



  [image: PDF Archive]
  
    

  

  
    	About
	
        Features 
        
          Personal and corporate archive
          Private social network
          Securely receive documents
          Easily share your files
          Online PDF Toolbox
          Permanent QR Codes
        

      
	Premium account
	Contact
	Help
	Sign up
	

  
 Sign in


  



    


  

    
      
        2017 > 
        April > 
        April 02, 2017
      

    


    





    
      an47fa (PDF)


    

    
      









        File information

Title: AN471_34.pm6
Author: LTC

  This  PDF 1.3 document has been generated by PageMaker 6.0 / Acrobat Distiller 3.02 for Power Macintosh, and  has been sent on pdf-archive.com on 02/04/2017 at 15:04, from IP address 80.147.x.x.
  The current document download page has been viewed 890 times.

  File size: 5.34 MB (132 pages).

   Privacy: public file
  
 







        
        
          [image: ]

          

          [image: ]

          

          [image: ]

          

          [image: ]

          

          [image: ]

        
        


File preview

Application Note 47

August 1991

High Speed Amplifier Techniques

A Designer’s Companion for Wideband Circuitry

Jim Williams



PREFACE

This publication represents the largest LTC commitment

to an application note to date. No other application note

absorbed as much effort, took so long or cost so much.

This level of activity is justified by our belief that high speed

monolithic amplifiers greatly interest users.

Historically, monolithic amplifiers have represented packets of inexpensive, precise and controllable gain. They

have partially freed engineers from the constraints and

frustrations of device level design. Monolithic operational

amplifiers have been the key to practical implementation

of high level analog functions. As good as they are, one

missing element in these devices has been speed.

Devices presently coming to market are addressing monolithic amplifiers’ lack of speed. They bring with them the

ease of use and inherent flexibility of op amps. When



Philbrick Researches introduced the first mass produced

op amp in the 1950’s (K2-W) they knew it would be used.

What they couldn’t possibly know was just how widely,

and how many different types of applications there were.

As good a deal as the K2-W was (I paid $24.00 for mine or rather, my father did), monolithic devices are far better.

The combination of ease of use, economy, precision and

versatility makes modern op amps just too good to be

believed.

Considering all this, adding speed to op amps’ attractions

seems almost certain to open up new application areas.

We intend to supply useful high speed products and the

level of support necessary for their successful application

(such high minded community spirit is, of course,

capitalism’s deputy). We hope you are pleased with our

initial efforts and look forward to working together.
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INTRODUCTION

Most monolithic amplifiers have been relatively slow

devices. Wideband operation has been the province of

discrete and hybrid technologies. Some fast monolithic

amplifiers have been available, but the exotic and expensive

processing required has inflated costs, precluding

widespread acceptance. Additionally, many of the previous

monolithic designs were incapable of high precision and

prone to oscillation or untoward dynamics, making them

unattractive.

Recent processing and design advances have made inexpensive, precision wideband amplifiers practical. Figure 1

lists some amplifiers, along with a summary of their

characteristics. Reviewing this information reveals extraordinarily wideband devices, with surprisingly good DC

characteristics. All of these amplifiers utilize standard op

amp architecture, except the LT1223 and LT1228, which

are so-called current mode feedback types (see Appendix

H, “About Current Mode Feedback”). It is clear that the raw

speed capabilities of these devices, combined with their

inherent flexibility as op amps, permit a wide range of

applications. What is required of the user is a familiarity

with the devices and respect for the requirements of high

speed circuitry.

This effort’s initial sections are devoted to familiarizing the

reader with the realities and difficulties of high speed

circuit work. The mechanics and subtleties of achieving

precision circuit operation at DC and low frequency have

been well documented. Relatively little has appeared which

discusses, in practical terms, how to get fast circuitry to

work. In developing such circuits, even veteran designers

sometimes feel that nature is conspiring against them. In

some measure this is true. Like all engineering endeavors,

high speed circuits can only work if negotiated compromises with nature are arranged. Ignorance of, or contempt

for, physical law is a direct route to frustration. Mother

Nature laughs at dilettantism and crushes arrogance without even knowing she did it. Even without Einstein’s

revelations, the world of high speed is full of surprises.

Working with events measured in nanoseconds requires

the greatest caution, prudence and respect for Mother

Nature. Absolutely nothing should be taken for granted,

because nothing is. Circuit design is very much the art of

compromise with parasitic effects. The “hidden



schematic” (this descriptive was originated by Charly

Gullett of Intel Corporation) usually dominates the circuit’s

form, particularly at high speed.

In this regard, much of the text and appendices are

directed at developing awareness of, and respect for,

circuit parasitics and fundamental limitations. This approach is maintained in the applications section, where the

notion of negotiated compromises is expressed in terms

of resistor values and compensation techniques. Many of

the application circuits use the amplifier’s speed to improve on a standard circuit. Some utilize the speed to

implement a traditional function in a non-traditional way,

with attendant advantages. A (very) few operate at or near

the state-of-the-art for a given circuit type, regardless of

approach. Substantial effort has been expended in developing these examples and documenting their operation.

The resultant level of detail is justified in the hope that it will

be catalytic. The circuits should stimulate new ideas to suit

particular needs, while demonstrating fast amplifiers’

capabilities in an instructive manner.

PERSPECTIVES ON HIGH SPEED DESIGN

A substantial amount of design effort has made Figure 1’s

amplifiers relatively easy to use. They are less prone to

oscillation and other vagaries than some much slower

amplifiers. Unfortunately, laws of physics dictate that the

circuit’s environment must be properly prepared. The

performance limits of high speed circuitry are often

determined by parasitics such as stray capacitance, ground

impedance and layout. Some of these considerations are

present in digital systems where designers are comfortable

describing bit patterns, delays and memory access times

in terms of nanoseconds. Figure 2’s test circuit provides

valuable perspective on just how fast these amplifiers are.

Here, the pulse generator (Trace A, Figure 3) drives a

74S04 Schottky TTL inverter (Trace B), an LT1223 op amp

connected as an inverter (Trace C), and a 74HC04 high

speed CMOS inverter (Trace D). The LT1223 doesn’t fare

too badly. Its delay and fall times are about 2ns slower than

the 74S04, but significantly faster than the 74HC04. In

fact, the LT1223 has completely finished its transition

before the 74HC04 even begins to move! Linear circuits

operating with this kind of speed make many engineers

justifiably wary. Nanosecond domain linear circuits are

widely associated with oscillations, mysterious shifts in



AN47-5



PARAMETER

Slew Rate

Bandwidth

Delay-Rise Time

Settling Time

Output Current

Offset

Drift

Bias Current

Gain

Gain Error

(Minimum Gain)

Gain Drift

Power Supply
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40V



18VMAX



LT1122

LT1190

60V/µs

450V/µs

14MHz

50MHz

15ns-65ns

4ns-7ns

340ns-0.01% 100ns-0.1%

6mA

50mA

600µV

4mV

6µV/°C

75pA

500nA

500,000

22,000



LT1193



18VMAX



500nA

Adjustable

0.1%



DIFFERENTIAL

450V/µs

70MHz

4ns-7ns

100ns-0.1%

50mA

3mV



LT1194



18VMAX



500nA

10

0.1%



DIFFERENTIAL

450V/µs

70MHz

4ns-7ns

100ns-0.1%

50mA

3mV



36V



LT1220

250V/µs

45MHz

4ns-4ns

90ns-0.1%

24mA

2mV

20µV/°C

300nA

20,000



Figure 1. Characteristics of Some Different Fast IC Amplifiers



18VMAX



500nA

200,000

AVMIN = 10



500nA

45,000



18VMAX



LT1192

450V/µs

400MHz

5ns-7ns

80ns-0.1%

50mA

2mV



LT1191

450V/µs

90MHz

3.5ns-1.6ns

100ns-0.1%

50mA

2mV



36V



LT1221

250V/µs

150MHz

5ns-5ns

90ns-0.1%

24mA

1mV

15µV/°C

300nA

50,000

AVMIN = 4



36V



LT1222

200V/µs

350MHz

5ns-5ns

90ns-0.1%

24mA

1mV

10µV/°C

300nA

100,000

AVMIN = 10



36VMAX



3µA

90dB



LT1223

1000V/µs

100MHz

3.5ns-3.5ns

75ns-0.1%

50mA

3mV



36V



LT1224

300V/µs

45MHz

4ns-4ns

90ns-0.1%

40mA

1mV

20µV/°C

6µA

80dB

AVMIN = 1
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GENERATOR



50Ω



LT1223



LT1223 OUTPUT



+



requires studying the causes of the aforementioned

difficulties.

The following segments, “Mr. Murphy’s Gallery of High

Speed Amplifier Problems” and the “Tutorial Section”,

address this. The “Problems” section alerts the reader to

trouble areas, while the “Tutorial” highlights theory and

techniques which may be applied towards solving the

problems shown. The tutorials are arranged in roughly the

same order as the problems are presented.

MR. MURPHY’S GALLERY OF HIGH SPEED

AMPLIFIER PROBLEMS



74HC04



74HC04 OUTPUT



LTAN47 • TA02



Figure 2. A Race Between the LT1223 Amplifier and Some Fast

Logic Inverters



A = 5V/DIV

(INVERTED)

B = 5V/DIV



C = 5V/DIV

D= 5V/DIV



It sometimes seems that Murphy’s Law dominates all

physical law. For a complete treatise on Murphy’s Law, see

Appendix J, “The Contributions of Edsel Murphy to the

Understanding of the Behavior of Inanimate Objects”, by

D.L. Klipstein. The law’s consequences weigh heavily in

high speed design. As such, a number of examples are

given in the following discussion. The average number of

phone calls we receive per month due to each “Murphy”

example appears at the end of each figure caption.

Problems can start even before power is applied to the

amplifier. Figure 4 shows severe ringing on the pulse

edges at the output of an unterminated pulse generator

cable. This is due to reflections and may be eliminated by

terminating the cable. Always terminate the source in its

characteristic impedance when looking into cable or long

PC traces. Any path over 1 inch long is suspect.



HORIZ = 2ns/DIV

LTAN47 • TA03



Figure 3. The Amplifier (Trace C) is 3ns Slower than 74S Logic

(Trace B), but 5ns Faster than High Speed HCMOS (Trace D)!



A = 1V/DIV



circuit characteristics, unintended modes of operation

and outright failure to function.

Other common problems include different measurement

results using various pieces of test equipment, inability to

make measurement connections to the circuit without

inducing spurious responses, and dissimilar operation

between two identical circuits. If the components used in

the circuit are good and the design is sound, all of the

above problems can usually be traced to failure to provide

a proper circuit environment. To learn how to do this



HORIZ = 100ns/DIV

LTAN47 • TA04



Figure 4. An Unterminated Pulse Generator Cable Produces

Ringing Due to Reflections – 3



In Figure 5 the cable is terminated, but ripple and aberration

are still noticeable following the high speed edge transitions.

In this instance the terminating resistor’s leads are lengthy

(≈3/4”), preventing a high integrity wideband termination.
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A = 0.5V/DIV



HORIZ = 20ns/DIV

LTAN47 • TA05



Figure 5. Poor Quality Termination Results

in Pulse Corner Aberrations – 1



The best termination for 50Ω cable is the BNC coaxial type.

These devices should not simply be resistors in an

enclosure. Good grade 50Ω terminators maintain true

coaxial form. They use a carefully designed 50Ω resistor

with significant effort devoted to connections to the actual

resistive element. In particular, the largest possible

connection surface area is utilized to minimize high speed

losses. While these type terminators are practical on the

test bench, they are rarely used as board level components.

In general, the best termination resistors for PC board use

are carbon or metal film types with the shortest possible

lead lengths. These resistor’s end-cap connections provide

better high speed characteristics than the rod-connected

composition types. Wirewound resistors, because of their

inherent and pronounced inductive characteristics, are

completely unsuitable for high speed work. This includes

so-called non-inductive types.

Another termination consideration is disposal of the current flowing through the terminator. The terminating

resistor’s grounded end should be placed so that the high

speed currents flowing from it do not disrupt circuit

operation. For example, it would be unwise to return

terminator current to ground near the grounded positive

input of an inverting op amp. The high speed, high density

(5V pulses through a 50Ω termination generates 100mA

current spikes) current flow could cause serious corruption of the desired zero volt op amp reference. This is

another reason why, for bench testing, the coaxial BNC

terminators are far preferable to discrete, breadboard

mounted resistors. With BNC types in use the termination

current returns directly to the source generator and never

flows in the breadboard. (For more information see the

Tutorial section.) Select terminations carefully and evaluate the effects of their placement in the test set-up.
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Figure 6 shows an amplifier output which rings and

distorts badly after rapid movement. In this case, the

probe ground lead is too long. For general purpose work,

most probes come with ground leads about 6 inches long.

At low frequencies this is fine. At high speed, the long

ground lead looks inductive, causing the ringing shown.

High quality probes are always supplied with some short

ground straps to deal with this problem. Some come with

very short spring clips which fix directly to the probe tip to

facilitate a low impedance ground connection. For fast

work, the ground connection to the probe should not

exceed 1 inch in length. (Probes are covered in the Tutorial

section; also see Appendix A, “ABC’s of Probes”, guest

written by the engineering staff of Tektronix, Inc.). Keep

the probe ground connection as short as possible. The

ideal probe ground connection is purely coaxial. This is

why probes mated directly to board mounted coaxial

connectors give the best results.

In Figure 7 the probe is properly grounded, but a new

problem pops up. This photo shows an amplifier output



A = 0.5V/DIV



HORIZ = 200ns/DIV

LTAN47 • TA06



Figure 6. Poor Probe Grounding Badly Corrupts the

Observed Waveform – 53



A = 2V/DIV



HORIZ = 50ns/DIV

LTAN47 • TA07



Figure 7. Improper Probe Compensation Causes Seemingly

Unexplainable Amplitude Error – 12
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excursion of 11V — quite a trick from an amplifier running

from ±5V rails. This is a commonly reported problem in

high speed circuits and can be quite confusing. It is not

due to suspension of natural law, but is traceable to a

grossly miscompensated or improperly selected oscilloscope probe. Use probes which match your oscilloscope’s

input characteristics and compensate them properly. (For

discussions on probes, see Appendix A, “ABC’s of Probes”,

guest written by the engineering staff of Tektronix, Inc.

and the Tutorial section.) Figure 8 shows another probeinduced problem. Here the amplitude seems correct but

the amplifier appears slow with pronounced edge rounding. In this case, the probe used is too heavily compensated or slow for the oscilloscope. Never use 1X or straight

probes. Their bandwidth is 20MHz or less and capacitive

loading is high. Check probe bandwidth to ensure it is

adequate for the measurement. Similarly, use an oscilloscope with adequate bandwidth.



A = 0.5V/DIV

B = 0.5V/DIV



HORIZ = 10ns/DIV

LTAN47 • TA09



Figure 9. Probes with Mismatched Delays Produce Apparent

Time Skewing in the Display – 4



A = 200mV/DIV



HORIZ = 5µs/DIV



A = 0.5V/DIV
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Figure 10. Overdriven FET Probe Produces Excessive Waveform

Distortion and Tailing. Saturation Effects can Also Cause

Delayed Response – 1



HORIZ = 20ns/DIV

LTAN47 • TA08



Figure 8. Overcompensated or Slow Probes Make Edges Look

Too Slow – 2



Mismatched probes account for the apparent excessive

amplifier delay in Figure 9. Delay of almost 12ns (Trace A

is the input, Trace B the output) is displayed for an

amplifier specified at 6ns. Always keep in mind that

various types of probes have different signal transit delay

times. At high sweep speeds, this effect shows up in multitrace displays as time skewing between individual channels. Using similar probes will eliminate this problem, but

measurement requirements often dictate dissimilar probes.

In such cases the differential delay should be measured

and then mentally factored in to reduce error when interpreting the display. It is worth noting that active probes,



such as FET and current probes, have signal transit times

as long as 25ns. A fast 10X or 50Ω probe delay can be

inside 3ns. Account for probe delays in interpreting oscilloscope displays.

The difficulty shown in Figure 10 is a wildly distorted

amplifier output. The output slews quickly, but the pulse

top and bottom recoveries have lengthy, tailing responses.

Additionally, the amplifier output seems to clip well below

its nominal rated output swing. A common oversight is

responsible for these conditions. A FET probe monitors

the amplifier output in this example. The probe’s common-mode input range has been exceeded, causing it to

overload, clip and distort badly. When the pulse rises, the

probe is driven deeply into saturation, forcing internal

circuitry away from normal operating points. Under these

conditions the displayed pulse top is illegitimate. When

the output falls, the probe’s overload recovery is lengthy

and uneven, causing the tailing. More subtle forms of FET
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