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Introduction

Amplifiers with internal voltage clamps, also known as limiting
amplifiers, have a wide range of practical uses. They are most
commonly used to protect load circuitry that has a limited
input range. By connecting the high and low clamp pins to DC
levels, the output voltage may be restricted to the desired
range. The internal clamp circuitry also avoids saturation of
the output stage devices and assures fast overload recovery.

Prior to the introduction of limiting amplifiers, design
engineers had to develop their own limiting networks. This
network was as simple as two Schottky diodes and a current
limiting resistor, or as complicated as an adjustable limiting
network that might employ several transistors, resistors and
diodes. With limiting amplifiers, adjustable limiting networks
are realized with a simple resistor divider network connected
to the high and/or low limit pins.

Many other applications exist for limiting amplifiers. Because
of their fast response time and flexibility in output voltage
range, they make excellent high performance comparators.
Several applications make use of the wide bandwidth of the
clamp inputs. Through appropriate modulation of the clamp
input voltages, an AM modulator, soft clipping circuit and sync
stripper can be realized. This application note describes how
amplifiers with internal clamps work, the advantages of using

these amplifiers for limiting and a number of application circuits.

Input vs Output Limiting

There are two classes of limiting amplifiers on the market
today, those that employ input limiting to constrain the output
voltage, and those that utilize output limiting. Each has their
own advantages, and users should understand these issues
and pick the best one for their application. Advantages of
input limiting amplifiers include: better clamp accuracy,
continued low closed loop output impedance during limiting,
and depending on the implementation, input limiting may or
may not prevent input stage saturation.

Input limiting amplifiers have some serious limitations,
however, which are not shared by output limiting versions.
The input limiting amplifier offers no limiting action when
configured in inverting gains, and does not protect against
transients introduced at the inverting input, because the
input limiting function applies only to the positive input.

Additionally, because the limiting voltages are applied to the
input stage, they are amplified by the op amp’s gain. This
precludes the use of input limiting amps in open loop
configurations (e.g., comparators) and makes the setting of
the limit voltages much more critical. Consider a limiting
amplifier in a closed loop gain of 10. A 10mV error in setting
the limit voltage translates into a 100mV error at the output of
an input limiting amplifier, while the output limiting amp

delivers only the 10mV error. If an input limiting amplifier
becomes damaged and goes open loop, the rail-to-rail output
swing will likely take out the expensive A/D it was designed to
protect. Output limiting controls the output excursions as long
as the limiting circuitry remains functional. This application
note focuses on output limiting amplifiers due to their greater
flexibility.

Output Limiting Current Feedback Amplifiers

Intersil’s line of output limiting amplifiers are current
feedback op amps which feature user programmable output
clamps to limit output voltage excursions. Limiting action is
obtained by applying voltages to the Vi and V|_terminals
(pins 8 and 5) of the amplifier. V| sets the upper output limit,
while V_sets the lower clamp level. If the amplifier tries to
drive the output above Vy, or below V|, the clamp circuitry
limits the output voltage at Vi, or V|_ (+ the clamp accuracy)
respectively. The output voltage remains at the clamp level
as long as the overdrive condition remains.

When the input voltage drops below the overdrive level
(VeLamp / AycL) the amplifier returns to linear operation. A
time delay, known as the Overdrive Recovery Time, is
required for this resumption of linear operation. The clamped
overdrive recovery time may be an order of magnitude faster
than the amplifier’s normal saturation recovery time. The low
input bias currents of the clamp pins allow them to be driven
by simple resistive divider circuits, or active elements such
as amplifiers or D/A converters. Because the clamp circuit is
part of the amplifier, and the amp has been characterized
with the clamp circuit present, the user can be confident that
the clamp circuitry will induce minimal performance
degradation during normal linear operation.

Clamp Circuitry

Figure 1 shows a simplified schematic of the HFA1130 input
stage, and the high clamp (V) circuitry. As with all current
feedback amplifiers, there is a unity gain buffer (Qx1 - Qx2)
between the positive and negative inputs. This buffer forces
-IN to track +IN, and sets up a slewing current equal to the
current flowing through the inverting input. This current is
mirrored onto the high impedance node (Z) by Qx3 - Qx4.
where it is converted to a voltage and fed to the output via
another unity gain buffer. If no clamping is utilized, the high
impedance node may swing within the limits defined by Qpy4
and Qpg. Note that when the output reaches its quiescent
value, the current flowing through -IN is reduced to only that
small current (-lg|aog) required to keep the output at the final
voltage.
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FIGURE 1. HFA1130 SIMPLIFIED V; CLAMP CIRCUITRY

Tracing the path from node VR to node Z illustrates the effect of
the clamp voltage on the high impedance node. Vy decreases
by 2Vgg (Qng and Qpg) to set up the base voltage on Qps. Qps
begins to conduct whenever the high impedance node reaches
a voltage equal to Qps’s base + 2Vgg (Qps and Qnjs). Thus,
Qps5 clamps node Z whenever Z reaches V. R4 provides a pull-
up network to ensure functionality with the clamp input floating.
A similar description applies to the symmetrical low clamp
circuitry controlled by V| .

When the output is clamped, the negative input continues to
source a slewing current (Ig apmp) in an attempt to force the
output to the quiescent voltage defined by the input. Qps must
sink this current while clamping, because the -IN current is
always mirrored onto the high impedance node.

Clamp Accuracy

The clamped output voltage will not be exactly equal to the
voltage applied to Vi or V| . Offset errors, mostly due to Vgg
mismatches, cause inaccuracies in the clamping level. Clamp
accuracy is a function of the clamping conditions. Referring
again to Figure 1, it can be seen that one component of clamp
accuracy is the Vgg mismatch between the Qxg transistors, and
the Qx5 transistors. If the transistors are run at the same current
level there is no Vgg mismatch, and no contribution to the
inaccuracy. The Qg transistors are biased at a constant
current, but as described earlier, the current through Qs is
equivalent to Ic_ amp- VBE increases as I _amp increases,
causing the clamped output voltage to increase as well. I amp
is a function of the overdrive level and Rg, so clamp accuracy
degrades as the overdrive increases, and as Rg decreases.
Consideration must also be given to the fact that the clamp
voltages have an effect on amplifier linearity. As the output
voltage approaches the clamp level the clamp circuitry starts to
conduct and linearity degrades. Most limiting amplifier data

sheets detail the impact on linearity in a graph entitled: “Non-
linearity Near Clamp Voltage”.

Clamp Range

Unlike some limiting amplifiers, both Vi and V|_ of HFA series
amplifiers have usable ranges that cross OV. While Vi must be
more positive than V|, both may be positive or negative, within
the range restrictions indicated in the specifications. For
example, the HFA1130 output could be limited to ECL levels by
setting V4 =-0.8V and V|_=-1.8V.

Use as a Protection Circuit

Limiting amplifiers are frequently used to protect circuitry that
has a limited input range. A classic example is a buffer for an
A/D converter. Many A/D converters can be damaged if their
input is taken much beyond their specified input range. In
addition to providing necessary input voltage clamping, a
limiting amplifier can provide the peak currents needed to
charge the A/D converter input capacitance and remain stable
with step changes in input voltage. Of course, the limiting
amplifier can also provide the gain and level shifting frequently
required preceding an A/D converter.

In Figure 2, the HFA1135 limiting amplifier is used to drive the
HI1175 8-bit, 20 MSPS A/D Converter. The HFA1135 is
configured as a level shifting amplifier with an offset of 0.5V and
a gain of 2. This allows a ground referenced, 1V Max signal to
span the full 2V input range of the HI1175. The HI1175 is typical
of many single supply A/D converters which have an input range
that does not include ground. The Vgt and Vg voltages of 2.5V
and 0.5V respectively set the limits of the HI1175 input range.
The V|_ clamp voltage of OV keeps the lower limit of the input to
the HI1175 within its absolute maximum range. The 0.5V
difference between the nominal minimum input voltage and the
clamp voltage assures that the clamp circuitry does not effect
the linearity of the circuit. A voltage divider sets the V| voltage to
approximately 3V.
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FIGURE 2. HFA1135 DRIVING THE HI1175 ADC
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FIGURE 3. HFA1130 DRIVING THE HI1166 ADC

In Figure o, Uie rfrA 119V IS used I d gdin ol -£ o arive uie
input of the HI1166 8-bit, 250 MSPS A/D Converter. Typical of
A/D converters that operate above 100Msps, the HI1166 is an
ECL part that runs from power supplies of GND and -5.2V. The
HFA1130 allows a 0V to 1V input to span the 0V to -2V range
of the A/D converter. Resistor dividers set the Vy and V|_ limit
levels to 0.5V and -2.5V respectively.

Using Current Feedback Amplifiers as Comparators

Current feedback amplifiers, especially those with output
limiting, make excellent high speed, open loop comparators.
Recall that the non-inverting input connects to the input of a
unity gain buffer, while the inverting input connects to the buffer
output. This buffer sources or sinks current until the error current
is minimized, and this buffer current is mirrored onto the high
impedance node to provide the slewing current. Since the
slewing current is proportional to the current flowing through the
amplifier’s inverting input, the slew rate may be adjusted by the
external resistance on the inverting input.

If a voltage is applied to the non-inverting input, the internal buffer
forces the inverting input to the same voltage, the buffer will sink
or source current accordingly, and the amplifier output will fall or
rise respectively. With no provision for feedback, the buffer’s
current remains constant, and the output drives into the stops
resulting in output saturation with its undesirable effects.

Consider the HFA1130 based inverting comparator circuit
(Figure 4). The GND at the HFA1130’s non-inverting input
forces the internal buffer to output OV at the inverting input. As
soon as V| rises above 0V, the input buffer begins sinking
current, and the output signal falls to its negative stop. When
V)N returns below GND, the output transitions high.

3.16kQ

3.16kQ
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FIGURE 4. HFA1130 IMPLEMENTED AS AN INVERTING, 2ns,
TTL COMPATIBLE OUTPUT COMPARATOR

Because o1 e nrA | 15V S reiauvely sindil propagduor aeiay of
0.5ns, the dominant component of the comparator’s response
time is the op amp’s slew rate. Since the slew rate is a function
of l), the response time is strongly influenced by V|y, and the
choice of R|y. Decreasing Ry decreases the response time,
with a slight decrease in limiting accuracy, (Figure 5). However,
if RN is too small the internal current mirrors can saturate and
reverse the effect. To implement a non-inverting comparator,
simply ground the outboard side of Ry, and apply the input
signal to the amplifier’s non-inverting input.
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FIGURE 5. DECREASING Rjy REDUCES THE COMPARATOR
RESPONSE TIME FROM 2.5ns TO 1.2ns

Comparator Benefits From Output Limiting

The HFA1130’s open loop response plot (Figure 6) illustrates
the key advantages of using output limiting amplifiers for
comparator applications. Besides the obvious benefit of
constraining the output swing to a defined logic range, limiting
the output excursions also keeps the output transistors from
saturating which prevents unwanted saturation artifacts from
distorting the output signal. Utilizing the output limiting function
also takes advantage of the HFA1130’s ultra-fast recovery from
clamped overdrive (<1ns). Instead of the >10ns propagation
delay (the HFA1130’s normal saturation recovery time)
obtained with the unrestricted output, limiting the positive
swing to 2.5V yields a 2ns response time.
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FIGURE 6. COMPARISON OF COMPARATOR RESPONSE
WITH AND WITHOUT OUTPUT LIMITING

AM Modulator Circuit

The fast overdrive recovery time and wide bandwidth of the clamp
inputs allows these inputs to be driven by high frequency AC as
well as DC signals. When driven at the appropriate levels, the
clamp inputs may be used to form an AM modulator. Figure 7
shows a complete AM modulator circuit. The HFA1130 Limiting
Amplifier is driven by a 4Vp_p carrier signal. The gain of 2 through
the HFA1130 insures that the carrier amplitude is sufficient to
drive the output over its £3.3V range.
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6
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:
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FIGURE 7. AM MODULATOR UTILIZING THE HFA1130
LIMITING CAPABIILITY

The HFA1212 performs the necessary level shifting and
inversion to convert the modulating signal input into a pair of
anti-phase signals that control the high and low clamp inputs.
U4 inverts the signal and level shifts to -1.5V. U4pg inverts that
signal forming a complimentary signal centered at +1.5V.

With a signal input of OV, Us produces a 3Vp_p output at the
carrier frequency. As the signal input varies, Uo produces a
symmetrically modulated carrier with a maximum amplitude of
6Vp_p. The oscilloscope photograph in Figure 8 shows a
5MHz carrier AM modulated by a 100kHz signal. The
2300V/us slew rate of the HFA1130 limits 6Vp_p amplitude

carrier signals to a frequency of 61MHz. If adjusted for lower
output signal levels, the carrier and modulating frequencies
can be increased to well above 100MHz.

FIGURE 8. A 5MHz CARRIER IS AM MODULATED BY A
100kHz SIGNAL

Soft Clipping Circuit

Any amplifier stage driven to the limit of its linear range will cause
signal clipping. The circuit described here establishes a clipping
level that is a function of the input signal. The result is a soft clamp
function where the amplifier has one gain in its linear operating
range and a user programmable lower gain when the output
reaches an arbitrary threshold. The circuit may be used in
imaging applications to expand the contrast of low level signals. It
can be used in audio circuits to avoid generation of objectionable
harmonics due to hard clipping. It also has application in control
loops that otherwise would become unstable when their error
amplifiers saturate. This circuit can be used in a broad range of
applications that require a combination of high sensitivity for low
level signals and wide dynamic range.

The basic soft clipping circuit, based on the HFA1135, is shown
in Figure 9. The nominal value of Rq is 1.5kQ which is the
optimum feedback resistor for the HFA1135. Hard clamping
results with Ry and R4 shorted, and R3 and Rg removed.
Figure 10 illustrates the hard clamping operation with a
100kHz input signal and clamp levels set at +1V. The circuit
has unity gain for inputs that fall between the clamp levels. The
addition of Ry through R make the clamp level a function of
the input signal. The output for signals in excess of Vo
(Voltage Clamp High) is given by:

Vo = (VINR2 + VcHR3) / (Rz + R3).

AN9653 Rev.0.00
Nov 1996

intersjl

Page 4 of 6


http://www.intersil.com?utm_source=intersil&utm_medium=datasheet&utm_campaign=logo-ds-header

Use and Application of Output Limiting Amplifiers

(HFA1115, HFA1130, HFA1135)

VcH

+ +
] HFA1135 Vout

VeL

FIGURE 9. HFA1135 OUTPUT LIMITING AMPLIFIER
CONFIGURED FOR SOFT LIMITING

FIGURE 10. HARD CLIPPING RESULTS FROM A GAIN OF
ZERO ABOVE THE CLAMP LEVEL

Flgure 11 SIOWS Ne resuit witl /o dia x4 Set 10 1KsZ, dlna 3
and Rg set to 5kQ. The gain for signals greater than 1V is 1/6.
In Figure 12, R, through Rs have been set to 1kQ, and the
gain above 1V is 1/2. Note that the high and low clamp levels
need not be symmetrical, and the attenuation factors above
and below those levels may be different.

Limiting amplifiers are frequently used at the front end of
systems to accommodate wide dynamic range signals that
may extend beyond the common mode range of the system.

While the circuit in Figure 9 performs soft clipping, it is
restricted to signals within the +2.4V input voltage range of the
HFA1135. The circuit in Figure 13 incorporates an additional
clamp network that allows the circuit to be used with signals
that exceed the input voltage range. Using the values shown,
the circuit has unity gain for signals that range between +1V.
The gain for inputs beyond that range is 1/6. Soft clipping
works for signals up to +9.4V which is well in excess of the £5V
power supply levels for the HFA1135.

FIGURE 11. SOFT CLIPPING WITH A GAIN OF 1/6 ABOVE THE

CLAMP LEVEL

FIGURE 12. SOFT CLIPPING WITH A GAIN OF 1/2 ABOVE THE
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FIGURE 13. SOFT CLIPPING CIRCUIT WITH EXTENDED

INPUT RANGE
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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