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H:IQB YOLTACIE LUJL SB:tP'l'U rmt. 
S'W:I.TCB:nJG HXGB VoitRAGB :IN NON•VOLATJ:LB. 

HBHOR]' IftBQRU'BP CIRCUITS 

1. Field of the InVention 

The present invention relates to the field.of CMOS 
Integrated Circuits, specifically circuits.for switching 
high voltages on chip in non-volatile memory integrated 
circuits. 

2. Prior Art 

Integrated circuits which operate with two or more 
power sul;>plies invariably require signals to interface 
bet\ateen 'sections of the circuit supplied by different 
power supply voltages. Multiple power supply voltages 
may be supplied from external power sources, or, in the 
case ·c;f several classes of integrated cir9uits such as 
non-volatile memories, Wa.tch circuits and display 
drivers, may be generated internally or on-chip from a 
single power source. However, the voltage range over 
which a signal swings is often incompatible.with other 
sections of the circuit. For example, logic signals 
With a smaller Voltage swing than the circuits to be 
contro1·1ed, may violate the maximum low levels or 
minimum high levels required by said circuits. In the 
case of CMOS integrated circuits, violation of the logic 
signals may result in malfunction of the circuit due to. 
unrecognizable logic signal levels, and also in 
simultaneous conduction of PMOS and NMOS devices, 
thereby increasing the operating current of the circuit. 
Signals generated from a higher supply than the circuit 
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to be controlled may also cause malfunction. As an 
example, if a high voltage· signal is routed in diffusion 
into a low voltage region of an integrated circuit, the 
integrated circuit may be driven into SCR latchup. A 
level shifter solves the latchup problem by converting 
·or shi·fting its output _signal to a voltage range 
different than the voltage range of its input signal. 

Figure 1 illustrates a typical prior art high 
voltage level shifter. Referring to Figure 1, a low 
voltage logic signal is applied to input node IN, which 
is also applied to the gates of P-channel and N-channel 
devices Nl, N3, and P3 . This may be, by way of example, 
a 0 to 2.5 volt logic signal. ·The inverse of the input 
signal, INB, which is created by the inverter pair N3 
and P3, is applied to the gate of device N2. Pull-up P­
channel devices Pl and P2 have their substrates and 
sources coupled to high voltage supply VHV. Signals IN, 
INB and the sources of devices Nl and N2 are referenced 
to the same node, VSS. One of the N-channel devices, Nl 
or N2, is in the conductive state while the other is in 
the non-conductive state, depending on the polarity of 
input signal IN. The conducting device.pulls its drain 
voltage to.VSS, and since the drain is connected to the 
gate of the opposite P-channel device Pl or P2, the P­
channel device enters the non-conductive state. 
Consequently, due to the cross coupled configuration, 
one side of the level shifter is pulled low, turning on 
the opposite pull-up device to pull the other side high 
as referenced to VHV. 

During the transition period, when the level 
shifter is changing from one stable state to the other, 
a charging current and a simultaneous conduction current 
passes through th~ P-channel devices Pl and P2 and N­

channel devices Nl and N2. However, with correct design 
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of device dimensions, the level shifter nodes continue 
to change voltage until output nodes HVOUT and HVOUTB 
are at -opposite potentials, one at high voltage supply 
level VHV and the other at vss. In the stable state, 
there is no current through either of the two current 
pa:ths, Pl/Nl or P2/N2, because one pair has VSS on the 
gate of the N-channel device, holding it off, while the 
other pair has high supply voltage VHV on the gate of 
the P-channel device, holding it off also. 

The P-channel Q.evices Pl and P2 of the level 
shifter of Figure 1 are potentially subjected to gated 
diode breakdown, BVDP; and l?+ drain to n-well junction 
breakdown, BVJP, at their drains. The N-channel devices 
Nl and N2 of Figure 1 are also potentially subjected to 
gated diode breakdown, BVDN, and N+ drain to P-substrate 
junction breakdown, BVJN. To avoid such breakdown, all 
the breakdown voltages are required to be largez: than 
high supply voltage vrw, i.e., 21 volts in the example 
given. To accomplish this, special high voltage process 
steps, such as using double diffusion junctions on the 
source and the drain of the high voltage P-channel 
devices Pl and P2 and high voltage N-channel devices Nl 
and N2, are used to minimize the electric field across 
the source and drain junctions. Such special high 
voltage steps are generally undesirable. 

BRIEF SUMMAR.I oF nm PRESENT INVENTION 

A high voltage level sh~fter utilizing only low 
voltage PMOS and low voltage NMOS devices. The high 
voltage level shifter is used to distribute the high 
voltage almost equally among the PMOS devices and almost 
equally among the·NMOS devices to meet the device 
electrical specification of low voltage MOS devices for 
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various breakdoWn mechanisms. A layout technique is ·also 
used to achieve a much higher junction breakdown of N+ 
drain to P-substrate and a better gated diode breakdown of 
NMOS devices. 

BRIEF QESCRIPTION OF THE DRAWINGS 

Figure·! is a circuit diagram for a typical prior art 
high voltage level shifter using MOS technology. 

Figure·2 is a circuit diagram for the preferred 
embodiment of the present invention. 

Figure 3A is a cross section of the conventional NMOS. 

Figure 3B is a cross section·of the new NMOS. 

PETAILED DESCRIPTION OF THE PRESENT INYENTION 

A method and apparatus for a high voltage level 
shifter utilizing only low voltage P-channel.and N­
channel devices is described. 

Figure 2 is a circuit diagram for a preferred 
embodiment of the present invention. In this circuit, 
the P-channel deyices are labeled as Pl, P2, P3, P4, PS, 
P6 and P7 respectively. Similarly, the N-channel 
devices are label~ Nl, N2, N3, N4 and NS respectively. 
A very high voltage so~rce, VHV, is the operating high 
voltage, in the pre.ferred embodiment typically 21 volts. 
A medium high voltage source, MHV, is an intermediate 
level shift voltage, in the preferred embodiment 
"typically 11 volts. A third voltage source, VSS, ~s the 
operating low voltage, in the preferred embodiment 
typically 0 volts. The input signal IN has an input 

.. 



. .. ·-----·---------

WO '7/08S33 PCT/US96113518 

-5-

voltage either equal to VSS or a level above VSS. 

HoWever, in another embodiment, the input signal may be 

referenced to VBV and is either equal to VHV or a level 

below VHV. Referring again to Figilre 2, HVOUT and 

HV'OUTB are complementary low/high voltage outputs of O 
or 21 ·volts and VHVOUT and VHVOUTB are complementary 

medium/high voltage outputs of 10 or 21 volts. 

The medium high voltage source, MHV, distributes 

the very high voltage source, VJ:ru', approximately equally 

across the pair of P-channel devices P2/P4 and across 

the pair of N-channel devices Nl/N3, or across the pair 

of P-channel devices Pl/P3. and across the pair of N­

channel devices N2/N4. In addition, the voltage level 

of MHV is chosen to not violate any breakdown mechanism 

of the P-channel devices Pl-P4 and N-channel devices N3 
and N4. 

P-channel devices PS and P6 are.optional and 
provide for the junction leakage of P-channel devices P3 
and P4 respectively to stabilize the sources of P3 and 

P4 at about 10 volts. As is apparent to one skilled in 

the art, P-channel devices PS and P6 could be replaced 

with a pair of diodes with the cathodes coupled to 

VHVOOTB and VHVOUT, respectively, and the anodes coupled 
to MHV. Resistors Rl and R2 reduce the switching· 

currents of the circuit. It will be apparent to one 

skilled in the art that in one embodiment Rl and R2 may 

not be needed, and in another embodiment R! and R2 may 

be replaced by some other current limitin~ device or 

circuit. The P7 and NS device inverter pair provide 

necessary inversion control of the input signal IN. 

R~ferring to Figure 2, the signal IN provides the 

low voltage input into the high voltage level shifter 

circuit. In response, the P7 and NS device inverter 
pair, supplied by vcc and VSS, provide the necessary 
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inversion of the input signal IN to provide the signal 

INB. In the preferred embodiment, IN is typically 

between O and 2 • 5 vol ts • However, in another 

embodiment; IN may be, by way of example, between O and 

5 volts. Typically, VCC is between.2.5 an~ 5 volts. 

Referring again to Figure 2, a logic O applied to 
input node IN creates a logic high or VCC at node INB 

due to the inverter pair p7·and NS. IN and INB are 

simultaneously coupled to the gates of N3 and N4 

respectively. As a.result, N4 turns on (goes into a 

conductive state) and pulls its drain down to vss. With 
N2 also being turned on, the drain of N2 or HVOUT is 
pulled low to vss or O volts. Since the drain of N2 is 
cross coupled.to the gate of Pl, the opposite device, Pl 
turns on causing VHVOUTB to be pulled up to VHV or ?1 
volts. With VHVOUTB at 21 volts and coupled to the 

source of P3, P3 turns on further, causing the output 
HVOUTB. to also be pulled up to 21 volts. 

Continuing to refer to Figure 2, with the input IN 

at 0 volts at the gate of N3, N3 is turned off (goes 
into a non-conductive state), thus isolat~ng the output 

HVOUTB from VSS. Since HVOUTB is cross coupled to the 
gate of P2 and is at 21 volts, ·P2 also turns off and 
isolates VHVOUT from VHV. As a result, P4 turns on 
until VHVOUT is one P-channel threshold above :MHV, then 
PG turns on to hold the output VHVOUT to about 10 volts. 
Thus, since the high voltage level shifter circuit. is 
symmetrical, an inverted signal applied to input node IN 
causes the outputs HVOUT and VHVOUT to be pulled up to 
VHV or 21 volts, the output ·HVOUTB.to be pulled down to 

VSS or O volts, and the output VHVOUTB to be at about 10 

volts. 

When the input IN is a logic low or 0 volts, P2 has 

its source at 21 volts, its gate at 21 volts, and its 
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drain at 10 volts. The gate to drain voltage of P2 is 
11 volts and the P+ drain to n-well junction voltage of 
P2 is 11 volts. P4 has its source at 10 volts, gate at 
11 volts, and drain at 0 volts. The gate to drain 
voltage of P4 is 11 volts and the P+ drain to n-well 
junction voltage of P4 is 10 volts. Nl has its source 
at about 10 volts, its gate at 11 volts, and its drain 
at 21 volts. The gate to drain voltage of Nl is 10 
volts. N3 has its source at O volts, gate at O volts, 
and drain at 10 volts. The gate to drain voltage of N3 
is therefore 10 volts. The N+ drain to P-substrate 
voltage of N3 is 10 volts. Since the circuit is 
symmetrical, the above voltages are the same for the 
other respective P-channel and.N-channel devices when 
the input is inverted. 

A typical low voltage P-channel device an9. a 
typical low voltage N-channel device would give the 
following electrical specifications: 

N-channel aated diode breakdown - BvnN 

N+ drain to P-substrate breakdown - BVJN 

P-channel aated diode breakdown - BVDP 

P+ drain to n-well breakdown - BVJP 

15 volts 

16 volts 

15 volts 

16 volts 

As described in the ab<?Ve paragraph, the gate to 
drain voltages of Pl-P4 and Nl-N4 are below the gated 
diode breakdown voltages and, consequently breakdown 
does not occur. Further, the P+ drain to n-well 
voltages of P1-P4 and the N+ drain to P-substrate 
voltages of N3 and N4 are below the junction breakdown. 
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Therefore, with respect to P-channel devices Pl-P7 and 
N-channel devices N3-NS, only regular low voltage P­

channel and N-channel devices are needed to perform the 
high voltage level shift. 

However, with respect to N-channel devices Nl and 
N2, the voltage across the N+ dl;-ain to P-substrate 
junction is still 21 volts. Cons~quently, a low voltage 
N-channel device cannot be used because the drain 
voltage is about 5 volts above the maximum allowable 
voltage BVJN. In order to raise the junction breakdown 
voltage higher than 21 volts, a special layout technique 
is described. Figure 3A shows 
conventional N-channel device. 
art, the junction breakdown of 

a cross section of a 
As is well known in the 

N+ drain to P-substrate 
depends on the doping level of the P-substrate. For a 
standard N-channel device of Figure 3A, the boron field 
implant is used to increase the field threshold voltage 
of the poly silicon and metal in~erconnects over ~he 
field, but the boron field implant would diffuse 
underneath the N+ region, causing a lower junction 
breakdown volta~e. Figure 3B shows.a cross section of 
the modified N-channel device of the present invention. 
To compensate for field implant diffusion, the field 
implant is pulled away from, or in the alternative, 
terminated short of, the N+ drain region. As a result, 
the N+ drain to P-substrate breakdown voltage is_ raised 
above the operating high voltage by a few tens of volts. 
Thus, the layout tec:=hnique of the present invention 
satisfies the N+ drain to P~substrate junction voltage 
of 21 volts. In an alternative embodiment, the field 
.implant may be pulled away from only the N+ source 
region or from both the N+ drain and source regions 
depending on the voltage ac~oss the device. 
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The advantage of the present invention over the 
prior art high voltage level shifter is that only 
regular low voltage P-channel and N-channel devices are 
necessary to perform a high voltage level shift. By 
adding a medium high voltage source, MHV, the very high 
voltage source, VHV, is distributed approximately 
equally among the series devices P2, P4, Nl, and N3 or 
among the series devices Pl, P3, N2, and N4. In 
addition, the.maximum N+ drain to P-substrate voltage of 
devices N3-N4 and P+ drain to n-well voltage of devices 
Pl-P6 is less than the breakdown voltage. Furthermore, 
with the layout technique of pulling the field implant 
away from the N+ drain region, i.e., terminating the 
field implant short of the N+ drain region, the N+ drain 
to P-substrate breakdown voltage of N-channel devices 
Nl-N2 is increased to a few tens of volts. As a result, 
special high voltage P-channel and N-channel devices are 
not needed to perform a high voltage level shift. 

It will also be apparent to one skilled in the art . 
that in another embodiment of the present invention, the 

. input high signal may be equal to VHV and the input low 
signal may be less than VHV, while the output swings 
between VHV and VSS. In this particular embodiment, the 
input signal, IN, and the inverse of the input signal, 
INB, ar~ coupl~d to the gates of P-channel devices in 
the 1evel shifter and the cross coupled connections are 
made to the gates of N-channel devices. Further 
extensions of the basic circuit can be obtained by 
increasing the number of cascaded P-chann~l and N­
channel devices. In the preferred embodiment of Figure 
2, the high voltage, VHV, is divided across series 
devices P2 and P4 and Nl and N3, or across series 
devices Pl and P3 and N2 and N4. However, in another 
embodiment, the number of series devices and 
corresponding intermediate supply voltages may be 
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increased to divide VHV across multiple series devices. 
This may become necessary if the gated diode voltages, 
BVDN and BVDP, are less than one half of the high 
voltage supply level, VHV. 

Thus, while the preferred embodiment of the present 
invention has been disclosed and described herein, it 

will be understood by those skilled in the arts that 
various changes in form and detail may be made therein 
without departing from the spirit and scope thereof. 

• 
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What is claimed is: 

1. A high voltage complementary output level 
shifter using low voltage CMOS devices comprising: 

a first terminal for coupling to a first voltage 
source, a second terminal for coupling to a' second 
voltage source, and a third terminal for coupling to a 
third voltage source, wherein said second voltage source 
is intermediate to said first and third voltage sources; 

first, second, third and fourth devices of a first 
·conductivity type each having a source, a drain and.a 
gate, said sources of said first and second devices 
being coupled to said first terminal, and said drains of 
said first and second devices being coupled to said 

sources of said third and fourth devices respectively; 
fifth, sixth, seventh and eighth devices of a 

second conductivity type each having a source, a drain 
and a gate, said gates of said third, fourth, fifth and 
sixth devices being coupled to said second terminal, 
said sources of said seventh and eighth devices being 
coupled to said third terminal, said sources of said 
fifth and sixth devices being coupled to said drains of 
said seventh and eighth devices respectively, said.drain 
of said sixth device being coupled to said drain of said 
fourth device and said gate of said first device, and 
said drain of said fifth device being coupled to said 
drain 6£ said third device and said gate of said second 
device. 
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2. The high voltage complementary output level 

shifter of claim 1 further comprising an input circuit 

coupled to said gates of said seventh and eighth devices 
respectively. 

3. The high voltage complementary output level 
shifter of claim 2 wherein said input circuit is 
comprised of an inverter for inverting an input signal 
and coupling said input signal and an inverted i~put 
signal to said gates.'of-said seventh and eighth devices 
respectively. 

4. The high voltage complemen~ary outpu~ level 
shifter of claim 3 further comprising a first output 
terminal and a second output terminal coupled to said 
drains of said fifth and sixth devices respe·cti vely. 

5. The high·voltage complementary output.le~el 
. . 

shifter of claim 4 further co~prising a third output 
terminal and a fourth output terminal coupled to said 
sources of said third and fourth devices respectively. 

6. The high voltage complementary output level 
shifter of claim 4 further comprising first and second 
diodes each having an anode and a cathode, said anodes 
of said first and second diodes being coupled to said 
second terminal,· and said cathodes of said first and 
second diodes being coupled to said sources of said 
third and fourth devices respectively for stabilizing a 
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first voltage and a second voltage at said sources of 
said third and fourth devices respectively. 

7. The high voltage complementary output level 
shifter of claim 4 further comprising ninth and tenth 
devices of said first conductivity type each having a 
source, a drain and a gate, said ninth and tenth devices 
being coupled to said third and fourth devices 
respectively for stabilizing a first voltage and a 
second voltage at said sources of said third and fourth 
devices respectively. 

8. The high voltage complementary output level 
shifter of claim 1 further comprising first and second 
resistors, said first resistor being coupled between 
said drain of said first device and said source of said 
third device, and said second resistor being coupled 
between said drain of said second device and said source 
of said fourth device. 

9. The high voltage complementary output level 
shifter of claim 1 wherein said devices of said first 
conductivity type are comprised of p-channel field 
effect devices having an n-well region, and said devices 
of said second conductivity·type are comprised of n­
channel field effect devices having a p-substrate 
region. 

10. The high voltage complementary output level 
shifter of claim 1 wherein said first voltage source is 
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approximately 21 volts and wherein said t~ird voltage 

source is approximately 0 volts. 

11. The high voltage complementary output level. 

shifter of claim 1 wherein said fifth and sixth devices 
have a field implant terminating short of said drain 
region. 

12. In a circuit having a plurality of devices, a 
method of distributing a voltage among series devices of 
opposite conductivity types, the method comprising the 
steps of: 

a) providing a first terminal for coupling to a 
first voltage source, a second terminal for coupling to 
a second voltage source, and a third terminal for 
coupling to a third voltage source, wherein said second 
voltage source is intermediate to said first and third 
voltage'sources; 

b) providing first, second, third and fourth 
devices of a first conductivity type, each·device having 
a source, a drain and a gate, coupling said sources of 
said first and second devices to said first terminal, 
and coupling said drains of said first and second 
devices to said sources of said'third and fourth devices 
respectively; 

c) providing fifth, sixth, seventh and eighth 
devices of a second conductivity type each having a 
source, a drain and a gate, ~oupling sai~ gates of said 
third, fourth, fifth and sixth devices to said second 
terminal, coupling said sources of said seventh and 
eighth devices to said third tenni'nal, coupling said 
sources of said fifth and sixth devices to said drains 
of said seventh and eighth devices respectively, 
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coupling said drain of said six.th device to said drain 
of said fourth device and said gate of said first 
device, and coupling said drain of said fifth device to 
said drain of said third device and said gate of said 
second device; and 

d) providing an input circuit, and coupling said 
input circuit to said gates of said seventh and eighth 
devices for controlling said drain voltages of said 
fifth and sixth devices. 

13. The method of claim 12 wherein said input 
circuit is comprised of an inverter for inverting an 
input signal and coupling said input signal and an 
inverted input signal to said gates of said seventh and 
eighth devices respectively. 

14. The method of claim 13 further comprising the 
step of providing a first output terminal and a second 
output terminal and coupling said first and second · 
output terminals to said drains of said fifth and sixth 
devices respectively. 

15. The method of claim 14 further comprising the 
step of providing a third output terminal and a fourth 
output terminal and coupling said third and fourth 
output terminals to said sources of said third and 
fourth devices respectively. · 

16. The method of claim 14 further comprising the 
step of providing first and second diodes each having an 
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anode and a cathode, coupling said anodes of said first 
and second diodes.to said second terminal, and coupling 
said cathodes of said first and second diodes to said 
sources of said third and fourth devices respectively 
for stabilizing a first voltage and a second voltage at 
said sources of said third and fourth devices 
respectively. 

17. The method of claim 14 further comprising the 
step of providing ninth and tenth devices of said first 
conductivity type each having a source, a drain and a 
gate, and coupling said ninth and tenth devices to said 
third and fo~rth devices respectively for stabilizing a 
first voltage and a second voltage at said sources of 
said third and fourth devices respe~tively. 

18. The method of claim 12 further comprising the 
step of providing first and second resistors, coupling 
said first resistor between said drain of said first 
device and said source of said third device, and 
coupling said second resistor between said drain of said 
second device and said source of said fourth device. 

19. The method of claim 12 wherein said devices of 
said first conductivity type are comprised of p-channel 
field effect devices having an n-well region, and said 
devices of said second conductivity type are comprised 
of n-channel field effect devices having a p-substrate 
region. 
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20. The method of claim 12 wherein said first 
voltage source is approximately 21 volts and wherein 
said third voltage source is approximately O volts. 

21. The method of claim 12 wherein, in step c), 
the field implant is terminated short of said drain 
region of said fifth and sixth devices. 

22. A circuit having a plurality of series 
devices, comprising: 

a first terminal for coupling to a first voltage 
source, a second tenninal for coupling to a second 
voltage source, and a third te:rminal for coupling to a 
third voltage source, wherein said second voltage source 
is intennediate to said first and third voltage sources; 

first and second devices of a first conductivity. 
type, each having a source, a drain and a gate, said 
source of said first device being coupled to said first 

. terminal, and said drain of said first device being 
coupled to said source of said second device; 

third and fourth devices of a second conductivity 
type, each having a source, a drain and a gate, said 
gates of said second and third devices being coupled to 
said second terminal, said source of said fourth device 
being coupled to said third te:rminal, said source of 
said third devices being coupled to said drain of said 
fourth device, and said drain of said second device 
being coupled to said drain of said third device; and 

means coupled to said gate of said first device for 
pulling up said drain of said second device to said 
first voltage source. 
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23. The c.ircuit of claim 22 further comprising 
input means coupled to said gate of said fourth device. 

24. The circuit of claim 23 further comprising a 
first output terminal coupled to said drain of said 
third device. 

25. The circuit of claim 24 further comprising a 
second output terminal coupled to said source of said 
second device. 

26. The circuit of claim 24 further comprising a 
diode having an anode and a cathode, said anode of said 
diode being coupled to said second terminal, and said 
cathode of said diode being coupled to said source of 
said second device for stabilizing a first voltage at 
said source of said second device. 

27. The circuit of claim 24 further comprising a 

fifth device of said first conductivity type having a 
source, a drain and· a gate, said fifth device being 
coupled to said second device for stabilizing a first 
voltage at said source of said second device. 

28. The circuit of claim 22 further comprising a 
resistor, said resistor being coupled between said drain 
of said first device and said source of said second 

device. 
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29. The circuit of claim 22 wherein said devices 

of said first conductivity type are comprised of p­

channel field effect devices having an n-well region, 

and said devices of said second conductivity type are 
comprised of n-channel field effect devices having a p­

substrate region. 

30. The circuit of claim 22 wherein said first 

voltage source is approximately 21 volts and wherein 

said third voltage source is approximately O volts. 

31. The circuit of claim 22 wherein the field 

implant te:rminates short of said drain region of said 

third device. 

32. In a circuit having a plurality of series 

devices of opposite conductivity types, a method of 

limiting a voltage across non-conducting devices, the 
method comprising the steps of: 

a) providing a first terminal for coupling to a 

first voltage source,_ a second terminal for coupling to 

a second voltage source, and a third terminal for 

coupling to a thir~ voltage source, wherein said second 
voltage source is intennediate to said first and third 
voltage sources: 

· b) providing first and second devices of a first 

conductivity type, each having a source, a drain and a 

gate, coupling said source of said first device to said 

first terminal, and coupling said drain of said first 
device to said source of said second device; 
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c) providing third and fourth devices of a second 
conductivity type, each having a source, a drain and a 
gate, coupling said gates of said second and third 
devices to said second terminal, coupling said source of 
said fourth device to said third terminal, coupling said 
source of said third devices to said drain of said 
fourth device, and coupling said drain of said second 
device to said drain of said third device; and 

d) providing means coupled to said gate of said 
first device for pulling up said drain of said second 
device to said first voltage source. 

33. The method of claim 32 further comprising the 
step of providing input means and coupling said input 
means to said gate of said fourth device. 

34. The method of claim 33 further comprising the 
step of providing a first output terminal and coupling 
said first output tenninal to said drain of said third 
device. 

35. The method of claim 34 further comprising the 
step of providing a second output tenninal and coupling 
said second output terminal to said source of said 
second device. 

36. The method of claim 34 further comprising the 
step of providing a diode having an anode and a cathode, 
coupling said anode of said diode to said second 
terminal; and coupling said cathode of said diode to 
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said source of said second device for stabilizing a 
first voltage at said source of said second device. 

37. The method of claim 34 further comprising the 
step of providing a fifth device of said first 
conductivity type having a source, a drain and a gate, 
and coupling said fifth device to said second device for 
stabilizing a first voltage at said source of said 
second device. 

38. The method of claim 32 further comprising the 
step of providing a resistor and coupling said resistor 
between said drain of said first device and said source 
of said second device. 

39. The method of claim 32 wherein said devic~s of 
said first conductivity type are C<?MPrised of p-channel 
field effect devices having an n-well region, and said 
devices of said second conductivity type are comprised 
of n-channel field effect devices having a p-substrate 
region. 

40. The method of claim 32 wherein said first 
voltage source is approximately 21 volts and wherein 
said third voltage source is approximately 0 volts. 

41~ The method of claim 32 wherein, in step c), 
t"he field implant is terminated short of said drain 
region of said third device. 
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· AMENDED CLAIMS 
[received by the International Bureau on 21December1996 (21.12.96); 

original claims 1-41 replaced by amended claims 1-21 (6 pages)] 

1. A high voltage complementary output level 
shifter using low voltage CMOS devices comprising: 

a first terminal for coupling to a first voltage 
source, a second terminal for coupling to a second 
voltage source, and a third terminal for co~pling to a 
third voitage source, wherein said second voltage source 
is intennediate to said first and third voltage sources; 

first, second, third and fourth devices of a first 
conductivity type each having a source, a drain and a 
gate, said sources of said first and second devices 
being coupled to said first terminal, and said drains of 
said f irsc and second devices b~ing coupled to said 
sources of said third and fourth devices respectively; 

fifth, sixth, seventh and eighth devices of a 
second conductivity type each having a source, a drain 
and a gate, said gates of said third, fourth, fifth and 
sixth devices being coupled to said second terminal, 
said sources of said seventh and eighth devices being 
coupled to said third terminal, said sources of said . . 
fifth and sixth devices being coupled to said drains of 
said seventh and e~ghth devices respectively, said drain 
of said sixth device being coupled to said drain of sald 
fourth device and said gate of said first device, and 
said drain of said fifth device being coupled to said 
drain of said third device and said gate of said second 
device. 

AMENDED SHEET (ARTICLE 19) 
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2. The high voltage complementary output level 
shifter of claim 1 further comprising an input circuit 
coupled to said gates of said seventh and eighth devices 
respectively. 

3. The high voltage complementary output level 
shifter of claim 2 wherein said input circuit is 
comprised of an inverter for inverting an input signal 
and coupling said input signal and an inverted input 
signal to said gates of said seventh and eighth devices 
respectively. 

· 4. The high voltage complementary output level 
shifter of claim 3 further comprising a first output 
terminal and a second output terminal coupl~d to said 
drains of said fifth and sixth devices respectively. 

5. The high voltage complementary output level 
shifter of claim 4 further comprising a third output 
terminal and a fourth output terminal couple~_to said 
sources of said third and fourth devices respectively. 

6. The high voltage complementary output level" 
shifter of claim 4 further comprising first and second 
diodes each having an anode and a cathode, said anodes 
of said first and second diodes being coupled to said 
second terminal, and said cathodes of said first and 
second diodes being coupled to said sources of said 
third and fourth devices respectively for stabilizing a 

AMENDED SHEET (ARllCLE 19) 
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first voltage and a second voltage at said sources of 
said third and fourth devices respectively. 

7. The high voltage complementary output level 
shifter of claim 4 further comprising ninth and tenth 
devices of said first conductivity type each having a 
source, a drain and a gate, said ninth and tenth devices 
being coupled to said third and fourth devices 
respectively for stabilizing a.first voltage and a 

.second voltage at said sources of said third and fourth 
devices respectively. 

8. The high voltage complementary output level 
shifter of ciaim 1 further comprising f ir~t arid second 
resistors, said first resistor being coupled between 
said drain of said first device and said source of said 
third device, and said second resistor being coupled 
between said drain of said second device and said source 
of said fourth device. 

9. The high voltage complementary output level 
shifter of claim 1 wherein said devices of said first 
conductivity type are comprised of p-channel field 
effect devices having an n-well region, and said devices· 
of said second conductivity type are comprised of n­
channel field effect devices having a p-substrate 
region. ~ 

10. The high voltage compleme~tary output level 
shifter of claim 1 wherein said first voltage source is 

AMENDED SHEET (ARTICLE 19) 
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approximately 21 volts and wherein said third voltage 
source is approximately o volts. 

11. The high voltage complementary output level 
shifter of claim 1 wherein said fifth anq sixth devices · 
have a field implant terminating short of said drain 
region. 

12. A circuit having a plurality of series 
devices, comprising: 

a first terminal for coupling to a first voltage 
source, a second terminal for coupling to a second 
voltage source, and a third terminal for coupling to a 
third voltage source, wherein said second voltage source 
is intermediate to said first and third voltage sources; 

first and second devices of a first conductivity 
type, each having a source, a drain and a gate, said 
source of said first device being coupled to said first 
terminal, and said drain of said first device being 
coupled to said source of said second device; 

third and fourth devices of a second cond~ctivity 
type, each having a source, a drain and a gate, said 
gates of said second and third devices being coupled to 
said second terminal, said source of said fourth device 
being coupled to said third terminal, said source of 
said third device being coupled to said drain of said 
fourth device, and said drain of said second device 
being coupled to said drain of said third device; and 

means coupled to said gate of said first device for 
pulling up said drain of said second device to said 
first voltage source. 

AMENDED SHEET (ARTICLE 19} 



I lllllll llllll lll\111111111111 
* C L M S * 

W097/08833 PCT/US96/13518 

-26-

13. The circuit of claim 12 further comprising 
input means coupled to said gate.of said fourth device. 

14. The circuit of claim 13 further comprising a 
first output' terminal coupled to said drain of said 
third device. 

15. The circuit of claim 14 further comprising a 
second output terminal coupled to said source of said 
second device. 

16. The circuit of claim 14 further comprising a 
diode having an anode and a pathode, said anode of said 
diode being coupled to s~id.second terminal,· and.said 
cathode of said diode being coupled to said source of 
said second device for stabilizing a first voltage at 
said source of said second device. 

17. The circuit of claim 14 further comprising a 
fifth device of said first conductivity type having a 
source, a drain and a gate, said fifth device being 
coupled to said second device for stabilizing a first 
voltage at said source of said second device. 

18. The circuit of claim 12 further comprising a 
resistor, said resistor being coupled between said drain 
of said first device and said source of said second 
device. 

AMENDED SHEET (ARTICLE 19) 

.r 



\ \11\11\ \\\I\\ 111\1 \\Ill \\ \\I\ 
* C L M S 

PCTIUS96f13518 

-27-

19. The circuit of claim 12 wherein said devices 
of said first conductivity type are comprised of p­
channel field effect devices having an n~well region, 
and said devices Of said second conductivity type are 
comprised of n-channel field effect devices having a p­
substrate region. 

20. The circuit of claim 12 wherein said first 
voltage source is approximately 21 volts and.wherein 
said third voltage source is approximately 0 volts. 

21. The circuit of claim 12 wherein the field 
implant terminates short of said drain region of said 
third device. 
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