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(57) Abstract

A voltage regulating system for providing a regulated voltage of a selected value between a system output terminat-
ing region and a system reference terminating region if a source of sufficient voltage is electrically connected between first
and second system input terminating regions. The voltage regulating system having a series regulator (10-13, 19) with a
first pass device and its controller being operated by a shunt regulator (19-35). This voltage regulating system is used be-
tween battery power and electronic circuits in portable devices. It overcomes the problems of series regulators in that the
invention is capable of controlling sharp voltage disturbances at the regulator output in later stages of the battery. It over-
comes the problems of shunt regulators by avoiding current drain which is present in shunt regulators at some power sup-

ply voltages.
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VOLTAGE REGULATOR
BACKGROUND OF THE INVENTION
1. Field of the Invention.
The present invention relates to electronic
05 voltage regulators and, more particularly, to

10

15

20

25

30

electronic voltage regulators where the voltage
source is of a low voltage value.

As certain portable devices become smaller
and smaller, miniaturization of the components
therein must necessarily follow. This often includes
the battery used to provide electrical energy to the
portable device. Such small batteries having a
satisfactorily long life often have relatively 1low
voltages in the one to two volts range, for example.

Nevertheless, the miniaturized electronic
circuits which are to be operated from such a battery

must many times meet very demanding standards. For

" instance, such a battery may supply power to

amplifiers having a relatively 1large gain there-
across, often making them susceptible to any noise
introduced though the power supply. The battery may
also have to provide current to difficult loads such
as significantly inductive loads. This is compounded
by such batteries often having internal impedances of
several ohms to perhaps twenty-five ohms or more. As
a result, there can be voltage disturbances on the
battery supply lines which may be tens of millivolts
in magnitude or more. In some instances, the
situation can be made worse by occurrance of
regeneration through the circuits in the system.

Such circumstances usually require the use
of a voltage regulator between such a battery power

supply and the electronic circuits, or at least do so
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in many systems or parts of systems. Such a voltage
regulator must- typically be capable of providing a
very stable voltage output. Fﬁrther’, the regulator
must provide such a stable voltage output even as the
U5  Dbattery, in its later stages of life, has an output
voltage which comes closer and closer to the desired
regulator output voltage in wvalue. Such regulator
performance 1s desirable because the useful life of
the battery is thereby extended if it can be used
10 even thoughr its voltage has come quite close to the
7 needed output voltage of the regulator. Of course,
the current drain caused by the regqulator should be

minimal to alsb lengthen the life of the battery.
The use of electronic series regqulators with
15 a series-pass transistor as the primary element
controlling the flow of current to the regulator
output presents difficulties because of device
threshold 1limits and because the device gain varies
with the voltage drop thereacross. The device gain
20 drops as the'i voltage thereacross drops, making it
difficult to control sharp voltage disturbances at
the regulator output in the later stages of battery
life. Such ‘d-isturbances could be reduced by use of a
capacitor of sufficient size across the regulator
25 output, but such a capacitor cannot be formed in an
integrated circuit. Such a capacitor, however, will
~be an undesirable solution in terms of the space
required for the capacitor and its cost. A shunt
regulator with a parallel-pass transistor is another
30 possibility, were it not for the current drain such a
regulator entails at ieast at some power supply
voltages. Thus, a regulator is desired that operates

satisfactorily in these circumstances.
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SUMMARY OF THE INVENTION

The present invention provides a voltage

regulator having a series regulator with a first pass
device and its controller being operated by a shunt
05 reqgulator. The series regulator controller receives
an indication of the current being shunted by the
shunt regulator. ’
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a circuit schematic of the

10 present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A circuit schematic diagram for the circuit

of the present invention formed in a monolithic
integrated circuit chip is shown in Figure 1. The
15 components of a series regulator portion are shown to
the right of the dashed line in Figure 1. They
involve a parallel arrangement of pnp Dbipolar
transistors, 10, 11, 12 and 13, each having a double
collector formed in the usual way in a monolithic
20 integrated circuit. That is, there are two collector
regions inside a single base across from a single
emitter in a lateral pnp bipolar transistor
arrangement. Each of the emitters of transistors 10
through 13 are connected to the positive voltage
25 supply terminal, 14, which might be supplied from a
battery. Each of the collectors of transistors 10,
11 and 12 are electrically connected to the voltage
regulator output terminal, 15, as is one of the
collectors of transistor 13. The remaining collector
30 of transistor 13 1is electrically connected to the
base of transistor 13 as are also the bases of each

of transistors 10, 11 and 12.
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This common connection of bases for
transistors 10 through 13 1is also electrically
connected to the collector of a npn bipolar
transistor, le, serving as a controller for

05 transistors 10, 11, 12 and 13. Transistor 16 has its

' emitter connected to a resistor, 17, the other side
of which 1is electrically connected to a ground
reference terminal, 18. Terminal. 18 might be
supplied from the negative side of a battery.

10 " Transistors 10, 11, 12 and 13 are connected
in parallel to éffectively form a series pass
transistor arrangement for controlling current flow,
from a positive voltage source such as a battery
connected to terminal 14, through these transistors

15 to tefminal 15. These transistors are connected in a --
"current-mirror" arrangement based on each being
carefully matched to one another in its construction
in the monolithic integrated circuit chip. Current
is drawn by the collector of transistor 16 out of the

20 base of transistor 13, and one of its collectors, and
out of the bases of each of closely matched
transistors 10, 11 and 12. Because of the close
matching of the base-emitter junctions of transistors

7 10 through 13, and because they have identical voltage

25 drops thereacross, these transistors will have similar
base currents leadinguto collector cu:rents flowing
in each of the collectors that are approximately
equal. As a result, the current gain from the current
drawn at the collector of transistor 16 to the total

30 current provided to terminal 15 will never be more
than seven, representing the seven collectors
supplying the current to terminal 15 versus the one

supplying it to the collector of transistor 16.
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This limit on current gain is an important
characteristic because of the highly variable gain of
transistors 10 through 13 over temperature and over
the voltage occurring from the emitters to the

05  collectors thereof which will vary yith“fhe voltage
of the Dbattery supplied to terminal 14. These
_Iéteral pnp bipolar transistors will exhibit rather

" wide variations in gain from one chip to another.
The current gains of these pnp transistors may exceed

10 one hundred, and yet be around one in saturation. As
stated, the gain in the present configuration cannot
exceed seven while, on the other hand, it will not,
in practice, go below the drive current drawn by
transistor 16 which can be set by the ratio of

15 resistance values occurring between resistor i7 and a
further resistor, 19, serving as a shunt regulator
pass current sensing resistor. Resistor 19 1is
connected between output terminal 15 and a junction
formed by the base of transistor 16 and the collector

20 of the shunt regulator output transistor.

The use of a pass transistor, or transistors
as here, in the series regulator which can have the
effective conductivity Dbetween the emitter and
collector thereof increased by increasing the voltage

25 between the base and the positive voltage terminal 14
such as a pnp bipolar transistor, is needed to obtain
satisfactory regulator operation ‘ from lowered
positive voltage supplies like aging batteries. This
arrangement assures that the regulator can provide

30 the desired voltage at regulator output terminal 15
even though the battery voltage at terminal 14 has
gone down to Dbe gquite close to the desired output

voltage. If npn bipolar transistors were used, the
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baée-emitter junction of the pass transistor would
have to be at a voltage at least one base-emitter
drop above the rgulated voltage. If propér operation
of the regulator were to be maintained, the minimum

05 separation between battery voltage and regulator

output voltage would be about six-tenths of a volt.

Iﬁ the arrangement of the present invention, on the

other hand, the voltage on terminal 14 can be as low

as the saturation voltage between the emitter and

10 collectors of transistors 10 through 13, which can be
on the order of one-tenth of a volt.

For the voltage at regulator output terminal

15 to be constant, the bases of transistors 10

through 13 must be driven rapidly enough to follow

15 voltage changes or disturbances occurring at positive

voltage terminal 14 while meeting current demands at

output 15. In doing so, the regulated voltage at

output 15 must be sensed by an error amplifier which

in turn will drive the bases of transistors 10

20 through 13. The action of this error amplifier must

be very fast if it is to prevent transients on supply

terminal 14 from passing through to regulated voltage

output 15. Closed 1loop stability of the error

amplifier is very difficult to manage if the gain of

25 the pass transistors 10 through 13 can vary over two

orders of magnitude. Also, the necessity to provide

sufficient current to overcome the Miller effect in

transistors 10 through 13 to obtain the required

speed means that '1arge ~currents would have to be

30 available at the bases thereof. Thus, a shunt

regulator, including an error sensing amplifier,

together shdwn between the dashed lines in Figure 1,

is provided to hold the voltage relatively steady on
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regulator output terminal 15 1in those relatively
short durations in which transistors 10 through 13
cannot follow voltage changes occurring on terminal
14 sufficiently rapidly.
05 The shunt regulator has, as 1its error
sensing amplifier, a differential amplifier formed of
a pair of emitters connected to transistors, 20 and
21. The emitters of these resistors are connectedﬁ£0' ;
ground reference terminal 18 through a resistor, 22,
10 in which the currents through the emitters of each of
transistors 20 and 21 flow together so that the
desired differential amplifier action results. To
form- a sensitive differential amplifier, transistors
20 and 21 are closely matched as are the collector
15 load current sources therefor in a "current-mirror"
arrangement. Each load current source is formed by
one of a pair of transistors, 23 and 24, so that
approximately equal quiescent currents flow from the
collector of transistor 23 to the collector of
20 transistor 20, and from the collector of transistor
24 to the collector of transistor 21, i.e. on each
side of the differential amplifier. The emitter of
transistors 23 and 24 are connected to regulator
output terminal 15, and the base of transistor 23 is
25 connected through a resistor, 25, to the collector of
transistor 20. The base of transistor 24 is directly
connected to the collector of transistor 20. The
desired similarity in the collector currents of
transistors 23 and 24 is difficult to achieve because
30 the base currents of these transformers are part of
the control current in the current-mirror formed by
these transistors. Such base currents do not appear

on the output current at the current-mirror and
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therefore represent an error. Such error will
increase aé the transistor gains decrease because the
base currents must increase in these circumstances.
This error leads to an offset term for the
differential amplifier. Since the error term is
predictable as a function of the current gains of pnp
transistors 23 and 24, resistor 25 is used to sense
the magnitude of the base current of transistor 23
and proportionately increase the base-emitter voltage

of transistor 24. This compensation, while not

perfect, works quite well when quiescent currents can

be closely defined. A similar function will be
provided by a further resistor, 26, in series with
thé base of transistor 21 as will be described below.

"This . differential amplifier senses any
differences occurring in voltage between that on a
voltage reference source and a voltage representing
that voltage which is occurring at regulator output
terminal 15. The voltage reference is comprised of
well matched npn bipolar transistors, 27 and 28, and
a resistor, 29. Transistors 27 and 28 are supplied
collector current through a further pair of
resistors, 30 and 31, respectively, which are each
connected to the same side of a further resistor,
32. The other side of resistor 32 is connected to
regulator system output terminal 15. 7

The differential amplifer drives the base of
a further pnp bipolat transistor, 33; which has its
emitter connected to terminal 15 and has a current
source formed by another npn bipolar»transistor,'34,
as its éollector load. Transistor 34 has its base
connected to the collector of transistor 27 and its

emitter connected to ground reference terminal 18.

PCT/US88/01148
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Transistor 33 then drives the base of the shunt
regulator output transistor, 35, which shunts current
from regulator output 15 through current sensing
resistor 19, its collector connected to resistor 19,
and 1ts emitter <connected to ground —reference
terminal 18.

The differential amplifier’ acts to keep the
same voltage drop across each of transistors 30 and
31, since they are connected to a common point and
each is in a path to ground to which one input of the
differential amplifier is connected. Resistor 31 is
chosen to have twice the resistance value that
resistor 30 has leading to transistor 27 having to
sink twice the collector current that is required to
be sunk by transistor 28. As a result, there is an
18 millivolt drop across resistor 29 due to the
difference in voltage between the base and emitters
of transistors 27 and 28, a difference which is well

known to be determined by the logarithm of the ratio

of the respective collector currents for matched

transistors. Thus, there is a precisely known 18

millivolt voltage drop across resistor 29 >which,,

added to the base-emitter voltage of transistor 28,
determines the reference voltage at the base of
transistor 20.

The current-mirror formed by transistors 27
and 28 will be subject to an error in the collector
current of transistor 28 because, just as for the
current-mirror formed by transistors 23 and 24, the
base currents of each of transistors 27 and 28 .are
supplied in the same current path taken by the
collector current of transistor 27. This leads to a

lower current than desired in the collector of
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transistor 28 and so a higher voltage at this
collector than desired. Resistor 26 reduces the
voltage at the base -of transistor 21 to compensate.
The amount of compensation is determined by the

05 current gain of transistor 21, but this gain follows
that of ﬁransistors 27 and 28 in the monolithic
integrated circuit. '

The differential amplifier will drive
transistor 33, and so transistor 35, such that the

10 regulator output voltage on output tefminal 15 is

- sufficiently high to provide just the current
required by transistor 29 to have an 18 millivolt
voltage drop thereacross. These currents (as weli as
that current flowing through resistor 31), flowing

15 also through resistors 30 and 32, then determine the
voltage which will appear at output terminal 15.
Resistor 32 can be adjusted in resistance value to
precisely set this voltage. .

7 - The output voltage having been selected, the

20 choice of resistance value for resistor 19 determines
the amount of quiescent shunting current which will
£low through transistor 35. This current should be
of a value sufficient to, if stopped from flowing
through trahsistor 35, support the load at regulator

25 output 15 for the duration of time it might require
to have transistors 10 through 13 change the flow
therethrough sufficiently to compensate for any
voltage disturbance at supply terminal 14.

Any changes 'in current flowing through

30 transistor 35 to provide compensation as a result of
such disturbances will be sensed by resistor 19 as a
voltage changé thereacross which will  affect

transistor 16 to thereby provide a signal for driving
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transistors 10 through 13 to also compensate for such
disturbances, though more slowly. Once such

compensation. has been achieved by transistors 10
through 13, the shunt regulator will return to its
05 guiescent state. The ratio of the resistance value
of resistor 19 to that of resistor 17 is a factor of
the total disturbance change amplification. That
resistor ratio times the factor of seven due to
transistors 10 through 13 1is the disturbance gain
10 acting to provide series regulator current to offset
that disturbance. The quiescent current through
resistors 10 through 13, in absence of a load, is set
by the selected output voltage and the resistance
value of resistors 19 and 17.
15 , To the left of the dashed lines in Figure 1
there is shown two further npn bipolar transistors,
36 and 37. Transistor 36 1is connected to positive
voltage supply terminal 14 through a resistor, 38,
and to ground reference terminal 18 through a further
20 resistor, 39. Transistor 37 1is connected to ground
reference terminal 18 through yet another resistor,
40, The emitter of transistor 36 provides a
reference voltage value with respect to ground while
the collector of transistor 36 gives a further
25 reference voltage value but with respect to positive
voltage  supply terminal 14. The emitter of
transistor 37 provides, similarly, a reference
voltage with respect to ground reference terminal 18
which is dropped over resistor 40. As a result, a
30 known current is sinked at the collector of
transistor 37. The base~emitter voltages of these
two transistors are ©balanced against the other

base-emitter voltages in the voltage reference
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arrangement to provide a re;atively constant voltage
Oor current over temperature.
The entire circuit shown in’ Figure 1 can be
formed in a monolithic integrated «circuit using

current bipolar._transistor'*fabrication technology.

- All of the npn bipolar transistors are of closely

similar constructions, as are all of the pnp bipolar
transistors. The resistors are formed by ion
implantation techniques. Resistor 32 can be formed
as a series of resistors with one fuse link
érrangement or another to permit adjusting its
resistance vélue by 'bteakingi selected ones of such
links to select the output voltage desired to appear
on regulator output 15. For a typical bipolar
integratéd circuit fabrication technology and a
chosen regulatéd voltage of 0.925 volts with a supply

voltage ranging from 1.05 to 1.55 volts, the

resistors of Figure 1 might be chosen to have the

following resistance values in ohms:

Resistor Resistance Value
17 4,000
19 8,000
22 : 2,000
25 6,000
26 12,000
29 2,000
30 , 8,000
31 - 16,000
32 . 16,000
38 : 8,000

© 39 8,000
40 8,000

Two capacitors, 41 and 42, are formed as
parallel plate capacitors in the integrated circuit.
Capacitor 41 slows the action of the shunt regulator

PCT/US88/01148

@



WO 88/07715 PCT/US88/01148

- 13 -
somewhat to provide stability at'higher frequencies.
Capacitor 42 provides feed forward compensation to
speed the reaction of shunt output transistor 35.
Each of these capacitors might typically have a value
05 of 15 pf.

Although the present invention has Dbeen
described with reference to preferred embodiments,
workers skilled in the art will recognize that
changes may be made in form and detail without

10 departing from the spirit and scope of the invention.

15

20

25

30
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WHAT IS CLAIMED IS:
1. A voltage regulating system for providing a
regulated voltage of a selected value between' a
system output terminating region and a system
reference terminating region if ar; scurce  of
sufficient voltage is electrically connected between
first and second system input terminatingi:regions,
said system comprising: SR
a shunt regulator means eiectrically 7

connected between -'said system output

terminating region‘ and said system

-reference terminating region, said

shunt regulator means being capable of

passing selected shunt currents between
said system output termination region
and said system reference termination
region in respomnse to voltages
occurring therebetween;

a series regulator means comprising:

a first pass means having'a first ter-
minating region electrically
connected to said first system
input terminating region, and
having a second terminating region
electrically «connected to said
sYstem output terminating region,
and having a control region therein
by which said first pass means is
capable of being directed; through
electiical energization thereof,
to éffectively provide a
conductive path of a selected

conductivity Dbetween said first

PCT/US88/01148
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pass means first and second
terminating regions with said
conductivity of said conductive
path increasing with increases in
any voltage differences occurring
between said first pass control
region and said first system input
terminating region to which said
first pass means first terminating
region is electrically connected
as aforesaid: and

a control means having an input and
having an output which is
electrically connected to said
first pass means control region,
said control means being capable
of providing control signals at
said control means output in
response to signals provided at
said control means input; and

a current sensing means capable of sensing

said shunt currents and providing shunt

current indicating signals at an output

thereof indicating' magnitudes of said

shunt currents, said current sensing

means output being electrically

connected to said control means input.

2. The apparatus of claim 1 wherein said shunt
currents are passed from said system output
terminating region to said system reference
terminating region through a shunt pass means having

first and second terminating regions and a control
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region therein by which said ~shunt pass means is
capable of = being directed, through electrical
energization thereof, - to effectively ©provide a
conductive path of a selected conductivity between
said shunt pass means first and second terminating
regions,r said shunt currents passing between shunt

pass means first and second terminating regions.

3. " The apparatus of claim 1 wherein said first

pass means is a transistor means.

4. _ The apparatus of claim 1 wherein said system
further domprises a pluraiity of pass means including
said first péssr means, each of said pass means in
said plurality thereof having a first terminating
region which is electrically connected to said first
system input terminating region, and each having a
second terminating region which is electrically
connected to said system output terminating region,
and each having a control region therein by which it
is capable of being directed, through electrical
energization thereof, to effectively provide a
conductive path of a selected conductivity between
its said first and second terminating regions with
said conductivity of said conductive path increasing
with increases in any voltage differences occuring
between its said control region and said first syétem
input terminating region, with each of these said
pass means control regions being electrically

‘connected to said control means output.

[N
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5. The apparatus of claim 2 wherein said
‘current sensing means is a resistive means, having
first and second terminating regions, and which is in
series with said shunt pass means such that said

shunt currents pass therethrough.

6. The apparatus of claim 3 wherein said first

pass means is a pnp bipolar transistor.

7. The apparatus of claim 4 which further
comprises a reference means having a first
terminating region electrically connected to said
first system input terminating region, and having a
second terminating region electrically connected to
said control means output, and having a control
region therein by which said reference means is
capable of Dbeing directed, through electrical
energization thereof, to effectively provide a
conductive path of a selected conductivity Dbetween
said reference means first and second terminating
regions with said conductivity of said conductive
path increasing with increases in any voltage
differences occurring between said reference means
control region and said first system input
terminating region, with said reference means first

control region being electrically connected to said

control means output.

8. The apparatus of <claim 5 wherein said

current sensing resistive means first terminating
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region is electrically connected to said system
output terminating region and said current sensing
resistive means second terminating fegion is

electrically connected to said control means input.

9. The apparatus of <claim 7 wherein said
reference means, andrsaidrplurality of pass means are
each matched in construction to be substantially

identical to one another.

10. The apparatus of claim 8 wherein said
control means comprises an active control means
having a first terminating rregion electrically
connected to said control output, and having a second
terminating region, and having a control region
therein by which said active control means is capable
of being directed, through electricél energization
thereof, to effectively provide a conductive path of
a selected conductivity between said active control
means first and second terminating regions, said
active - control means control region being
electrically connected to said control input, and
said active control means second terminating region
being electrically connected to said system reference

terminating region.

11. The apparatus of claim 8 wherein said shunt
pass means control region is electrically connected
to an output of a voltage difference sensing means
also having a pair of inputs, one of said voltage
difference sensing means inputs being electrically
connected to a reference voltage means capable of

providing a substantially constant reference voltage
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and that remaining voltage difference sensing means
input being electrically connected to a voltage
situation representation means capable of providing a
voltage which is a selected fraction of that voltage
occurring Dbetween said system - output terminating
region- and said system reference terminating region,
said voltage difference sensing means being capable
of providing a signal at said voltage difference
sensing means output which represents differences in

voltage occurring between said voltage difference

sensing means inputs.

12, The apparatus of claim 9 wherein said
reference means and each of said plurality of pass
means are each a pnp Bipolar transistor with said
first terminating region of each being an emitter,
said second terminating region of each Dbeing a
collector and said control region of each being a
base, said first pass means transistor and said
reference means transistor being formed with a common
emitter serving as said first terminating region of
each, a common base serving as said control region of
each, and a pair of collectors, one of which serves
as said second terminating region of said reference
means transistor and one of which serves as said
second terminating region of said first pass means
transistor, and with each of those transistors
rémaining in said plurality of pass means transistors
also being formed in a pair with another‘ together

having common emitters and common bases.

13. The apparatus of claim 10 wherein said

active control means second terminating region 1is
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electrically cénnectea to said system reference

terminating region through a control resistive means.

14. ~ The apparatus of claim 11 wherein said
reference voltage means comprises first and second
reference voltage resistive means each having: first
and second terminating regions and first and second
npn bipolar reference transistors each having an
emitter, a base and a collector, said first and
second transistor emitters each being electrically
connected to said syStem reference terminating
'region, said second reference voltage resistive means
second terminating region and said second reference
transistor base being electrically connected to said
first reference transistor collector, said first
reference voltage resistive means second terminating
region and said second reference voltage resistive
means first terminating region being electrically
connected to said £first reference transistor base,
said first reference vdltage _resistive means first
terminating region being electrically connected to

said system output terminating region.

15. The apparatus of claim 12 wherein said
system reference terminating region and said second
system input terminating region are a common

terminating region.

16. The apparatus of claim 13 wherein said
active control means and said shunt means are each

npn bipolar transistors with said first terminéting
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region of each being a <collector, said second
terminating region of each being an emitter, and said

control region of each being a base.

17. The apparatus of claim 13 wherein said
system reference terminating region and said second
system input terminating region are a common

terminating region.

18. The apparatus of claim 14 wherein said
reference voltage means contains a third reference
resistive means having first and second terminating
regions and a third npn bipolar reference transistor
having an emitter, a base and a collector, said first
reference voltage resistive means comprising first
and second series resistive means and having first
and second terminating regions with said first series
resistive means first terminating region serving as
said first reference voltage resistive  means f£first
terminating region and said second series resistive
means second terminating region serving as said first
reference voltage resistive means second terminating
region, said first series resistive means second
terminating region and said second series resistive
means first terminating region each being electrically
connected to one another and to said third reference
transistor base, said third reference transistor
emittor being electrically connected to said third
reference resistive means first terminating region,
and said third reference resistive means second
terminating region being electrically connected to

said system reference terminating region.



PCT/US88/01148

WO 88/07715

‘—\ﬁ.\’{\lf
mn

B
<<

c“’l
[10]
A

Sl



INTERNATIONAL SEARCH REPORT
International Application No. PCT/USSS/O] 148

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate alf) 8

According to International Patent Classification (IPC) or to both National Classification and IPC

1PC (4): GO5F
U3S. Cl. 323/224

Il. FIELDS SEARCHED

Minimum Documentation Searched 7

Classification System . Classification Symbols

U.sS. 323/224, 226, 269, 275, 278, 280, 281,316

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched 8

1, DOCUMENTS CONSIDERED TO BE RELEVANT 8

Category * Citation of Document, 1! with indication, where appropriate, of the relevant passages 12 Relevant to Claim No. ¥

A US, A, 3,295,052 (MARTIN) 27 December 1966 1-18
See the entire document.

A: @S, A, 4,008,418 (MURPHY) 15 February 1977 1-18
See the entire.:documentz:

A. DS, A, 4,074,181 (CROWLE) 14 Februaryr1978 1-18
See the entire document.

A US, A, 4,123,692 (GILMORE ET AL) 3! October 1978 1-18
See the entire document. .

A SU, A; 1,103,214 (GILBURG) 15 July 1984 1-18
See the entife document.

A JS, A, 3,577,063 (HURD, III) 04 May 1971 1-18
See the entire document.

A US, A, 4,025,841 (CHAMBERS ET AL) 24 May 1977 1-18
See the entire document.

A 1S, A, 4,027,227 (ENGEL) 31 May 1977 1-18
See the entire document.

* Special categories of cited documents: 10

uA" document defining the general state of the art which is not
considered to be of particular relevance 7

“g"  earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

“p" document published prior to the international filing date but
later than the priority date claimed

“T* |ater document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step

uy" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
mer;lts, such combination being obvious to a person skilled
in the art.

u&" document member of the same patent family

{V. CERTIFICATION

Date of the Actual Completion of the International Search

22 JUNE 1988

Date of Mailing of this International Search Report

0 8 AUG 1988

International Searching Authority

ISA/US

Signature of Authorized Officer,

Pochorias
KRISTINE PEC

Form PCTASA/210 (sacond sheef) (Rev.11-87)




international Application No.

PCT/US88/01148
FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET :

A |US, A, 4,605,892 (SEEVINCK ET AL) 12 August 1986 1-18
See the entire document.

V.D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE!

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:

1.D Claim numbers . because they relafe to subject matter 12 not required to be searched by this Authority, namely:

2.[] Claim numbers , because they relate to parts of the international application that do not comply with the prescribed require~
ments to such an extent that no meaningful international search can be carried out 1%, specifically:

3.D Claim numbers , because they are dependent claims not drafted in accordance with the second and third sentences of
PCT Rule 6.4(a). :

VLD OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 2

This International Searching Authority found multiple inventions in this infernational application as follows:

1.D As all required additional search tees were timely paid by the applicant, this international search report covers ail searchable claims
of the international application.

2.D As only some of the required additional search fees were timely paid by the applicanf, this international searcn report covers only
those claims of the international application for which fees were paid, specifically claims:

S.D No required additional search fees were timely paid by thé applicant. Consequently, this international search report is restricted to
the invention first mentioned in the claims; it is covered by claim numbers:

4.D As all searchable claims could be searched without effort justifying an additional fee, the International Searching Authority did not
invite payment of any additional fee. .

Rernark on Protest
D The additional search fees were accompanied by applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (supplemertal sheet (2) (Rev. 11-87)

o

.t

s

.y



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

