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the NG will be the same as the desired signal gain. 
It doesn’t take very long in characterizing SSBW over gain for VFA amplifiers to find out 

that this model is not very close at lower gains. The model is assuming a single-pole loop 
gain (LG) condition, where that’s hardly ever the physical case. A second-order model gets 
much closer, but it too is still an approximation for most modern VFA op amps and/or FDAs. 

Almost any modern (but accurate) VFA model can be used to illustrate these effects—even 
allegedly unity-gain stable devices. All IC designers (and most marketers) know that design-
ing a unity-gain VFA op amp for about 65-deg. phase margin will give far higher closed-loop 
SSBW than the GBP might predict (≈1.55X). A nominal unity-gain, 65-deg. phase-margin 
design is very common, yielding an approximate closed-loop Butterworth design (at least 
second order by definition). 

The approach to generate Figure 1 was to introduce a NG zero to a single pole Aol analy-
sis by adding a tuning capacitor at the inverting node to ground for an inverting op-amp con-
figuration. Solving for the loop gain (LG) = 0-dB point, as that zero is reduced in frequency 
(ramping that capacitor up), will yield one quadratic. 

Then, at that same capacitor value, the LG phase margin is used to solve for the closed-
loop second-order Q, and subsequently the resulting F-3dB. The ratio of that F-3dB to the 
LG = 0-dB frequency is formed to get Figure 1. Note that for phase margin < 65 deg., the 
closed-loop response will also be peaking.1

A good example can be shown using the OPA134 simulation model. Figure 2 shows the 
Aol gain and phase simulation,1 which would be the same thing as the LG plot for a uni-
ty-gain configuration. 

This simulation shows 54-deg. phase margin, which, from Figure 1, should give a close- 
loop gain of 1 SSBW extension to 7.79 MHz*1.61 = 12.54 MHz. The gain of 1 simulation 
in Figure 3 shows a 13.6-MHz F-3dB with 1.8 dB peaking. Ideally, a 54-deg. phase margin 
should be giving about 1.2 dB peaking (Fig. 2)1, so these results are close, but not exact, 
to the expected response shape due to higher-order poles in the model not captured by this 
second-order analysis. 
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CHAPTER 2: Why are Speci�cation and Characterizations 
for Op Amps and FDAs Different and Confusing?  

2. Open-loop gain and phase simulation for the OPA134 VFA op-amp model. 
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The curve of Figure 1 adds a lot to our understanding of the closed-loop SSBW over gain 
versus the simple GBP model that would have predicted only 7.8-MHz F-3dB unity-gain 
bandwidth. 

How do you really combine the distortion terms in cascaded amplifiers or amplifier + 
ADC systems? Legacy power summing calculations are quite incorrect.

One of the fundamental questions in an analog-to-digital converter (ADC) driver applica-
tion is how low do the harmonic-distortion (HD) terms need to be coming into the ADC to 
only slightly impair its performance. Numerous early efforts at this simply added powers as 
if the individual distortion terms were in a 45-deg. (quadrature) relationship. 

In fact, the individual input distortion terms must be added linearly to those same terms 
for the ADC itself. Extensive testing with individual FDAs (THS4509) and high-speed ADCs 
(ADS5500), where each device was separately characterized then combined, proved that 
the individual distortion terms add in phase as voltage vectors.2 The math combining two 
cascaded stages for each distortion term is shown as Eq. 1: 

This is written as spurious-free dynamic range (SFDR), but actually the HD2 and HD3 
(etc.) terms would be combined individually. Legacy literature would often report the combi-
nation as a total harmonic distortion (THD) power combination as in Eq. 2, which is totally 
incorrect, (page 43, ref. 3): 

Much more recent bench testing of a two-stage amplifier (THS3217), where the input and 
output stages were measured separately, then combined in cascaded stages, showed these 
same results (Fig. 4). Here, the input D2S stage was tested over frequency with a 2 V p-p 

3. Gain of 1 OPA134 simulation showing 13.6-MHz F-3dB and 1.8 dB peaking. 

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
https://www.ti.com/lit/ds/symlink/ths4509.pdf
https://www.ti.com/lit/ds/symlink/ads5500.pdf
https://www.ti.com/lit/ds/symlink/ths3217.pdf
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into 200-Ω load, while the OPS stage in that same unit was tested separately producing 5 
V p-p into 100-Ω load. 

These separate measurements were combined using Eq. 1 to predict the cascaded dis-
tortion. Then the same part was measured in a cascaded configuration producing the same 
swings and loading at each stage. Clearly, Eq. 1 appears to correctly combine the cascaded 
distortion performance. 

Imagine coming into an ADC (or second amplifier stage) with a large fundamental carrier 
that has its own HD2, HD3, etc., harmonic distortion terms. The ADC (or second amplifier 
stage) will generate its own harmonic terms from the large fundamental and combine those 
“in phase” with the terms coming into its input. This makes the problem of minimal ADC 
degradation much more difficult than predicted by the legacy (and incorrect) power addition 
assumption of Eq. 2.  

Sweeping Eq. 1 for a fixed ADC SFDR term and an improving input-signal SFDR term 
shows a slowly closing gap in Figure 5. For any ADC spurious term reported, degrading it 
by less than 1 dBc requires an input term at least 20 dB lower than the ADC reported num-
ber. This example was for a −75-dBc ADC spur, but it generally holds for any starting level. 

5. Combining spurious at the ADC input and the ADC spurious into a final result. 

4. Calculated 

and measured 

two-stage 

amplifier 

distortion 

comparison. 

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
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The fully differential amplifier (FDA) combines a differential + common-mode (CM) 
control loop. Hiding inside some FDAs is a very low noise active balun capability. 

The first FDA—the AD8138—emerged in 1999. It was an ideal solution for converting 
single-ended signal paths to the differential drive required by the high-speed pipeline ADCs 
that had started to emerge in the mid-90s. As FDA bandwidths increased (far beyond 4 GHz 
today), the need for a matched input impedance was obvious. 

However, the FDA’s two-loop nature rendered the solution for the required resistors to 
provide that single-ended impedance match, as well as the desired differential gain, very elu-
sive. In fact, both National Semiconductor and Analog Devices capitulated on that analysis4 
and developed solutions that were in fact iterative to simultaneously match to some source 
impedance and deliver the desired gain. 

Sinking deep into an algebraic morass in the 2012 timeframe, I extracted a closed form 
solution for the input resistor to ground (Rt) as Eq. 3:

Figure 6 shows an example gain of 5-V/V design, first picking Rf = 301 Ω, then solving 
for Rt and subsequently the two Rg values to give a 50-Ω input match. The FDA CM loop 
will move the CM input voltages with the input signal to generate the output voltage on the 
non-signal input side. This has the effect of making the apparent impedance looking into Rg1 
higher than the physical value (100-Ω active impedance in Figure 6). 

With Rt solved, the series input gain resistor is then resolved for a selected Rf value.4 
While Eq. 3 looks too complicated to be either correct or useful, it’s in fact both. In the original 
work, I tested these results against both the ADI and NSM tools, delivering identical results 
for the required R values. Starting with a selected feedback Rf value is required to apply 
current-feedback-based FDAs. 

So, what does this equation offer over the equally effective iterative approaches? Recalling 
that this equation is for the (kind of extra) resistor to ground (Rt) at the input to attain an 
impedance match, what if we solved the denominator expression for a zero value? That 

6. Single-to-differential dc-coupled gain of 5 V/V with a 50-Ω input match using the ADA4930 FDA. 

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
https://www.analog.com/media/en/technical-documentation/data-sheets/ad8138.pdf
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will eliminate this extra Rt resistor to ground, leading to the lowest noise ac- or dc-coupled 
matched input impedance single-to-differential FDA interface. 

Unlike typical magnetic baluns, commonly used in higher-frequency RF channels, this 
solution can be truly dc-coupled. This “active balun” solution offers a new signal-path pro-
cessing option for single-to-differential requirements up to an ADC.5 

While the ISL55210 would be the lowest-noise (0.85nV/√Hz) device to apply here, Figure 
7 shows an example design using the 1.4-nV/√Hz noise ADA4930. Here, the 2.4-MHz, lower 
F-3dB is set by the 1-nF blocking caps and could be lowered using higher capacitor values. 

This 12-dB gain stage (from Rg1) gives about 200-MHz flat span with 700-MHz F-3dB. 
That Rg1 = 16.7 Ω is in fact providing a 50-Ω input match using the active impedance fea-
ture of a single-to-differential FDA stage.5 For this to work broadband, the internal CM loop 
bandwidth must be on the order of the differential loop—they are for these higher-speed 
FDAs. That CM loop bandwidth is much higher than the reported bandwidth from the control 
pin to the output CM voltages. 

Running an output differential spot-noise simulation shows only 4.2nV/√Hz; the input 
refers to about 1 nV for this gain of the 4-V/V stage. The input referred noise here is actu-
ally less than the specified 1.4-nV FDA input voltage noise, since the signal gain of 4V/V is 
slightly more than the noise gain of 3 V/V. This 1-nV input spot noise translates into 7.8-dB 
noise figure for a 50-Ω source and Ta = 17°C. 

How would you really interface from an FDA to an ADC while also implementing a 
direct response shape or harmonic distortion measurement with the ADC input pins 
down to −110-dBc levels? 

The significant effort devoted to delivering a very-low-distortion input signal to an ADC, 
with some desired frequency-response shape, then combines with the ADC distortion and 
frequency response terms. Differential probes can be used at the ADC inputs to verify the 
response shape or step response, but they don’t have the dynamic range to extract out the 
distortion performance for the best interfaces. 

Starting from a simple RLC interstage filter7 design (adapted to differential for an FDA-
to-ADC design), that last parallel resistor across the ADC inputs can be split into a very 
high-dynamic-range differential to single-ended test port to measure the response shape 
and harmonic distortion right at the ADC inputs. 

7. Active balun single-resistor match to 50 Ω and a gain of 4V /V to the differential Vout. 
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These ideas show up in a fully developed and tested evaluation (EVM) boards using a 
4-GHz low-noise FDA (ISL55210) with a 14-bit, 500-MSPS ADC.8 The aim was to provide 
a flat 100-kHz to 100-MHz gain of 15-dB interface with minimal signal-to-noise ratio (SNR) 
and SFDR degradation over the ADC-only specs. That was achieved indicating the SFDR 
at the ADC inputs was ≤110 dBc through 100 MHz driving 1.8 V p-p differentially at those 
ADC input pins. 

The RLC filter design was necessarily a bit iterative as both the board parasitics and ADC 
input C were somewhat uncertain. The RLC filter design intentionally targeted a final differ-
ential C at about 2X the ADC reported internal value to enable some range for tuning the 
final external C value down. 

That proved trivial as the exact response shape to the ADC inputs (while sampling) was 
available through the interface described here. Board-level tuning on that last C reduced it 
to only 1 pF. This signal sense technique can be applied right at the input of any ADC inter-
stage filter design with good results. It’s necessarily ac-coupled but suitable for the intended 
network- or spectrum-analyzer measurements. 

While the starting point for this RLC filter design is second order,7 the design went third 
order with that added differential C right after those first resistors (Fig. 8). 

Going left to right in Figure 8:
• �The FDA differential outputs drive the filter with an output common-mode dc voltage that 

optimizes the SFDR out of the chosen FDA (1.65 V here, for example)
• �Those first small 40.2-Ω resistors isolate the FDA outputs from the reactive loading of 

the LC elements. They will also introduce a small insertion loss in the filter to the final 
differential Rload (−2.45 dB here). 

• �To isolate common-mode voltage setups from the FDA to the ADC, series 1-μF blocking 
caps are inserted in the signal path. This is okay for the measurements here, but the 
interface could also be dc-coupled to the ADC input pins with a bit more effort. 

• �The differential C, series L’s and total final differential C form the third-order filter. This 
ADC specified a 300 Ω||9 pF differential input Z where an external tuning Ctune is added 
to fine-tune the filter flatness in this simulation (it also is used to fine-tune the measured 
response flatness in the final EVM8). 

• �The filter design called for a final single-ended R of 122 Ω. With half of the ADC’s internal 

8. Example RLC filter interface with wideband passive output sense path.

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
https://www.renesas.com/us/en/document/dst/isl55210-datasheet
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300 Ω forming part of that, the external single-sided R’s needed to be 662 Ω. The sense 
path interface passes through a differential-to-single-ended balun conversion (here using 
the Mini-Circuits ADT1-1WT) to a final 50-Ω measurement instrument termination. That 
reflects back to the input side of the balun as 25 Ω on each side in parallel with the 
physical 26.7 Ω. Those combine to 12.9 Ω to form a total of 12.9 Ω + 649 Ω = 662 Ω as 
required for the filter design. 

• �The actual design flow for those two resistors targets a total input resistance, including 
the reflected 25 Ω from the test instrument, and sets a source impedance (26.7 Ω||649 
Ω) looking back from the balun primary matching that’s 25 Ω for each side on the balun 
inputs (50 Ω total).

• �Since blocking caps are in the signal path, the required ADC input Vcm can be brought 
in at the junction of the two 26.7-Ω resistors (0.95 Vcm here). 

The frequency response to the ADC inputs shows about ±0.3-dB flatness through 100 
MHz (tuning this with the external Ctune), while the sense path at the balun output is a very 
near replica in shape with considerable attenuation. That measurement path loss is fine for 
response or harmonic distortion measurements. For lower-frequency spans, use the ADT1-
6T. 

This approach can be adapted to other design requirements, with the only requirement 
being a relatively large differential resistor at the ADC inputs broken into this differen-
tial-to-single-ended sense path structure. Reference 8 shows measured results using this 
circuit, revealing that fast Fourier transform (FFT) distortion performance is slightly better 
than the ADC-only specifications. 

Once we have the single-ended version of the ADC input voltage available at the balun 
output, several harmonic-distortion measurement methods may be applied. Simple spec-
trum-analyzer measurement will get down to about −90-dBc levels, whereas source cancel-
lation approaches will drop down to better than −110 dBc.9 

Legacy FDAs struggle with background CM signals on both inputs. A newer solution 
adds an input CM control loop along with the classic FDA design.

One of the more interesting problems that crops up occasionally is to implement a differ-
ential transimpedance stage instead of an FDA when the latter would seem to be applicable. 
Often, what’s made this more problematic is if the two source currents have a large and 
varying CM current on top of the differential signal. 

If that CM current is constant, sometimes we bleed that off at the input summing junctions 
with fixed resistors to some supply. That, of course, increases the dc noise gain and injects 
whatever noise is on the reference supply. And it won’t work if that CM current varies with 
time. 

The obvious, but previously unavailable, solution is to add an input servo loop that sums 
equal CM currents into the input nodes to hold an externally set “input” CM voltage. The 
new (released Dec. 2020)  THS4567 starts out with a relatively fast 220-MHz, GBP decom-
pensated core FDA structure and then adds this input servo loop to absorb the source CM 
current terms. 

Since it’s intended for differential transimpedance applications from detector diodes, the 
decompensated FDA is more suited to that application, where the first job in any design is 
to get the feedback Cf set for the desired frequency response, usually Butterworth. A simple 

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
https://www.ti.com/lit/ds/symlink/ths4567.pdf
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solution for compensating a transimpedance design for the required feedback Cf to achieve 
a closed-loop Butterworth is as follows:10

First, get the approximate noise gain zero dropping out the feedback Cf from this equation 
for Z1, where Cs is the total capacitance on each input pin: 

The characteristic frequency for the second-order closed-loop response will be given by:

Where we need to be using the true single-pole GBP in this equation.10 
Then, to set the feedback pole location (P1), use this relationship, where Fc is the inter-

section of the higher frequency noise gain (1+Cs/Cf) with the GBP curve, but use the P1/Fo 
part of this here: 

Setting P1 (the feedback pole) to get a Q = 0.707 (Butterworth) will then yield an F-3dB 
= Fo. 

Stepping through this with a desired 1 MΩ on each side gain for the THS4567 with 10-pF 
detector diode capacitance will give: 

Z1 = 1/(2π*1 MΩ*11 pF) = 14.47 kHz (where I’ve added 1 pF for the THS4567 input C on 
each side)

9. Frequency response for an optimized Cf for the 10-pF source capacitance design with 1 MΩ on each side. 

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
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Fo = √(14.47 kHz*220 MHz) = 1.78 MHz = F-3dB (if Q set to 0.707)
P1 = 0.707*1.78 MHz = 1.2 6MHz, Cf = 0.12 pF. 
The response certainly looks Butterworth, with almost exactly the expected 1.8MHz F-3dB 

for this 2MΩ (126 dBΩ) design (Fig. 9). 
Resetting the feedback Cf to a typical thick-film resistor 0.18-pF parasitic, and adding a 

10-MHz post RC filter, shows the ±4-V differential output of Figure 10 for a ±2-μA, 100-kHz 
sine-wave input sitting on top of 50-μA CM input current. Without the input cancelling cur-
rents, that 50-μA CM current would be taking the outputs to negative 50 V. 

Here, I had set the target input CM voltage to 1.0 V with the output Vocm midsupply at 2.5 
V. Each output is swinging ±2 V around that to give the ±4-V differential output for the ±2 μA 
shown in Figure 10.

This device might also be used to gain up a small differential voltage signal on top of a 
larger CM source voltage that varies with time. In this case, the maximum input Icm current 
for the CM voltage range must be less than the maximum available internal Icm cancelling 
current. The specification doesn’t appear in the datasheet, but up to 1 mA is supported in 
the simulation model. 

Backing that maximum off to a safe ±800 μA maximum, use that to design a gain of 10 
stage with ±2-V input CM range. That will then require a 2-V/0.8-mA = 2.5-kΩ input resistor 
with a 25-kΩ feedback Rf. 

These higher R’s will require some compensation. Here, I’ve added a feedback Cf to give 
a 1-MHz pole, then added a differential input C that will shape the noise gain to 10 V/V at 
higher frequency (Fig. 11).12 The input Icm servo loop cancels the input 800 µA of CM cur-
rent to hold the input pins at 1 V. Those two Icm currents do have some offset introducing 
an output offset voltage in this simulation. 

10. Full differential Zt design with 10-MHz postfilter showing ±2 μA at 100-kHz input. 

https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links
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This brief survey of some of the newer results coming out of the various amplifier develop-
ment groups just touch on the vast range of newer (and hopefully better) analysis approach-
es and devices that have emerged over the last 10 years. Many more exist, but they require 
a close reading of the vendor material to expand your horizons. Someday, most of these 
might appear in an updated textbook. 
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A
nalog signal engineers specialize in designing, developing, and maintaining analog 
circuits and systems. The processing of analog signals is the manipulation of continu-
ously varying signals, which are the opposite of digital signals that represent data as 
discrete values. Analog signals are still present in many electronic devices, including 
audio and video equipment, power supplies, and communication systems. 

In this article, we will explore the role of analog signal engineers and the skills and knowl-
edge required for success in this field based on a recent survey conducted by Endeavor 
Business Media.

So, What’s Analog Signal Engineering?
Analog signal engineering involves designing and analyzing electronic circuits that pro-

cess continuous signals. Analog signals vary continuously in time, and their value can take 
on any value within a range. 

Examples of analog signals include audio signals, which represent sound waves, and 
video signals, which represent images. Engineers in this arena develop circuits that process 
these signals, such as amplifiers, filters, and modulators. 

The field of analog signal engineering is closely related to other fields, such as power elec-
tronics, RF (radio frequency) engineering, and control engineering. Analog signal engineers 
must understand basic electronics principles, including circuit analysis, circuit design, and 
semiconductor physics. They also must be proficient in using simulation and analysis tools 
to design and optimize electronic circuits.

Most engineers within the analog field will typically create designs every few months, 
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and that requires operational knowledge of components currently on the market (Fig. 1). 
Engineers often take advantage of various component technologies through the design 
process for any number of applications, and a working knowledge of the latest components 
helps simplify that process.  

Among the most commonly used analog technologies in signal-path design are oper-
ational amplifiers (op amps), comparators, and voltage regulators. Designs may require 
filters to remove unwanted frequency components from a signal or to isolate a particular 
frequency band.

Many analog engineers are familiar with the latest components and take advantage of 
manufacturers’ updated products via product trees, filters, and even tools integrated within 
some design applications (Fig. 2). The design flows and options available to engineers 
have never been greater, and most are up-to-date within their respective fields. To put that 
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into perspective, the flow for the analog signal-path design process generally involves the 
following steps:

�1. System-level requirements: Define the overall specifications and requirements for the 
signal path, such as bandwidth, signal-to-noise ratio, and distortion.
�2. Circuit-level design: Design the individual components of the signal path, such as 
amplifiers, filters, and modulators. This may involve selecting specific circuit topologies 
and component values.
�3. Simulation: Use simulation software to verify that the signal path meets the system-level 
requirements as well as optimize the circuit-level design.
�4. Layout and fabrication: Create a layout for the signal path on a printed circuit board 
(PCB) and fabricate the PCB.
�5. Testing and characterization: Measure the performance of the signal path and compare 
it to the system-level requirements. Make any necessary adjustments to the design.

Some popular signal-path design options include:
Analog signal processing: This includes traditional analog circuits such as op amps, filters, 

and mixers.
• �Digital signal processing: Uses digital circuits and algorithms to process signals.
• �Hybrid signal processing: A combination of both analog and digital signal processing.
• �Software-defined radio: This uses a combination of analog and digital signal processing 

plus a microprocessor to implement a radio receiver or transmitter.

It’s worth noting that some newer options include using machine learning and neural 
networks to process signals and utilizing integrated circuits (ICs) that integrate multiple sig-
nal-path components onto a single chip.

Component Selection
Selecting analog signal-path components also is crucial in designing and developing elec-

tronic circuits that process analog signals. Here are some essential factors to consider when 
selecting analog signal-path components:

• �Signal frequency: The frequency range of the analog signal that the component will pro-
cess is a key consideration. Some components, e.g., op amps, have a limited bandwidth 
and may not be suitable for processing high-frequency signals. Other components, e.g., 
inductors and capacitors, have a frequency-dependent response and must be selected 
based on the frequency range of the signal.

• �Signal amplitude: The amplitude range of the analog signal is another important con-
sideration when selecting components. Some components, e.g., amplifiers, must be 
selected based on their ability to process signals with a specific amplitude range. Other 
components, e.g., resistors and capacitors, may have a limited voltage or current rating 
and must be selected based on the signal amplitude.

• �Noise: Noise is an unwanted signal that can degrade the performance of electronic cir-
cuits involved in processing analog signals. Components such as op amps and transis-
tors can contribute to the noise in the signal path. When selecting components, it’s essen-
tial to consider their noise characteristics and select components with low noise levels.

• �Linearity: Linearity is the ability of a component to accurately reproduce the input signal 
without distortion. Components such as amplifiers and filters must be selected based on 
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their linearity characteristics to ensure accurate signal processing.
• �Power-supply requirements: Some components, e.g., amplifiers and voltage regulators, 

require a specific power-supply voltage and current. It’s essential to consider the pow-
er-supply requirements of components when selecting them to ensure that the electronic 
circuit can operate correctly.

• �Temperature range: Components can have a temperature-dependent response, and their 
performance may vary over a range of temperatures. When selecting components, it’s 
important to consider the temperature range of the electronic circuit and select compo-
nents that can operate correctly over that range.

• �Component availability: Finally, it’s essential to consider the availability of components 
when selecting them. Some components may be expensive or difficult to obtain, which 
can impact the overall feasibility of the electronic circuit.

Selecting analog signal-path components requires careful consideration of the signal 
frequency, amplitude, noise, linearity, power-supply requirements, temperature range, and 
component availability. By carefully selecting components that meet these criteria, analog 
signal engineers can design and develop electronic circuits that accurately process analog 
signals (Fig. 3). 

The Venerable VFA
One of the more widely used components when designing analog devices is the original 

voltage feedback op amp (VFA). VFAs are a type of electronic amplifier used in a wide range 
of analog-signal-processing applications. These op amps have a voltage input and output 
and are typically used for applications that require high-gain amplification and precision sig-
nal processing. In a VFA, the input voltage is applied to the inverting or non-inverting input 
of the amplifier. 

The op amp amplifies the input voltage by a specific factor known as the gain, which is 
determined by the feedback network. The op amp’s output voltage is then fed back to the 
input through a feedback resistor, which stabilizes the gain and improves the amplifier’s 
stability.

One of the key advantages of VFAs is their versatility. They can be used in various appli-
cations, including analog signal processing, signal conditioning, active filters, oscillators, and 
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voltage regulators. They’re also relatively simple to use, with most op amps requiring only a 
few external components to configure them for a specific application. 

However, some limitations to voltage feedback op-amps also must be factored in. For 
example, they may have limited bandwidth or gain accuracy when used in certain applica-
tions. In addition, they may be prone to oscillation or instability if the feedback network isn’t 
properly designed.

Signal conditioning is a process engineers use to manipulate an input signal to make it 
suitable for measurement or control system processing. This typically involves amplifying, 
filtering, or modifying the signal to improve its quality or make it compatible with the system’s 
requirements. Signal conditioning is often used with current-sense circuits and instrument 
amplifiers to amplify small signals and monitor power.

In a typical current-sense circuit using an instrumentation amplifier, the shunt resistor 
is placed in series with the current path, and the instrumentation amplifier amplifies the 
voltage across the resistor. The output of the amplifier is then processed by a filter or other 
signal-conditioning circuit to remove any unwanted noise or distortion and provide a clean, 
accurate measurement of the current.

Depending on the application, signal conditioning also may require using analog-to-digital 
converters (ADCs) and digital-to-analog converters (DACs) to alter the signal. Most engi-
neers will utilize legacy voltage feedback using current-feedback op amps and fully differ-
ential amplifiers. Signal processing leading up to an ADC typically involves several steps to 
prepare the analog signal for conversion, including filtering, amplifying, and holding a signal 
at a constant level before deployment.

Signal processing leading away from a DAC is similar to ADCs, although the signal needs 
to be shaped to match the requirements of the analog device. The signal also may need 
conditioning before entering the output stage to provide a specific frequency or amplitude 
response. This can be done using current fully differential amplifiers, and in some cases, 
higher input voltages.

Conclusion
Analog signal design engineering is a challenging and rewarding field that requires a 

strong educational background, a broad set of skills, and a dedication to staying up-to-date 
with the latest advances in circuit design and signal processing. Although engineers within 
the analog signal-path design field may find themselves in the minority, those numbers could 
change over the next decade as legacy systems continue to be a mainstay in the develop-
ment process. 

The future of analog signal-path design will likely involve continued advances in technol-
ogy, such as using more advanced materials and fabrication techniques and incorporating 
digital signal processing (DSP) into analog signal-path design. 

Furthermore, there may be a greater focus on designing for specific applications, such as 
medical imaging, communications, and automotive systems. The use of machine-learning 
algorithms and artificial intelligence could also play a role in the future of analog signal-path 
design, helping to optimize and improve the performance of analog signal-path circuits.
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