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IDNEY Darlington’s name is well known to electronic
ircuit designers. He is credited with the discovery and
initial demonstration in the early 1950’s of what ever since
has been known as thRarlington transistor pair or simply
the Darlington transistor or Darlington pair. This episode
provides another example of Sidney’s wide-ranging technical
interests and his creativity addressed to the solution of real |
engineering problems. "
Early silicon transistors suffered from low values of
common-emitter current gai®, and large variations of3
from sample to sampleg might range from5 to 15 for
good samples of silicon grown-junction transistors. Given
these nonideal active elements, electronic circuit designers 2 —
ha.d difficulty de3|g_n|ng circuits with reasonably _Stable a_nlglg. 1. Darlington transistor pair. Resistors as shown are usually included to
uniform overall gain. They badly wanted transistors Witheduce the switching delay when turning off a conducting pair.
larger current gain so negative feedback could be employed,
at the sacrifice of some circuit gain, to stabilize overall circuit )
performance against variations in operating conditions and 2 royaity on every IC chip made today! Anyway, that's
transistor characteristics. Sid Darlington surely understood the story he tells™
this engineering problem at the time. U.S. Patent 2663806 titled “Semiconductor Signal Trans-
The following account of the origins of the Darlingtonlating Device” was issued on December 22, 1953 with Sidney
transistor pair is due to Professor Emeritus Filson Glanz Rarlington as sole inventor. The drawings from the patent
the University of New Hampshire. are reproduced here as an illustration on the following page.
Drawings and claims are included for both two-transistor and
“Just after the transistor was invented at Bell Labs, Sid- three-transistor compound connections. (It seems that Sidney
ney checked out for the weekend two of the few existing Struck a compromise with the lawyers.) This patent often was
transistors from the head of Bell Labs. Transistors were cited as related art on patents issued subsequently. Online
not generally available and the head of the Labs kept the databases available today go back only to 1971; but from
few that had been made in his desk. Sidney played with 1971 to 1991, 17 subsequent patents reference this Darlington
them at home on the weekend and discovered/inventedinvention. Titles of those patents indicate uses ranging from
the Darlington pair. He realized that they could be put power supplies to security apparatus to television receivers.
in one package (“on one chip”), and that in fact any  Fig. 1 shows a schematic diagram with transistfysand
number of transistors could be put in one package. The 7> connected as a Darlington transistor pair.
next week he was encouraged to have the lawyers draw The resistors shown are not essential, but are usually in-
up the patent application. He said it should be written cluded to permit independent design of bias currents and
for any number in one package, but the lawyers only to reduce the time required to turn off a conducting pair.
wanted to do it for two—which is what was applied for. They reduce the current gain particularly at low currents. If
As it turned out, if it had not been restricted to two Wwe neglect the current flowing in the resistors and define
transistors, Bell Labs and Dr. Darlington would receive the common-emitter current gain for a single transistor as
g = 1./1,, simple analysis shows that the overall dc or low
frequency current gain for the Darlington pair is
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Dec. 22, 1953 S. DARLINGTON 2,663,806
SEMICONDUCTOR SIGNAL TRANSLATING DEVICE
Filed May 9, 1952
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Thus at low frequencies the Darlington pair is approximatetyuency analysis shows that the Darlington pair has much more
equivalent to a single transistor with a current gain greater thphase shift than a single transistor. While a single transistor
32. Electronic circuit designers welcomed the improvememimplifier stage usually is unconditionally stable when negative
in current gain. Unfortunately but not surprisingly, high frefeedback is applied, this is not true of a single-stage amplifier
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using a Darlington pair. Conventional two-stage commomt 50 V on a time scale measured in milliseconds, as required
emitter transistor amplifiers are more easily rendered stalide actuating a solenoid or a tungsten lamp.
with negative feedback than single-stage amplifers using aSidney Darlington made at least one other excursion into the
Darlington pair. Therefore, the applications for Darlingtomvorld of transistor circuit design. According to Dr. Franklin
pairs have been largely in noncritical circuits not requiring udglecher, who joined Bell Laboratories around 1952, Sidney
of feedback. Another limitation is that the minimum voltag@nce designed, built, and demonstrated a complete three-stage
drop through the device when conducting must be greatdirect-coupled transistor amplifier of a sort that might be
than the base—emitter voltage (about 0.8 V) of the secosaditable for use in a hearing aid. This circuit used single
transistor. When switching large currents, the power wastt#tdnsistors, not Darlington pairs. Properly designed negative
by this voltage drop can become an issue. The correspondiagdback, stabilizing the gain and dc operating point, was
voltage drop for a simple common-emitter transistor switch iscluded? While this was an original undertaking for Sid, it
about 0.2 V. turned out that others had demonstrated such circuits earlier.
The fact that the two transistors of a Darlington pair share Sidney Darlington was a person of great curiosity and orig-
a common collector region provokes the question of whethigality, armed with the best modern scientific and engineering
Sidney anticipated the development of the integrated circuihowledge. The scope of his creative accomplishments is an
Sidney’s patent in fact diagrams and claims a transistor péispiration to all who knew him.
sharing a single n-type semiconductor region forming the
common collector for a Darlington pair. A jumper wire is
shown making the connection between the emitter of one
and the base of the other. At that time, the interconnecti
jumper would have been applied by a manually controll
wire-bonding operation, one pair at a time. Modern plan
integrated circuits readily provide batch-interconnected bipol
transistors sharing a common collector region. One conclugs™
that Sidney conceived some but not all of the essential featug
of a modern integrated circuit. Tellep Distinguished Professor Emeritus. He served
An Internet search for "Darlington transistor" shows tha as Dean of Berkeley’s College of Engineering from

even to this day there are dozens of commercial devic%'é’o to 1996. He was active in teaching and research on microelectronics
technology and design. Since 1984 his research centered on semiconductor

so identified, typically featuring a current gain of 1000 Ofanufacturing systems. He serves as a Director of Mentor Graphics Corpo-

more. They are used primarily for relay drivers and in otheation, Silicon Image, Inc., and the International Computer Science Institute.
inati i ; i ; ; Prof. Hodges was the founding editor of the IEERAWSACTIONS ON

appllcatlon§ requinng Slmp|ICIty and hlgh gal_n. For.exampIeSE ICONDUCTOR MANUFACTURING, a past editor of the IEEEOJRNAL OF

they are widely used to actuate solenoid-driven flippers aBglp-srare Circurrs, and a past Chairman of the International Solid-State

flashing lights in electromechanical pinball machines. A logigircuits Conference. He was the recipient of the 1997 IEEE Education Medal.
signal of a few milliamperes from a microprocessor, amplified® 'S & member of the National Academy of Engineering.
by a Darlington transistor, easily switches an ampere or moréFranklin H. Blecher, private communication, April 1, 1998.
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