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The various digital coding schemes for Burr-Brown's A/D and D/A converters are
described, as well as methods used to manipulate between various coding schemes.

INSTRUMENTATION AMPLIFIERS

Increasing INA117 Differential Input Range [AB-001) ..........ceeerrerrerersssemeesensmmsnssses

The INAT 17 difference amp can reject +200V common-moade signals. Differential gain of

the INATT7 [normally G=1) can be reduced to gains less than unity to handle differential
Inputs greater than +10V.

AC-Coupling Instrumentation and Difference Amplifiers (AB-008] ....................

It is often useful to ac-couple the differential inputs of an instrumentation amplifier. Special
circuit tricks can preserve good commor-mode rejection.

+200V Difference Amplifier with Common-mode Voltage Monitor (AB-010] .........

The INAT17 difference amp can reject £200V common-mode signals. A novel circuit
produces two outputs—one proportional to the difference voltage, and the other
proportional to the input commor+-mode voltage.

Input Overload Protection for the RCV420 4-20mA Current-loop
Receiver (AB-014]........ccocomerisannnas

The RCV420 converts 4 to 20mA loop currents into 0 to 5V outputs. Techniques are
shown to protect the RCV420 from damage in case of a fault—a short-circuited loop, for
instance.

Extending the Common-mode Range of Difference Amplifiers ({AB-015) ...............

The common-mode range of difference amplifiers such as the INA105 and INAT 17, are
affected by their supply voltage. Circuit tricks can extend or tailor the common-mode
range of these devices to a specific appiication.

Boost Amplifier Output Swing with Simple Modification [AB-016) ........cccocevueiinnns

It is often desirable for the output of an amplifier to swing close to the supply rails. A few
additional components can increase the output voltage swing of some ampilifiers.
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0-20mA Receiver Using ROVA20 [AB-DT8) ......ccovevecveeeeeeeiseressesssssssesssssessssssesessns 64

Although intended as a 4 to 20mA current-loop receiver, the RCV420 can be connected
as a 0 to Z0mA receiver. The output scaling remains 0 to 5V.

Boost Instrument Amp CMR with Common-Mode Driven Supplies (AB-025)........... 66

Common-mode rejection of an IA is usually limited by the ratio accuracy of the crucial
difference amplifier resistors. CMR can be dramatically improved by modulating the IA's
power supply voltages with the common-mode potential of the input signal.

Input Filtering the INA117 +200V Difference Amplifier [AB-029) ........ccccervevrincn. .74

Adding an R/C filter to the INAT 17 difference amplifier requires some special precautions.
The circuits shown preserve CMR and gain accuracy.

IC Building Blocks Form Complete Isolated 4-20mA Current-Loop
SYSIEmS JABDIR] v it il i e s e e s s T i e .78

Current loops are the standard for analog signal transmission in process control systems.
A variety of modern ICs meet the diverse signal acquisition, transmission, receiving and
Isolation requirements of a process control system.

Single Supply 4-20mA Current Loop Receiver [AB-041).....ccccccveueeeereesrnssscseessensanes 87

Many industrial current loop data acquisition systems operate on 24V or 28V single
supply. The RCV420 current receiver can be operated on a single supply by using its
internal reference as a pseudo-ground.

Single-Supply, Low-Power Measurements of Bridge Networks [AB-033) ................ 89

Discussed is a complete single 5V supply bridge sensor application featuring the dual op
amp OFAI013 and the current source REF200.

Diode-Based Temperature Measurement [AB-036) ........cccoeeemmerrreeeiemiacemsssssesessnssnns 21

Semiconductor diodes are frequently used as temperature sensors. This bulletin shows a
variety of temperature measurement techniques using diodes.

Programmable-Gain Instrumentation Amplifier [AB-042) .....cccccceeaiaesinerrrsnsnsssssennnns 96

Programmable-Gain IAs are often used as the frontend to data acquisition systems.
Various circuits are shown combining an analog multiplexer and the INA115, an A which
is particularly well-suited to this task.

Use Low-impedance Bridges on 4-20mA Current Loops [AB-043) ........cceeeeenansenns 100

Low-impedance (=350£2) strain and pressure gages often require too much current to be
excited from the low-scale of a 4-20mA loop. Using a three-wire approach, an instrumen-
tation amplifier is combined with the XTR110 current loop transmitter.

Precision IA Swings Rail-to-Rail on Single 5V Supply [AB-056) .......cccccansusssseransss 102

Precision lAs do not provide rail-to-rail output voitage swing. By connecting an inexpen-
sive CMOS op amp inside the feedback loop of the IA’s output amp you can achieve rail-
to-rail output swing.



Level Shifting Signals with Differential Amplifiers (AB-087) .......ccccvvnrnrirnsnnnnnnn. 104

A voltage applied to the output reference terminal of an INA10S difference amp is
summed with the input difference signal. This provides a simple and accurate means for
level shifting.

Simple Circuit Delivers 38Vp-p at 5A from 28V Unipolar Supply [AB-085]).......... 105

Power ampilifier circuits often use a bridge output configuration to increase available
output voltage swing. The dual OPA2541 power amp is shown operating from a single
supply in this implementation.

ISOLATION AMPLIFIERS

Partial Discharge Testing: What It Is and What It Means (AB-163).......c.ccccccuvun.. 107

A comprehensive comparison between the traditional stress test and the new partial
discharge test and its implementation to production testing.

Noise Sources in Applications Using Capacitive Coupled Isolation
PAMPUNETS JABMIET ) oo ciacssiinsimist s ms s i s aie e s St s rissssass 109

An introduction to the capacitive coupling technique and a way to identify noise-related
problems by understanding its sources.

Boost 150120 Bandwidth to More Than 100kHz [AB-012] .....ccccuevrmrnrciicicecnnnna 117
By using an additional simple circuit to increase the ISO120's typical 50kHz bandwidth to
100kHz.

Synchronization of the ISO120/121 Isolation Amplifiers [AB-021) ..cccceevueerieeernnns 120

Describes how to provide a proper clock signal if an external synchronization clock is
needed.

Single-supply Operation of Isolation Amplifiers [AB-009) .......ccceeverreres weia V22

It demonstrates how to provide an artificial ground to the isolation amplifier and discusses
the performance.

Simple Output Filter Eliminates ISO Amp Output Ripple and Keeps Full
BANOWIL JABIZE oc.ciinmiinisnsinanmisntoimiiisisiveismis i e i ity s sbeas s an e s ias 126

The 150120/121/122 have a residual output ripple caused by the internal carrier
frequency which insome applications can cause disturbance. Here is how to elminate this
problem.

Very Low Cost Analog Isolation with Power [AB-024) ........cccccuvnnnains .... 128

New innovative products are creating new opportunities for low cost but precise analog
isolation applications with a minimum amount of board space.

An Error Analysis of the ISO102 in a Small Signal Measuring
APPHICHUION (AR BT T coui s ianaassisiinnsi snsnansssniissin samisnis shabisss i uussorssib i ssiisisnsbiaisssisias 132

Shows detailed error analysis of ISO102 isolation amplifier when used with low level
Input signals. Sources of error discussed include gain and offset errors, power supply and
isolation mode rejection, and noise.
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Hybrid Isolation Amps Zap Price and Volitage Barriers (AB-080) ............cocoeenvn.. 134

Describes two capacitive coupled isolation amplifiers—the ISO102 rated at 1500V and
the 150106 rated at 3500V isolation. It includes details of the design, construction and
applications.

The Key to Understanding Sources of Error in the 1SO100 Isolation
ANPIDEE SRR TR oo onmnsinsesns ik s camnim i g i s b e e e s 138

Because some applications of the ISO100 require error correction, here is how to quantify
the effect of error and identify the most appropriate means of correction.

Improved Device Noise Performance for the 3650 Isolation Amplifier (AB-044) .147

A discussion of the noise performance of the optically-coupled 3650 isolation amplifier
and introduces a way for ils improvement.

Design and Application of Transformer-Coupled Hybrid Isolation Amplifier
Model 3658 (ABIFE] cuisuiaiiesicriiinni i iie o s ki ibiais 149

It describes the design and construction technique of this three port isolation amplifier,
including industrial and medical applications.

Isolation Amps Hike Accuracy and Reliability (AB-093) ......ccccceeeremeererecnraeasanererss 157

Two practical examples of how designers can employ isolation amplifiers. In this case,
those with internal power supplies to improve their systems' performance and reliability.
One is a process control application, while the other discusses an ECG ampilifier.

Improved Noise Performance of the ACF2101 Switched Integrator [AB-053)...... 163

Depending on the application, the signal-to-noise performance of the ACF2101 needs to
be improved. How to achieve this with only one additional component is shown in this
application bulietin.

OPERATIONAL AMPLIFIERS

Noise Analysis of FET Transimpedance Amplifiers [AB-076) .....ccccuuueernererncrnnnnennns 167

Provides a detailed noise analysis of the transimpedance amplifier configuration com-
monly used with photodiodes. Shows the contribution of voltage and current noise and
the effect of frequency-dependent noise.

Photodiode Monitoring with Operational Amplifiers [AB-075) .....ccccceeummuerianenneas 172

Examines various current-to-voltage converter circuits. Describes circuit performance as a
function of noise, DC errors, signal bandwidth, and feedback resistance.

Designing Photodiode Amplifier Circuits with OPA128 (AB-077) ......cccceccnmnnnnnnas 182

Discusses common photodiode amplifier configurations with emphasis on selection of an
appropriate op amp. Provides tips on achieving optimum sensitivity and low noise.

Tame Photodiodes with Op Amp Bootstrap [AB-094) .......ccccoveveeimmrssienssrsssssnsnsns 185

Applying basic op amps in a transimpedance configuration to amplify photodiode signals
creates severe problems. This describes a way to solve them. .
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Diode-Connected FET Protects Operational Amplifiers [AB-064) ..........cccceoernn..... 186

Shows how to use a FET to protect an op amp from averioad in a circuit that measures
dielectric properties.

Single-Supply Operation of Operational Amplifiers [AB-067) .........ccceevereeesevernn 187

Explains the attributes of a "single-supply” op amp. Shows circuit techniques which allow
operation of standard or high performance op amps in single power su pply applications.

Compensate Transimpedance Amplifiers Intuitively {AB-050) ......o...ccoceveeeveeenn.. 192

Rather than utilize a lot of equations this is a short guide to obtain quick results when
dealing with a /| converter.

Feedback Plots Define Op Amp AC Performance [AB-028)..........c..ccecueerenssassssens 194

A comprehensive discussion of feedback effects and the construction of feedback plots
for operational amplifiers. Beginning with single-stage amplifiers, it will conclude with an
examination of mult-stage and composite amplifiers.

Feedback Circuit Clamps Precisely [AB-090) ........cccceureeemeemeeerereerereemsemmenmssssssssasses 207
This note describes an application for a limiter circuit with variable clamp control.

Op Amp Performance Analysis [AB-045) ......cccoveerrierrnmssseassssssnmmssmsessssssnmessmsssssns 209

A simple guideline through performance, feedback and stability concepts common to all
op amp configurations. This analysis helps in finding the optimal feedback factor to
decrease errors and improve total circuit performance.

Double the Output Current to a Load with the Dual OPA2604 Audio
O AMP IRBRBT] i i sanmnb bk A gram e ra e S A AT A SRR 217

Shows an application for a simple circuit to create an audio current driver with £70mA
output current drive.

A Low Noise, Low Distortion Design for Antialiasing and
ANtHIMAgINg Filters [AB-026) ..........uouiiieeeiasrasssssrssssesismsssssssssssssssssmsssssssns sesessssssns 218

Describes the theory and design of GIC filters (Generalized Immittance Converter) often
used in D5P, PCM, or audio applications.

Fast Settling, Low Pass Filter [AB-022)....c.ccccccoumeiemrriiirmransssesnsssssessssssessnonsssssssnnes 225

Discusses the relationship between settling time and bandwidth on a low-pass filter and
gives an example for a nonlinear filter suitable for fast high-resolution systems.

Classical Op Amp or Current-Feedback Op Amp? (AB-007) ............. P 228
Shows an example for a composite op amp that can give you the best of both worlds.

Voltage-Feedback Amplifiers vs Current-Feedback Amplifiers [AB-091) ....c..cueeuen 230

Introduces the principles of a current-feedback amplifier and highlights some differences
to voltage-feedback amplifiers.
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The Current-Feedback Op Amp a High-Speed Building Block [AB-193) ............... 232

This note discusses in depth the design and behavioral differences between current-
feedback amplifiers (CFA) and voltage-feedback amplifiers [VFA). Includes specification,
simulation and application examples.

Uitra High Speed ICS [AB-180) .......c.ccessermisrsssessasesssnssasssseses 244

lllustrates the evolution of active electronic components starting with the vacuum tube up
to state-of-the-art diamond current sources.

New Ultra High-Speed Circuit Techniques with Analog ICs [AB-183) ......c.cceeuueees 249

Expanding the understanding of the diamond structure used in current-feedback
amplifiers, this bulletin focuses on a variety of high-speed applications.

Building a 400MHz \Wide-Band Differential Amplifier: It's a Breeze
with the Diamond Transistor OPAG60 [AB-188)......cccccevrvmmmmnrmnrarsnssnssssessassssnsansas 266

lustrates the concept and realization of a high-speed differential amplifier using the
OPAG60. Impressive performance results are shown.

Designing Active Filters with the Diamond Transistor,
OPAGGAD, Part 1 [AB-190) ....ciciciiciniinmisissrsssassisssarsassssssssssssstiatiasissssssssnsassasssnsnaniss 270

Active filtering is a common requirement and relatively straightforward for low frequency
applications. Now, new op amp design allows active filtering above 5MHz. Showing Znd,
3rd, and 5th order filtering, this bulletin offers a guide through theory and design based
on examples.

Fiber Optic Transmission [AB-192) ......ccccorreannrannss T—— L - ¥ 4

Describes the design of a 1 10MHz fiber optic transmission system utilizing high-speed
components like the OPA660, OPA621 and OPAG2Z3.

Driving Video Output Stages with Monolithic Integrated Amplifiers (AB-184) ....290

High-resolution video demands high frequencies and high-speed. Only a few integrated
products can address this problem such as the currentfeedback op amp, OFA6Z3, and
the operational transconductance amplifier, OPAZ662. The performance of both ampli-
fiers is compared in this bulletin.

SWOP Amps Simplify RF Signal Processing [AB-092].....ccccccrmimmmimmmniniinnnsnnnesnian 297

When designing high performance systems for RF and video applications that require
amplifiers, multiplexers or programmable gain amplifiers, finding the right components
can be difficult. Using a high speed SWOP amp, such as the OPA678, can greatly simplify
the design process. High speed MUXes, built with OPA678, with variable gains are
detailed. .

Operational Amplifier Macromodels: A Comparison [AB-046).......cccoiiummrmeninanane 299

Discusses two different types of macromodels: the Boyle-maodel versus the muitiple pole/
zero model and highlights some points for their correct interpretation.



POWER OPERATIONAL AMPLIFIERS

Power Amplifier Stress and Power Handling Limitations [AB-039) ......ccccceeeeaunen. 303

Power op amps can be damaged by excessive signal or load conditions. This bulletin
explains "safe operating area specifications” and shows how to evaluate various types of
signal and load conditions.

Mounting Considerations for TO-3 Packages [AB-037) .......cccccceeeeeerrrsesssssmsenssesees 309

TO-3 power amplifiers can be damaged or suffer degraded performance by improper
mounting. This bulletin shows numerous mounting and heat sinking techniques.

Heat Sinking — TO-3 Thermal Model {AB-038) .............cccceeeuee. w317

Fower handiing ability of a power amplifier depends on the heat sink used. A thermal
model is used to help determine heat sink reguirements.

MULTIPLEXERS

The MPC100 Analog Multiplexer Improves RF Signal Distribution [AB-049)........318
llustrates some applications for use with the wide-band video multiplexer, MPC100.

REFERENCES

Make a Precision Current Source or Current Sink [AB-002) ........c.ceceieeiennssacrnnanas 320

Based on the 10V voltage reference, REF102, this bulletin shows how to build a precision
current source or sink,

voltage-Reference FIRES [AB-DD3) ....cuiiiiiciiessisisiisisicusiviiiiiomiimmsaseis o sadimani s 322

Noise can be a serious problem even with precision references. Here is how to improve
this parameter on the REF102. An example showing stability over time is also included.

SPECIAL FUNCTIONS

Careful Layout Tames Sample/Hold Pedestal Errors [AB-060).........ccccceeieremennnnennns 324

Subtle problems with PC board layouts can often direct the blame for poor system
performance toward a component. A real life example for reducing a pedestal error by
reducing stray, capacitance is detailed.

“DC to DC” Converter Noise Reduction [AB-162) ....c.ccecereeameceunreeenseeeesennsaennsennenes 326

High frequency switching noise can become a serious problem in analog applications.
This note provides tips on eliminating noise problems, component selection, and
measurement techniques.

10MHz Analog Multiplexer Carries Output Amplifier, Breaks
Bandwidth Barrier (AB-08B3) ..o cmcrersssssssssnssrss s s sassssssses ssss s ensenns 329

Explains the operation of a wide-bandwidth analog multiplier and discusses its application
as a modulator/demodulator. Compares performance with double-balanced diode
MIXErs.



Digitally Programmable Time-continuous Active Filter' with Lowpass, Highpass,
Bandpass and Notch Outputs [AB-062) ........cccimummmmumsmmsnimmsmnsnmmnnrncssenssnssnssnsas 334

The UAF42 Universal Active Filter can be programmed over a wide frequency range by
varying two resistors. MDACs can be used to digitally program cutoff frequency.

Thermal and Electrical Properties of Selected Packaging Materials (AB-030) ....... 337

A convenient table provides a plethora of data on materials used in electronics. It includes
resistivity, TCR, thermal resistance and thermal expansion of over 70 materials.

MFB Low-Pass Filter Design Program [AB-034) .......cccccciiuimmmimemimmsenssamssnnssssssnees 339

Sallen-Key and Multiple Feedback low-pass active filters are among the most commonly
used filter topologies. This builetin explains how to select the best filter type and describes
operation of free software to simplify the design process.

Simple Filter Turns Square Waves into Sine Waves [AB-058) ........ccceiveeiucaamnananens 347

While it's easy to digitally generate a square wave at a given frequency, it can get tricky
if you need sine waves, Using the UAF42 universal active filter IC as a tuned circuit, a
square wave can easily be filtered to provide a low distortion sine wave output.

Filter Design Program for the UAF42 Universal Active Filter [AB-035])................349

The UAF42 filter IC contains op amps, resistors and capacitors needed to make state-
variable filters. A design program speeds filter type selection and design.

Design a 60Hz Notch Filter with the UAF42 (AB-071)... siss O3

The UAF42 Universal Active Filter's high-pass and low-pass ﬂurpurs are summecr to create
a notch response. The uncommitted op amp on the UAF42 is used for the summing amp.

The ACF2101 Used as a Bipolar Switched Integrator {AB-048) .. AR+ . |

Some applications require the integration of bipolar input currents, The ACF2101 is
designed primarily for unipolar operation, but with some additional components its input
range can be extended.

Comparison of Noise Performance Between a FET Transrmpedance Ampllf' er
and a Switched Integrator [AB-057)... RO | ¥ 4

Takes a look at a few wvariables that Dpnmlze the perfurmance ::rf circuits [ha[ ampn‘y
photodiode signals. In addition, it discusses the use of an alternative—the new switched
integrator, ACF2101.

MTTF, Failure, Reliability and Life Testing (AB-059) .. ceene- 374

Reliability information becomes more and more rrﬂpor‘[ant in the IndL.IEI'.I'].-f TU L.I'[I|JZE the
terms appropriately, it is necessary (0 understand their definitions and derivations
correctly.

OPT201 Photodiode-Amplifier Rejects Ambient Light [AB-061) .........ccccciunininannn. 379

Many applications for the OPTZ01 must provide nigh sensitivity for varying light levels
while rejecting a constant background light. An active feedback loop provides ac-coupled
response, but can reject much larger ambient light levels without overloading.



Implementation and Applications of Current Sources
afid CIrrent HECeivers IABSY 5] ciriiimuninui s tomniiiimbie g i i os 380

Current sources are pervasive in analog circuit design. This assortment of circuit ideas
inciudes current sources, sinks, voltage-to-current converters and current receivers.

VOLTAGE-TO-FREQUENCY CONVERTERS

Voltage-to-Frequency Converters Offer Useful Options
AR COMmTSION (ABOBD) ... i s e s 409

While sampling A/D converters look at the input voltage at an instant in time, integrating
converters truly average the input over time. The V/F converter combined with a counter
forms an integrating A/D converter with unique advantages.

Frequency-to-Voltage Converters (AB-040) ..........uuuuuieeeeesseasesesesseesessssmssssssesssees 413

Voltage-to-Frequency converter ICs can be connected in frequency-to-voltage mode, but
they suffer from a severe trade-off between output ripple and settling time. A novel circuit
dramatically reduces output ripple, yet responds quickly to changing input frequency.

MODEL INDEX ... 421

The Model Index lists Burr-Brown models that are used or discussed in the bulletin.
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