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(57) Abréegée/Abstract:

A voltage conversion circuit (50) for transforming an input voltage level at an input voltage node (62) to a relatively higher output
voltage level at an output voltage node (93) with respect to a common reference voltage node (56) includes an inductor (90)
coupling the Iinput voltage node (62) to the output voltage node (93) and a signhal source (52), such as a linear timer integrated
circuit ("IC") supplying an output signal (80) having alternating first and second states. A bipolar switch (58) having first and second
current carrying terminals and a control terminal (84), its first current carrying terminal coupled to the output voltage node (93), and
its control terminal connected to receive the output signal (80) from the IC. A MOS switch (60) having first and second voltage
carrying terminals and a gate terminal, its first voltage carrying terminal coupled to the common reference voltage node (56), its
second voltage carrying terminal coupled to the second current carrying terminal of the bipolar switch (58) and its gate terminal
coupled to receive the output signal (OUT at 80) from the signal source (IC). At least one diode (86) couples the control terminal of
the bipolar switch (58) to the common reference voltage node (56).
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(57) Abstract l

A voltage conversion circuit (50) for transforming an input voltage level at an input voltage node (62) to a relatively higher output
voltage level at an output voltage node (93) with respect to a common reference voltage node (56) includes an inductor (90) coupling the
input voltage node (62) to the output voltage node (93) and a signal source (52), such as a linear timer integrated circuit ("IC") supplying
an output signal (80) having altemating first and second states. A bipolar switch (58) having first and second current carrying terminals
and a control terminal (84), its first current carrying terminal coupled to the output voltage node (93), and its control terminal connected
to receive the output signal (80) from the IC. A MOS switch (60) having first and second voltage carrying terminals and a gate terminal,
its first voltage carrying terminal coupled to the common reference voltage node (56), its second voltage carrying terminal coupled to the
second current carrying terminal of the bipolar switch (58) and its gate terminal coupled to receive the output signal (OUT at 80) from the
signal source (IC). At least one diode (86) couples the control terminal of the bipolar switch (58) to the common reference voitage node

(56).

*(Referred to in PCT Gazette No. 22/1998, Section II)
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VOLTAGE CONVERSION CIRCUIT FOR A LASER BASED DISTANCE MEASUREMENT AND

- Cross Refere ce to Related Applications

The present invention is related to that
5 disclosed and claimed in United States Patent Serial
Number 5,790,244 which issued on August 4, 1998 to
Laser Technology, Inc., Englewood, Co, and entitled
“pre-Biasing ‘Technique for a Transistor Based
Avalanche Circuit in a Laser Based Distance

10 Measurement and Ranging Instrument”.

BACKGROUND OF THE INVENTION

The present invention relates, in general, to the

' field of voltage conversion circuits for battery

15 powered portable electronic devices. More
particularly, the present invention relates to a high
efficiency voltage conversion circuit which utilizes

low cost components and is extremely energy efficient
and is of particular utility in the implementation of
20 a small form.factor, battery powered laser based range

finder. | |

Laser based distance and range measuring
equipment have been used for a number of years to
| provide extremely accurate distance measurements to é
25 remote target or Objedt. A representative instrument
is the Criterion™ 100 laser range finder developed and

- marketed by Laser Technolegy, Inc., assignee of the
present invention. Although a highly accurate and
reliable device, its great distance ranging capability

30 and inherent complexity translates to a manufacturing
cost and form factor most suitable only for certain

el
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specific applications. A need therefore exists for a
laser based rz;nge finder which can be économically
manufactured as a light welght, rugged and compact
unit to nevertheless provide eXxtremely accurate
distance measurement capabilitlies across a wide range
of potential applications. To this end, it 1is
therefore highly desirable to provide a high
efficiency voltage conversion cilrcult that would allow
for use of a relatively light weilight battery power
source while concomitantly providing reliable

operation, relatively 1low compecnent count, and low

CcCost.

SUMMARY OF THE INVENTION
The present invention advantageously provides a

high efficiency voltage <conversicn cilrcuit @ of
particular utility 1in conjunction with portably,
battery powered circuits requiring a high voltage bias
at relatively 1low current levels with very high
efficiency and low drain on the battery.
Functionally, the combination of a bipolar transistor
and series connected MOSFET transistor as hereiln
disclosed operate as a "hybrid" (i1.e. bilpolar/MOS)
transistor exhibiting extremely low collector
capacitance, with very high base drive efficiency,
extremely fast switch-off times at low cost and with
very little power lost to the capacitance of the node.
The high voltage conversion cilrcult of the present
invention provides approximately twice the efficiency
(on the order of 70%) of any other available low cost
voltage conversion ciréilit avallable for use 1in
conjunction with portable, battery powered high
voltage circuitry (such as those used 1n portable
battery powered laser distance measurement and ranging
devices) and is easily capable of converting a 5 volt
input voltage to an output voltage of on the order of
150 to 350 volts. The high voltage conversion circuit
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of the present invention may be advantageously
provided using eXtremely low cost cdmponents and 1s
extremely energy efficient.

Particularly disclosed herein is a voltage
conversion circult for transforming an input voltage
level at an 1input voltage node to a relatively higher
output voltage level at an output voltage node with
respect to a common reference voltage node. The
voltage conversion circuit comprises an inductor
coupling the input voltage node to the output voltage
node and a signal source supplying an output signal
having alternating first and second states thereof.
A Dbipolar switch having first and second current
carrylng terminals and a control terminal thereof has
1ts first current carrying terminal coupled to the
output voltage node and its control terminal coupled
to receive the output signal from the signal sourc-:.
A MOS switch having first and second voltage carrying
termlinals and a gate terminal thereof, has its first
voltage carrying terminal coupled to the common
reference voltage node, its second voltage carrying
terminal coupled to the second current carrying
terminal of the bipolar switch and its gate terminal
coupled to receive the output signal from the signal
source. At least one diode couples the control

terminal of the bipolar switch to the reference

voltage ncde.

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features and objects
of the present 1nvention and the manner of attaining
them will become more apparent and the invention
itself will be best understood by reference to the

following description of a preferred embodiment taken

in conjunction with the accompanying drawings,

wherein:
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Fig. 1 is a perspective view of a representative
laser based . distance  measurement and ranging
instrument in accordance with a particular application
of the high efficiency voltage conversion circuit of

the present invention; and
Fig. 2 1s a detailed schematic illustration of a

particular embodiment of a high efficiency voltage
conversion circuit 1in accordance with the present
invention of particular utility in 1mplementing a low

cost, light weight laser based dlistance measurement

and ranging instrument as depicted 1n Fig. 1.

DESCRIPTION OF A PREFERRED EMBODIMENT

With reference now to Fig. 1, a laser based
distance measurement and' ranging 1nstrument 10 1is
shown representing a possible application of a high
efficiency voltage conversion circuit 1in accordance
with the present 1invention as will be more fully
described hereinafter. The instrument 10 includes, 1in
pertinent part, a housing 12 which 1s capable of being
held in one hand of a user substantially as
illustrated. The housing 12 encloses the electronic
and optical components of the instrument 10 inclusive

of the battery based power source.
An instrument sight 14 (which may include a

sighting reticle with a head-up display including
alphanumeric or graphic representations of distances
to a remote object) may be affixed to an upper portion
of the housing 12 to enable a user to aim the
instrument 10 towards a desired target. A signal
transmitting aperture 16 and adjacent reflected signal
receiving aperture 18 respectively allow for the
transmission and reception of signals to enable the
instrument 10 to accurately determine distances to a
target from which the transmitted signal 1is reflected
back to the instrument 10 by calculation of the signal
time-of~-flight. A plurality of selection switches 20,

S A ALVRIE Y s b e .t e ..
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(which, in the embodlment shown, may be duplicated at
two locations on the housing 12 so as to be readily
accesslble in either right-handed or left-handed modes
of operation) allow a user to select particular
features or operating modes of the instrument 10.
With reference additionally now to Fig. 2, a high
efficlency voltage conversion circuit 50 in accordance

with one embodiment of the present invention is shown.

The circuit 50 comprises, in pertinent part, a linear
timer integrated circuit ("IcC") 52 having a Vpp 1nput
thereof connected to a first voltage rail 54 and a
ground ("GND") 1nput thereof coupled to a second

voltage rail 56. The integrated circuit 52 may be

conveniently furnished as a model TLC555 linear CMOS

timer device available from Texas Instruments, Inc.

As w1ll be more fully described hereinafter, a bipolar

transistor 58 and series connected power MOSFET -9

also form a portion of the circuit 50.
The high efficiency voltage conversion circuit 50

includes an input 62 thereof which is coupled to the
first voltage rail 54 through a resistor 64. One or

more parallel connected capacitors 66, 68 couple the

first vcltage rail 54 to the second voltage rail 56,
as shown. In a preferred embodiment, a voltage source
of approximatelvy 5.3 volts might be applied to
input 62 to the low pass filter network comprising a
22 ohm resistor 64 in conjunction with capacitors 66,
68 having values of 47uf and 0.1luf, respectively.
Serles connected resistors 70 and 72 couple the
first voltage rail 54 to the second voltage rail 56

through a series connected capacitor 74. The

discharge input ("DIS") of integrated circuit 52 is
coupled to the node defined between the series
connected resistors 70, 72 while the trigger ("TRG")
and threshold ("THR") inputs of the integrated
circuilt 52 are coupled to the node defined between

resistor 72 and capacitor 74 as shown. A reset
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("RES") input 76 from additional circuitry (not shown)
is provided to.integrated circuit 52 while a control
voltage ("VC") input 78 1is also provided from other
additional circuitry (neot shown). In a preferred
embodiment, resistor 70 may have a value of 47K ohms,
resistor 72 may have a value of 15K ohms, while
capaclitor 74 has a value of 1nf.

The output of integrated circuit 52 ("OUT") at
node 80 is supplied through resistor 82 to the base

terminal of bipolar transistor 58 herein further

identified as node 84. The output of integrated
circuit 52 on node 80 is also supplied directly to the
gate terminal of MOSFET 60. Node 84 at the base

terminal of bkipolar transistor 58 1s coupled to the
second voltage rail 56 by means of the series
connected diode network 86 as shown. The collector
terminal of bipolar transistor 58 1s coupled to tle
first voltage rail 54 through an inductor 90 as shown.
The emitter terminal of bkipolar transistor 58 is
connected to one terminal of MOSFET transistor 60
having its other terminal thereof coupled to the
second voltage rail 56. In a preferred embodiment,
resistor 82 may have a value of 2K ohms and
inductor 90 may have a value of 1.5mh. Bipolar
transistor 58 may be conveniently furnished as a
FMMT497 device while MOSFET transistor 60 may comprise
a 2N7002 device. The diode network 86 may be
conveniently furnished as a MMBD7000 device.

An additional diode network 88 couples the
collector terminal of bipolar transistor 58 to the
second voltage rail, as s'h'own, and may be conveniently
furnished as a MMBD1403 device. A further diode
network 92 couples the collector terminal of bipolar

transistor 58 through a resistor 96 to a voltage
output 98, as shown. A capacitor 94 couples the node
between the diode network 92 and resistor 96 to the

second voltage rail. The diode network 92 may be
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conveniliently furnished as a MMBD1403 device while
resistor 96 ma-y be 10K ohms and capacitor 94 may be
10nf.

The output 80 of the timer IC 52 controls the
conduction and non-conduction of the transistor 58 and
MOSFET 60 by providing a pulsed signal to the base of

transistor 58 and MOSFET transistor 60.
In operation, when the output signal on the node

80 1s low, the gate terminal of the MOSFET transistor
60 1s also low thereby turning the device "off". 1In
this state, no current is conducted through the
bipolar transistor 58. When a positive voltage next
appears on the node 80, base current on node 84 is
provided to the bipolar transistor 58 through the
resistor 82 and, at the same time, the MOSFET 60 1S
turned "“on". In this "on" condition, the MOSFET 60
appears as the equivalent of a three ohm resistor :in
the emiltter circuit of the bipolar transistor 58, and
the drive current is effectively applied to the base

terminal, without losses since the voltage at node 84
with respect to rail 56 is 1less than the turn-on
voltage of dual diode 86.

As a result, when the bipolar transistor 58 is
"on" and goes into saturation, the combination of the
bipolar transistor 58 and the MOSFET 60 provides
effectively a low loss switch and current efficiently
builds up in the inductor 90 because of the conduction
path to rail 56 formed through transistor 58 and
MOSFET 60.

When the output signal on node 80 agailn goes
"low", the base drive current on node 84 drops to zero
and the MOSFET 60 is also switched "off" to provide
what 1s essentially an open emitter circuit,
effectively disconnecting inductor 90 from the
established conduction path to rail 56. The MOSFET 60
turns "off" much faster than the saturated bipolar

transistor 58. Therefore the current in the inductor
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90 now flows out of the base of transistor 58, through
dual diode 86 to rail 56. This base current is in the
reverse directlion compared with the forward bias
current through resistor 82 during the "on" period and
serves to deplete the stored base charge ¢of transistor
58. Since this reverse current is large compared with
the forward bias current, the transistor 58 is turned
off very rapidly, with minimum energy losses.

Once the base charge 1s depleted, the bipoclar
transistor 58 snaps "off" and the collector terminal
is free to fly up with the characteristic low base
capacitance inherent in bipolar devices which 1is at
least in order of magnitude less than that of the
MOSFET 60. It should be recognized that without the
MOSFET 60, the inherent capacitance of the bipolar
transistor 58 would tend to turn it back "on".
However, since the MOSFET 60 is now off, the emitter
terminal of the bipolar transistor 58 1s an
effectively open circuit and the current has nowhere
to go. In the particular embodiment shown, 1t has
been noted that the emitter flies up to about 9 volts
attempting to turn "on" although it 1s precluded from
doing so as previously described. 1In a conventional
switching circuit wherein only a single bipolar
transistor might be used, (i.e. wlthout MOSFET 60 or
the diode network 86) transitioning the signal on node
80 to a "low" voltage 1level would result 1n a
switching time that is effectively so slow it would
deplete all the energy that has built up 1in the
inductor 90. Consequently, little to no high voltage
would appear at the output and the circuit would be
extremely inefficient. Conversely, the use of a
single MOS device, (1.e. without the Dbipolar
transistor 58 or the diode network 86) would result 1in
having to overcome such an inherently high draln-to-
gate capacitance that significantly more energy must
be stored in the inductor 90 for the circuit to
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function, resulting in an unacceptably low net
efficiency. h

With transistor 58 and MOSFET 60 "off", the
energy stored 1in the inductor is transferred to
capacitor 94 and to any load present at node 98, as
diodes 92 direct the current from inductor 90 thereto.
Diodes 88 increase the overall conversion efficiency
by recovering some of the residual energy stored in
inductor 90 when the voltage at node 93 falls back to
a low value, prior to the next "on'" period.

The voltage developed at the load 1s
significantly stepped up from the input voltage at
node 62 due to the current and voltage characteristics
©of the 1nductor 90 as affected by the switching
characteristics provided by transistor 58 and MOSFET
60. When 1nductor 90 is released from rail 56 as
described above, the voltage across inductor 90 tends
To approach a very large value since a discontinuity
has been 1introduced in the current through the
inductor. Hence, a very large voltage appears at the
anode of diode 92 which forward biases the diode so
that the current stored in the inductor can flow to
the load at node 98 and into capacitor 94. As this
process 1s repeated under the control of timer IC 52,
the average valu2 of the output voltage at node 98

wlill be between 150 and 350 volts.
Functionally, the combination of bipolar

transistor 58 and series connected MOSFET transistor
60 operate as a hybrid transistor exhibiting extremely
low collector capacitance, with very high base drive
efficlency, extremely fast switch-off times at low
cost and with very 1little power 1lost to the

capacltance of the node. The high voltage conversion
clrcuit of the present invention provides
approximately twice the efficiency (on the order of
70%) of any other available 1low cost voltage

conversion circuit available for use in conjunction

S8 R T L M e YA I T N A NI A T A PN S A S VIR AR i T .
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wWlth pcer=able, battary pcwered high voltacge clrcultry
anc 1s easily capable of ccocnverting a 3 to 5 volt
lnput vcltage (using, for exampls, two standard "aan
cells) to an output voltage of ¢on the order of 150 to

S 350 volIs, o©or the breakdown pcint of +he bipclar
transistor 58. The high voltage conversion circuit of
the present 1lnvention may be advantageously provided
using extremely low cost components and is extremely
energy efiicient.

10 Whil there have been described above the
princlples of the present invention in conjunctien
wilth specific cilrcuitry and laser based dis+tarce
measurement and ranging instrument aprlications, it is
to be clearly understood that the foregoing

15 descripticn is made only by way of example and not as
a limitation to the score of the invention.
Particularly, 1t 1is recognized that the teachings of
the foregoing disclosure willl suggest other
modifications to those persons skilled in the relevant

- 20 art. Such modifications may invelve other features

which are already known per se and which may be used

instead of or in addition to features already

described herein. Although <c¢laims have been
formulated 1in this application to particular
25 combinations of features, it should be understood that

the scope of the disclosure herein also includes any
novel feature or any novel combination of features
disclosed either explicitly or implicitly or any
generalization or modification thereof which would be
30 apparent to persons skilled in the relevant art,
whether or not such relates to the same invention as
presently claimed in any claim and whether or not it
mitigates any or all of the same technical problems as
confronted by the present invention. The applicants
35 hereby reserve the right to formulate new claims to
such features and/or combinations of such features

AMENOED SHEET
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of any further application derived therefromn.
What is claimed is:
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CLAIMS

1. A voltage conversion circuit for transforming an input
voltage level at an input voltage node to a relatively higher output
voltage level at an output voltage node with respect to a common
reference voltage node, said circuit comprising:

an inductance coupling said input voltage node to said output
voltage node;

a signal source supplying an output signal having aiternating
first and second states thereof;

a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
terminal being coupled to said output voltage node and said control
terminal being electrically isolated from said output voltage node and
coupled to receive said output signal from said signal source,;

a MOS switch having first and second voltage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said output signal from said signal source; and

at least one first diode coupling said control terminal of said

bipolar switch to said common reference voltage node.

2. The voltage conversion circuit of claim 1 wherein said
control terminal of said bipolar switch is coupled to receive said output

signal of said signal source through a resistance.

3. The voltage conversion circuit of claim 1 further
comprising:
at least one second diode coupling said first current carrying

terminal of said bipolar switch to said common reference voltage node.

AMENDED SHEET
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4. The voltage conversion circuit of claim 1 further
comprising:
at least one third diode coupled between said first current

carrying terminal of said bipolar switch and said output voltage node.

5. The voltage conversion circuit of claim 4 wherein said at
least one third diode is coupled to said output voltage node through a

resistance.

6. The voltage conversion circuit of claim 5 further
comprising a capacitance coupling said at least one third diode to said

common reference voltage node.

/. A voltage conversion circuit for transforming an input
voltage level at an input voltage node to a relatively higher output
voltage level at an output voltage node with respect to a common
reference voltage node, said circuit comprising:

an inductance coupling said input voltage node to said output

voitage node;

a signal source supplying an output signal having aiternating
first and second states thereof,

a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
terminal being coupled to said output voltage node and said control
terminal being coupled to receive said output signal from said signal
source,;

a MOS switch having first and second voltage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said output signal from said signal source;

at least one first diode coupling said control terminal of said

bipolar switch to said common reference voltage node; and

AMENDED SHEET

PCT/US 97/1489 &
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a low pass filter coupling said input voltage node to said common

10

13

20

25

reference voltage node.

8. The voltage conversion circuit of claim 7 wherein said low

pass filter comprises an RC network.

9. A voltage conversion circuit for transforming an input
voltage level at an input voltage node to a relatively higher output
voltage level at an output voltage node with respect to a common
reference voltage node, said circuit comprising:

an inductance coupling said input voltage node to said output
voltage node,;

a signal source supplying an output signal having alternating
first and second states thereof, said signal source [comprises]
comprising a linear timer circuit;

a bipolar switch having first and second current carrying
terminais and a control terminal thereof, said first current carrying
terminal being coupled to said output voltage node and said control
terminal being coupled to receive said output signal from said signal
source;

a MOS switch having first and second voltage carrying terminais
and a gate terminal thereof, said first voitage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said output signal from said signal source; and

at least one first diode coupling said control terminal of said

bipolar switch to said common reference voltage node.

10. The voltage conversion circuit of claim 9 wherein said
linear timer circuit further comprises discharge, trigger and threshold

inputs thereto.
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11. The voltage conversion circuit of claim 9 wherein said

linear timer circuit comprises a TLC555 device.

12. The voltage conversion circuit of claim 10 further
comprising first and second series connected resistors for coupling

said input voltage node to said common reference voltage node

through a series connected capacitor.

13. The voltage conversion circuit of claim 12 wherein said
discharge terminal is coupled to receive said input voltage level at a
point between said first and second series connected resistors and
said trigger and threshold terminals are coupled to said common

reference volitage node through said series connected capacitor.

14. The voltage conversion circuit of claim 10 wherein said

linear timer circuit further comprises reset and control voltage
terminals thereof.

15. The voltage conversion circuit of claim 1 wherein said

bipolar switch comprises an NPN transistor.

16. The voltage conversion circuit of claim 15 wherein said

NPN transistor comprises an FMMT49/ type device.

17. The voltage conversion circuit of claim 1 wherein said
MOS switch comprises a power MOSFET.

18. The voltage conversion circuit of claim 17 wherein said
power MOSFET comprises a 2N7002 type device.

19. A voltage conversion circuit for transforming an input
voltage level at an input voltage node to a relatively higher output

volitage level at an output voltage node with respect to a common
reference voltage node, said circuit comprising:

I ¢ MAR 1998
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an inductance coupling said input voltage node to said output
voltage node, said input voltage level being in a range of

approximately 3-5 volts;

a signal source supplying an output signal having alternating

$ first and second states thereof:

a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
terminal being coupled to said output voltage node and said control
terminal being coupled to receive said output signal from said signal

10 source;

a MOS switch having first and second voltage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying

15 terminal of said bipolar switch and said gate terminal being coupied to
receive said output signal from said signal source; and

at least one first diode coupling said control terminal of said

bipolar switch to said common reference voltage node.

20. A voltage conversion circuit for transforming an input
20 voltage level at an input voltage node to a relatively higher output
voltage level at an output voltage node with respect to a common
reference voltage node, said circuit comprising:
an inductance coupling said input voltage node to said output
voltage node, said output voltage level being in a range of
25 approximately 150-350 volts;
a signal source supplying an output signal having alternating
first and second states thereof:
a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
30 terminal being coupled to said output voltage node and said control

terminal being coupled to receive said output signal from said signal

source:
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a MOS switch having first and second voltage carrying terminais
and a gate terminal thereof, said first voltage carrying terminal being
couplied to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said output signal from said signal source; and

at least one first diode coupling said control terminal of said

bipolar switch to said common reference voltage node.

21. A voltage conversion circuit for transforming an input
voltage level to a relatively higher output voltage level with respect to a
common reference voltage level on a common reference volitage node,
said circuit comprising:.

a timer circuit having first and second voltage terminals thereof
for receiving as inputs said [first] input voltage level and said common
reference voltage level respectively, said timer circuit providing an
alternating state output signal therefrom,;

a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
terminal being inductively coupled to receive said [first] input voltage
level and said control terminal being electrically isolated from said
inductive coupling and unidirectionally coupled to said common
reference voltage node and to receive said alternating state output
signal from said timer circuit, said alternating state output signal being
capable of driving said bipolar switch to saturation; and

a MOS switch having first and second voltage carrying terminais
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said alternating state output signal from said timer circuit, said

[second] output voitage level being provided between said first current

PCTAIS 97/1439 A
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carrying terminal of said bipolar switch and said common reference

voltage node.

22. The voltage conversion circuit of claim 21 wherein said

control terminal of said bipolar switch is coupled to receive said

5 alternating state output signal of said timer circuit through a resistance.

23. The voltage conversion circuit of claim 21 further
comprising:
at least one diode coupling said first current carrying terminal of

said bipolar switch to said common reference voltage node.

10 24. The voltage conversion circuit of claim 21 further
comprising.
at least one diode coupling said first current carrying terminal of
said bipolar switch to an output voltage node.

25. The voltage conversion circuit of claim 24 wherein said at

15 least one diode is coupled to said output voltage node through a

resistance.

26. The voltage conversion circuit of claim 25 further
comprising:
a capacitance coupling said at least one diode to said common
20 reference voitage node.

27. The voltage conversion circuit of claim 21 further
comprising:

an input voltage node for providing said input voitage level to
said timer circuit.

25 28. A voltage conversion circuit for transforming an input

voltage level to a relatively higher output voltage level with respect to a

common reference voltage level on a common reference voitage node,

said circuit comprising:

AMENDED SHEET
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a timer circuit having first and second voitage terminals thereof
for recelving as inputs said input voltage level and said common
reference voltage level respectively, said timer circuit providing an
alternating state output signal therefrom;

a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
terminal being inductively coupled to receive said input voltage level
and said control terminal being unidirectionally coupied to said
common reference voltage node and to receive said alternating state
output signal from said timer circuit.

a MOS switch having first and second voltage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said alternating state output signal from said timer circuit, said
output voltage level being provided between said first current carrying
terminal of said bipolar switch and said common reference voltage
node,;

an input voltage node for providing said input voltage level to
said timer circuit; and

a low pass filter coupling said input voltage node to said timer

circuit.

29. The voltage conversion circuit of claim 28 wherein said low

pass filter comprises an RC network.

30. A voltage conversion circuit for transforming an input
voltage level to a relatively higher output voltage level with respect to a
common reference voltage level on a common reference voltage node,
said circuit comprising:

a timer circuit having first and second voltage terminals thereof

for receiving as inputs said input voltage level and said common

PCTAUS 97/14g9 &
192 [PEA/US 1 2MAR 1993
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reference voltage level respectively, said timer circuit providing an
alternating state output signal therefrom, said timer circuit further
comprising discharge, trigger and threshold inputs thereto;
a bipolar switch having first and second current carrying

¢ terminals and a control terminal thereof, said first current carrying
terminal being inductively coupled to receive said input voitage level
and said control terminal being unidirectionally coupled to said
common reference voltage node and to receive said alternating state
output signal from said timer circuit; and

10 a MOS switch having first and second voltage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to

15 receive said alternating state output signal from said timer circuit, said
output voltage level being provided between said first current carrying
terminal of said bipolar switch and said common reference voltage

node.

31. The voltage conversion circuit of claim 30 wherein said

20 timer circuit comprises a linear timer integrated circuit.

32. The voltage conversion circuit of claim 31 wherein said

integrated circuit comprises a TLC555 type device.

33. The voltage conversion circuit of claim 30 further
comprising:
25 first and second series connected resistors for coupling said
input voltage level to said common reference voltage node through a

series connected capacitor.

34. The voltage conversion circuit of claim 33 wherein said
discharge terminal is coupled to receive said input voltage level at a

30 point between said first and second series connected resistors and
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said trigger and threshold terminals are coupled to said common

18 C

reference voltage node through said series connected capacitor.

35. The voltage conversion circuit of claim 30 wherein said
timer circuit further comprises reset and control voltage terminals

thereof.

36. The voltage conversion circuit of claim 31 wherein said

bipolar switch comprises an NPN transistor.

37. The voltage conversion circuit of claim 36 wherein said

NPN transistor comprises an FMMT49/ type device.

38. The voltage conversion circuit of claim 21 wherein said

MOS switch comprises a power MOSFET.

39. The voltage conversion circuit of claim 38 wherein said

power MOSFET comprises a 2N7002 or similar device.

40. A voltage conversion circuit for transforming an input
voltage level to a relatively higher output voltage level with respect to a
common reference voltage level on a common reference voltage node,
said circuit comprising:

a timer circuit having first and second voltage terminals thereof
for receiving as inputs said input voltage level and said common
reference voltage level respectively, said timer circuit providing an
alternating state output signal therefrom, said input voltage level [is
substantially] being in a range of approximately 3-5 volts;

a bipolar switch having first and second current carrying
terminals and a control terminal thereof, said first current carrying
terminal being inductively coupled to receive said input voltage level
and said control terminal being unidirectionally coupled to said
common reference voltage node and to receive said alternating state

output signal from said timer circuit; and
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a MOS switch having first and second voltage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said alternating state output signal from said timer circuit, said
output voltage level being provided between said first current carrying

terminal of said bipolar switch and said common reference voltage

node.

41. A voltage conversion circuit for transforming an input
voltage level to a relatively higher output voltage level with respect to a
common reference voltage level on a common reference voltage node,
said circuit comprising:

a timer circuit having first and second voltage terminals thereof
for receiving as inputs said input voitage level and said common
reference voltage level respectively, said timer circuit providing an
alternating state output signal therefrom;

a bipolar switch having first and second current carrying
terminals and a control terminal thereaf, said first current carrying
terminal being inductively coupled to receive said input voltage level
and said control terminal being unidirectionally coupled to said
common reference voltage node and to receive said alternating state
output signal from said timer circuit; and

a MOS switch having first and second volitage carrying terminals
and a gate terminal thereof, said first voltage carrying terminal being
coupled to said common reference voltage node, said second voltage
carrying terminal being coupled to said second current carrying
terminal of said bipolar switch and said gate terminal being coupled to
receive said alternating state output signal from said timer circuit, said
output voltage level being provided between said first current carrying

terminal of said bipolar switch and said common reference voltage

19 4
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node said output voltage level [is substantially] being in a range of

approximately 150-350 volts.

42. The voltage conversion circuit of claim 1 wherein said

MOS switch comprises an n-channel MOSFET.

43. The voltage conversion circuit of claim 1 wherein said
input voltage level is at least as great as that suppliable by two

standard “"AA" battery cells.

44. The voltage conversion circuit of claim 1 further
comprising first and second series connected resistors coupling said
iInput voitage node to said common reference voitage node through a

series connected capacitor.

45. The voltage conversion circuit of claim 1 wherein said

output voltage level has an average vaiue in a range of 150-350 volts.

46. The voitage conversion circuit of claim 21 wherein said

MOS switch comprises an n-channel MOSFET.

47. The voltage conversion circuit of claim 21 wherein said
input voltage level is at least as great as that suppliable by two
standard “"AA” battery cells.

48. The voltage conversion circuit of claim 21 wherein said

output voltage level has an average value in a range of 150-350 volts.
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