I3 TEXAS
INSTRUMENTS

Application Report
SNOA685B—January 1970—Revised May 2013
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ABSTRACT

The IC voltage comparators available in the past have been designed primarily for low voltage, high-speed
operation. As a result, these devices have high input error currents, which limit their usefulness in high
impedance circuitry. An IC is described here that drastically reduces these error currents, with only a
moderate decrease in speed.
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Introduction

This new comparator is considerably more flexible than the older devices. Not only will it drive RTL, DTL
and TTL logic; but also it can interface with MOS logic and FET analog switches. It operates from
standard £15 V op amp supplies and can switch 50 V, 50 mA loads, making it useful as a driver for relays,
lamps or light-emitting diodes. A unique output stage enables it to drive loads referred to either supply or
ground and provide ground isolation between the comparator inputs and the load.

Another useful feature of the circuit is that it can be powered from a single 5 V supply and drive DTL or
TTL integrated circuits. This enables the designer to perform linear functions on a digital-circuit card
without using extra supplies. It can, for example, be used as a low-level photodiode detector, a zero
crossing detector for magnetic transducers, an interface for high-level logic or a precision multivibrator.
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Figure 1. Simplified LM111 Schematic

Figure 1 shows a simplified schematic of this versatile comparator. PNP transistors buffer the differential
input stage to get low input currents without sacrificing speed. Because the emitter base breakdown
voltage of these PNPs is typically 70 V, they can also withstand a large differential input voltage. The
PNPs drive a standard differential stage. The output of this stage is further amplified by the Q.-Q; pair.
This feeds a lateral PNP, Q, that provides additional gain and drives the output stage.

The output transistor is Q,,, which is driven by the level shifting PNP. Current limiting is provided by Rg
and Q,, to protect the circuit from intermittent shorts. Both the output and the ground lead are isolated
from other points within the circuit, so either can be used as the output. The V™ terminal can also be tied to
ground to run the circuit from a single supply. The comparator will work in any configuration as long as the
ground terminal is at a potential somewhere between the supply voltages. The output terminal, however,
can go above the positive supply as long as the breakdown voltage of Q,; is not exceeded.
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Figure 2. lllustrating the Influence of Source Resistance on Worst Case, Equivalent Input Offset Voltage

Figure 2 shows how the reduced error currents of the LM111 improve circuit performance. With the LM710
or LM106, the offset voltage is degraded for source resistances above 200 Q. The LM111, however, works
well with source resistances in excess of 30 kQ. Figure 2 applies for equal source resistances on the two
inputs. If they are unequal, the degradation will become pronounced at lower resistance levels.

Table 1 gives the important electrical characteristics of the LM111 and compares them with the
specifications of older ICs.

A few, typical applications of the LM111 are illustrated in Figure 6. The first is a zero crossing detector
driving a MOS analog switch. The ground terminal of the IC is connected to V~; hence, with £15 V
supplies, the signal swing delivered to the gate of Q, is also +15 V. This type of circuit is useful where the
gain or feedback configuration of an op amp circuit must be changed at some precisely-determined signal
level. Incidentally, it is a simple matter to modify the circuit to work with junction FETS.
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Table 1. Comparing the LM111 With Earlier IC Comparators @
Parameter LM111 LM106 LM710 Units

Input Offset 4 3 3 mV
Voltage
Input Offset 0.02 7 7 HA
Current
Input Bias 0.15 45 45 HA
Current
Common Mode 14 5 5 \Y
Range
Differential Input +30 5 +5 \%
Voltage Range
X)oltage Gain 200 40 17 Vimv
E)esponse Time 200 40 40 ns
Output Drive

Voltage 50 24 25 \%

Current 50 100 1.6 mA
Fan Out 8 16 1
(DTL/TTL)
Power 80 145 160 mw
Consumption

@ values given are worst case over a -55°C to +125°C temperature range, except as noted.
@ Typical at 25°C.

The second circuit is a zero crossing detector for a magnetic pickup such as a magnetometer or shaft-
position pickoff. It delivers the output signal directly to DTL or TTL logic circuits and operates from the 5 V
logic supply. The resistive divider, R; and R,, biases the inputs 0.5 V above ground, within the common
mode range of the device. An optional offset balancing circuit, R; and R,, is included.

The next circuit shows a comparator for a low-level photodiode operating with MOS logic. The output
changes state when the diode current reaches 1 pA. At the switching point, the voltage across the
photodiode is nearly zero, so its leakage current does not cause an error. The output switches between
ground and -10 V, driving the data inputs of MOS logic directly.

The last circuit shows how a ground-referred load is driven from the ground terminal of the LM111. The
input polarity is reversed because the ground terminal is used as the output. An incandescent lamp, which
is the load here, has a cold resistance eight times lower than it is during normal operation. This produces
a large inrush current, when it is switched on, that can damage the switch. However, the current limiting of
the LM111 holds this current to a safe value.

The applications described above show that the output-circuit flexibility and wide supply-voltage range of
the LM111 opens up new fields for IC comparators. Further, its low error currents permit its use in circuits
with impedance levels above 1 kQ. Although slower than older devices, it is more than an order of
magnitude faster than op amps used as comparators.

The LM111 has the same pin configuration as the LM710 and LM106. It is interchangeable with these
devices in applications where speed is not of prime concern.
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Figure 5. Detector for Magnetic Transducer
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Figure 6. Driving Ground — Referred Load

Figure 7. Typical Applications of the LM111
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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