R, LT R>
Y oA 0 ¥

Figure 10. Simplified Differential Low-Pass Filter

The input common-mode signal still experiences a common-mode DC level shift through R,, but now
receives no filtering effect as a result of C. The differential capacitor now filters the differential signal and
is transparent to any common-mode AC signal. This configuration is acceptable because V, only allows a
limited presence of AC common-mode signal and modern differential input ADCs reject the common-mode
very well over frequency.

In most cases an external capacitor C, as shown in Figure 10, designs the filter because the ADC internal
capacitance specification is unknown. In some cases where the input capacitance of the ADC is known,
this capacitor may be implemented by the input parasitic capacitance of the ADC itself and an external
capacitor is not required. In other applications, the ADC input capacitance may exceed the requirement of
the circuit in Figure 10. In that case, the alternate solution for L and C must be used to reduce the L but
increase the C to the point where an implementation including the effect of the ADC input capacitance is
possible.

The value of L and C have been modified such that standard available value of L and C can be used. A
series 5-Q resistor has been added before the ADC input. These resistors help with sampling glitch and
damp out ringing caused by the package parasitic. Figure 11 shows the circuit with modified values and its
transfer function. In the transfer function, the filter is providing a —2-dB attenuation in passband with a
19.5-MHz bandwidth.
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Figure 11. Simulation Circuit and Transfer Function for RLC Low-Pass Filter
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Figure 12 is the simulation circuit for the single-ended-to-differential amplifier (THS4541) and the RLC low-
pass filter. The ADC can accept an input common-mode voltage of 0.95 V +£0.025 V. As Figure 12 shows,
the common-mode voltage at the ADC input is 0.96 V, which is within an acceptable range for the ADC.

Figure 13 shows the simulation of SNR performance for the THS4541 and RLC low-pass filter stages.
Figure 13 also shows that the circuit in Figure 12 is capable of 90-dB SNR, so adding this stage does not
impact the SNR of the ADC.
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Figure 12. Simulation Circuit Differential Amplifier With RLC Low-Pass Filter
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Figure 13. SNR for Differential Amplifier With RLC Low-Pass Filter
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Figure 14 shows all three stages (OPA656, THS4541 and RLC low-pass filter) cascaded. Figure 15 shows
the simulation of the SNR performance of the OPA656, THS4541, and the RLC low-pass filter stages. As
Figure 15 shows, the input channel is capable of SNR at 80 dB, so the input channel does not significantly
impact the SNR performance of the ADC.
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Figure 14. Simulation Circuit for Complete Channel 3
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Figure 15. SNR for Complete OPA656 (JFET), Differential Amplifier (THS4541) With RLC Low-Pass Filter
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The following Figure 16 shows the +1-V input step (5-MHz square wave) and the correct differential
amplitude of 1.8 Vpp.
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Figure 16. Simulation With £1-V, 5-MHz Input Square Wave

6 OPAG656, THS4541, and ADC3422 Results

The results for the implementation of the OPA656, THS4541, and ADC3422 devices show a good
combined response. In a test where a clean filtered signal was fed into the combined circuit, the SNR was
better than 70 dB, which is a slight degradation from the 70.6 dB of the ADC3244 device while using a
transformer interface. The SFDR, as Figure 17 shows, is lower than expected. The SFDR is limited by the
HD performance of the OPA656 device at a £+4-V output voltage swing parameter. Figure 18 shows the
results when a 1-MHz +1-V square wave has been applied at the input of channel 3. In summary, an
active interface can be implemented using the OPA656 and THS4541 to drive the high performance
requirements of the 12- and 14-bit ADC3xxx data converter family. For applications below 5 MHz, the
1-mA precision THS4551 FDA is a considerable option. For applications above 50 MHz, the 2.8-GHz, the
low-noise LMH6554 FDA is a viable option.
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7 Channel 3 With Gain Redistribution Between OPA656 and THS4541 Stages

As the previous Section 6 shows, the SFDR performance is limited by the output swing parameter of the
OPAGB56 device. The focus of this section is redistributing the gain through the OPA656 and THS4541
stages in such as way to improve the performance on HD2 and HD3. The overall gain of the path remains

the same.
For this process, change the gain for the OPA656 stage from 2 V/V to 1.5 V/V. With the gain change, the

OPAG656 still accepts £1 V at the input but outputs 3 V;, (max) instead of 4 V, to the FDA (THS4541). To
implement the gain change in the circuit, update the values of R4 = 500 Q and R3 = 250 Q. The following

Figure 19 shows the updated schematic.

vee - Precision JFET Input
gain of 1.5 input stage

500 R3 250

R4
- |—“"‘—‘ RTAYS W
2

Y Wy . 2
g /-l‘.:tl ] VN VNV ’
V mputf\f- PR o ,
~ Ve pVee ”I VM1
el

A -
VS14.731V

Cc
P
=,
N

Figure 19. Simulation Circuit for OPA656 With Updated Gain of 1.5 VIV

To compensate for the lowered gain in the OPA656 stage, the gain for THS4541 must be increased (lower
the insertion loss) to maintain the overall gain of the path, as in the preceding Section 6. Again, assuming
a 2-dB insertion loss in the final RLC stage, the FDA stage must be designed for an insertion low of 2.5
dB or a gain of 0.750 V/V. Use Equation 11 to calculate the value of R =499 Q and R, = 665 Q given
the gain of 0.750 V/V. The following Figure 20 shows the updated schematic.
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Figure 20. Simulation Circuit for THS4541 With Updated Gain of 0.750 V/V
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7.1

OPA656, THS4541, and ADC3422 Results With Updated Gain

The results for updated gain for the OPA656, THS4541, and ADC3422 devices show a good combined
response (see Figure 21). In this test a clean-filtered, 5-MHz single tone was fed into the combined circuit.
The resulting SNR was 70.2 dB which is only a slight degradation in comparison to the 70.3 dB in the
previous case; however, the SFDR improved by 6 dB. The HD2 improved by 6 dB and HD3 improved by 5
dB from a measured value of 95 dB. In summary, the SFDR performance can be improved by
redistributing the gain through different stages without any significant reduction in SNR performance.
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Figure 21. FFT Performance of Combined OPA656, THS4541, and RLC Low-Pass Filter With Updated Gain
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8

Channel 3 With Gain Redistribution Between OPA656 and THS4541 Stages and
Active Filtering on THS4541

This section addresses adding an active, second-order, multiple-feedback (MFB) low-pass filter stage as
part of single-ended-to-differential (THS4541) amplifier design (see Figure 22). This stage provides a
fourth-order Bessel filter for this path: two poles in the active MFB stage and two poles in the RLC low-
pass filter stage.
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Figure 22. Channel 3 With Active, Second-Order, MFB Low-Pass Filter Stage

The schematic in Figure 22 shows that the precision JFET input stage is the same as the previous section
and has a gain of 1.5 V/V. An active second-order filter with a cutoff frequency of 31.82 MHz is part of the
single-ended-to-differential amplifier stage. The filter has been set up for a gain of 0.756 and a quality
factor of 0.81. The passive low-pass filter stage is also the same as the previous section and has a cutoff
frequency of 28.38 MHz and a quality factor of 0.52. As with the previous section, the input path has an
overall gain of 0.9 V/V such that when inputting the 2 V., signal at JFET it becomes 1.8 V. by the time it
reaches the ADC. For detailed information on how to design the active filter stage, view the Design
Methodology for MFB filters in ADC Interface Applications application report [3].

The results for an active, second-order filter addition show a good combined response. In this test, a
clean-filtered, 5-MHz single tone was fed into the combined circuit. The resulting SNR was 69.9 dB which
is only a slight degradation in comparison to the 70.3 dB in the previous case; however, the SFDR shows
a degradation of 3 dB. In summary, tests concluded that it is possible to implement the second active filter
to provide a sharper filter response without much degradation of the overall performance (see Figure 23
and Figure 24).
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Figure 23. FFT Performance of Combined OPA656, THS4541 With Second-Order Active Filter, and RLC
Low-Pass Filter
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Figure 24. 1-MHz, £1-V Square Wave Input
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9 Channel 4—(Transformer)

Figure 25 shows the transformer-coupled input circuit of the ADC3422 ADC. Channel D has a dual, 1:1
impedance ratio transformer input circuit to achieve better phase and amplitude balance of the signal. The
input termination is 50 Q, which is formed by two 25-Q resistors connected to the ADC V, hode.

Figure 26 shows the FFT for the transformer interface input path (channel 4). Channel 4 provides the SNR
of 70.4 dB and SFDR of 87 dB.
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Figure 25. Transformer Coupled Input (Channel 4)
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Figure 26. FFT Performance of Transformer Input
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10 Power Supplies

The overall power supply networks for the TSW3422 is shown in Figure 27. The main rail for the entire
EVM is a 5-V input through either a power brick connection to J14 or through test points TP2. The EVM

design includes both DC-DC converters and low noise LDOs.

The ADC3422 requires 1.8 V for both analog (AVDD) and digital (DVDD) supply rails. The typical current

for AVDD and DVDD is 71 mA and 56 mA, respectively. The TSW3422 board utilizes the TPS62234 (DC-
DC converter), which is capable of providing 500 mA of current to convert from 5V to 2.1 V. By using the
TPS7A8300 LDO, this 2.1-V rail is brought down to 1.8 V.

An implementation of three THS4541 devices and one OPA656 device requires 4.7 V to power the
combined positive supply rail (V). The typical quiescent current for the THS4541 is 10.1 mA and the

OPAG656 requires 16.3 mA. The total current required for the 4.7-V rail is:

3 x10.1 mA + 16.3 mA = 46.6 mA. For a 4.7-V supply rail, the TPS7A4901 is used to drop the voltage

down from 5 V to 4.7 V and the device is capable of providing 150 mA of output current.

The OPA656 requires —4.7 V with 16.3 mA of current for its negative supply rail (Vge). The TPS60403
converts 5V to -5 V and then the TPS7A3001 delivers —4.7 V to power the Ve of the OPA656. Ferrite

beads (FB,) are added before each load to clean up high frequency signals.

OPAG56(U1

5V—
LDO THS4541(U2
R o 47V

TPS7A4901 THS4541(U3

THS4541(04)
-5V -4.7V
INV CHARGE PUMP | (L ey LDO (negative)
> u11 u12 OPAG56(UL
TPS60403 TPS7A3001
ADC3422(U5
DC-DC LDO
> Us 21V U9 FT245L(U6
TPS6223x TPS7A8300

THS4541(04
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11 Design Files
11.1 Schematics
To download the schematics, see the design files at TIDA-00799.
11.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00799.
11.3 PCB Layout Recommendations
To download detailed layout guidelines for each respective part, consult the respective data sheets.
11.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-00799.
11.4 Design Project
To download the design project files, see the design files at TIDA-00799.
11.5 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00799.
11.6 Gerber Files
To download the Gerber files, see the design files at TIDA-00799.
12  Software Files
To download the software files, see the design files at TIDA-00799.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl 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 the reference design or other items described above 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.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-
INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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