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Low power Schottky TTL combines the best qualities of
high speed TTL (74N, even 74H) and low power 93L.
Available from several manufacturers, LSTTL is fast
becoming a replacement for standard TTL. In fact, over
the rest of this decade, it will dominate TTL designs and
by 1980 will be the lowest cost TTL family. The feature
this month describes the low power Schottky TTL con-
cept and explains its many advantages over convention-
al TTL. Some interesting background material is also
included on the Schottky barrier diode and the man
who gave it its name.

Many monolithic 3-terminal regulators are available
with current capabilities up to 1.5 amps, but what
about the designer who requires one for higher cur-
rents A hybrid 3-terminal regulator with a 5-amp
output-current capability, now available, is the subject
of the second article.

The inherent capability of charge-coupled devices to
manipulate information in the form of charge packets
makes the CCD technology ideal for analog signal pro-
cessing. The third article introduces the first in a series
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of CCD analog shift registers designed specifically for
systems that require complex manipulation of analog
information.

Next is a brief overview of available interface circuits
for CMOS systems. These include both CMOS and bi-
polar ICs, the latter often overlooked by the designer.

Circuit Ideas presents a practical approach to high
speed multiplication of word lengths up to 24 bits. The
8 x 8 multiplication scheme shown has a typical mulkti-
plying time of 68 nanoseconds.

This month's New Products section highlights a pro-
grammer, used in conjunction with the Qualifier™ 9Q)
tester to create and modify device testing programs.
Developed by Fairchild Systems Technology, the Pro-
grammer is a compact unit that mounts easily on any
teletypewriter stand and provides the user with a
method to write his own special programs. Also dis-
cussed are two new UHF prescalers and two pairs of
very fast 2048-bit and 4096-bit field-programmable
ROMs (PROMs).

PROGRES
PROGRESS is published bimonthly by the Marketing Services
Department of Fairchild Semiconductor. It is intended to in-
form the reader about developments in the semiconductor
field, provide application information and cover subjects of
interest to the system or logic designer.

Editor Harriet Crewell

Hse
® by Peter Alfke and Charles Alford

For many years TTL has been the most popular digital
integrated circuit technology, offering a good compro-
mise between cost, speed, power consumption and ease
of use. As the price of TTL circuits decreased and the
average IC complexity increased to MSI (medium scale
integration), the cost and size of the power supply and
the difficulty of removing the heat dissipated in the TTL
circuits became increasingly important factors. Recent
improvements in semiconductor processing have made
it possible to not only reduce TTL power consumption
significantly, but also to improve the speed over that
of standard TTL.

The 9LS low power Schottky TTL family combines a
current and power reduction by a factor of 5 (compared
to 7400 TTL) with anti-saturation Schottky diode
clamping and advanced processing. Shallower diffu-
sions and higher sheet resistivity are used to achieve
circuit performance better than conventional TTL. With
a full complement of popular TTL functions available
in 9LS and in the new, more complex and powerful
LSI MACROLOGIC™ TTL circuits? low power Schottkyis destined to become the dominating TTL logic family.

9LS represents more than just a conventional speedversus power trade-off. This is best illustrated by Fig-ure 1 which compares 9LS to other TTL technologies.Note that 9LS dissipates eleven times less power than9S or 745, suffering a delay increase of only 1.7 times.
*Macrologic, PROGRESS, Vol 3, No 2, March/April 1975
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The 9L low power non-Schottky family by comparison
also dissipates eleven times less power than 74H, and
74L dissipates ten times less power than 74N, but both
suffer a delay increase of 3.4 times.

The performance of 9LS is not just the result of Schott-
ky clamping. 9LS is four times faster than 9L at the
same power dissipation, while 9S and 74S are only two
times faster than 74H at the same power. The new and
higher level of efficiency exhibited by OLS is the result
of advanced processing, which provides better switch-
ing transistors with no sacrifice in manufacturability.

The basic Schottky-transistor sche-
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To the system designer the advantages of this new TTL
family are many:

@ Less supply current allows smaller, cheaper power
supplies, reducing equipment cost, size and weight.

@ Lower power consumption means less heat is gener-
ated, which simplifies thermal design. Packing dens-
ity can be increased or cooling requirements reduced,
or perhaps both. The number of cooling fans can be
reduced, or slower, quieter ones substituted.

® Reliability is enhanced, since lower dissipation caus-
es less chip temperature rise above ambient; lower
junction temperature increases MTBF. Also, lower
chip-current densities minimize metal related fail-
ure mechanisms.

@ Less noise is generated, since the improved transis-
tors and lower operating currents lead to much
smaller current spikes than standard TTL; conse-
quently, fewer or smaller power supply decoupling
capacitors are needed. In addition, load currents are
only 25% of standard TTL and 20% of HTTL; there-
fore, when a logic transition occurs, the current
changes along signal lines are proportionately
smaller, as are the changes in ground current. Rise
and fall times, and thus wiring rules, are the same
as for standard TTL and more relaxed than for HTTL
or STTL.

® Simplified MOS to TTL interfacing is provided, since
the input load current of LSTTL is only 25% of a
standard TTL load.

@ Ideally suited for CMOS to TTL interfacing. All Fair-
child CMOS and most other 4000 or 74C CMOS are
designed to drive one 9LS input load at 5.0 V. The

9LS can also interface directly with CMOS operating
up to 15 V due to the high voltage Schottky input
diodes.

@ Best TTL to MOS or CMOS driver. With the modest@
input current of MOS or CMOS as a load, any 9LS
output will rise up to within 1 V of Vcc, and can be
pulled up to 10 V with an external resistor.

® Interfaces directly with other TTL types, as indicated
in the input and output loading tables.

® The functions and pinouts are the same as the famil-
iar 7400/9300 series, which means that no exten-
sive learning period is required to become adept in
their use.

CIRCUIT CHARACTERISTICS
The 9LS circuit features are easiest explained by using
the 9LSOO 2-input NAND gate as an example. The in-
put/output circuits of all 9LS TTL, including, SSI, MSI
and MACROLOGIC TTL are almost identical. While the
logic function and the base structure of 9LS circuits
are the same as conventional TTL, there are also signi-
ficant differences.

Input Configuration
LSTTL is considered part of the TTL family, but it does
not use the multi-emitter input structure that originally @gave TTL its name. All 9LS TTL, with the exception of
some early designs*, employ a DTL-type input circu
with Schottky diodes to perform the AND function.
Compared to the classical multi-emitter structure, this
circuit is faster and it increases the input breakdown
voltage to 15 V. Each input has a Schottky clamping
diode that conducts when an input signal goes negative,
as indicated by the input characteristic of Figure 3.
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Fig. 2. 2-Input NAND Gate
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Fig. 3. Typical Input Current-Voltage Characteristic

"The 9LS03, 05, 22, 74, 109, 112, 113 and 114 use transistor inputs at present, but will be redesigned by the first part of 1976 to incorporate diode inputs.
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This helps to simplify interfacing with those MOS cir-
cuitswhose output signal tends to go negative. For along
TTL interconnection, which acts like a transmission
line, the clamp diode acts as a termination for a nega-
tive-going signal and thus minimizes ringing. Other-
wise, ringing could become significant when the finite
delay along an interconnection is greater than one-
fourth the fall time of the driving signal.

The effective capacitance of an LSTTL input is approxi-
mately 3.3 pF. For an input that serves more than one
internal function, each additional function adds 1.5 pF.

Output Configuration
The output circuits of 9LS low power Schottky TTL have
several features not found in conventional TTL. A few
of these features are discussed below.

® The base of the pull-down output transistor is re-
turned to ground through a resistor-transistor net-
work instead of through a simple resistor. This
squares up the transfer characteristics since it pre-
vents conduction in the phase-splitter until base
current is supplied to the pull-down output transis-
tor. This also improves the propagation delay and
transition time. (See Figure 4)

@ The output pull-up circuit is a 2-transistor Darling-
ton circuit with the base of the output transistor re-
turned through a 5kQ resistor to the output terminals,
unlike 74H and 74S where it is returned to ground
which is a more power consuming configuration.
This configuration allows the output to pull up to
one Vpg below Vcc for low values of output current.

@ As a unique feature, the 9LS outputs have a Schottky
diode in series with the Darlington collector resistor.

This diode allows the output to be pulled substantial-
ly higher than Vcc, e.g., to +10 V, convenient for
interfacing with CMOS. For the same reason, the
parasitic diode of the base-return resistor is connect-
ed to the Darlington common collector, not to Vcc.
Some early 9LS designs - the 9LSOO, 02, 04, 10,
11, 20, 32, 74, 109, 112, 113 and 114-do not have
the diode in series with the Darlington collector resis-
tor. These outputs are, therefore, clamped one diode
drop above the positive supply voltage Vcc. These
older circuits also contain a ''speed-up" diode that
supplies additional phase-splitter current while the
output goes from HIGH to LOW, and also limits the
maximum output voltage to one diode drop above
Vcc. Since this is the fastest transition even with-
out additional speed-up, this diode is omitted in all
new designs.

Output Characteristics
Figure 5 shows the LOW state output characteristics.
For low Io, values, the pull-down transistor is clamped
out of deep saturation to shorten the turn-off delay. The
curves also show the clamping effect when lot tends
to go negative, as it often does due to reflections on a
long interconnection after a négative-going transition.
This clamping effect helps to minimize ringing.

The waveform of a rising output signal resembles an
exponential, except that the signal is slightly rounded
at the beginning of the rise. Once past this initial round-
ed portion, the starting-edge rate is approximately
0.5 V/ns with a 15 pF load and 0.25 V/ns with a 50
pF load. For analytical purposes, the rising waveform
can be approximated by the following expression.

v(t) VoL + 3.7[1 exp (-1/T))
where
T=8ns for C; 15 pF and 16 ns for C; 50 pF
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The waveform of a falling output signal resembles that
part of a cosine wave between angles of 0° and 180°.
Fall times from 90% to 10% are approximately 4.5 ns
with a 15 pF load and 8.5 ns with a 50 pF load. Equiva-
lent edge rates are approximately 0.8 and 0.4 V/ns
respectively. For analytical purposes, the falling wave-
form can be approximated by the following.
v(t) VoL + 19 u(t) [1 + cos wt] - 19 u(t-a) [1 + cos w(t-a)]

where and

u(t) 0 fort <0 u(-a) = Ofort<a=1fort>a
For t in nanoseconds and C, = 15 pF, a 7.5n,w -042

For C, SU pF, a= 14ns,w 023

AC Switching Characteristics
Low power Schottky TTL gates have an average propa-
gation delay of 5 ns measured under the traditional
15 pF load. At higher capacitive loads, the delay in-
creases at a rate of less than 0.1 ns/pF, as shown in

Figure 6. Although some drive capability is lost by us-
ing high value resistors and small transistor geometries
in LSTTL, actually more drive is gained by using non-
gold doped transistors with much higher current gain
than those in conventional TTL. Even at 200 pF load,
TTL circuits are still faster than 'full power' TTL such
as 9000, 7400, 5400.

Figure 7 shows the power dissipation of various logic
families a$ a function of the input frequency. Under
static conditions, only CMOS uses less power than
LSTTL, but CMOS loses this advantage when operating
at more than a few 100 kHz. At speeds over 1 MHz,
LSTTL is the most efficient logic.

The delay times of LSTTL are rather insensitive to vari-
ations in temperature and supply voltage, as shown in

Figures 8 and 9. The average propagation delay changes
less than 2 ns over the full military temperature range,
less than 1 ns over the commercial temperature range,
less than 1 ns over the military supply voltage range,
and less than 0.5 ns over the commercial voltage range.
Compare this to standard TTL where changes of 6 ns
over temperature and several ns over supply voltage
are typical. As a result, the designer can use the guar-
anteed maximum delay values with much more confi-
dence and less additional worst-case derating.

INTERCONNECTION DELAYS
For those parts of a system in which timing is critical,
designers should take into account the finite delay along
the interconnections. This delay ranges from about 0.12
to 0.14 ns/inch for the type of interconnections nor-
mally used in TTL systems. Exceptions occur when us-
ing ground planes with STTL to reduce ground noise
during a logic transition; ground planes give higher dis-
tributed capacitance and delays of about 0.15 to 0.22
ns/inch.

Most interconnections on a logic board are short enough
that the wiring and load capacitance can be treated as
a lumped capacitance for purposes of estimating their
effect on the propagation delay of the driving circuit.
When an interconnection is so long that its delay is
one-fourth to one-half of the signal transition time, the
driver output waveform exhibits noticeable slope
changes during a transition. This is evidence that dur-
ing the initial portion of the output voltage transition,
the driver sees the characteristic impedance of the in-
terconnection (normally 150Q to 200Q)which, fortran-
sient conditions, appears as a resistor returned to the
quiescent voltage existing just before the beginning of
the transition. This characteristic impedance forms a

voltage divider with the driver output impedance, tend-
ing to produce a signal transition having the same rise

a

><
uw

2

<
<
a.

x

&

20 40 60 80 100
CL - LOAD CAPACITANCE pF

Fig. 6. Typical Propagation Delay vs Load Capacitance

1000

10

1.0 FLOW POWE

10-1

10-2

10-3

PO
W
ER

DI
SS
IP
AT

IO
N

PE
R
GA

TE
IN
CL
UD

IN
G
TE
RM

IN
AT

IO
N

m
W

10-4
102 103 104 105 106 107 108

INPUT FREQUENCY - Hz

Fig. 7. Typical Power Dissipation vs Input Frequency
for Several Popular Logic Families

or fall time as in the no-load condition but with a re-
duced amplitude. This attenuated signal travels to the
far end of the interconnection, which is essentially an
unterminated transmission line, whereupon the signal

@starts doubling. Simultaneously, a reflection voltage is
generated which has the same amplitude and polarity
as the original signal; e.g., if the driver output signal is
positive-going, the reflection will be positive going and,
as it travels back toward the driver, it adds to the line
voltage. At the instant the reflection arrives at the driv-
er, it adds algebraically to the still-rising driver output,
accelerating the transition rate and producing the no-
ticeable change in slope.

If an interconnection is of such length that its delay is
longer than half the signal transition time, the attenu-
ated output of the driver has time to reach substantial
completion before the reflection arrives. In the limit,
the waveform observed at the driver output is a 2-step
signal with a pedestal. In this circumstance, the first
load circuit to receive a full signal is the one at the far
end, because of the doubling effect, while the last one to
receive a full signal is the one nearest the driver since
it must wait for the reflection to complete the transi-
tion. Thus, in a worst-case situation, the net contribu-
tion to the overall delay is twice the delay of the inter-
connection because the initial part of the signal must
travel to the far end of the line and the reflection must
return.

@When load circuits are distributed along an intercon-
nection, the input capacitance of each will cause a small
reflection having a polarity opposite that of the signal
transition; and each capacitance also slows the transi-
tion rate of the signal as it passes by. The series of small
reflections, arriving back at the driver, is subtractive
and has the effect of reducing the apparent amplitude
of the signal. The successive slowing of the transition

rate of the transmitted signal means that it takes longer
for the signal to rise or fall to the threshold level of any
particular load circuit. A rough but workable approach
is to treat the load capacitances as an increase in the
intrinsic distributed capacitance of the interconnec-
tion. Increasing the distributed capacitance of a trans-
mission line reduces its impedance and increases its
delay. A good approximation for ordinary TTL intercon-
nections is that distributed load capacitance decreases
the characteristic impedance by about one-third and
increases the delay by one-half.

4 fort >O
Another advantage of LSTTL is its higher output imped-
ance during a positive-going transition. Whereas the low
output impedance of STTL and HTTL allows these cir-
cuits to force a larger initial swing into a low impedance
interconnection, the low output impedance also has a
disadvantage. It makes the reflection coefficient nega-
tive at the driven end of the interconnection whenever
a transmission line is terminated by an impedance low-
er than the characteristic impedance. Therefore, when
the reflection from the essentially open end of the inter-
connection arrives back at the driver, it will be "re-
reflected' with the opposite polarity. The result is a
sequence of reflected signals which alternate in sign
and decrease in magnitude, commonly known as ring-
ing. The lower the driver output impedance, the greater
the amplitude of the ringing and the longer it takes to
damp out.

On the other hand, the output impedance of LSTTL is
closer to the characteristic impedance of the intercon-
nections commonly used with TTL, and ringing is prac-
tically non-existent. Thus no special packaging is re-
quired. This advantage, combined with excellent speed,
modest edge rates and very low transient currents, are
some of the reasons that designers have found LSTTL
extremely easy to work with and very cost effective.
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UNUSED INPUTS
For best noise immunity and switching speed, unused
AND or NAND-gate inputs should not be left floating,
but should be held between 2.4 V and the absolute
maximum input voltage. Two possible ways of handling
these unused inputs are:

Connect an unused input to Vcc. Most 9LS inputs
have a breakdown voltage > 15V and require, there-
fore, no series resistor. For all multi-emitter conven-
tional TTL inputs, a 1 to 10 kQ current-limiting series

resistor is recommended to protect against Vcc
transients that exceed 5.5 V.

Connect an unused input to the output of an unused
gate that is forced HIGH.

Note, do not connect an unused LSTTL input to another
input of the same NAND or AND function. This method,
although recommended for normal TTL, increases the
input coupling capacitance and therefore reduces the
ac noise immunity.

WHAT IS A SCHOTTKY DIODE?
A Schottky diode, also called a "hot carrier diode', of-
fers two big advantages over the conventional pn-junc-
tion diode - very high speed due to extremely short re-
covery time and a substantially lower forward-voltage
drop for a given current, or an order-of-magnitude high-
er current for the same voitage.

The more familiar pn-junction diode that exists at the
boundary of two differently doped sections inside a
semiconductor crystal relies on minority carriers for
current transport. In contrast, a Schottky diode is
formed by the metal-to-semiconductor contact at the
surface of the semiconductor crystal and relies on ma-
jority carriers for current transport (electrons in the case
of n-type semiconductor). Charge storage is negligible
and forward-to-reverse recovery is extremely fast.

Metal-semiconductor contacts can be classifed into two
groups according to their current/voltage character-
istics. Those contacts with a /inear characteristic are
called ohmic and are used extensively in monolithic
integrated circuits for interconnecting the various com-
ponents on a chip. Those with a non-linear rectifying
characteristic are called Schottky barrier diodes.
Whether a metal-semiconductor contact is ohmic or rec-
tifying, 1é., has linear or non-linear characteristics, de-
pends on the properties of the metal and on the doping
level and the type of the semiconductor.

The rectifying non-linearity of Cca Schottky diode results
from the presence of a potential barrier at the metal-
semiconductor interface, which the carriers must sur-
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mount by thermionic emission before they can flow
through the junction. The barrier potential can be re-
duced by forward bias (metal more positive than the n-
type semiconductor) to increase the carrier flow from
the semiconductor into the metal. Under reverse bias,
the Schottky diode behaves similarly to a pn-junction
diode; the reverse current is small and almost voltage
independent unless the breakdown voltage is exceeded.

The Schottky barrier height is always less than the ener-
gy gap of the semiconductor. Thus, for a given voltage,
the current flowing in a Schottky barrier diode is orders-
of-magnitude larger than in a pn diode of the same
area; but, the forward current follows the same expo-
nential law, doubling for every increase of 18 mV in
forward voltage, /.e., increasing tenfoid for every volt-
age increase of 60 mV (See Figure).

Rectifying metal-semiconductor contacts were dis-
covered and investigated by Ferdinand Braun in 1874.
Despite many attempts to understand their current-
flow mechanism, the correct physical model was nq
discovered until half a century later byWalter Schottky.
Researchers at Bell Labs in the late forties were investi-
gating metal-semiconductor interfaces when they ac-
cidentally discovered the transistor. From then on, most
efforts in the semiconductor industry have been direct-
ed toward pn-junction devices. Only in the past six or
seven years have manufacturers gained the understand-
ing of surface phenomena and developed the metalliz-
ation techniques required to produce reliable Schottky
barrier diodes.

LOGARITHMIC CURRENT SCALE
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WHY SCHOTTKY TTL?
With the use of Schottky diodes, the saturation delay
normally encountered in saturated logic (TTL, DTL and
RTL) can be avoided. These logic families operate by
turning their transistors either fully on or fully off. The
amount of base current applied to turn on a transistor
is critical. Too little current will not turn the transistor
on sufficiently. Too much current will turn the transis-
tor on quickly; however, when the base current is inter-
rupted, the transistor continues to conduct until the ex-
cess charge in the base disappears, usually through ther-
mal! recombination.

The designer of saturated logic circuits therefore faces
a problem. He must design the circuit parameter Ss so that
each transistor receives sufficient base current even un-
der the worst-case combination of manufacturing tol-
erances-positive resistor tolerances and low transistor
current gain(beta)-and environmental conditions -low
supply voltage, low temperature that reduces beta and
increases Vpr, and high fan-out that increases the col-
lector current of the output stage. On the other hand,
he must be concerned about overdriving the transistor
and causing excessive saturation delays under the op-
posite worst-case conditions-negative resistor toler-
ances, high beta, low Vgg, high temperature, high
supply voltage and low fan-out-where the transistor
may receive ten times more base current than required.

Conventional TTL circuits use gold doping to increase
the probability of thermal base-charge recombination,
thus decreasing saturation delay; but, this also lowers
beta and makes the circuit less efficient. As early as
1955, an elegant circuit trick, the Baker clamp, was
developed to overcome this problem. A diode is connec-
ted between the base and the collector; originally a ger-
manium diode was used. If this diode has a very low
forward-voltage drop, it starts conducting when the col-
lector becomes slightly forward biased with respect to
the base. The excess current applied to the base termi-
nal of the transistor then flows through this diode into
the collector. The transistor only receives the base cur-
rent necessary to pull the collector into the "soft satura-
tion" region. There is no excess charge storage and the
saturation delay is non-existent.

At first, monolithic integrated circuits could not use this
trick, since no pn-junction diode was available with a
voltage drop significantly lower than that of the base-
emitter diode. The Schottky barrier diode, however, has
this desirable characteristic. By 1970, a great deal of
progress had been made in the understanding andmanu-
facturing of these diodes. Metal-silicide and refractory-
metal contacts assured high temperature stability and
the surface effects of silicon were better understood
and controiled. All the major TTL manufacturers intro-
duced a line of Schottky TTL circuits where all the tran-
sistors that normally would be saturated are equipped
with anti-saturation Schottky barrier clamp diodes.
These Schottky TTL circuits are very fast; but, since the
emphasis is on speed, they consume more power than
normal TTL and their short rise and fall times cause
interconnection problems.

Low power Schottky TTL consumes one-quarter the cur-
rent and power of conventional TTL and uses Schottky
diode clamping and advanced processing to regain the
speed that is lost because of the lower internal charging
currents. The SLS family offers performance superior
to conventional TTL while saving 75% of the power dis-
sipation.

WHO IS MR. SCHOTTKY?
"Schottky" has become a semiconductor household
word, yet how many engineers know the man behind
the name? ts he

1. a famous Soviet scientist, inventor of TTA
2. one of the three Nobel prize winners from Bell Labs

who invented the transistor in 1948?
3. a German physicist who invented the screen-grid

tube in 1915?
4. a research scientist with one of the leading U.S.

semiconductor manufacturers?

If you checked 1, 2 or 4, you are wrong, but this would
not be surprising for we researched several libraries
before we found only the briefest biographical informa-
tion on Walter Schottky.

He was born in June 1886 in Zurich, Switzerland, where
his father, a well known German mathematician, had a
teaching assignment. Waiter Schottky received doctor-
ates in engineering and natural sciences from the Uni-
versity of Berlin and spent several years as a professor
at the universities of Wurzburg and Rostock. He also
worked in the research department of Siemens, the
German telecommunications giant.

Most of his early research dealt with electrons and ions
in vacuum tubes. He invented the screen-grid tube in
1915 and later discovered an irregularity in the emis-
sion of thermions, known as the "Schottky effect'-
the reduction in the minimum energy required for
electron emission under the influence of an electrical
field. During the thirties, Walter Schottky worked main-
ly on the theory of semiconductor physics which, at that
time, had the bad reputation of being the 'physics of
dirt effects' or the study of "order-of-magnitude ef-
fects'. Semiconductors such as selenium and copper-
oxide rectifiers, overvoltage protectors and photovoltaic
cells were used commerciaily but there was no clear
understanding of their theory of operation. Walter
Schottky established the boundary-layer theory for
crystal rectifiers that explains how special concentra-
tion and potential conditions exist in the boundary layer
of the semiconductor and how these conditions depend
on the current through the rectifying junction.

SCHOTTKY BARRIER 4
DIODE

DioDE

4

10-41.0
pn-JUNCTION
DIODE

SCHOTTKY BARRIER
DIODE

0.6 10-6

Walter Schottky remained active in semiconductor re-
search for several decades until his death in 1956. He
wrote several books, few if any translated into English,
and published many articles in scientific journals, e.g.,
Zeitschrift fur Physik and Annalen der Physik.
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High Power
3-Terminal
Voltage Regulator

by Len Arguello

As the trend toward smaller equipment increases and higher
volumetric efficiency becomes more important in overall sys-
tem design, power supply requirements increase accordingly.
The monolithic voltage regulator, because of its high perform-
ance and reliability, cost effectiveness, and ease of use has
become an integral part of most system designs. Three-ter-
minal regulators are available covering the voltage range from
2.6 to 24 V, with current capability from 100 mA to 1.5 A. To
meet the demands for variable voltages or non-standard volt-
age options, two pairs of 4-terminal adjustable regulators
rated at 500 mA and 1 A respectively have been introduced.*

But, what about the designer who needs a voltage regulator
with higher current capability? He has thus far been forced
to add external components to a basic voltage regulator - any -
where from a single series pass device to several components
- depending upon his requirements such as thermal protection,
current limiting, etc.

Now, the 78H05 (Figure 7) is available with a 5 A output cur-
rent capability. It is a hybrid integrated circuit offering all the
inherent characteristics of the monolithic 3-terminal voltage
regulator, "e., full thermal and short circuit protection, and is
packaged in a standard TO-3 providing 50 W power dissipa-

tion. The 78HOS voltage regulator is intended for a wide
range of systems where a regulated 5 V supply is required
and can be used for a variety of on-card regulation and circuit
isolation applications.

VOLTAGE REFERENCE
Until recently, the normal voltage reference used in a voltage
regulator was a temperature-compensated Zener diode, How-
ever, it is limited to a breakdown voltage greater than 6 V,
thus imposing a lower limit on the input voltage to the regula-
tor. Zeners also require excessively tight process control to
maintain a satisfactory tolerance for non-adjustable regula-
tor applications.

A voltage reference that does not use a Zener diode has been
developed from the predictable temperature, current and
voltage relationships in an emitter-base junction. To obtain a

temperature-compensated reference voltage, the positive
temperature coefficient of an emitter-base voltage differen-
tial between two transistors operated at different current
densities is added to the negative temperature coefficient of
emitter-base voltage. Figure 2 shows sucha reference*Tran-
sistor Q1 operates at a considerably higher current level than
Q2 and the emitter-base voltage differential is amplified by
the voltage gain of transistor Q2.

UNREGULATED
INPUT

Fig. 1.

START VOLTAGE

Rsc

ANA

~~

MONOLITHIC

78HOS Block Diagram and Output Circuit
*°4-Terminal Variable Regulators," PROGRESS, Vol 3, No. 1, Jan./Feb. 1975
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The reference voltage can be expressed as follows.

Vrer Vpe3t Ica2 R2+ Igg3 R2

R2
Vrer ~ Vee3* 3 (VBE) 4 R2

R2 (KT JI

where J = current density
K = Boltzmann's constant
T = ° Kelvin
q = Electron charge

By selecting the resistor ratios R2:R3 and R2:R1, a low volt-
age, temperature-compensated reference is obtained.

KT
a

= 0.026 V at 300°K

Figure 3 shows a simplified schematic of the actual circuit
used in the regulator. The base-emitter drops of 04, O5 and
O6 have been added to increase the reference level to 5 V. The
reference then becomes:

R2/KT R2

Resistors R1, R2 and R3 are selected so that the reference
voltage is constant over the temperature range and also has a
nominal value of 5 V at room temperature.

Avery tight reference voltage tolerance is, therefore, obtained
without special process controls. This is because base-emitter
characteristics are better understood and more predictable
than Zener references. Also, monolithic circuits lend them-
selves more readily to resistor and transistor matching than

to generating absolute values of resistance. An external ad-
justment to trim output voltage is unneccesary in most appli-
cations. An additional benefit is that this reference has low
noise output compared to a Zener reference, thus eliminating
the need for a large bypass capacitor to remove noise.

ERROR AMPLIFIER
An error amplifier (see Figure 7) compares the output feed-
back signal with the voltage reference and corrects the out-
put by the amount of the error. The regulator circuit shown in
Figure 3 has the error amplifier combined with the voltage
reference. The advantage is that noise at the regulator output
is minimized since the amplifier and reference are no longer
separate sources of noise. In Figure 3, transistor Q3 is used as
the error amplifier; and at the same time, its base-emitter
voltage is used as part of the reference.

VREF Vpe3? Ln
R3 J2

R2

R2
VREF =V BE3 +

R2
Ln

R3 R1

A current source is used as the active load to the error ampli-
fier. A negative feedback path is provided through feedback
resistors R4 and R&S. If the voltage at the output increases due
to a reduction in load current, that voltage change is trans-
mitted to the base of transistor Q3. Transistor Q3 then con-
ducts more, effectively reducing the base drive to the output
transistor by current steering. The result is a decrease in out-
put voltage, which tends to correct the change in output volt-
age due to the load current change. As the loop settles, an
equilibrium value at the output is reached. The output volt-
age is derived using the following formula.

Veer (Vee3tVeeat Vees + Vee) + Ln
R4+R5

Output Voltage = Varr RS

R1

Varying the resistor ratio (R4 + R5): R5 yields different fixed
output voltages.

THERMAL OVERLOAD PROTECTION
One of the benefits of including the series pass transistor on
the common substrate is that it is then possible to incorpor-
ate both thermal and current overload protection. Low power

VREF

Fig. 2. Voltage Reference Based on Base-Emitter Voltage

COMMON

INPUTIL
R2 o2 7-4 lout

7 V+ VBE6 +
SERIES

OUTPUT:

Ic(a2) t
Moe \VBE

R1 ca R3

a2 VBE

qi R3AVBE

PASS
ELEMENT as

VBE5
Rs R4

THERMALCURRENT SOURCE SHUT- =
DOWN VBE4+ R2 a3

REFERENCECIRCUIT ERROR VBE3
AMP R1

SHORT REGULATED
a2CIRCUIT OUTPUT CIRCUIT OUTPUT (Vout)

PROTECTION Ra
RS

COMMON

R1 R3

COMMON

Fig. 3. Simplified Circuit for the Regulator
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IC regulators usually rely on current limiting for overload pro-
tection as there is no practical way to sense junction tempera-
ture in a separate pass transistor. As a result, excessive heat-
ing of the pass transistor is one of the primary failure mech-
anisms of solid-state regulators. A thermal overload protec-
tion circuit in a hybrid regulator with the pass transistor on a
common substrate limits the maximum temperature of the
transistor junction. This limiting is independent of input volt-
age, the type of overload or degree of package heat sinking.

The base-emitter junction of a transistor is used to sense the
temperature of the series pass device. The temperature limit-
ing transistor normally is biased below its conduction thresh-
old so that it does not affect normal circuit operation. If the
pass-device temperature rises to its maximum limit due to a
load fault or other condition, the temperature limiting tran-
sistor turns on. This removes the base drive to the output
transistors and shuts down the regulator, preventing further
chip heating.

OUTPUT CIRCUIT (See Figure 1)
Output voltage Vout is derived from the monolithic chip
IC1 which is also a reference as well as a buffer and driver for
the output stage. When a load is placed across the output ter-
minals, the load current supplied by IC1 is sensed by resistor
R2, which then develops a voltage drop that forward biases
the emitter-base junction of QO. At this time, IC1 begins to sup-
ply base current to QO, which supplies the bulk of the load
current (~95%) during operation. The output circuit is de-
signed so that the worst-case current requirement of the QO
base added to the current through R2 always remains below
the current limit threshold of IC1. Resistor Rg in conjunction
with Q1 and Q2 make up a current-sense and limit circuit to

protect the series pass device from excessive current drain.
As the output current begins to increase, the voltage drop
across Rg starts to forward bias the emitter-base junction of
Q1. As Q1 conducts, its collector current flows through the
Q2 base; thus Q2 begins to conduct and therefore shunts
away some of the current available to the base of QO. This
process continues until a natural state of electrical equilibrium
is reached, at which time the 78H05 is in a current-limit mode
of operation. Capacitor C1 provides frequency stability by
adding a pole in the output-circuit transfer function that low-
ers the overall loop gain below the critical levels at high fre-
quencies.

78H05 CONSTRUCTION
The 78H05 voltage regulator is constructed using state-of-
the-art hybrid circuit technology and is packaged in a hermet-
ically sealed TO-3. A beryllium-oxide substrate is used in
conjunction with an isothermal layout to optimize the ther-
mal! characteristics of the device and still maintain electrical
isolation between the various chips. This ensures nearly ideal
thermal transfer between the series pass device and the tem-
perature sensing circuit within IC1, thus providing the ther-
mal-limiting feature. All active chips are gold-eutectic at-
tached to the beryllium-oxide substrate. The substrate is re-
flow soldered onto a solid copper slug that fits within the cavi-
ty of the TO-3 header aluminum base. This process guarantees
junction-to-case thermal impedances in the order of 1.5 to
2°C/W thereby providing package dissipation as high as
50 W at 25°C case temperature. Output voltage sensing is
performed at the device output pin, so that the error ampli-
fier can correct for any output voltage errors caused by finite
impedances in the output circuit, /e., lead bonds, metal traces,
etc. Some 78H05 typical characteristics and applications are
shown in Figures 4 and 5 respectively.

60

[8
] > [=
]

-25 0 258 50 75 100 125 150
CASE TEMPERATURE - °C

O
UT

PU
T
VO

LT
AG

E
DE

VI
AT

IO
N
-

m
V

OUTPUT CURRENT -A

Fig. 4. Typical Characteristic Curves

4.0

FO
R
RE

GU
LA
TI
O
N
-

V
N

N a

M
IN
IM

UM
IN
PU

T-
O
UT

PU
T
DI
FF
ER

EN
TI
AL

a

-25 0 25 50 75 100 125 150
JUNCTION TEMPERATURE °C

O
UT

PU
T
VO

LT
AG

E
DE

VI
AT

IO
N

m
V

fo
]

10 15 20 25
INPUT VOLTAGE V

12

VIN

Fixed Output 5 A Regulator

This is the basic application for the 78H05 and can be used
when a fixed 5 V output is required with 5 Acurrent capa-
bility. The input capacitor C1, as well as CL, are required
for stability when the regulator is placed at some distance
from the main power source. C; and C1 should be attached
as close as possible to the 78H05 socket.

1 2
78HOS

CL
0.1 uF=12V 3

OUTPUT1 uF C1

10+ A Regulator

Qi
INPUT
10V

2N3789 OR EQUIV.

78HO5
2 OUTPUT1

4 uF 0.1 uF

For applications requiring output current in excess of that
offered by the basic device (5 A), the circuit shown can be
used. The value of R1 determines the point at which Q1
begins to conduct, thus bypassing the regulator. !n this cir-
cuit, the 78HOS is used as a high current reference device,
and the overall circuit does not offer short circuit protec-
tion. The maximum current capability of this circuit can be
defined as:

0.252

R1 CL
(NON-INDUCTIVE)

3

qi(MAx)
=
isc "8 B ai(Min)

where:
Isc 78H05 short circuit current

78H05

3 jlo

Increased Output Voltage

OUTPUT

(VouT}

R2

In this circuit, ca voltage pedestal developed across R2 is
added to the normal regulated output to provide an out-
put voltage that can be described by the following:

1 2INPUT

1 uF

R2

VIN = 13 TO 18

0-10 V Adjustable Regulator

louT"ea
louT=3A
louT=2A
four 1

Vo =0 TO 10V

47k 2R4

When an application requires a continuously variable volt-
age, or a voltage that can be adjusted to a given output, this
adjustable regulator circuit can be used. The output voltage
is given by the expression:

Care should be taken to insure that the input voltage never
exceeds 18 V (ripple included) or damage to the wA741C
may occur. For a Vix of more than 18 V, a higher working-
voltage op amp must be used. This circuit offers all the
78H05 features plus the capability of adjusting the output
above and below the nominal 78H05 output.

VIN = 10 V

Ty = 25°C

Ty -25°C

Ty = 180°C

louT=3A

louT 5 A

Fig. 5. Typical Applications

NOTE: Maximum 50 W power dissipation for the 78H05 must be observed and proper heat sinking must be used when required.
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Go;
Shift

Register

INTRODUCTION
Over the past few years, CCD technology has been used suc-
cessfully in the development of image sensors, 256 to 1728
elements in length and 100 x 100 elements in area. A 244 x
190 element device will soon be introduced. Briefly, they op-
erate as follows: Light photons falling on the sensors generate
packets of electrons in potential wells which are then elec-
tronically transferred and shifted out of the device by external
clocking. A line of video information representing the object
pattern is thus obtained for processing in various ways, de-
pending on the particular application.

Early in CCD development, it was apparent that this technol-
ogy could be used to store digital information in very high den-
sities. Design efforts soon produced a 9216-bit digital CCD
memory to fill the cost/performance gap between MOS
memories and the much slower rotating magnetic memories".

The inherent capability of charge-coupled devices to manipu-
late information in the form of charge packets makes the CCD
technology ideal for analog-signal processing, /.e., delay, fil-
tering, signal correlation, enhancement of signal-to-noise
ratio. The CCD311 130/260-bit analog shift register is the
first in a series of analog devices to exploit this relatively new
technology.

DESCRIPTION
The CCD311 consists of the following functional elements
(Figure 1):

Two charge-injection ports-These ports are located at the
front ends of the analog shift registers. Analog information
in voltage form is applied to each input port at Via or Vip.
When the sampling control signals, and $gp, are acti-
vated, a charge packet linearly dependent on the voltage ap-
plied at the input port is injected into its corresponding 130-
bit analog shift register.

Two 130-bit analog shift register-These registers transport
the charge packets from the charge-injection ports to a gated
charge detector by external clocking of the registers. Analog
shift register A is clocked by analog transport clocks, P1Aand $2,, and register B is clocked by $1, and $9g.
*"CCD Fills the Memory Gap, PROGRESS, Vol. 3, No. 1, Jan/Feb 1975

ose Vip TP3 TP2 TP1 VIA SA
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REGISTER B REGISTER A

RD

PREAMPLIFIER

I

Fig. 1. CCD311 Block Diagram

Gated differential charge-detector preamplifier-Charge
packets from the analog shift registers are delivered to a pre-
charged diode connected to the gate of the output MOS tran-
sistor. The diode potential changes linearly in response to the
quantity of signal charge and produces a signal at the output
OS. A reset MOS transistor, driven by the reset clock @p, re-
charges the charge detector-diode capacitance before the
arrival of each new signal charge packet from the analog
shift registers.

MODES OF OPERATION
The CCD311 can be operated either as a 130-bit or 260-bit
analog delay line as described below.

130-bit analog delay-Either 130-bit analog shift register,
A or B, can be operated as an analog delay line. The driving
waveforms for shift register A are shown in the timing dia-
gram (Figure 2a). The input voltage signal is applied directly
to Via; it is sampled by the analog sample clock gq which
then injects a proportional amount of charge into the first bit
of register A. The input voltage A1, which is sampled between
t = 0 and t = t,, appears inverted at the output terminal OS at
t = 260 tg, and so on. The reset clock $p is summed internally
with the output waveform and the composite waveform ap-
pears at terminal OS. By using differential amplification be-
tween the compensation source CS and output OS, reset-clock
pulses can be eliminated from the video waveform to recover
the analog information.

t= 260 te t = 262 te
t=Ot=te

ee TL JL JL JL ILL ILI ILL L_IL_JL_i.
os

Al
7X2 AG

6s
as

Fig. 2a. Register A Timing Diagram
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Fig. 2b. Register B Timing Diagram

t=0 t=te t= 260 te

B1 BS 86
B2 B4B3

os

B3

02A = 2B

at WOSA

Via Vie B2 A3 B3 A4 B4
A2 65Al Bi Ab A7

os
Al @4

B2 a3 B3 a4 54A2 AS
A6 86 A7

cs
cs-Os

Ai B1 A2 B2 A3 B3 A4 84 AS BB A6

Fig. 2c. Multiplexed Operation
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Fig. 3. Circuit Diagram

Shift register B can be operated in an analogous fashion as
shown in the timing diagram (Figure 2b). Note the timing re-
lationship differences between the A and B register clocks.

260-bit analog delay-The two registers can be multiplexed
to double the sampling rate of an input voltage signal. The
timing diagram (Figure 2c) shows the relationship of the tim-
ing waveforms for this mode of operation. Here, $14=$18,
Oona

- and Oca and are clocked as before. The same
input signal voltage is applied to both VIA and Vig. Between
t = 0 and t = t,, the input signal voltage Aj is sampled by
register A. Between t = t, and t = 2 tg, the input signal By is
sampled by register B. The charge packet corresponding to

Aj appears at the output at t= 260 t, and the charge packet
corresponding to By appears at t = 261 t,. Since the charge-
detector diode must be recharged twice as often, reset clock
Rp must be clocked at twice the frequency required for 130-
bit operation.

The two modes of operation are shown in the circuit diagram
in Figure 3. Register A operation is shown in grey, B in blue
and multiplexed operation is accomplished by simultaneous
use of both registers.

Selected CCD Mode
Using selected CCD311s, analog information can be read into
analog shift register A, transferred in parallel to the analog
storage cells, then transferred in parallel to analog shift reg-
ister B and read out in serial form (Figure 4). In this mode,
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Fig. 4. Circuit Diagram - Selected CCD311

the device performs time-base compression or expansion.
The timing diagram for time-base compression is shown in
Figure 5. The analog input voltage is applied to the input port
Via of register A. Analog transport clocks, 61, and $9,, are
clocked to transfer the corresponding charge packets into
register A where they are stored under the $9, electrode.
Control clocks ya, Pc and oxB (TP3, TP2, TP1 pins re-
spectively) are then clocked to transfer all the charge pack-
ets in parallel from $9, to 61g. After time Ty, register B is
clocked to transfer these charge packets into the output amp-
lifier. Note that the output rate is twice the input rate.

The sequence of transfers is not limited to the above. The
analog storage cells are bidirectional in the sense that the
charge packets can be transferred in either direction under
the control of the appropriate clocks. Therefore, the above
sequence can be performed with the roles of the shift regis-
ters reversed, /.e., by reading the information into register B,
transferring it in parallel to the analog storage cells, trans-
ferring it in parallel to register A and then reading it out seri-
ally from register A. In fact, information can be fed into one
register, parallel transferred to the storage cells and fed back
to the same register.

APPLICATIONS
The CCD311 is designed for use in analog signal processing
systems where delay of analog information is required. De-
lays can be varied, which gives the cCD31 1 a distinct advan-
tage over glass delay lines that can only provide fixed delays.

Fig. 5. Timing Diagram for Time Base Compression
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Fig. 6. Phase Adjuster/Reverberator(9)(9)

The CCD311 can shift data across a wide range of frequen-
cies from 10 kHz to 15 MHz clock rate (Mp). With 64a=P20= ?1B = %28 = 5 MHz and p = 10 Mhz (data rate = 10
MHz), a typical signal-to-noise ratio of 50 dB is obtained. Un-
der the same conditions, a non-linearity of typically 4-5% is
introduced by the charge injection ports. The following are
examples of potential CCD applications.

Time-Base Correction for Video Tape Recorders
When television signals are reproduced from video tapes,
time-base errors are introduced due to various factors includ-
ing contraction or expansion of the recording medium and
tape-to-head speed variations. These errors must be elimin-
ated to avoid picture distortion. at the TV receivers. The tech-
nique used by broadcasting stations is to feed the composite
video information from the recorder into an A/D converter
at a rate related to the time-base error. This is accomplished
by phase locking the signal to the horizontal time base as
well as to the color subcarrier reference signal. The digital
information is then stored in a digital memory, which pro-
vides a delay for the video information, and then is recalled
through a D/A converter at a rate proportional to the station
synchronization signals. In essence, an A/D converter, a

digital storage memory and a D/A converter are required.
These functions can be accomplished using CCD311s; infor-
mation is fed and retrieved at the same rates as above.

Audio Delay
A phase adjuster or reverberator can be constructed using a
number of CCD311s for delaying audio signals (Figure 6).

Clocking each device at 10 kHz provides a 26 ms delay
through each device which can be varied by simply adjust-
ing the clock frequency.

Signal Averager (Selected CCD311)
Signal averaging can easily be performed by selected CCD-
311s. The first line of information is read into register A, then
transferred in parallel to the analog storage cells. The same
line is again read into register A and transferred in parallel
to the analog storage cells. By repeating this process N times,
the signal information is enhanced \/N times over the noise.
At this point, the information in the analog storage cells can
be transferred to register B and read out of the device.

CONCLUSION
The wide range of operating frequencies (10 kHz to 15 MHz)
and flexible clocking requirements make the CCD311 a pow-
erful device for systems that require complex manipulation
of analog information. A detailed device description has been
presented here, along with brief outlines of a few applica-
tions that immediately come to mind. This by no means ex-
hausts the possible applications for this revolutionary new
device; future articles will discuss other ideas such as how to
build filters, signal correlators and so on. Also, with a little
imagination, the experienced system designer will think of
many more applications for the analog-information delay
feature of the CCD311.
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Complementary MOS (CMOS) digital logic continues to grow
in popularity as more and more functions are added to this
prolific family. Originally designed for aerospace applica-
tions, CMOS logic is now used in portable instruments, indus-
trial and medical electronics, automotive applications, and
computer peripherals.

In terms of functions available, CMOS logic generally paral-
lels that of TTL*. This infers similar system design, therefore
the unique aspects of CMOS interface are electrical, rather
than logical. The electrical differences are as follows:

@ CMOS output drive at Vpp = 5 V is 1/40 of standard TTL
output drive, therefore increasing the need for drivers to
operate relays, displays, and even TTL.

F4104 QUAD LOW VOLTAGE TO HIGH VOLTAGE
TRANSLATOR WITH 3-STATE OUTPUTS

The F4104 CMOS translator interfaces low voltage CMOS
and TTL circuits to high voltage CMOS circuits. It has four
Data inputs, an active HIGH Output Enable input, four Data
outputs, and their Complements. With the Output Enable
HIGH, the Outputs are in the low impedance ON state, either
HIGH or LOW as determined by the Data inputs; with the
Output Enable LOW, the Outputs are in the high impedance
OFF state.

The device uses a common negative supply (Vgg) and sepa-
rate positive supplies for inputs (Vpp)) and outputs (Vppo).

Circuits for

ace Systems
by Rob Walker

@ CMOS power supply voltage may range from 3 to 18 V
(practical limits are 4 to 12 V); interface elements should
operate over the same range. In addition, if CMOS is not
operated at 5 V, level translators are required at input and
output to interface to 5 V logic. The wide operatig sup-
ply-voltage range of CMOS combined with low power
requirements open up interesting possibilities in power-
supply regulators.

® CMOS circuits require inputs above 70% Vpp for logic
HIGH, below 30% Vpp for logic LOW. The high level re-
quirement is a problem when driving CMOS from TTL.

Considering the popularity of CMOS, surprisingly little in-
formation is available on interface circuits for CMOS sys-
tems. Often bipolar ICs are completely overlooked. The fol-
lowing CMOS and bipolar circuits offer a quick reference to
standard available interfaces for CMOS applications.

Vpp) Must always be less than or equal to even dur-
ing power turn-on and turn-off. The output may operate up to
15 V; typical propagation delays are 75 ns at Vppo = 10 V.

@

®O®

*"CMOS, You've Come a Long Way",
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F4049 HEX INVERTING BUFFER AND F4050 HEX
NON-INVERTING BUFFER
These CMOS buffers provide high current output capability
suitable for driving TTL or high capacitance loads. Since in-
put voltages in excess of the buffer supply voltage are per-
mitted, these buffers may be used to convert logic levels of
up to 15 V to standard TTL levels. The F4049 provides six
inverting buffers, the F4050 six non-inverting buffers. Their
guaranteed fan out into common bipolar logic elements is
given here. Typical propagation delay is 45 ns when operat-
ing at Vpp = 5 V.

Fa049
NC NC

9LS04 HEX INVERTER
This low power Schottky hex inverter provides interface be-
tween second generation CMOS (F4500, 4000B, 74C, etc.)
and TTL. Typical propagation delay is 5 ns, 10 times faster
than CMOS buffers, and fan out is 5 standard loads. The
9LS04 utilizes diode inputs allowing operation with inputs
from CMOS systems operating in excess of 10V. Power dissi-
pation is 2 mW per buffer.

Vcc

Vss

9664 /9664A LED, RELAY OR LAMP DRIVER

The 9664/9664A bipolar hex LED/lamp driver converts
CMOS signals to high output currents for LED display, digit
select, incandescent lamps, relays or other applications where
high output drive current is important. The 9664 offers 10V
breakdown voltage; the 9664A is selected for 20 V operation

OUTPUT INPUT

Vpp

Guaranteed fan out of F4049,
F4050 into common logic families

ORIVEN ELEMENT FAN OUT

Standard TTL, DTL 2

9LS, 93L, 74LS 9

74e 16

Conditions: Vpn = Voc = §.0+0.25V
Vor < 0.5 V. Ty = 0 to 75°C

F4050
NC nc

Vpp Vss

14 12

Vop Vss

voc

OUTPUT

1109
AAWW

$24

5k

2.8k 3.5k

for those applications where higher breakdown voltage is
required.

Since the 9664A accepts inputs to 20 V, it can be used in
high voltage CMOS systems. The CMOS device pin driving
the 9664 cannot be used simultaneously to drive other logic
circuits because of the loading effect of the 9664 on the
CMOS output.

OUTPUT

OUTPUT 1 INPUT 1
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HA775 QUAD COMPARATOR

The A775 bipolar quad comparator consists of four inde-
pendent voltage comparators designed specifically to oper-
ate from a single power supply over a wide range of voltages.
It has an unusual characteristic in that the input common-
mode voltage range includes ground, even though theA775

INPUTS

is operated from a single power-supply voltage (+2 V to
+36 V). This device allows voltage comparisons near ground
potential. Applications include limit comparators; simple
analog to digital converters; pulse, squarewave and time de-
lay generators; wide range Vco and multivibrators.

T+ 6- 5+ 4-9+

100

: (A78MG 4-TERMINAL ADJUSTABLE VOLTAGE
3EGULATOR

'his single compact bipolar regulator with 500 mA capa-
vility is sufficient for all but the very largest CMOS systems.
he adjustable output voltage feature (5 to 30 V) allows fine

96L02 LOW POWER DUAL RETRIGGERABLE
RESETTABLE MONOSTABLE MULTIVIBRATOR
The TTL 96L02 monostable provides an output pulse with
duration and accuracy as a function of external timing com-
ponents. It has excellent immunity to noise on the Vcc and
ground lines. The 96L02 is pin and function equivalent to
the F4528 dual CMOS monostable; it exhibits superior sta-
bility and speed and is usable in 5-V CMOS systems. Typical
power dissipation is 25 mW/monostable and typical propa-
gation delay is 50 ns. The 96L02 offers a retriggerable O-to-
100% duty cycle and an optional retrigger lock-out capabili-
ty. It is also pulse-width compensated for Vcc and tempera-
ture variations.

811+ 10-

OUTPUT 1 OUTPUT 4

Ve GND

INPUT 1- INPUT 4+

INPUT 1+ INPUT 4-

OUTPUTS INPUT 2 WNPUT 3+

1
2
1 4
1 3

INPUT 2+ INPUT 3-

12 GND

tuning of system speed product. Other features include in-
ternal thermal overload protection, internal short-circuit cur-
rent protection and output safe-area protection.

INPUT

COMMON

OUTPUT

COMMON

9374 7-SEGMENT DECODER/DRIVER LATCH
The 9374 TTL decoder/driver has latches on the address
inputs and active LOW constant-current outputs to drive LEDs
irectly. This device accepts a 4-bit binary code and produces

output drive to the appropriate segments of the 7-segment
display. It has a decode format which produces numeric codes
0 through 9 and other codes as shown in the truth table.

Latches on the four data inputs are controiled by an active
LOW Latch Enable E,. When E, is LOW, the state of the out-
puts is determined by the input data. When E; goes HIGH,
the last data present at the inputs is stored in the latches and
the outputs remain stable

The 9374 also provides automatic blanking of the leading
and/or trailing edge zeros in a multidigit decimal number,
resulting in an easly readable decimal display conforming
to normal writing practice. In an 8-digit mixed integer frac-
tion decimal representation, using the automatic blanking

capability, 0060.0300 would be displayed as 60.03. Leading-
edge zero suppression is obtained by connecting the Ripple
Blanking output (RBO) of a decoder to the Ripple Blanking
input (RBI) of the next lower stage device. The most signifi-
cant decoder stage should have the RBI input grounded; and
since suppression of the least significant integer zero in a
number is not usually desired, the RBI input of this decoder
stage should be left open. A similar procedure for the frac-
tional part of a display will provide automatic suppression
of trailing-edge zeros.

ceo V+

Another 9374 teature ts the reduced loading on the data in-
puts when the Latch Enable is HIGH (only 10 yA typ). This
allows many 9374s to be driven from a CMOS device in mul-
tiplex mode without the need for drivers on the data lines.
The 9374 logic must be operated from a 5 V supply; logic
inputs are also limited to 5 V.

OUTPUT 2
14

13

12

11

10

3
s : :

OUTPUT 3

16k

Ao

3 Ay Vec 16

12 152
LATCH

Zw 25
16 wozo

11 EL 143
10OG eo RBO 13

Ay LATCH
15 b

2
A2 LATCH 43

Ag 7 Ao 10

vec =

enn - ®

TRUTH TABLE

Kars
R18

3R4
R17

Rit
Q10R5

a13 Q5
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RaR13 BLANKING

1 4
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ube : R12 INPUTai2 ag ag Q15

CONTROL OUTPUT CONTROL2 3
BINARY INPUTS OUTPUTS

_ DISPLAYSTATE EL RB A3 A2 AY Ao a C d e f RBO
x STABLE H STABLE

O H H H H H H L BLANK

10 b L H H H H H
11 L H L H L L E
12 H L H H L b L H
13 H H H H L H
14 H L L H H L P
15 H H H H H H H H H BLANK
x H H H H H # L** BLANK
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O L L L b H
1 L H H L H H H H
2 L H L t H
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5 H H L H L
6 H r L L L
7 H H L H H H H
8 L L L b L L
g L H L L H H L L

cx Ay cx Ry
Vec Veco

14

*The RBI will blank the display only if a binary zero 1s

stored in the latches

Note: The numbering system of the 34000 series CMOS
has been changed to conform to that of the industry's
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**RBO used as an input overrides all other input
conditions.

10

popular 4000 series. The 3" in the FSC part number is
now replaced with an F e.g., 34528 becomes F4528.

96L02
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a
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MULTIPLY TWO 8-BIT NUMBERS IN 68 ns
Interest in fast multiplication schemes
is on the increase. New applications
such as fast Fourier transforms, digital
filters, and very high performance pro-
cessors require faster multiplication
than is possible with conventional se-
quential add-shift algorithms'. Multi-
plication may be performed directly
using ROM table look-up, but an im-
practical number of ROM bits are re-
quired for word lengths of six bits and
beyond. One approach? is the use of
conversion to logarithms with ROM
table look-up, addition, and ROM re-
conversion. This approach has limited
accuracy using practical ROM sizes.

Recent developments in Schottky tech-
nology now provide another approach
for high speed multiplication. The
93S43 is a combinatorial MSI device
that utilizes a modified '"Booth's Algor-
ithm" to multiply two bits by four bits.
With appropriate interconnection, ar-
rays of 93S43s are practical for direct
multiplication of word lengths up to 24
bits. The interconnection scheme for an
8 x 8 multiplication array, shown here,
has a typical multiply time of 68 ns.
Note that the multiplication is combina-
torial; no clocks, shifting, or control log-
ic are required. For still higher speeds,
748181 ALUs can be added. Part re-
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by Raj Sengottaiyan and Rob Walker

PIN NAMES

PERFORMANCE AND PART COUNT

quirements and typical delays for var-
ious array sizes are given in the table.
A full description of this multiplication
technique is available in App Note 329.

REFERENCES
1. | . Flores, The Logic of Computer

Arithmetic, Englewood Cliffs, N.J.
Prentice-Hall, 1963.

2. T. Brubaker, J. Becker, "Multiplica-
tion Using Logarithms Implemented
With Read-Only Memory," IEEE
Transactions on Computers, August
1975.

NEVERCTS Recently announced devices presently available. Order specifications by product number.

QUALIFIER™ 901 TESTER NOW HAS PROGRAMMER

The Qualifier 901 IC tester is a low cost
benchtop system for testing DTL, TTL
and CMOS devices. Fully automatic, it
is a self-contained microcomputer sys-
tem that uses a microprocessor to con-
trol the internal functions. Device test
programs are normally supplied on
QUAL-CARD™ optically coded plastic
cards; current listing covers more than
1400 device types by manufacturer.
However, there has been a growing de-
mand from the user for a method to
write his own special programs.

To meet this demand, Fairchild System
Technology has introduced the Program-
mer for creating and modifying device
programs in the user's plant. It is simi-
lar to a small computer system with a
microprocessor CPU, a PROM for oper-
ating system storage, a RAM for test-
program storage and work space, plus
1/0 capabilities.

The Programmer is a compact unit that
mounts easily on any teletypewriter
stand, is adjustable to any transmission
rate, and accommodates a broad line of
RS232C compatible terminals. The
Qualifier 901 tester and Programmer are
linked with a simple plug-in cable con-

nector. To modify a QUAL-CARD pro-
gram, the procedure is simple. The ap-
propriate QUAL-CARD is inserted in the
optical reader which is an integral part
of the Qualifier 901 tester. The program
is then transmitted to the Programmer
and printed out via the teletypewriter.
The user gives simple commands for
program change to the Programmer,

using the teletypewriter. The Program-
mer now transmits the new program to
the tester for immediate use while the
teletypewriter reader/punch simul -
taneously punches a paper tape for fu-
ture testing.

To generate a new program, the Pro-
grammer can be used as a Stand-alone
unit or in connection with the Qualifier.
Once the new program is written, a pro-
gram tape is punched on the teletype-
writer reader/punch and the program
is ready for transmission to the Quali-
fier tester at any time The user cancon-
nect the Programmer to two testers if
he wishes, transmit the new program to
one, flip a switch and transfer the pro-
gram to the other.

For information on the Programmer
system to increase the versatility of the
Qualifier 901 tester, or for information
on the benchtop tester, call Marketing
Services, Fairchild Systems Technology,
(408) 998-0123 or write

Marketing Services
Fairchild Systems Technology
1725 Technology Drive
San Jose, Ca. 95110

NEW UHF VARIABLE-MODULUS
PRESCALERS AVAILABLE
Two low-cost versatile UHF prescalers
for use in digital TV and FM tuning,
communications, instrumentation and
test equipment are now available. Made
with the Isoplanar Il process, both cir-
cuits use dual modulo ratios. The 11083
is an ECL 1 GHz + 248/256 prescaler;
the 11C90 is an ECL 650 MHz : 10/
11 prescaler.

The divide-ratio control inputs as well
as the prescaler outputs are compatible
with TTL, CMOS and MOS. Input fre-
quency can be dc or ac coupled, the lat-
ter simplified by an internal self-biasing
etwork The dual divide-ratio tech-
ique allows low-frequency logic to

control the prescaler and achieve a
broad range of overall divide ratios.
This Provides the versatility of a fully
programmable divider with the fre-
quency capability of a fixed prescaler.

As a result, a phase locked loop can op-
erate with a much higher reference fre-
quency thereby giving faster lock-up
times and reduced residual FM noise.

Packaged in the 14-pin DIP, the 11C83
is designed specifically for the digital
TV-tuning market and is part of a com-
plete phase-locked-loop tuning system
which also includes a PROM and CMOS
and low-power Schottky logic.

The 11C90, packaged in a 16-pin DIP,
has the same pinouts as the popular
93H90 VHF prescaler, but with the ad-
dition of an input biasing network, Ty
CMOS-compatible mode-contro! inputs
and TTL output.

2K AND 4K BIPOLAR PROMs
ARE THE FASTEST
The 93436/93446 and 93438/93448
are fully docoded high speed 2048-
bit and 4096-bit field-programmable
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ROMs, organized 512 words by four
bits and 512 by eight bits respectively.
Manufactured using the Isoplanar
Schottky process to reduce chip size
and enhance performance, these
PROMs have typical access times of 30
and 40 ns, up to 40% faster than simi-
lar devices. Advanced nichrome fuse
links provide wide, clean gaps for long-
term reliability.
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Number of Number ofTypical Delay Typical Delay
Array Without Adders With Adders 93S43s 74S181s
Size {ns} (ns) Reqd Reqd
8x8 68 57 8 3
12x12 104 75 18 5
16x16 140 93 e 32 7
20x20 176 117 50
24x24 212 129 72 1
28x28 248 147 98 13

165 128 1532x32 284
48x48 428 237 288 23
64x64 572 309 512 31

COMPLEMENT
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MSB

The 93436 and 93438 2K PROMs are
identical except for the output stage;
this is also true of the 93438 and 93448
4K devices. The 93436 and 93438 have
uncommitted collector outputs, while
the 93446 and 93448 have 3-stage out-
puts. They each provide an on-chip ad-
dress and buffer and a chip-select input
for easymemory expansion. Both PROM
pairs are available in full military and
commercial temperature ranges, pack-
aged in 16-pin (93436/38) and 24-
pin (93446/48) DIPs.



LOW POWER SCHOTTKY AND MACROLOGIC™ TTL
MOS, CCD... the two newest members of the Fairchild library of

data/applications books
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Low Power Schottky and MACROLOGIC TTL
Low power Schottky is fast becoming the TTL family leader, primarily
because of its reduced power consumption and improved speed over stan-
dard TTL. Now, a complete data book is available giving detailed charac-
teristics on over 175 LSTTL devices and on seven of the new, more com-
plex and powerful MACROLOGIC TTL circuits. A section on design con-
siderations is also included, plus two selector guides - one for SSI includ-
ing a replacement guide, the other, by function, for MSI.

MOS, CCD
MOS and CCD have important features in common - similar technologies,
high packing densities providing low cost per bit, and applications in
moderate speed, low power digital systems. Recent technology improve-
ments, refinement of the Isoplanar process in particular, have quadrupled
circuit performance in the past few years, at the same time substantially
reducing cost. This data book offers a broad range of MOS, CMOS and
CCD devices, organized by function within the product sections, to aid the
equipment designer in choosing the best circuits to meet his system re-
quirements.

For your copies of the Low Power Schottky and MACROLOGIC TTL and
the MOS, CCD data books, use the PROGRESS mailing card, or drop us
a line.

Fairchild cannot assume responsibility for use of any circuitry described other than circuitry entirely embodied in a Fairchild product. No other circuit patent licenses are implied
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