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power field effect transistors may exceed 80 volts. it would be desirable
then, to drive the gate of the power Field of the invention
field effect transistor to a level higher than its supply voltage but less
than the breakdown voltage of the This invention relates in general to
voltage level   5   power field effect transistor. Because low voltage
shifting circuits and more particularly, to a semicon-  semiconductor
circuits have excellent transistor den- ductor voltage level conversion
circuit for providing an  sities and good yield, they are extremely useful
as output voltage that is shifted above both the level of  control and
driving circuits for high voltage circuit the supply voltage and the
breakdown voltage of the  applications when the high voltage interface can
be semiconductor circuit.                         10  bridged. European
Patent Application No. EP-A-0294882 Background of the Invention
is noted as disclosing subject matter related to the present invention. The
prior art generates a low power It is common practice in semiconductor
integrated  supply voltage from a high voltage terminal on the circuit
technology to Interface different transistor   15  integrated circuit using
complemented logic signals technologies In electronic systems and
subsystems.  which are amplified but limited to be below the given it is
further common practice to integrate different  breakdown voltage of the
process used thereby elimi- transistor technologies on the same
semiconductor    nating the need for isolating the low voltage circuitry
chip. In order to interface the different technologies, it  from the high
voltage supply. is often necessary to provide voltage level shifting at  20
Thus, what is needed is a semiconductor voltage the interface of the
different technologies for proper  level conversion circuit for providing
an output voltage circuit operation. For example, when interfacing emit-
that is shifted above both the level of the supply volt- ter coupled logic
(ECL) to metal-oxide field effect tran-  age and the breakdown voltage of
the semiconductor sistor (MOSFET) circuits, it may be necessary to shift
circuit voltages between 1.5 volts and 15 volts.        25 Further
challenges  of interfacing  different    Summary of the invention
technologies are presented when it is necessary to interface low voltage
circuits to high voltage circuits.  In accordance with the present
invention, there is A typical example includes low voltage CMOS circuits
provided a voltage level conversion circuit manufac- that may be used in
electronic systems for their low   30  tured with a semiconductor process
having a break- power dissipation and high transistor density charac-  down
voltage, said circuit comprising: teristics, but may be required to drive
high voltage cir-  a first supply voltage terminal for receiving a cults as
may be found in displaydriverand automotive  first voltage; applications.
The high voltage circuits often have        a second supply voltage
terminal for receiving breakdown voltages that are greater than can be tol-
35   a second voltage; erated by the low voltage circuits.
an input terminal for receiving an input signal; In automotive circuits,
bipolar and MOS power          an output terminal for providing an output
sig- transistors having high voltage breakdown character-  nal; istics are
used to drive solenoids and DC motors for       first means coupled between
said first and sec- such applications as anti-skid braking systems, elec-
40  ond supply voltage terminals and coupled to said tric fuel pumps,
windshield wipers, power windows    input terminal for providing true and
complemented and locks, etc. These power transistors, however, are  signals
having voltage levels greater than the mag- normally controlled and driven
by low power, low volt-  nitude of said Input signal, but less than the
break- age control circuits. Powerfield effect transistors such  down
voltage; as lateral and vertical DMOS devices are especially  45   second
means coupled between said first and useful for driving solenoids and DC
motors since the  second supply voltage terminals and coupled to said
transistors exhibit a very low on resistance and thus  first means for
increasing the current drive of said true have a very small voltage drop
across their load ter-  and complemented signals; minals. Such power field
effect transistors then, are     as commonly known in the prior art, and
capable of driving solenoids and DC motors very effi-  50  characterised by
third means coupled to said second ciently while being able to withstand
high voltages.  means at first and second nodes and comprising: In order to
reduce the power field effect transistor   a first capacitor having a first
terminal coupled on-resistance to a minimum, it is necessary to drive  to
said first node and having a second terminal; the gate voltage above the
supply voltage of the          a second capacitor having a first terminal
coup- power devices. The battery voltage in the automobile,  55  led to
said second node and having a second termi- and hence the supply voltage of
the power field effect  nal; transistor, may vary from approximately 5.5
voltage       a first diode having an anode coupled to said up to 36 volts.
Breakdown voltages of present-day    second terminal of said first
capacitor and a cathode; 2   
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and an anode connected to the supply voltage termi- a second diode having
an anode coupled to      nal 2. The zener diode has a zoner breakdown
voltage said second terminal of said second capacitor and a  that is less
than the gate oxide breakdown voltage of cathode,
the field effect transistors In the voltage level conver- said third means
providing a shifted true signal   5   sion circuit. The gate oxide
breakdown voltage in and a shifted complemented signal at the cathodes of
standard semiconductor processes is typically less said first and second
diodes respectively, the mag-  than 25 volts. In automotive circuit
applications, the nitude of the voltage levels of said shifted true signal
battery supply voltage is supplied directly from a 12 or and said shifted
complemented signal being greater   24 volt lead-acid battery and can vary
from 5.5 volts than the breakdown voltage; and                 10  to 36
volts depending on environmental conditions. If fourth means coupled
between said third       the conversion voltage should exceed the zener
means and said output terminal for providing said out-  breakdown voltage,
due in part to fluctuations in the put signal having a voltage level
greater than the   battery supply voltage, the zener diode 28 will ava-
breakdown voltage and having a frequency equal to   lanche to keep the
voltage at a level below the gate two times the frequency of said input
signal.   15  oxide breakdown voltage. The above and other objects,
features, and           A field effect transistor 16 has a source connec-
advantages of the present invention will be better   ted to a supply
voltage terminal 4, a gate connected understood from the following detailed
description  to an input terminal 15, and a drain connected to the taken in
conjunction with the accompanying drawings.  drain of a field effect
transistor 17. The field effect 20  transistor 17 has a gate connected to
the input termi- Brief Description of the Drawings                    nal
15, and a source connected to the supply voltage terminal 2. A regulated
voltage, derived from the bat- Figure 1 is a schematic diagram of the
preferred  tery supply voltage, is applied to the supply voltage embodiment
of the present invention.                 terminal 4 and is typically equal
to 5.0 volts. The field Figure 2 is a waveform diagram of selected sig-  25
effect transistors 16 and 17 form an inverter whose nals in the preferred
embodiment.                   output varies from 0.0 volts to 5.0 volts and
is the com- plement of the oscillator input signal at the input ter-
Detailed Description of the Invention                minal 15. A bipolar
transistor 27 has a collector connected Figure 1 depicts a voltage level
conversion circuit  30  to the supply voltage terminal 1 and a base
connected that may be fabricated in a standard semiconductor   to the
voltage node 3. Field effect transistors 18 and process, comprising a
current mirror 12, an interface  19 have their sources connected to a first
emitter of circuit 13, and a voltage conversion circuit 14. The  the
bipolar transistor 27, and their drains connected current mirror 12
comprises field effect transistors 7  to the drains of field effect
transistors 21 and 22 re- and 8 having their sources connected to a supply
volt-  35  spectively. The gate of the field effect transistor 18 is age
terminal 1, and their gates connected to the drain  connected to the drain
of the field effect transistor 19, of the field effect transistor 7. The
drain of the field  and the gate of the field effect transistor 19 is
connec- effect transistor 8 is connected to a voltage node 3.  ted to the
drain of the field effect transistor 18. The The field effect transistor 7
is connected to function as  field effect transistor 21 has a gate
connected to the a diode and sets the voltage at the gate of the field  40
input terminal 15 and a source connected to the sup- effect transistor 8 so
that the current flowing in the  ply voltage terminal 2. The field effect
transistor 22 field effect transistor 7 is mirrored in the field effect
has a gate connected to the drain of the field effect transistor 8.
transistor 16, and a source connected to the supply Field effect
transistors 9 and 11 have their sour-  voltage terminal 2. The field effect
transistors 18, 19, ces connected to a supply voltage terminal 2, their  45
21, and 22 provide a shifted and a complemented shif- gates connected to
input terminals 5 and 6, respect-  ted voltage signal of the oscillator
input signal at the ively, and their drains connected to the drains of the
drains of the field effect transistors 19 and 18 respect- field effect
transistors 7 and 8, respectively. A bias  ively. The magnitude of the
shifted and complemen- voltage applied to the inputterminal 5 sets the
amount  ted shifted voltages vary from the conversion voltage of current
flowing in the current mirror 12. A control  50  less a base-emitter
voltage [err] to the ground supply signal applied to the input terminal 6
selectively turns  voltage potential at the supply voltage terminal 2. the
current mirror 12 on or off. The conversion voltage  The sources of field
effect transistors 23 and 25 supplied at the voltage node 3 is determined
by the  are connected to the first emitter of the bipolar tran- magnitude
of the battery supply voltage at the supply  sistor 27, the gates are
connected to the gates of field voltage terminal 1 and the magnitude of the
current  55   effect transistors 24 and 26, respectively, and the flowing
in the current mirror 12.                    drains are connected to the
nodes 31 and 29, respect- The interface circuit 13 comprises a zener diode
ively. The field effect transistors 24 and 26 have their 28 having a
cathode connected to the voltage node 3  sources connected to the supply
voltage terminal 2, 3  
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connected to the drains of the field  20.0 volts. As the battery voltage
falls, for example to effect transistors 18 and 19, respectively, and the
6.0 volts (as could occur when starting an automobile drains are connected
to the nodes 31 and 29 respect-  in freezing weather), the conversion
voltage will drop ively. The field effect transistors 23 and 24, and 25
proportionally and the zener diode 28 will not be and 26 form two inverters
to provide additional current   5   caused to avalanche to limit the
conversion voltage. drive and wave-shaping of the shifted and the com-
The voltage at the first emitter of the bipolar tran- plemented shifted
signals.                         sistor 27 will equal the conversion
voltage less a [err] The interface circuit 13 functionally converts an  and
is limited to 19.3 volts since the conversion volt- input signal that
varies from 0.0 volts to 5.0 volts and  age is limited to 20.0 volts.
Referring to figure 2, the provides true and complemented output voltages
that  10  oscillator input signal is shown as a square wave at vary from
0.0 volts to the conversion voltage less a  input terminal 15 which results
in the waveforms [err] And the conversion voltage is limited to the zener
shown at the nodes 29 and 31. The signal at the node breakdown voltage
which is selected to be less than  29 is inverted and has a magnitude that
equals the the gate oxide breakdown voltage. Further, the inter-
conversion voltage less a [err] and the signal at the face circuit 13 is
coupled to a battery supply voltage   15  node 31 is non-inverted with the
same magnitude. that may exceed the gate oxide breakdown voltage of  When
the voltage at node 29 Is at 0.0 volts, the volt- the field effect
transistors contained therein without  age at the node 34 will equal the
emitter voltage of the subjecting the gate oxide of the field effect
transistors  second emitter of the bipolar transistor 27 which is to the
full potential of the battery supply voltage.  also equal to the conversion
voltage less a [err] or 19.3 A voltage conversion circuit 14 comprises a
20  volts. Similarly, when the voltage at node 31 is at 0.0 capacitor 32
coupled between the node 29 and a node  volts, the voltage at the node 35
will equal the emitter 34, and a capacitor 33 coupled between the node 31
voltage of the third emitter of the bipolar transistor 27 and a node 35.
The nodes 34 and 35 are connected   which is also equal to the conversion
voltage less a to a second and third emitter, respectively, of the bi-
[err] or 19.3 volts. polar transistor 27. A capacitor 38 is coupled between
25  As the voltage at the node 29 rises from 0.0 volts the node 34 and a
node 42, and a capacitor 39 is   to 19.3 volts, the voltage at the node 34
will charge coupled between the node 35 and a node 41. A bi-   through the
capacitor 32 to 38.6 volts or an additional polar transistor 36 is
connected as a diode having a  19.3 volts. As the voltage at the node 34
increases a base and a collector connected to the node 34 and an  [err]
above the conversion voltage, the second emitter emitter connected to the
node 41. A bipolar transistor  30  becomes reverse biased and isolates the
node 34 37 is connected as a diode having a base and a col-  from the
voltage node 3. When the voltage at the node lector connected to the node
35 and an emitter con-  29 falls towards 0.0 volts, the voltage at the node
34 nected to the node 42. Bipolar transistors 43 and 44  discharges towards
0.0 volts through the capacitor are connected as diodes having the emitters
connec-  32. However, as the node 34 falls a Vb. below the con- ted to an
output terminal 47. The bipolar transistor 43   35  version voltage, the
second emitter becomes forward has a base and a collector connected to the
node 41,  biased to keep the node 34 charged to 19.3 volts. The and the
bipolar transistor 44 has a base and a collec-  voltage at the nodes 31 and
35 charges and dis- tor connected to the node 42. A capacitor 45 is coup-
charges through the capacitor 33 in the same manner led between the output
terminal 47 and the supply  as the nodes 29 and 34, respectively. The third
emitter voltage terminal 2.                           40  of the bipolar
transistor 27 operates analogously to The following discussion of the
circuit operation  the second emitter. The voltages at the nodes 34 and
assumes a battery supply voltage of 36 volts, a base-  35 are 180 degrees
out of phase as shown in figure emitter voltage of 0.7 volts, an input
signal that varies  2. from 0.0 volts to 5.0 volts, and a zener breakdown
The voltage at the node 41 is equal to the voltage voltage of 20.0 volts.
These voltage levels are used   45  at the node 34 less a [err] when the
voltage at the node for purposes of example only; the actual voltages may
35 is at a minimum. As the voltage at the node 35 vary substantially under
normal circuit operation. Fig-  increases from 19.3 volts to 38.6 volts, it
charges ure 2 illustrates the voltage waveforms that would be  through the
capacitor 39 to increase the voltage at the expected at the specified nodes
in the voltage level  node 41 by the same amount. When the voltage at the
conversion circuit.                           50  node 41 increase to a
[err] above the voltage at the The current mirror 12 provides a conversion
volt-  node 34, the diode action of the bipolar transistor 36 age at the
voltage node 3 which is a function of the  isolates the node 34 from the
node 41. And when the bias voltage and the battery supply voltage, and
voltage at the node 35 decreases from 38.6 volts to furthersupplies a base
currentto the bipolartransistor  19.3 volts, the voltage at the node 41
will start to dec- 27. With a battery supply voltage of 36.0 volts, the  55
rease from 57.2 volts towards 19.3 volts. However, as conversion voltage
will try to rise above the zener  the voltage at the node 41 falls a Vbe
below the voltage breakdown voltage of the zener diode 28, causing it  at
the node 34, the bipolar transistor 36 becomes for- to avalanche therein
limiting the conversion voltage to  ward biased to keep the node 41 charged
to a voltage 4 
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the voltage at the node 34 or 37.9  Claims volts. The voltage at the node
42 charges and dis- charges In an analogous manner as that of the node
1. A voltage level conversion circuit, in semicon- 41, but through the
bipolar transistor 37 and the  ductor technology having a defined breakdown
volt- capacitor 38 and 180 degrees out of phase as shown   5   age, said
circuit comprising: in figure 2.
a first supply voltage terminal (3) for receiving The output voltage at the
output terminal 47 is the  a first voltage; result of the alternating peak
values of the voltages at  a second supply voltage terminal (2) for receiv-
the nodes 41 and 42. When the voltage at the node  ing a second voltage; 41
is at its maximum of 57.2 volts, the voltage at the   10  an input terminal
(15) for receiving an input sig- node 42 will be at its minimum of 37.9
volts. This  nal; causes the output voltage to equal the voltage at the
an output terminal (47) for providing an output node 41 less a [err] or
56.5 volts which further causes  signal; the bipolar transistor 44 to act
as a reverse biased     first means (13) coupled between said first and
diode therein isolating the output terminal 47 from the   15  second supply
voltage terminals and coupled to said node 42. Alternately, when the
voltage at the node 42  input terminal (15) for providing true and
complemen- is at its maximum of 57.2 volts, the voltage at the node  ted
signals having voltage levels greater than the 41 will be at its minimum of
37.9 volts. This causes the  magnitude of said input signal, but less than
the output voltage to equal the voltage at the node 42 less  breakdown
voltage; a [err] or 56.5 volts which further causes the bipolar  20  second
means (23-26) coupled between said transistor 43 to act as a reverse biased
diode therein  first and second supply voltage terminals and coupled
isolating the output terminal 47 from the node 41.  to said first means
(13) for increasing the current drive The maximum magnitude of the output
voltage     of said true and complemented signals; characterised can be
calculated by:                              by: [err]
25         third means (32-37) coupled to said second where [err] is the
conversion voltage, and [err] is the  means (23-26) at first and second
nodes (31, 29) and output voltage. Also the frequency of the output volt-
comprising: age is equal to two times the frequency of the input     a
first capacitor (33) having a first terminal signal. A result and advantage
of the frequency doubl-  coupled to said first node (31) and having a
second ing is a decrease in the impedance at the output ter-  30  terminal;
minal 47. A magnitude of 56.5 volts at the output        a second capacitor
(32) having a first terminal terminal may be safely provided without
causing gate  coupled to said second node (29) and having a sec- oxide
damage to the MOS devices. The potential that  ond terminal; appears across
the capacitors 32, 33, 38, and 39         a first diode (37) having an
anode coupled to never exceeds the conversion voltage. This allows   35
said second terminal of said first capacitor (33) and a the capacitors 32,
33, 38, and 39 to be fabricated by  cathode; and using polysilicon over
thin oxide (gate oxide) without   a second diode (36) having an anode
coupled exceeding the gate oxide breakdown voltage. The    to said second
terminal of said second capacitor (32) advantage of this is the capability
of making capaci-  and a cathode, tors having a higher capacitance per unit
area, and   40  said third means providing a shifted true signal thus less
silicon area per capacitor.              and a shifted complemented signal
at the cathodes of The output voltage has a high enough magnitude  said
first and second diodes respectively, the mag- that it can be used to
overdrive the gate of a power  nitude of the voltage levels of said shifted
true signal field effect transistor. In the automobile application, a  and
said shifted complemented signal being greater power field effect
transistor would be coupled directly  45  than the breakdown voltage; and
to the battery supply voltage. Should the battery sup-  fourth means (38,
39,43-45) coupled between ply voltage reach 36 volts, the voltage level
conver-  said third means (32-37) and said output terminal (47) sion
circuit provides an output voltage of 56.5 volts  for providing said output
signal having a voltage level which is sufficient to operate the power
field effect  greater than the breakdown voltage and having a fre-
transistor in its most efficient operating region (mini-  50  quency equal
to two times the frequency of said input mum channel resistance).
signal. By now it should be appreciated that there has     2. A voltage
level conversion circuit according to been provided a semiconductor voltage
level conver-  claim 1 wherein said fourth means comprises: sion circuit
for providing an output voltage that is shif-  a third capacitor (38)
having a first terminal ted above both the level of the supply voltage and
the  55  coupled to said second terminal of said second breakdown voltage
of the semiconductor circuit.    capacitor (32) and having a second
terminal coupled to said cathode of said first diode (37); a fourth
capacitor (39) having a first terminal 
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below the voltage at the node 34 or 37.9  Claims volts. The voltage at the
node 42 charges and dis- charges in an analogous manner as that of the node
1. A voltage level conversion circuit, in semicon- 41, but through the
bipolar transistor 37 and the   ductor technology having a defined
breakdown volt- capacitor 38 and 180 degrees out of phase as shown   5
age, said circuit comprising: in figure 2.
a first supply voltage terminal (3) for receiving The output voltage at the
output terminal 47 is the  a first voltage; result of the alternating peak
values of the voltages at  a second supply voltage terminal (2) for receiv-
the nodes 41 and 42. When the voltage at the node  ing a second voltage; 41
is at its maximum of 57.2 volts, the voltage at the   10  an input terminal
(15) for receiving an input sig- node 42 will be at its minimum of 37.9
volts. This  nal; causes the output voltage to equal the voltage at the
an output terminal (47) for providing an output node 41 less a [err] or
56.5 volts which further causes  signal; the bipolar transistor 44 to act
as a reverse biased     first means (13) coupled between said first and
diode therein isolating the output terminal 47 from the   15  second supply
voltage terminals and coupled to said node 42. Alternately, when the
voltage at the node 42  Input terminal (15) for providing true and
complemen- is at its maximum of 57.2 volts, the voltage at the node  ted
signals having voltage levels greater than the 41 will be at its minimum of
37.9 volts. This causes the  magnitude of said input signal, but less than
the output voltage to equal the voltage at the node 42 less  breakdown
voltage; a [err] or 56.5 volts which further causes the bipolar  20  second
means (23-26) coupled between said transistor 43 to act as a reverse biased
diode therein  first and second supply voltage terminals and coupled
isolating the output terminal 47 from the node 41.  to said first means
(13) for increasing the current drive The maximum magnitude of the output
voltage     of said true and complemented signals; characterised can be
calculated by:                               by: [err]
25         third means (32-37) coupled to said second where [err]  is the
conversion voltage, and [err] is the  means (23-26) at first and second
nodes (31, 29) and output voltage. Also the frequency of the output volt-
comprising: age is equal to two times the frequency of the input      a
first capacitor (33) having a first terminal signal. A result and advantage
of the frequency doubl-  coupled to said first node (31) and having a
second ing is a decrease in the impedance at the output ter-  30  terminal;
minal 47. A magnitude of 56.5 volts at the output         a second
capacitor (32) having a first terminal terminal may be safely provided
without causing gate  coupled to said second node (29) and having a sec-
oxide damage to the MOS devices. The potential that  ond terminal; appears
across the capacitors 32, 33, 38, and 39          a first diode (37) having
an anode coupled to never exceeds the conversion voltage. This allows   35
said second terminal of said first capacitor (33) and a the capacitors 32,
33, 38, and 39 to be fabricated by  cathode; and using polysilicon over
thin oxide (gate oxide) without    a second diode (36) having an anode
coupled exceeding the gate oxide breakdown voltage. The    to said second
terminal of said second capacitor (32) advantage of this is the capability
of making capaci-  and a cathode, tors having a higher capacitance per unit
area, and   40  said third means providing a shifted true signal thus less
silicon area per capacitor.               and a shifted complemented signal
at the cathodes of The output voltage has a high enough magnitude  said
first and second diodes respectively, the mag- that it can be used to
overdrive the gate of a power  nitude of the voltage levels of said shifted
true signal field effect transistor. In the automobile application, a  and
said shifted complemented signal being greater power field effect
transistor would be coupled directly  45  than the breakdown voltage; and
to the battery supply voltage. Should the battery sup-   fourth means (38,
39, 43-45) coupled between ply voltage reach 36 volts, the voltage level
conver-  said third means (32-37) and said output terminal (47) sion
circuit provides an output voltage of 56.5 volts  for providing said output
signal having a voltage level which is sufficient to operate the power
field effect  greater than the breakdown voltage and having a fre-
transistor in its most efficient operating region (mini-  50  quency equal
to two times the frequency of said input mum channel resistance).
signal. By now it should be appreciated that there has      2. A voltage
level conversion circuit according to been provided a semiconductor voltage
level conver-  claim 1 wherein said fourth means comprises: sion circuit
for providing an output voltage that is shif-  a third capacitor (38)
having a first terminal ted above both the level of the supply voltage and
the  55   coupled to said second terminal of said second breakdown voltage
of the semiconductor circuit.     capacitor (32) and having a second
terminal coupled to said cathode of said first diode (37); 



a fourth capacitor (39) having a first terminal    9                    EP
0 342 581 B1                    10 coupled to said second terminal of said
first capacitor  claim 3, 4, 5 or 6 wherein said first means comprises:
(33) and having a second terminal coupled to said           a first field
effect transistor (16) having a cathode of said second diode (36);
source coupled to a fourth supply voltage terminal (4), a third diode (43)
having an anode coupled to    a gate coupled to said input terminal (15),
and having said cathode of said second diode (36) and a cathode    5   a
drain; coupled to said output terminal (47);                        a
second field effect transistor (17) having a a fourth diode (44) having an
anode coupled to   source coupled to said second supply voltage termi- said
cathode of said first diode (37) and a cathode    nal (2), a gate coupled
to said input terminal (15), and coupled to said output terminal (47); and
a drain coupled to said drain of said first field effect a fifth capacitor
(45) having a first terminal  to  transistor (16); coupled to said output
terminal (47) and a second ter-       a third field effect transistor (18)
having a minal coupled to said second supply voltage terminal   source
coupled to said third emitter of said bipolar (2).
transistor (27), and having a gate and a drain; 3. A voltage level
conversion circuit according to       a fourth field effect transistor (21)
having a claim 1 further comprising a bipolar transistor (27)   15  source
coupled to said second supply voltage termi- having a collector coupled to
a third supply voltage   nal (2), a drain coupled to said drain of said
third field terminal (1), a base coupled to said first supply volt-  effect
transistor (18), and a gate coupled to said input age terminal (3), a first
emitter coupled to said second  terminal (15); terminal of said first
capacitor (33), a second emitter      a fifth field effect transistor (19)
having a coupled to said second terminal of said second   20  source
coupled to said third emitter of said bipolar capacitor (32) and a third
emitter.                   transistor (27), a gate coupled to said drain of
said 4. A voltage level conversion circuit according to  third field effect
transistor (18), and a drain coupled to claim 3, further comprising a zener
diode (28) having  said gate of said third field effect transistor (18);
and a cathode coupled to said first supply voltage terminal     a sixth
field effect transistor (22) having a (3) and an anode coupled to said
second supply volt-  25  source coupled to said second supply voltage
termi- age terminal (2) for limiting said first voltage to a mag-  nal (2),
a gate coupled to said drain of said first field nitude less than the
breakdown voltage.                effect transistor (16), and a drain
coupled to said drain 5. A voltage level conversion circuit according to
of said fifth field effect transistor (19). claim 3 or 4 further comprising
a fifth means (7-11)      8. A voltage level conversion circuit according
to coupled between said third supply voltage terminal (1)   30   claim 7
wherein said second means comprises: and said second supply voltage
terminal (2) for selec-       a seventh field effect transistor (25) having
a tively providing said first voltage to said first supply  source coupled
to said third emitter of said bipolar voltage terminal (3).
transistor (27), a gate coupled to said drain of said fifth 6. A voltage
level conversion circuit according to  field effect transistor (19). and a
drain coupled to said claim 5 wherein said a fifth means comprises:     35
second node (29); a bias voltage terminal (5) for receiving a bias       an
eighth field effect transistor (26) having a voltage;
source coupled to said second supply voltage termi- a control terminal (6)
for receiving a control sig-  nal (2), a gate nal;
coupled to said gate of said seventh field effect a first field effect
transistor (7) having a source   40  transistor (25), and a drain coupled
to said second coupled to said third supply voltage terminal (1) and  node
(29); having a gate coupled to a drain;                            a ninth
field effect transistor (23) having a a second field effect transistor (9)
having a    source coupled to said third emitter of said bipolar drain
coupled to said drain of said first field effect tran-  transistor (27), a
gate coupled to said drain of said sistor (7), a gate coupled to said bias
voltage terminal  45  third field effect transistor (18), and a drain
coupled to (5), and a source coupled to said second supply volt-  said
first node (31); and age terminal (2);
a tenth field effect transistor (24) having a a third field effect
transistor (8) having a source  source coupled to said second supply
voltage termi- coupled to said third supply voltage terminal (1), a   nal
(2), a gate coupled to said gate of said ninth field gate coupled to said
gate of said first field effect tran-   5o   effect transistor (23), and a
drain coupled to said first sistor (7), and a drain coupled to said first
supply volt-  node (31). age terminal (3); and a fourth field effect
transistor (11) having a drain coupled to said first supply voltage
terminal (3),  Patentanspruiche a gate coupled to said control terminal
(6), and a   55 source coupled to said second supply voltage termi-
1. Spannungspegelwandierschaltkreis in Halblel- nal (2).
tertechnologie mit einer festgelegten Durchbruch- 



7. A voltage level conversion circuit according to  spannung, wobei der
Schaltkreis umfaBt: 6    11                  EP 0342 581B1
12 einen ersten VersorgungsspannungsanschluB     dem zweiten Anschlull des
ersten Kondensators (33) (3) zum Erhalten einer ersten Spannung;
verbundenen ersten AnschluI und einen mit der Ka- einen  kweiten
Versorgungsspannungsan-       thode der zweiten Diode (36) verbundenen
zweiten schluB (2) zum Erhalten einer zweiten Spannung;    AnschluB
besitzt; einen Eingangsanschlug (15) zum Erhalten   s       sine dritte
Diode (43), die sine mit der Kathode sines Eingangssignals;
der zweiten Diode (36) verbundene Anode und eine einen Ausgangsanschlunl
(47) zum Bereitstel-  mit dem Ausgangsanschlun (47) verbundene Ka- len
eines Ausgangssignals;                         thode besitzt; sine erste
Vorrichtung (13), die zwischen den      eine vierte Diode (44), die eine
mit der Kathode ersten und zweiten Versorgungsspannungsanschlus-  10  der
ersten Diode (37) verbundene Anode und sine mit sen und an den
ElngangsanschluB (15) angeschlos-   dem Ausgangsanschlula (47) verbundene
Kathode sen ist, zum Erzeugen wahrer und komplementierter  besitzt; und
Signals mit Spannungspegeln gr6fter als der Betrag       einen filnften
Kondensator (45), der einen des Eingangssignals aber niedriger als die
Durch-  ersten mit dem zweiten Ausgangsanschluft (47) ver- bruchspannung;
1s  bundenen Anschlul3 und einen zweiten mitdsm zwel- einer zweiten
Vorrichtung (23-26), die zwi-  ten      VersorgungsspannungsanschluP.
(2) schen den ersten und zweiten Versorgungsspan-      verbundenen Anschlug
besitzt. nungsanschlOssen und der ersten Vorrichtung (13)       3.
Spannungspegelwandlerschaltkrels  nach angeschlossen ist, zum Erh6hen des
Stromantriebs   Anspnrch 1, der au~lerdem einen Bipolartransistor der
wahren und komplementierten Signals; gekenn-  20  (27) umfa~t, der enen mit
einem dritten Versorgungs- zeichnet durch:
spannungsanschluB (1) verbundenen Kollektor, sine elne dritte Vorrichtung
(32-37), die an ersten  mit dem ersten VersorgungsspannungsanschluB (3) und
zweiten Knoten (31, 29) mit der zweiten Vorrich-  verbundene Basis, einen
mit dem zweiten Anschlul tung (23-26) verbunden ist und umfaBt:
des ersten Kondensators (33) verbundenen ersten einen ersten Kondensator
(33), der einen   25   Emitter, einen mit dem zweiten AnschluB des zweiten
ersten, mit dem ersten Knoten (31) verbundenen     Kondensators (32)
verbundenen zweiten Emitter und Anschlull und einen zwelten AnschluB.
besitzt;     elnen dritten Emitter besitzt. einen zweiten Kondensator (32),
der einen        4.  Spannungspegelwandlerschaltkreis  nach ersten, mit dem
zweiten Knoten (29) verbundenen    Anspruch 3, der aulerdem sine Zenerdiode
(28) Anschlug und einen zweiten AnschlulI besitzt;  30  urnfaiM, die sine
mit dem ersten Versorgungsspan- sine erste Diode (37), die sine mit dem
zweiten  nungsanschluB (3) verbundene Kathode und sine mit Anschluft des
ersten Kondensators (33) verbundene  dem zweiten
VersorgungsspannungsanschluB (2) Knode und eine Kathode besitzt;
verbundene Anode (2) besitzt, urn die erste Versor- sine zweite Diode (36),
die eine mit dem zwei-  gungsspannung auf einen Betrag klelner als die ten
Anschlul des zweiten Kondensators (32) verbun-  35   Durchbruchspannung zu
begrenzen. dene Anode und sine Kathode besitzt;                   5.
Spannungspegelwandlerschaitkreis  nach wobei die dritte Vorrichtung ein
verschobenes  Anspruch 3 oder4, der auSerdem sine fUnfte Vorrich- wahres
Signal und sin verschobenes komplementler-  tung (7-11) umfa~lt, die
zwischen dem dritten Versor- \Ws    tes Signal jeweils an den Kathoden der
ersten und   gungsspannungsanschluB  (1) und dem  zweiten zweiten Diode
erzeugt. wobei der Betrag der Span-  40  VersorgungsspannungsanschluB (2)
angeschlossen nungspegel des verschobenen wahren Signals und     ist, um
selektiv die erste Spannung an den ersten Ver- des verschobenen
komplementierten Signals groPer   sorgungsspannungsanschlul (3) anzulegen.
als die Durchbruchspannung ist; und                    6.
Spannungspegelwandlerschaltkreis  nach eine vierte Vorrichtung
(38,39,43-45), die zwi-  Anspruch 5, wobel die funfte Vorrichtung umfaBt:
schen der dritten Vorrichtung (32-37) und dem Aus-  45   einen
Vorspannungsanschlul (5) zum Erhal- gangsanschluB% (47) anschlossen ist,
zum Erzeugen  ten einer Vorspannung; des Ausgangssignals mit einem
Spannungspegel             einen Steuerungsanschluf& (6) zum Erhalten
grofler als die Durchbruchspannung und mit einer   eines Steuerungssignals;
Frequenz, die gleich dem Zweifachen der Frequenz         einen ersten
Feldeffekttransistor (7), der sine des Eingangssignals ist.
5o   mit dem dritten Versorgungsspannungsanschluf& (1) 2.
Spannungspegelwandlerschaltkreis  nach      verbundene Source und ein mit
elnem Drain verbun- Anspruch 1, wobes die vierte Vorrichtung umfaft:
denes Gate besktzt; elnen dritten Kondensator (38), der einen mit
einen zweiten Feldeffekttransistor (9), der ein dem zweiten Anschlu(B des
zweiten Kondensators     mit dem Drain des ersten Feldeffekttransistors (7)
ver- (32) verbundenen ersten Anschlug und elnen mit der  s5   bundenes
Drain, ein mit dem VorspannungsanschluB Kathode der ersten Diode (37)
verbundenen zweiten  (5) verbundenes Gate und eine mit dem zweiten Ver- 



AnschlulB besitzt;
sorgungsspannungsanschlul   (2)   verbundene einen vierten Kondensator
(39), der einen mit  Source besitzt; 7    13                  EP 0 342 581
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Feldeffekttransistor (8), der eine  mit dem zweiten Knoten (29) verbundenes
Drain mit dem dritten VersorgungsspannungsanschluB (1)   besitzt;
verbundene Sdurce, ein mit dem Gate des ersten Fel-      einen neunten
Feldeffekttransistor (23), der ei- deffekttransistors (7) verbundenes Gate
und ein mit  ne mit dem dritten Emitter des Bipolartransistors (27) d'em
ersten VersorgungsspannungsanschlulP (3) ver-   5   verbundene Source, ein
mitdem Drain des dritten Fel- bundenes Drain besitzt; und
deffekttransistors (18) verbundenes Gate und ein mit einen vierten
Feldeffekttransistor (11), der ein  dem ersten Knoten (31) verbundenes
Drain besitzt; mit dem ersten Versorgungsspannungsanschluft (3)   und
verbundenes Drain, sin mit dem SteuerungsanschlulB       einen zehnten
Feldeffekttransistor (24), der ei- (6) verbundenes Gate und sine mit dem
zweiten Ver-  ro  ne mit dem zweiten Versorgungsspannungsanschluil
sorgungsspannungsanschlufB (2) verbundene Source   (2) verbundene Source,
ein mit dem Gate des neun- besitzt.
ten Feldeffekttransistors (23) verbundenes Gate und 7.
Spannungspegelwandlerschaltkreis  nach      sin mit dem ersten Knoten (31)
verbundenes Drain Anspruch 3, 4, 5 oder 6, wobei die erste Vorrichtung
besitzt. umfaft:                                       15 einen ersten
Feldeffekttransistor (16), der sine mit dem vierten
Versorgungsspannungsanschluft (4)  Revondications verbundene Source, sin
mit dem EingangsanschluP, (15) verbundenes Gate und sin Drain besitzt;
1. Circuit de conversion de niveau de tension, en eonen zweiten
Feldeffekttransistor (17), der ei-  20  technologie de semiconducteur, qui
possede une ten- ne mit dem zwelten VersorgungsspannungsanschluB    sion de
rupture definie, ledit circuit comprenant: (2) verbundene Source, sin mit
dem Eingangsan-           une premiere borne de tension d'alimentation
schlua (15) verbundenes Gate und sin mit dem Drain  electrique (3) destinee
A recevoir une premiere ten- des ersten feldeffekttransistors (16)
verbundenes  sion; Drain besitzt;                                25
une deuxieme borne de tension d'alimentation eonen dritten
Feldeffekttransistor (18), der sine  electrique (2) destin6e A recevoir une
deuxieme ten- mit dem dritten Emitter des Bipolartransistors (27)  sion;
verbundene Source, sin Gate und sin Drain besitzt;       une borne d'entree
(15) destinee A recevoir un einen vierten Feldeffekttransistor (21), der
elne  signal d'entr6e; mitdem zweiten VersorgungsspannungsanschiuBl (2)  30
une borne de sortie (47) destlnee A produire un verbundene Source, ein mit
dem Drain des dritten Fel-  signal de sortie; deffekttransistors (18)
verbundenes Drain und sin mit    un premier moyen (13) couple entre
lesdites dem  EingangsanschluB  (15) verbundenes Gate       premibre et
deuxibme bomes de tension d'alimenta- besitzt;
tion electrique et couple a ladite borne d'entr6e (15) elnen funften
Feldeffekttransistor (19), der ei-  35  afin de produire des signaux vrais
et des signaux en ne mit dem dritten Emitter des Bipolartransistors (27)
complement logique qui poss~dent des niveaux de verbundene Source, sin
mitdem Drain des dritten Fel-  tension superieurs A l'amplitude dudit
signal d'entree, deffekttransistors (18) verbundenes Gate und sin mit  mais
inferieurs a la tension de rupture; dem Gate des dritten
Feldeffekttransistors (18) ver-     un deuxieme moyen (23 a 26) couple
entre les- bundenes Drain besitzt;                       40  dites premiere
et deuxibme bornes de tension d'ali- einen sechsten Feldeffekttransistor
(22), der  mentation 6lectrique et couple audit premier moyen eine mit dem
zweiten Versorgungsspannungsan-       (13) afin d'augmenter l'excitatlon de
courant desdits schiull (2) verbundene Source, sin mit dem Drain des
signaux vrais et en complement logique ; caract6ris6 ersten
Feldeffekttransistors (16) verbundenes Gate  par: und sin mit dem Drain des
funften Feldeffekttransi-  45  un troisieme moyen (32 a 37) couple audit
stors (19) verbundenes Drain besitzt.              deuxieme moyen (23 a 26)
par des premier et 8.  Spannungspegelwandlerschaltkreis  nach      deuxieme
noeuds (31, 29) et comprenant: Anspruch 7, wobei die zweite Vorrichtung
umfalt:         un premier condensateur (33) possedant une einen siebten
Feldeffekttransistor (25), der ei-  premiere borne couplee audit premier
noeud (31) et ne mit dem dritten Emitter des Bipolartransistors (27)  50
possddant une deuxieme borne, verbundene Source, sin mit dem Drain des
fOnften         un deuxieme condensateur (32) possedant
Feldeffekttransistors (19) verbundenes Gate und sin  une premiere borne
couplee audit deuxieme noeud mit dem zweiten Knoten (29) verbundenes Drain
(29) et possedant une deuxieme borne, besitzt;
une premiere diode (37) possedant une anode einen achten
Feldeffekttransistor (26), der eine  55  couplee A ladite deuxieme borne
dudit premier 



mit dem zweiten VersorgungsspannungsanschluB (2)   condensateur (33) et une
cathode, et verbundene Source, ein mit dem Gate des siebten          une
deuxieme diode (36) possedant une Feldeffekttransistors (25) verbundenes
Gate und sin  anode couplee A ladite deuxieme borne dudit 8    15
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condensateur (32) et une cathode,         selon la revendication 3 ou 4,
comprenant en outre un ledit troisibme moyen produisant un signal vrai
cinquieme moyen (7 A 11) coupie entre ladite trol- d4cale etun signal en
complement logique decale sur  sieme borne de tension d'alimentation
electrique (1) les cathodes respectives desdites premiere et      et ladite
deuxieme borne de tension d'alimentation deuxieme diodes, les amplitudes
des niveaux de ten-   5   electrique (2) afin de fournir selectivement
ladite pre- sion dudit signal vrai d6cal6 et dudit signal en complb-  mibre
tension A ladite premiere borne de tension d'ali- ment logique decale etant
superieures A la tension de  mentation electrique (3). rupture; et
6. Circuit de conversion de niveau de tension un quatrieme moyen (38, 39.
43 a 45) couple   selon la revendication 5, ob ledit cinquieme moyen entre
ledit troisieme moyen (32 a 37) et ladite borne   10  comprend: de sortie
(47) afin de produire ledit signal de sortie, qui  une borne de tension de
polarisation (5) desti- possede un niveau de tension superieur A la tension
n6e A recevoir une tension de polarisation; de rupture et qui possede une
frequence 6gale A deux     une borne de commande (6) destinee A rece- fois
la frequence dudit signal d'entr6e.           voir un signal de commande;
2. Circuit de conversion de niveau de tension   is   un premier transistor
a effet de champ (7) pos- selon la revendication 1, ob ledit troisieme
moyen  sedant une source couplee A ladite troisieme borne comprend:
de tension d'alimentation blectrique (1) et possedant un troisieme
condensateur (38) possedant une  une grille couplae a son drain; premiere
borne coupl6e a ladite deuxieme borne dudit     un deuxieme transistor A
effet de champ (9) deuxibme condensateur (32) et possedant une   20
possedant un drain couplA audit drain dudit premier deuxieme borne couplee
A ladite cathode de ladite  transistor A effet de champ (7), une grille
couplee A premiere diode (37);                               ladite borne
de tension de polarisation (5), et une un quatrieme condensateur (39)
possedant      source couplee A ladite deuxieme borne de tension une
premibre borne couplee a ladite deuxieme borne  d'alimentation electrique
(2); dudit premier condensateur (33) et possedant une   25    un troisibme
transistor A effet de champ (8) deuxieme borne couplbe A ladite cathode de
ladite  possbdant une source coupl6e a ladite troisieme deuxibme diode
(36);                               borne de tension d'alimentation
electrique (1), une une troisieme diode (43) possedant une anode  grille
couplee A ladite grille dudit premier transistor A coupl6e A ladite cathode
de ladite deuxieme diode  effet de champ (7), et un drain couplb A ladite
pre- (36) et une cathode coupl6e A ladite borne de sortie  30   mibre borne
de tension d'alimentation electrique (3); (47);
et une quatribme diode (44) possedant une             un quatrieme
transistor A effet de champ (11) anode couplbe A ladite cathode de ladite
premiere  possedant un drain couple A ladite premiere borne de diode (37)
et une cathode couplbe A ladite borne de  tension d'alimentation electrique
(3), une grille cou- sortie (47) ; et                              36  plee
A ladite borne de commande (6). et une source un cinquieme condensateur
(45) possedant      coupl6e A ladite deuxleme borne de tension d'alimen-
une premibre borne couplee A ladite bome de sortie  tation electrique (2).
(47) et une deuxieme borne couplee A ladite            7. Circuit de
conversion de niveau de tension deuxibme borne de tension d'alimentation
(2).      selon la revendication 3, 4, 5 ou 6. ou ledit premier 3. Circuit
de conversion de niveau de tension   40   moyen comprend: selon la
revendication 1, comprenant en outre un tran-   un premier transistor A
effet de champ (16) sistor bipolaire (27) ayant un collecteur couple a une
possbdant une source couplee A une quatrieme borne trolsieme borne de
tension d'alimentation electrique  de tension d'alimentation blectrique
(4), une grille (1), une base coupl6e A ladite premiere borne de ten-
coupl6e A ladite borne d'entr6e (15), et possedant un sion d'alimentation
electrique (3), un premier bmet-  45  drain; teur couple a ladite deuxieme
borne dudit premier        un deuxieme transistor a effet de champ (17)
condensateur (33), un deuxieme emetteur couplb a   possbdant une source
couplbe A ladite deuxibme ladite deuxieme borne dudit deuxieme condensateur
borne de tension d'alimentation electrique (2), une (32), et un troisieme
emetteur.                    grille couplbe a ladite borne d'entree (15),
et un drain 4. Circuit de conversion de niveau de tension   50  couple
audit drain dudit premier transistor A effet de selon la revendication 3,
comprenant en outre une  champ (16); diode zener (28) possedant une cathode
couplee A         un troisieme transistor a effet de champ (18) ladite
premibre borne de tension d'alimentation elec-  possedant une source
couplee audit troisieme emet- trique (3) et une anode couplee A ladite
deuxieme  teur dudit transistor bipolaire (27), et possidant une 



borne de tension d'alimentation blectrique (2) afin de   55   grille et un
drain; limiter ladite premibre tension a une amplitude infe-    un
quatrieme transistor A effet de champ (21) rieure A la tension de rupture.
possedant une source coupl6e A ladite deuxieme 5. Circuit de conversion de
niveau de tension   borne de tension d'alimentation electrique (2), un 9
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drain dudit troisieme transistor A effet de champ (18), et une grille
couplee A ladite borne d'entree I15); un cinquj~me transistor A effet de
champ (19) possedant une source coupl6e audit troisieme emet-   5 teur
dudit transistor bipolaire (27), une grille couplde audit drain dudit
troisibme transistor a effet de champ (18), et un drain coupl6e A ladite
grille dudit trobsieme transistor A effet de champ (18) ; et un sixieme
transistor A effet de champ (22)  10 possedant une source couplee A ladite
deuxieme borne de tension d'alimentation electrique (2), une grille coupl6e
audit drain dudit premier transistor A effet de champ (16). et un drain
couple audit drain dudit cinquieme transistor A effet de champ (19).  15 B.
Circuit de conversion de niveau de tension selon la revendication 7, oO
ledit deuxieme moyen comprend: un septieme transistor a effet de champ (25)
\,v   possedant une source couplee audit troisieme emet-  20 teur dudit
transistor bipolaire (27), une grille coupl~e audit drain dudit cinquieme
transistor A effet de champ (19), et un drain couple audit deuxieme noeud
(29); un huitieme transistor A effet de champ (26)  25 possedant une source
coupl6e a ladite deuxieme bome de tension d'alimentation electrique (2),
une grille couplee a ladite grille dudit septieme transistor A effet de
champ (25). et un drain couple audit deuxieme noeud (29);
30 un neuvieme transistor A effet de champ (23) possedant une source
coupl6e audit trolsieme emet- teur dudit transistor bipolaire (27), une
grille coupl6e audit drain dudit trolsieme transistor A effet de champ
(18), et un drain couple audit premier noeud (31) ; et  35 un dixieme
transistor A effet de champ (24) possedant une source coupl6e a ladite
deuxieme borne de tension d'allmentation electrique (2), une K>    grille
couplee A ladite grille dudit neuvibme transistor A effet de champ (23), et
un drain couple audit premier  40 noeud (31). 45 50 55 10    


