wo 2015/006741 A1 [N NI P00 0O 00 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/006741 A1

15 January 2015 (15.01.2015) WIPO|PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
HO3K 17/06 (2006.01) HO3K 17/693 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
HO3K 17/0812 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. L HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
PCT/US2014/046426 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
11 July 2014 (11.07.2014) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(25) Filing Language: English ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
13/941,419 12 July 2013 (12.07.2013) Us GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant: XILINX, INC. [US/US]; Attn: Legal Dept., TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
2100 Logic Drive, San Jose, CA 95124 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Taventors: JENNINGS, John, K.; 2100 Logic Drive, San MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
> . TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Jose, CA 95124 (US). CICAL, Ionut, C.; 2100 Logic KM, ML, MR, NE, SN, TD, TG)
Drive, San Jose, CA 95124 (US). ? i P '
(74) Agent: PARANDOOSH, David A.; Xilinx, Inc., Atn: [ Uphshed:
Legal Dept., 2100 Logic Drive, San Jose, CA 95124 (US). —  with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: SWITCH SUPPORTING VOLTAGES GREATER THAN SUPPLY

100 EN EN
‘ 172 172
114 | 112 122 i 124
i 192, |48 184 (192
162 — =
“UENB i ENB
i _ 110 120 8
116 175 el Sorad— 7 126
IN:‘r«‘ ——-our
152 LI_ ) 1t 154
" 130 140
N EN
136 477 172 146
164 194 104
v >4
c i}
13 186 188 2l FB }
4 | 2 2
134 132 142 144

FIG. 1

(57) Abstract: Devices (100) for isolating an input (152) from an output (154) are disclosed. For example, a device (100) includes a
first p-type metal oxide semiconductor transistor (110) and a first circuit (182). A source of the first p- type metal oxide semicon -
ductor transistor (110) is connected to an input (152) of the device (100). The first circuit (182) is for delivering a signal on the input
(152) of the device to a gate of the first p-type metal oxide semiconductor transistor (110) when an enable signal (172) is deactivated
and for delivering a ground voltage (192) to the gate of the first p-type metal oxide semiconductor transistor (110) when the enable
signal (172) is activated.
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SWITCH SUPPORTING VOLTAGES GREATER THAN SUPPLY

FIELD OF THE INVENTION
The disclosure relates generally to integrated circuits and relates more

particularly to a switch that prevents off current flow between terminals.

BACKGROUND OF THE INVENTION

A typical complementary metal oxide semiconductor (CMOS) switch uses
a p-type metal oxide semiconductor (PMOS) transistor and an n-type metal
oxide semiconductor (NMOS) transistor to sample voltages that are received at
an input. As an example, a PMOS transistor and an NMOS transistor are
connected in parallel and share a common input and a common output. The
gates of the PMOS transistor and the NMOS transistor are controlled by
complementary signals for enabling the transistors, and when enabled, the
switch allows the input to pass to the output. Thus, the output is the voltage
sample on the input during the time in which the enable signals allow the
transistors to be closed.

In addition, several switches may be connected in parallel, essentially
comprising a multiplexer. For example, such a multiplexer may be used to
sample voltages from several different points throughout a circuit. As an
example, this arrangement may be used for an analog bus to monitor voltages
around an integrated circuit chip and to send the sampled voltages to a voltage
monitor. This arrangement works well for normal operation. Yet in many cases,
the purpose of monitoring voltages through a circuit is to detect abnormal or
undesirable voltage events. However, conventional devices may not be able to

perform measurement functions for voltages outside of an expected range.

SUMMARY OF THE INVENTION

The present disclosure provides a device that includes a first p-type metal
oxide semiconductor transistor and a first circuit. A source of the first p-type
metal oxide semiconductor transistor is connected to an input of the device. The
first circuit is for delivering a signal on the input of the device to a gate of the first

p-type metal oxide semiconductor transistor when an enable signal is
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deactivated and for delivering a ground voltage to the gate of the first p-type
metal oxide semiconductor transistor when the enable signal is activated.

In various examples: the source of the first p-type metal oxide
semiconductor transistor is shorted to a bulk of the first p-type metal oxide
semiconductor transistor; the first circuit comprises a second p-type metal oxide
semiconductor transistor, wherein a source of the second p-type metal oxide
semiconductor transistor is connected to the input of the device and wherein a
gate of the second p-type metal oxide semiconductor transistor is connected to
an enable signal, a first n-type metal oxide semiconductor transistor, wherein a
source of the first n-type metal oxide semiconductor transistor is connected to
ground, wherein a drain of the first n-type metal oxide semiconductor transistor is
connected to a drain of the second p-type metal oxide semiconductor transistor,
wherein a gate of the first n-type metal oxide semiconductor transistor is
connected to the enable signal, and a second n-type metal oxide semiconductor
transistor, wherein a gate of the second n-type metal oxide semiconductor
transistor is connected to an inversion of the enable signal, wherein a source of
the second n-type metal oxide semiconductor transistor is connected to the input
of the device, and wherein the drain of the second p-type metal oxide
semiconductor transistor, the drain of the first n-type metal oxide semiconductor
transistor, and a drain of the second n-type metal oxide semiconductor transistor
are connected to the gate of the first p-type metal oxide semiconductor
transistor; the inversion of the enable signal and ground are a same voltage; the
device further comprises a third p-type metal oxide semiconductor transistor,
wherein a source of the third p-type metal oxide semiconductor transistor is
connected to an output of the device, and wherein a drain of the third p-type
metal oxide semiconductor transistor is connected to a drain of the first p-type
metal oxide semiconductor transistor and a second circuit, for delivering a signal
on the output of the device to a gate of the third p-type metal oxide
semiconductor transistor when the enable signal is deactivated and for delivering
the ground voltage to a gate of the third p-type metal oxide semiconductor
transistor when the enable signal is activated; the second circuit comprises a
fourth p-type metal oxide semiconductor transistor, wherein a source of the
fourth p-type metal oxide semiconductor transistor is connected to the output of

the device and wherein a gate of the fourth p-type metal oxide semiconductor
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transistor is connected to the enable signal, a third n-type metal oxide
semiconductor transistor, wherein a source of the third n-type metal oxide
semiconductor transistor is connected to ground and wherein a gate of the third
n-type metal oxide semiconductor transistor is connected to the enable signal
and a fourth n-type metal oxide semiconductor transistor, wherein a gate of the
fourth n-type metal oxide semiconductor transistor is connected to the inversion
of the enable signal, wherein a source of the fourth n-type metal oxide
semiconductor transistor is connected to the output of the device, and wherein a
drain of the fourth p-type metal oxide semiconductor transistor, a drain of the
third n-type metal oxide semiconductor transistor, and a drain of the fourth n-type
metal oxide semiconductor transistor are connected to the gate of the third p-
type metal oxide semiconductor transistor; the device further comprises a fifth n-
type metal oxide semiconductor transistor, wherein a source of the fifth n-type
metal oxide semiconductor transistor is connected to the input of the device and
a third circuit, for delivering a signal on the input of the device to a gate of the
fifth n-type metal oxide semiconductor transistor when an enable signal is
deactivated and for delivering a supply voltage to the gate of the fifth n-type
metal oxide semiconductor transistor when the enable signal is activated; the
enable signal is a same voltage as the supply voltage; the input of the device
comprises an analog signal having a voltage between a voltage level of ground
and a voltage level of the supply voltage; the third circuit comprises a sixth n-
type metal oxide semiconductor transistor, wherein a source of the sixth n-type
metal oxide semiconductor transistor is connected to the input of the device and
wherein a gate of the sixth n-type metal oxide semiconductor transistor is
connected to the inversion of the enable signal, a fifth p-type metal oxide
semiconductor transistor, wherein a source of the fifth p-type metal oxide
semiconductor transistor is connected to the supply voltage and wherein a gate
of the fifth p-type metal oxide semiconductor transistor is connected to the
inversion of the enable signal and a sixth p-type metal oxide semiconductor
transistor, wherein a source of the sixth p-type metal oxide semiconductor
transistor is connected to the input signal, wherein a gate of the sixth p-type
metal oxide semiconductor transistor is connected to the enable signal, and
wherein a drain of the sixth n-type metal oxide semiconductor transistor, a drain

of the fifth p-type metal oxide semiconductor transistor and a drain of the sixth p-
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type metal oxide semiconductor transistor are connected to a gate of the fifth n-
type metal oxide semiconductor transistor; the device further comprises a
seventh n-type metal oxide semiconductor transistor, wherein a source of the
seventh n-type metal oxide semiconductor transistor is connected to an output of
the device and wherein a drain of the seventh n-type metal oxide semiconductor
transistor is connected to a drain of the fifth n-type metal oxide semiconductor
transistor and a fourth circuit, for delivering a signal on the output of the device to
a gate of the seventh n-type metal oxide semiconductor transistor when an
enable signal is deactivated and for delivering a supply voltage to the gate of the
seventh n-type metal oxide semiconductor transistor when the enable signal is
activated; the fourth circuit comprises a seventh p-type metal oxide
semiconductor transistor, wherein a source of the seventh p-type metal oxide
semiconductor transistor is connected to the supply voltage and wherein a gate
of the seventh p-type metal oxide semiconductor transistor is connected to the
inversion of the enable signal, an eighth n-type metal oxide semiconductor
transistor, wherein a source of the eighth n-type metal oxide semiconductor
transistor is connected to the output of the device and wherein a gate of the
eighth n-type metal oxide semiconductor transistor is connected to the inversion
of the enable signal, and an eighth p-type metal oxide semiconductor transistor,
wherein a source of the eighth p-type metal oxide semiconductor transistor is
connected to the output of the device, wherein a gate of the eighth p-type metal
oxide semiconductor transistor is connected to the enable signal, wherein a drain
of the seventh p-type metal oxide semiconductor transistor, a drain of the eighth
p-type metal oxide semiconductor transistor and a drain of the eighth n-type
metal oxide semiconductor transistor are connected to a gate of the seventh n-
type metal oxide semiconductor transistor; and the device further comprises a
third p-type metal oxide semiconductor transistor, wherein a source of the third
p-type metal oxide semiconductor transistor is connected to an output of the
device, and wherein a drain of the third p-type metal oxide semiconductor
transistor is connected to a drain of the first p-type metal oxide semiconductor
transistor and a second circuit, for delivering the signal on the output of the
device to a gate of the third p-type metal oxide semiconductor transistor when

the enable signal is deactivated and for delivering the ground voltage to a gate of
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the third p-type metal oxide semiconductor transistor when the enable signal is
activated.

The present disclosure also provides a device having a first n-type metal
oxide semiconductor transistor and a first circuit. A source of the first n-type
metal oxide semiconductor transistor is connected to an input of the device. The
first circuit is for delivering a signal on the input of the device to a gate of the first
n-type metal oxide semiconductor transistor when an enable signal is
deactivated and for delivering a supply voltage to the gate of the first p-type
metal oxide semiconductor transistor when the enable signal is activated.

In various examples: the first circuit comprises a second n-type metal
oxide semiconductor transistor, wherein a source of the second n-type metal
oxide semiconductor transistor is connected to the input of the device and
wherein a gate of the second n-type metal oxide semiconductor transistor is
connected to an inversion of the enable signal, a first p-type metal oxide
semiconductor transistor, wherein a source of the first p-type metal oxide
semiconductor transistor is connected to the supply voltage, wherein a drain of
the first p-type metal oxide semiconductor transistor is connected to a drain of
the second n-type metal oxide semiconductor transistor, wherein a gate of the
first p-type metal oxide semiconductor transistor is connected to the inversion of
the enable signal, and a second p-type metal oxide semiconductor transistor,
wherein a gate of the second p-type metal oxide semiconductor transistor is
connected to the enable signal, wherein a source of the second p-type metal
oxide semiconductor transistor is connected to the input of the device, and
wherein the drain of the second n-type metal oxide semiconductor transistor, the
drain of the first p-type metal oxide semiconductor transistor, and a drain of the
second p-type metal oxide semiconductor transistor are connected to the gate of
the first n-type metal oxide semiconductor transistor; and the device further
comprises a third n-type metal oxide semiconductor transistor, wherein a source
of the third n-type metal oxide semiconductor transistor is connected to an output
of the device, and wherein a drain of the third n-type metal oxide semiconductor
transistor is connected to a drain of the first n-type metal oxide semiconductor
transistor and a second circuit, for delivering a signal on the output of the device
to a gate of the third n-type metal oxide semiconductor transistor when the

enable signal is deactivated and for delivering the supply voltage to a gate of the
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third n-type metal oxide semiconductor transistor when the enable signal is
activated.

The present disclosure further provides a device having a first p-type
metal oxide semiconductor transistor and a first circuit. A source of the third p-
type metal oxide semiconductor transistor is connected to an output of the
device. The first circuit is for delivering a signal on the output of the device to a
gate of the first p-type metal oxide semiconductor transistor when an enable
signal is deactivated and for delivering a ground voltage to a gate of the fist p-
type metal oxide semiconductor transistor when the enable signal is activated.

In various examples: the first circuit comprises a second p-type metal
oxide semiconductor transistor, wherein a source of the second p-type metal
oxide semiconductor transistor is connected to the output of the device and
wherein a gate of the second p-type metal oxide semiconductor transistor is
connected to the enable signal and a first n-type metal oxide semiconductor
transistor, wherein a source of the first n-type metal oxide semiconductor
transistor is connected to ground and wherein a gate of the first n-type metal
oxide semiconductor transistor is connected to the enable signal and a second
n-type metal oxide semiconductor transistor, wherein a gate of the second n-type
metal oxide semiconductor transistor is connected to an inversion of the enable
signal, wherein a source of the second n-type metal oxide semiconductor
transistor is connected to the output of the device, and wherein a drain of the
second p-type metal oxide semiconductor transistor, a drain of the first n-type
metal oxide semiconductor transistor, and a drain of the second n-type metal
oxide semiconductor transistor are connected to the gate of the first p-type metal
oxide semiconductor transistor; and the device further comprises a third n-type
metal oxide semiconductor transistor, wherein a source of the third n-type metal
oxide semiconductor transistor is connected to the output of the device and a
second circuit, for delivering a signal on the output of the device to a gate of the
third n-type metal oxide semiconductor transistor when an enable signal is
deactivated and for delivering a supply voltage to the gate of the third n-type
metal oxide semiconductor transistor when the enable signal is activated.

The present disclosure additionally provides a device having an n-type
metal oxide semiconductor transistor and a circuit. A source of the n-type metal

oxide semiconductor transistor is connected to an output of the device. The
6
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circuit is for delivering a signal on the output of the device to a gate of the n-type
metal oxide semiconductor transistor when an enable signal is deactivated and
for delivering a supply voltage to the gate of the n-type metal oxide
semiconductor transistor when the enable signal is activated.

The present disclosure also provides a method for controlling a p-type
metal oxide semiconductor transistor. For example, the method includes
forwarding an input signal to a source of the p-type metal oxide semiconductor
transistor and receiving an enable signal. The enable signal comprises one of a
ground voltage or a supply voltage. The method also includes transmitting the
ground voltage to a gate of the p-type metal oxide semiconductor transistor
when the enable signal is the supply voltage, where the p-type metal oxide
semiconductor transistor is closed when the ground voltage is transmitted to the
gate of the p-type metal oxide semiconductor transistor. The method further
includes, transmitting the input signal to the gate of the p-type metal oxide
semiconductor transistor when the enable signal is the ground voltage, where
the p-type metal oxide semiconductor transistor is open when the input signal is
transmitted to the gate of the p-type metal oxide semiconductor transistor.

In various examples: a method for controlling a p-type metal oxide
semiconductor may include transmitting the ground voltage to a gate of a second
p-type metal oxide semiconductor transistor when the enable signal is the supply
voltage, wherein the second p-type metal oxide semiconductor transistor is
closed when the ground voltage is transmitted to the gate of the second p-type
metal oxide semiconductor transistor; and transmitting an output signal on an
output of the circuit to the gate of the second p-type metal oxide semiconductor
transistor when the enable signal is the ground voltage, wherein the second p-
type metal oxide semiconductor transistor is open when the output signal is
transmitted to the gate of the second p-type metal oxide semiconductor
transistor; and passing the input signal from the source of the first p-type metal
oxide semiconductor transistor to the output of the circuit when the ground
voltage is transmitted to the gate of the first p-type metal oxide semiconductor
transistor and to the gate of the second p-type metal oxide semiconductor
transistor, wherein a drain of the first p-type metal oxide semiconductor transistor
is coupled to a drain of the second p-type metal oxide semiconductor transistor,

and wherein a source of the second p-type metal oxide semiconductor transistor
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is coupled to the output of the circuit.

The present disclosure further provides a method for isolating an input
signal to a circuit. For example, the method includes receiving the input signal,
where the input signal exceeds a supply voltage of the circuit, forwarding the
input signal to a source of a first p-type metal oxide semiconductor transistor of
the circuit and forwarding the input signal to a source of a second p-type metal
oxide semiconductor transistor of the circuit. The method next forwards a
ground voltage to the gate of the second p-type metal oxide semiconductor
transistor, where the second p-type metal oxide semiconductor transistor is
closed when the ground voltage is forwarded to the gate of the second p-type
metal oxide semiconductor transistor and where the input signal passes from the
source of the second p-type metal oxide semiconductor transistor to a drain of
the second p-type metal oxide semiconductor transistor. The method then
forwards the input signal from the drain of the second p-type metal oxide
semiconductor transistor to a gate of the first p-type metal oxide semiconductor
transistor, where the first p-type metal oxide semiconductor is open when the
input signal is forwarded to the gate of the first p-type metal oxide semiconductor
and forwarded to the source of the first p-type metal oxide semiconductor.

” W@

It should be noted that although the terms, “first,” “second, “third,” etc.,
have been used above, the use of these terms are intended as labels only.
Thus, the use of a term such as “third” in one example does not necessarily
imply that the example must in every case include a “first” and/or a “second”.

Other features will be recognized from consideration of the Detailed
Description and Claims, which follow.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing show exemplary circuit in accordance with
one or more aspects of the disclosure; however, the accompanying drawing
should not be taken to limit the disclosure to the example shown, but is for
explanation and understanding only.

Figure 1 illustrates a block diagram of a first device; and

Figure 2 illustrates a block diagram of a second device.

To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures.
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DETAILED DESCRIPTION OF THE DRAWINGS

The present disclosure relates generally to devices that prevent the flow
of current between different terminals of a multiplexer. For example, a
multiplexer may be used to measure or sample voltages through a device or
circuit. In addition, in one example, each of the input terminals of the multiplexer
is connected to a different part of the device where a voltage is to be measured.
The input terminals have respective paths which are then connected to a
common output terminal. In one example, each path comprises a
complementary metal oxide semiconductor (CMOS) switch that, when on, allows
the flow of current from the input terminal to the output terminal, and when off,
prevents the flow of current from the input terminal to the output terminal. To
measure the voltage in one location on the device, the path having the input
terminal connected to that location is turned on; e.g., the corresponding CMOS
switch is turned on. Each of the other paths is turned off. In this way, the output
may supply a measurement or sampling circuit that is able to successively
and/or periodically measure/sample the different voltages that may be present at
different locations within the device. However, when the source or drain of a
PMOS transistor or an NMOS transistor exceeds the gate voltage, the gate may
close or turn the transistor on. Thus, if the common output of the multiplexer is a
voltage that exceeds the supply voltage (and thus the gate voltage), it can cause
transistors on the CMOS gates of the other inputs to be closed, allowing current
to flow between the source and the drain, whereas the transistors are supposed
to be open, preventing the flow of current.

To better understand the present disclosure, Figure 1 illustrates a high
level block diagram of a device 100. Notably, device 100 overcomes the
shortcomings of the abovementioned CMOS switch. More specifically, device
100, which may also be considered a CMOS switch, isolates the input signal
from the output signal and retains this capability even where the input and/or the
output voltage exceeds the supply voltage or the ground voltage. Device 100
includes two paths, a PMOS path 162 and an NMOS path 164 which correspond
to the PMOS and NMOS devices respectively in a conventional CMOS switch.

It should be noted that in Figure 1, each of the PMOS and NMOS
transistors is shown using the notation where the arrow indicates the direction of

the PN junction involving the source terminal, e.g., from the p-type region to the
9
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n-type region. Thus, in a PMOS transistor, the arrow indicates the PN junction is
from the p-type source terminal to the n-type substrate. Conversely, the arrow in
an NMOS transistor indicates the PN junction from the p-type substrate to the n-
type source terminal. The drain is indicated in each transistor as the terminal
that does not have an arrow. In one example, the transistors have the source
terminals connected to and/or shorted to the substrate or bulk terminal. In
another example, one or more of the PMOS transistors have their bulk terminals
connected to the supply voltage and one or more of the NMOS transistors have
their bulk terminals connected to ground. For example, all of the PMOS and
NMOS transistors can have their bulk terminals connected in this way; however,
in one instance PMOS transistors 110 and 120 and NMOS transistors 130 and
140 may still have their source terminals shorted with the respective bulk
terminals. For illustrative purposes, unless otherwise indicated the source
terminal of each transistor (indicated by an arrow) is shorted to the respective
bulk terminal.

The PMOS path 162 includes PMOS transistor 110 which has its source
terminal connected to an input terminal 152 of the device 100. The PMOS path
162 also includes NMOS transistor 112, PMOS transistor 114 and NMOS
transistor 116. Collectively, the transistors 112, 114 and 116 may comprise a
circuit 182 that delivers a signal on the input terminal 152 to the gate of the
PMOS transistor 110 when the enable signal 172 is low and that delivers a
ground signal 192 when the enable signal 172 is high. In one example, the
enable signal 172 is considered high when it is at a voltage level that is the same
as the supply voltage of the device 100. Similarly, the enable signal 172 is
considered to be low when it is at ground, e.g., a zero voltage level, or a voltage
level that is the lowest voltage level utilized in the device 100. Henceforth, for
illustrative purposes it will be assumed that the ground voltage level is zero volts
and that other voltage levels are in reference to the ground voltage level being 0
V (zero volts). In one example, the supply voltage may be 1.8 V. Thus, the
supply voltage is 1.8 V greater than the ground. In addition, in one example, the
input and output signals may comprise analog signals that are expected to
typically be between zero and approximately 1.8 volts.

Notably, the circuit 182 may be controlled by the enable signal 172. For

example, by setting the enable signal low, e.g., zero volts, the input signal can
10
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be selected for transmission to the gate of PMOS transistor 110. By setting the
enable signal high, e.g., 1.8 V, the ground signal 192 is transmitted to the gate of
PMOS transistor 110. To illustrate, if the enable signal is zero volts and the input
signal is 1.2 V, the input signal of 1.2 V will be present at the source terminals of
PMOS transistor 114 and NMOS transistor 116. The gate of PMOS transistor
114 is connected to the enable signal 172, which is zero volts. Fora PMOS
transistor to close, or to turn on, the voltage between the gate and the source,
Vgs, must be negative. It must also be greater in magnitude than the threshold
voltage for the transistor. However, this condition is assumed to be satisfied for
purposes of illustration with respect to the present disclosure.

In this case, for PMOS transistor 114, Vgs =0V -1.2V =-1.2V. Since
this is negative, the gate is closed, i.e., in a low resistance/conducting state,
thereby allowing the input signal to pass from the source to the drain. Similarly,
NMOS transistor 116 has its gate connected to an inversion of the enable signal
174. Since the enable signal 172 is low, or zero volts, the inversion signal 174 is
high or 1.8 V. For an NMOS transistor, the Vgs must be positive in order to
close the gate, i.e., to turn the transistor on and place it in a low
resistance/conducting state. In particular, it must be positive and must also be
greater in magnitude than the threshold voltage of the transistor. However, for
illustrative purposes the latter condition is ignored. In this case, for NMOS
transistor 116, the source is 1.2 V, the gate is 1.8 V, thus Vgs =1.8V-1.2V =
.6 V. Since this is a positive voltage, the gate is closed and the input signal
passes from the source to the drain.

NMOS transistor 112 has its source connected to ground, e.g., zero volts
and the gate is connected to the enable signal 172, which in this example is also
zero volts. Since Vgs =0, the gate is open and there is very little or no current
flow from the source to the drain. In fact, whenever the enable signal 172 is
low/zero volts, NMOS transistor 112 is open/off.

Accordingly, since the drains of PMOS transistor 114 and NMOS
transistor 116 are connected to the gate of PMOS transistor 110, the gate of
PMOS transistor 110 receives the input signal of 1.2 V. The source terminal of
PMOS transistor 110 is also 1.2 V, since it is directly connected to the input
terminal 152. As such, for PMOS transistor 110, Vgs =12V -1.2V =0 V.

Accordingly, PMOS transistor 110 is off, i.e., the gate is open and is not
11
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conducting, or is in a very high resistance state. Consequently, by setting the
enable signal 172 low, the gate of PMOS transistor 110 is provided with the input
signal. By design, the input signal and the gate are at the same voltage level,
Vgs = 0. Therefore, PMOS transistor 110 is prevented from passing the input
signal from its source terminal to its drain.

For zero volts on the input terminal 152 and a low/zero volts on the enable
signal 172, Vgs for PMOS transistor 114 is: Vgs =0V -0V =0V. Thus, PMOS
transistor 114 is open/off. For NMOS transistor 116, the source is 0 V, the gate
is the inversion of the enable signal 174 (1.8 V), therefore Vgs = 1.8 V and the
transistor is closed/on. Thus, the input signal of zero volts passes from the
source to the drain of NMOS transistor 116 and on to the gate of PMOS
transistor 110.

The structure of the circuit 182 works similarly well when there is an
overvoltage or an undervoltage on the input terminal 152. In particular, an
overvoltage is a voltage that is greater than the supply voltage of the
circuit/device. In this example, the supply voltage is 1.8 V. Thus, an overvoltage
is anything greater than 1.8 V. An undervoltage is any voltage that is less than
the ground voltage for the device/circuit. In this example, any voltage that is less
than zero volts, i.e., any negative voltages, are undervoltages.

To illustrate how circuit 182 works when there is an overvoltage, if the
enable signal 172 is at zero volts and the input is 1.9 V, for PMOS transistor 114,
Vgs =-1.9 V. This is negative, so PMOS transistor 114 is on, passing the input
from the source to the drain. For NMOS transistor 116, the gate terminal has the
inversion of the enable signal 174 (which is 1.8 V), and the source is 1.9 V.
Therefore for NMOS transistor 116, Vgs =-.1 V. Since this is negative, the
transistor is open and not conducting. However, since PMOS transistor 114 is
closed and conducting, the input still passes to the gate terminal of PMOS
transistor 110. Further, the gate and the source voltages of PMOS transistor
110 are both 1.9V, resulting in: Vgs =19V -1.9V =0V. Thus, PMOS
transistor 110 remains off.

For - .2 V volts on the input terminal 152 and a low/zero volts on the
enable signal 172, Vgs for PMOS transistor 114 is: Vgs=0V - (-.2V)= 2 V.
Since this is not a negative voltage, PMOS transistor 114 is open/off. For NMOS

transistor 116, the source is - .2 V, the gate is the inversion of the enable signal
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174 (1.8 V), therefore Vgs =1.8V — (.2 V) =2 V. Since this is a positive voltage
for an NMOS transistor, NMOS transistor 116 is closed/on. Thus, the input
signal of -.2V passes from the source to the drain of NMOS transistor 116 and
on to the gate of PMOS transistor 110.

When the enable signal 172 is on, e.g., a high, or 1.8 V, the circuit 182
acts to deliver a zero volt/ground signal to the gate of PMOS transistor 110 in
order to turn it on. In particular, NMOS transistor 112 has its source connected
to ground 192, which is zero volts. With the enable signal 172 at 1.8 V, for
NMOS transistor 112, Vgs =1.8 V-0V =1.8 V. Since this is a positive voltage,
the transistor is on and passes the signal from the source to the drain; in this
case a ground signal of zero volts. This signal further passes from the drain of
NMOS transistor 112 to the gate of PMOS transistor 110. Since the gate of
PMOS transistor 110 is zero volts, for any input over zero volts, Vgs for PMOS
transistor 110 is negative and the transistor is on. Thus, the input will pass from
the source to the drain of PMOS transistor 110.

When the enable signal 172 is high/1.8 V, PMOS transistor 114 and
NMOS transistor 116 are both open/off. For instance, for PMOS transistor 114,
Vgs = 1.8 V — N, where N is any expected input voltage. In this case, expected
voltages are 0 to 1.7 V, thus Vgs should always be positive and PMOS transistor
114 will remain open/off. In addition, if there is a small overvoltage on the input
terminal 152, e.g., 1.9V, then Vgs = 1.8V -1.9V =-1V. While a negative
voltage is typically required to turn on a PMOS transistor, in practice it must be of
sufficient magnitude to overcome the threshold voltage, Vt, of the transistor.
Thus, a small overvoltage that does not overcome the threshold voltage Vt will
fail to turn on the PMOS transistor 114. Similarly, for NMOS transistor 116, a
small undervoltage, e.g., -.2 V will resultin Vgs =0V — (-.2 V) =.2 V. While this
is a positive voltage, if it is less than Vt for NMOS transistor 116, then NMOS
transistor 116 will remain open/off. Thus, for a small overvoltage or
undervoltage PMOS transistor 114 and NMOS transistor 116 do not affect the
gate of PMOS transistor 110 and allow the input signal on input terminal 152 to
pass to the drain of PMOS transistor 110. As such, if device 100 comprise a
portion of a multiplexer/measurement device, it is still possible to measure
voltages on input terminal 152 that exceed the supply voltage or ground. On the

other hand, where the overvoltage or undervoltage is greater in magnitude than
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Vt for either of PMOS transistor 114 or NMOS transistor 116, then circuit 182 will
isolate the input terminal 152 and provide a measure of protection to the rest of
the device.

The foregoing examples have illustrated the functionality of device 100
with respect to circuit 182 and PMOS transistor 110 in PMOS path 162. In
particular, examples are shown where the device 100 is deactivated by the
enable signal (e.g., the enable signal is zero volts) and the input signal is in a
normal range of voltages, e.g., zero to 1.7 V, as well as where the input is an
overvoltage or an undervoltage. An additional example is provided where the
device 100 is activated by the enable signal, e.g., where the enable signal is
high/1.8 V. Notably, circuit 184 and PMOS device 120 provide similar
functionality with respect to the output terminal 154 of device 100.

As described above, the device 100 may comprise one of several paths of
a multiplexer where different inputs are tied to a common output. For instance,
as mentioned above, such a multiplexer may be used as a sampling circuit for
measuring different analog voltage signals from around a larger device, e.g., an
integrated circuit. To illustrate, Figure 2 shows an example device 200, e.g., a
multiplexer, comprising a number of paths 210_1 to 210_N that are connected to
a common output 220. Each of the paths 210_1 to 210_N includes a respective
circuit 100_1 to 100_N for selectively isolating an input from the output 220. For
example, each of circuits 100_1 to 100_N may comprise a different circuit in the
form of device 100 of Figure 1. In addition, each of the circuits 100_1 to 100_N
may have a different enable signal EN_1 to EN_N for controlling the respective
circuits.  In general, one of the paths may be activated, or selected, to pass an
input to the output 220 and the other paths may be prevented from passing
respective inputs to the output 220 using the different enable signals EN_1 to
EN_N. For example, path 210_2 may be selected by setting EN_2 to 1.8 V and
by setting each of EN_1, EN_3 .... EN_N to zero volts. If device 200 is for
sampling various voltages for a measurement circuit, the input that is currently
being measured, e.g., the input of path 210_2 may be passed to the output 220,
while the inputs of each of the other paths are isolated from the output 220.

Returning to a discussion of device 100 of Figure 1, it is desirable to
isolate the input terminal 152 from the output terminal 154 when the device 100

is not enabled and to couple the input terminal 152 to the output terminal 154
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when the device 100 is enabled. Accordingly, circuit 182 and PMOS transistor
110 are able to isolate the input terminal 152 from the drain of PMOS transistor
110 when the device 100 is not enabled (e.g., enable signal 172 is low or zero
volts). Further, circuit 182 and PMOS transistor 110 are able to pass the input
signal from the input terminal 152 to the drain of PMOS transistor 110 when the
device 100 is enabled (e.g., enable signal 172 is high or 1.8 V).

In a similar manner, circuit 184 and PMOS transistor 120 are able to
isolate the signal on output terminal 154 from the drain of PMOS transistor 120
when the device 100 is not enabled and to remain closed, or turned on when the
device 100 is enabled. To illustrate, it is assumed that the output terminal 154
has a signal of 1.2 V and the enable signal 172 is zero volts. For NMOS
transistor 122, Vgs =0V -0V =0 V. Thus, NMOS transistor 122 is always
open/off when the enable signal is low/zero volts. PMOS transistor 124 has a
gate voltage of zero volts and a source voltage of 1.2 V. Thus, Vgs=0V - 1.2
V =-1.2V. Since this is a negative voltage, PMOS transistor 124 is closed and
therefore “on” and conducting. Thus, the source and drain are connected and
the 1.2 V from the output 154 passes from the source terminal to the drain
terminal of PMOS transistor 124. Likewise, NMOS transistor 126 has the
inversion of the enable signal 174, 1.8 V on its gate and 1.2 V from the output
signal on output terminal 154 on its source. Thus, Vgs =18V -12V=.6V.
Thus, NMOS transistor 126 is closed/on and the output signal of 1.2 V passes
from the source to the drain of NMOS transistor 126 and on to the gate of PMOS
transistor 120. Since the gate and source of PMOS transistor 120 are the same,
1.2V, then Vgs = 0 V and PMOS transistor 120 is off. Accordingly, the signal on
output terminal 154 is isolated from the drain of PMOS transistor 120.

For zero volts on the output terminal 154 and a low/zero volts on the
enable signal 172, Vgs for the PMOS transistor 124 is: Vgs=0V -0V =0 V.
Thus, PMOS transistor 124 is open/off. For NMOS transistor 126, the source is
zero volts and the gate is the inversion of the enable signal 174, which is 1.8 V.
Therefore, Vgs = 1.8V -0V = 1.8 V and NMOS transistor 126 is closed/on.
Thus, the input signal of zero volts passes from the source to the drain of NMOS
transistor 126 and on to the gate of PMOS transistor 120. In addition, for PMOS
transistor 120, Vgs =0V -0V =0V and the transistor is open/off.
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The structure of circuit 184 works similarly well to isolate the output
terminal 154 from the drain of PMOS transistor 120 when the output signal is an
overvoltage or an undervoltage. For instance, if the enable signal 172 is at zero
volts and the output signal is 1.9 V, for PMOS transistor 124 the gate voltage of
zero volts and the source voltage is 1.9 V. Thus, Vgs=0V-19V =-19V.
Since this is a negative voltage, PMOS transistor 124 is closed/on and
conducting. Thus, the source and drain are connected and the 1.9 V from the
output 154 passes from the source terminal to the drain terminal of PMOS
transistor 124. Likewise, NMOS transistor 126 has the inversion of the enable
signal 174, 1.8 V on its gate and 1.9 V from the output signal on output terminal
154 on its source. Thus, Vgs=1.8V-1.9V =-1V. Thus, NMOS transistor
126 is open/off. However, since PMOS transistor 124 is closed/on, it is able to
pass the output signal from its source to its drain and on to the gate of PMOS
transistor 120. Since the gate and source of PMOS transistor 120 are the same,
1.9V, then Vgs = 0 V and PMOS transistor 120 is off. Accordingly, the signal on
output terminal 154 is isolated from the drain of PMOS transistor 120 even when
there is an overvoltage.

For -.2 V on the output terminal 154 and a low/zero volts on the enable
signal 172, Vgs for PMOS transistor 124 is: Vgs =0V — (-.2 V) = .2 V. Since this
is not a negative voltage, PMOS transistor 124 is open/off. However, for NMOS
transistor 126, the source is -.2 V, the gate is the inversion of the enable signal
174 (1.8 V), therefore Vgs = 1.8V — (-2 V) =2 V. Since this is a positive voltage
for an NMOS transistor, NMOS transistor 126 is closed/on. Thus, the output
signal of -2.V passes from the source to the drain of NMOS transistor 126 and
on to the gate of PMOS transistor 120.

When the enable signal 172 is on, e.g., a high, or 1.8 V, the circuit 184
acts to deliver a zero volt/ground signal to the gate of PMOS transistor 120 in
order to turn it on. In particular, NMOS transistor 122 has its source connected
to ground 192, which is zero volts. With the enable signal 172 at 1.8 V, for
NMOS transistor 122, Vgs =1.8 V-0V = 1.8 V. Since this is a positive voltage,
the transistor is on and passes the signal from the source to the drain; in this
case a ground signal of zero volts. This signal further passes from the drain of
NMOS transistor 122 to the gate of PMOS transistor 120. Since the gate of

PMOS transistor 120 is zero volts, for any input over zero volts, Vgs for PMOS
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transistor 120 is negative and the transistor is on. Thus, the source and drain of
PMOS transistor 120 will be connected.

When the enable signal 172 is high/1.8 V, PMOS transistor 124 and
NMOS transistor 126 are both open/off. For instance, for PMOS transistor 124,
Vgs = 1.8V — N, where N is any expected voltage on the output terminal 154. In
this case, expected voltages are 0 to 1.7 V, thus Vgs should always be positive
and PMOS transistor 124 will remain open/off. In addition, if there is a small
overvoltage on the input terminal 152 that passes to the output terminal 154,
e.g., 1.9V, thenVgs =1.8V -1.9V =-1V. While a negative voltage is typically
required to turn on a PMOS transistor, in practice it must be of sufficient
magnitude to overcome the threshold voltage, Vt of the transistor. Thus, a small
overvoltage that does not overcome the threshold voltage Vt will fail to turn on
the PMOS transistor 124. Similarly, for NMOS transistor 126, a small
undervoltage, e.g., -.2 V will result in Vgs =0V — (-.2 V) =.2 V. While this is a
positive voltage, if it is less than Vt for NMOS transistor 126, then NMOS
transistor 126 will remain open/off. Thus, for a small overvoltage or
undervoltage PMOS transistor 124 and NMOS transistor 126 do not affect the
gate of PMOS transistor 120 and allow the drain and source of PMOS transistor
120 to remain connected. On the other hand, where the overvoltage or
undervoltage is greater in magnitude than Vt for either of PMOS transistor 124 or
NMOS transistor 126, then circuit 184 will isolate the source and drain of PMOS
transistor 120 and provide a measure of protection to the rest of the device.

The foregoing description relates to the PMOS path 162. NMOS path 164
includes similar components, the functions of which are described below. In
particular, NMOS path 164 includes NMOS transistor 130 which has its source
terminal connected to the input terminal 152 of device 100. The NMOS path 164
also includes PMOS transistor 132, NMOS transistor 134 and PMOS transistor
136. Collectively, the transistors 132, 134 and 136 may comprise a circuit 186
that delivers a signal on the input terminal 152 to the gate of the NMOS
transistor 130 when the enable signal 172 is low, e.g., zero volts, and that
delivers a ground signal 192 when the enable signal 172 is high, e.g., 1.8 V.

To illustrate, if the enable signal is zero volts and the input signal is 1.2 V,
the input signal of 1.2 V will be present at the source terminals of NMOS

transistor 134 and PMOS transistor 136. The gate of NMOS transistor 134 is
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connected to the inversion of the enable signal 174. Since the enable signal 172
is low, or zero volts, the inversion signal 174 is high or 1.8 V. Thus, for NMOS
transistor 134, Vgs =1.8V - 1.2V = .6 V. Since this is positive, the gate is
closed, i.e., in a low resistance/conducting state, thereby allowing the input
signal to pass from the source to the drain. Similarly, for PMOS transistor 136
the source is 1.2 V and the gate is connected to enable signal 172, e.g., zero
volts. ThusVgs=0V -1.2V =-1.2V. Since this is a negative voltage, the gate
is closed and the input signal passes from the source to the drain.

PMOS transistor 132 has its source connected to supply voltage 132,
e.g., 1.8 volts and the gate is connected to the inversion of the enable signal
174, which in this example is also 1.8 V. Since Vgs = 0, the gate is open and
there is very little or no current flow from the source to the drain. Thus,
whenever the inversion of the enable signal 174 is high/1.8 V, PMOS transistor
132 is open/off.

Accordingly, since the drains of NMOS transistor 134 and PMOS
transistor 136 are connected to the gate of NMOS transistor 130, the gate of
NMOS transistor 130 receives the input signal of 1.2 V. The source terminal of
NMOS transistor 130 is also 1.2 V, since it is directly connected to the input
terminal 152. As such, for NMOS transistor 130, Vgs =1.2V-1.2V =0 V.
Accordingly, NMOS transistor 130 is off, i.e., the gate is open and is not
conducting, or is in a very high resistance state. By design, the input signal and
the gate are at the same voltage level, Vgs = 0. Therefore, PMOS transistor 110
is prevented from passing the input signal from its source terminal to its drain.

For zero volts on the input terminal 152 and a low/zero volts on the enable
signal 172 (high/1.8 V on the inversion of the enable signal 174), Vgs for NMOS
transistor 134 is: Vgs = 1.8V -0V =1.8 V. Thus, NMOS transistor 134 is
closed/on and the input signal of zero volts passes from the source to the drain
of NMOS transistor 134 and on to the gate of NMOS transistor 130. For PMOS
transistor 136, the source is 0 V, the gate is the inversion of the enable signal
174 (0 V), therefore Vgs = 0 V and the transistor is off.

The structure of the circuit 186 works similarly well when there is an
overvoltage or an undervoltage on the input terminal 152. For example, if the
enable signal 172 is at zero volts, the inversion of the enable signal 174 is

high/1.8 V and the input is 1.9 V. For NMOS transistor 134, Vgs =1.8V -19V
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=-.1V. This is negative, so NMOS transistor 134 is open/off. However, for
PMOS transistor 136, the gate terminal has the enable signal 172 (which is 0 V),
and the source is 1.9 V. Therefore for PMOS transistor 136, Vgs =0V -1.9V =
-1.9 V. Since this is negative, the transistor is closed/on and conducting. Thus,
the input signal passes from the source to the drain of PMOS transistor 136 and
on to the gate terminal of NMOS transistor 130. Further, the gate and the
source voltages of NMOS transistor 130 are both 1.9 V, resulting in: Vgs = 1.9V
—-1.9V =0V. Thus, NMOS transistor 130 remains off.

For - .2 V volts on the input terminal 152 and a low/zero volts on the
enable signal 172 (inversion of the enable signal 174 is high/1.8 V), Vgs for
NMOS transistor 134 is: Vgs =1.8V — (-.2V) =2 V. Since this is not a positive
voltage, NMOS transistor 134 is closed/on. Thus, the input signal of -.2V passes
from the source to the drain of NMOS transistor 136 and on to the gate of NMOS
transistor 130. For PMOS transistor 136, the source is - .2 V, the gate is the
enable signal 172 (zero volts), therefore Vgs =0V — (-2 V) =.2 V. Since this is
a positive voltage for an PMOS transistor, PMOS transistor 136 is open/off.

When the enable signal 172 is on and the inversion of the enable signal
174 is low/zero volts, the circuit 186 acts to deliver a supply voltage signal to the
gate of NMOS transistor 130 in order to turn it on. In particular, PMOS transistor
132 has its source connected to supply 194, which in the present example is
given as 1.8 V. With the inversion of the enable signal 174 at zero volts, for
PMOS transistor 132, Vgs =0V - 1.8 V =-1.8 V. Since this is a negative
voltage, the transistor is on and passes the signal from the source to the drain; in
this case a supply signal of 1.8 V. This signal further passes from the drain of
PMOS transistor 132 to the gate of NMOS transistor 130. Since the gate of
NMOS transistor 130 is 1.8 V, for any expected input (e.g., zero to 1.7 V), Vgs
for NMOS transistor 130 is positive and the transistor is on. Thus, the input will
pass from the source to the drain of NMOS transistor 130.

When the enable signal 172 is high, the inversion of the enable signal 174
is low, and NMOS transistor 134 and PMOS transistor 136 are both open/off.
For instance, for NMOS transistor 134, Vgs = 0 V — N, where N is any expected
input voltage. In this case, expected voltages are 0 to 1.7 V, thus Vgs should
always be zero or negative and NMOS transistor 134 will remain open/off. In

addition, if there is a small undervoltage on the input terminal 152, e.g., -.2 V,
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then Vgs =0V - (-.2 V) =.2 V. While a positive voltage is typically required to
turn on an NMOS transistor, in practice it must be of sufficient magnitude to
overcome the threshold voltage, Vt of the transistor. Thus, a small overvoltage
that does not overcome the threshold voltage Vt will fail to turn on the NMOS
transistor 134. Similarly, for PMOS transistor 136, a small overvoltage, e.g., 1.9
V will result in Vgs =1.8 V- (1.9 V) =-.1 V. While this is a negative voltage, if it
is of insufficient magnitude to overcome Vt for PMOS transistor 136, then PMOS
transistor 136 will remain open/off. Thus, for a small overvoltage or
undervoltage NMOS transistor 134 and PMOS transistor 136 do not affect the
gate of NMOS transistor 130 and allow the input signal on input terminal 152 to
pass to the drain of NMOS transistor 130. On the other hand, where the
overvoltage or undervoltage is greater in magnitude than Vt for either of NMOS
transistor 134 or PMOS transistor 136, then circuit 186 will isolate the input
terminal 152 and provide a measure of protection to the rest of the device.

Accordingly, circuit 186 and NMOS transistor 130 are able to isolate the
input terminal 152 from the drain of NMOS transistor 130 when the device 100 is
not enabled (e.g., enable signal 172 is low or zero volts and inversion of the
enable signal 174 is high/1.8 V). Further, circuit 186 and NMOS transistor 130
are able to pass the input signal from the input terminal 152 to the drain of
NMOS transistor 130 when the device 100 is enabled (e.g., enable signal 172 is
high or 1.8 V and the inversion of the enable signal 174 is low/zero volts). Ina
similar manner, circuit 188 and NMOS transistor 140 are able to isolate the
signal on output terminal 154 from the drain of NMOS transistor 140 when the
device 100 is not enabled and to remain closed, or turned on when the device
100 is enabled.

To illustrate, it is assumed that the output terminal 154 has a signal of 1.2
V and the enable signal 172 is zero volts (i.e., the inversion of the enable signal
174 is high/1.8 V). For PMOS transistor 142, the source is connected to supply
188, e.g., 1.8 V. Thus, Vgs=1.8V -1.8V =0V. Thus, PMOS transistor 142 is
always open/off when the enable signal is low/zero volts (i.e., when the inversion
of the enable signal 174 is high/1.8 V). NMOS transistor 144 has a gate voltage
of 1.8 volts and a source voltage of 1.2 V. Thus,Vgs=18V-12V=.6V.
Since this is a positive voltage, NMOS transistor 144 is closed and therefore “on”

and conducting. Thus, the source and drain are connected and the 1.2 V from
20



WO 2015/006741 PCT/US2014/046426

10

15

20

25

30

the output 154 passes from the source terminal to the drain terminal of NMOS
transistor 144. Likewise, PMOS transistor 146 has the enable signal 172, zero
volts, on its gate and 1.2 V from the output signal on output terminal 154 on its
source. Thus,Vgs=0V -1.2V =-1.2V. Thus, PMOS transistor 146 is
closed/on and the output signal of 1.2 V passes from the source to the drain of
PMOS transistor 146 and on to the gate of NMOS transistor 140. Since the gate
and source of NMOS transistor 140 are the same, 1.2V, then Vgs =0 V and
NMOS transistor 140 is off. Accordingly, the signal on output terminal 154 is
isolated from the drain of NMOS transistor 140.

For zero volts on the output terminal 154 and a low/zero volts on the
enable signal 172 (inversion of the enable signal 174 is high/1.8 V), Vgs for the
NMOS transistor 144 is: Vgs =1.8V -0V =1.8 V. Thus, NMOS transistor 144
is closed/on. Thus, the input signal of zero volts passes from the source to the
drain of NMOS transistor 144 and on to the gate of NMOS transistor 140. For
PMOS transistor 146, the source is zero volts and the gate is the enable signal
172, which is O V. Therefore, Vgs =0V -0V =0V and PMOS transistor 126 is
open.off. In addition, for NMOS transistor 140, Vgs =0V -0V =0V and the
transistor is open/off.

The structure of circuit 188 works similarly well to isolate the output
terminal 154 from the drain of NMOS transistor 140 when the output signal is an
overvoltage or an undervoltage. For instance, if the enable signal 172 is at zero
volts (inversion of the enable signal 174 is high/1.8 V) and the output signal is
1.9V, for NMOS transistor 144 the gate voltage of 1.8 V volts and the source
voltage is 1.9 V. Thus, Vgs =1.8V -1.9V =-1 V. Since this is a negative
voltage, NMOS transistor 124 is open/off. On the other hand, PMOS transistor
146 has the enable signal 172, zero volts on its gate and 1.9 V from the output
signal on output terminal 154 on its source. Thus, Vgs=0V-19V =-1.9V.
Thus, PMOS transistor 146 is closed/on and conducting. As such, the source
and drain are connected and the 1.9 V from the output 154 passes from the
source terminal to the drain terminal of PMOS transistor 146 and on to the gate
of NMOS transistor 140. Since the gate and source of NMOS transistor 140 are
the same, 1.9 V, then Vgs = 0 V and NMOS transistor 140 is off. Accordingly,
the signal on output terminal 154 is isolated from the drain of NMOS transistor

140 even when there is an overvoltage.
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For -.2 V on the output terminal 154 and a low/zero volts on the enable
signal 172 (high/1.8 V on the inversion of the enable signal 174), Vgs for NMOS
transistor 144 is: Vgs = 1.8 V — (-.2 V) = 2 V. Since this is a positive voltage,
NMOS transistor 144 is closed/on and conducting. Thus, the output signal of -
2.V passes from the source to the drain of NMOS transistor 144 and on to the
gate of NMOS transistor 140. For PMOS transistor 146, the source is -.2 V, the
gate is the enable signal 172 (zero volts), therefore Vgs =0V - (-2V) = .2 V.
Since this is a positive voltage for a PMOS transistor, PMOS transistor 136 is
open/off. However, since NMOS transistor 144 is closed and conducting, the
input still passes to the gate terminal of NMOS transistor 140. Further, the gate
and the source voltages of NMOS transistor 140 are both -.2 V, resulting in: Vgs
=-2V—-(-2V)=0V. Thus, NMOS transistor 140 remains off.

When the enable signal 172 is on and the inversion of the enable signal
is low/zero volts, the circuit 188 acts to deliver a supply voltage/high signal, e.g.,
1.8 V, to the gate of NMOS transistor 140 in order to turn it on. In particular,
PMOS transistor 142 has its source connected to a voltage supply 194, which in
this example is 1.8 V. With the enable signal 172 low and the the inversion of
the enable signal high/1.8 V, for PMOS transistor 142, Vgs=0V -1.8V =-1.8
V. Since this is a negative voltage, the transistor is on and passes the signal
from the source to the drain; in this case a supply signal of 1.8 V. This signal
further passes from the drain of PMOS transistor 142 to the gate of NMOS
transistor 140. Since the gate of NMOS transistor 140 is 1.8 V, for any expected
input, e.g., zero to 1.7 V, Vgs for NMOS transistor 140 is positive and the
transistor is on. Thus, the source and drain of NMOS transistor 140 will be
connected.

When the enable signal 172 is high and the inversion of the enable signal
174 is low/zero volts, NMOS transistor 144 and PMOS transistor 146 are both
open/off. For instance, for NMOS transistor 144, Vgs = 0 V — N, where N is any
expected voltage on the output terminal 154. In this case, expected voltages are
0to 1.7 V, thus Vgs should always be zero or negative and NMOS transistor 144
will remain open/off. In addition, if there is a small undervoltage on the input
terminal 152 that passes to the output terminal 154, e.g., -.2 V, thenVgs =0V -
(--2V)=.2V. While a positive voltage is typically required to turn on a NMOS

transistor, in practice it must be of sufficient magnitude to overcome the
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threshold voltage, Vt of the transistor. Thus, a small undervoltage that does not
overcome the threshold voltage Vt will fail to turn on the NMOS transistor 144.
Similarly, for PMOS transistor 146, a small overvoltage, e.g., 1.9 V will result in
Vgs =1.8V -1.9V =-1V. While this is a negative voltage, if it is of less
magnitude than Vt for PMOS transistor 136, then PMOS transistor 136 will
remain open/off. Thus, for a small overvoltage or undervoltage NMOS transistor
144 and PMOS transistor 146 do not affect the gate of NMOS transistor 140 and
allow the drain and source of NMOS transistor 140 to remain connected. On the
other hand, where the overvoltage or undervoltage is greater in magnitude than
Vt for either of NMOS transistor 134 or PMOS transistor 146, then circuit 188 will
isolate the source and drain of NMOS transistor 140 and provide a measure of
protection to the rest of the device.

As described herein device 100 is able to isolate the input terminal 152
from the output terminal 154 through a range of expected voltages as well as in
circumstances where there is an overvoltage or an undervoltage on the input
terminal 152 and/or the output terminal 154. In addition, device 100 allows all
expected input voltages as well as some overvoltages and some undervoltages
to pass from the input terminal 152 to the output terminal 154 when the enable
signal is high, i.e., when the device 100 is activated. Thus, in a
multiplexer/measurement circuit where device 100 may comprise one of many
paths, it is possible to measure voltages on the input terminal 152 that exceed
supply and/or ground while protecting the device 100 as well as any other
components connected thereto from voltages with greater deviation.

While the foregoing describes various examples in accordance with one
or more aspects of the present disclosure, other and further example(s) in
accordance with the one or more aspects of the present disclosure may be
devised without departing from the scope thereof, which is determined by the
claim(s) that follow and equivalents thereof. For instance, in one example,
PMOS transistors 116 and 126, and NMOS transistors 136 and 172 may be
omitted while the device 100 retains most or all desired functionality as
described above. It should be noted that although the terms, “first,” “second,
“third,” etc., have been used above and the in the claims below, the use of these
terms are intended as labels only. Thus, the use of a term such as “third” in one

example does not necessarily imply that the example must in every case include
23
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a “first” and/or a “second”. Claim(s) listing steps do not imply any order of the

steps. Trademarks are the property of their respective owners.
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CLAIMS

What is claimed is:

1. A device, comprising:

a first p-type metal oxide semiconductor transistor, wherein a source of
the first p-type metal oxide semiconductor transistor is connected to an input of
the device; and

a first circuit, for delivering a signal on the input of the device to a gate of
the first p-type metal oxide semiconductor transistor when an enable signal is
deactivated and for delivering a ground voltage to the gate of the first p-type

metal oxide semiconductor transistor when the enable signal is activated.

2. The device of claim 1, wherein the source of the first p-type metal oxide
semiconductor transistor is shorted to a bulk of the first p-type metal oxide

semiconductor transistor.

3. The device of claim 1 or claim 2, wherein the first circuit comprises:

a second p-type metal oxide semiconductor transistor, wherein a source
of the second p-type metal oxide semiconductor transistor is connected to the
input of the device and wherein a gate of the second p-type metal oxide
semiconductor transistor is connected to the enable signal;

a first n-type metal oxide semiconductor transistor, wherein a source of
the first n-type metal oxide semiconductor transistor is connected to ground,
wherein a drain of the first n-type metal oxide semiconductor transistor is
connected to a drain of the second p-type metal oxide semiconductor transistor,
wherein a gate of the first n-type metal oxide semiconductor transistor is
connected to the enable signal; and

a second n-type metal oxide semiconductor transistor, wherein a gate of
the second n-type metal oxide semiconductor transistor is connected to an
inversion of the enable signal, wherein a source of the second n-type metal
oxide semiconductor transistor is connected to the input of the device, and
wherein the drain of the second p-type metal oxide semiconductor transistor, the
drain of the first n-type metal oxide semiconductor transistor, and a drain of the

second n-type metal oxide semiconductor transistor are connected to the gate of
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the first p-type metal oxide semiconductor transistor.

4, The device of claim 3, wherein the inversion of the enable signal and

ground are a same voltage.

5. The device of any of claims 1-4, further comprising:

a third p-type metal oxide semiconductor transistor, wherein a source of
the third p-type metal oxide semiconductor transistor is connected to an output of
the device, and wherein a drain of the third p-type metal oxide semiconductor
transistor is connected to a drain of the first p-type metal oxide semiconductor
transistor; and

a second circuit, for delivering a signal on the output of the device to a
gate of the third p-type metal oxide semiconductor transistor when the enable
signal is deactivated and for delivering the ground voltage to a gate of the third

p-type metal oxide semiconductor transistor when the enable signal is activated.

6. The device of claim 5, wherein the second circuit comprises:

a fourth p-type metal oxide semiconductor transistor, wherein a source of
the fourth p-type metal oxide semiconductor transistor is connected to the output
of the device and wherein a gate of the fourth p-type metal oxide semiconductor
transistor is connected to the enable signal;

a third n-type metal oxide semiconductor transistor, wherein a source of
the third n-type metal oxide semiconductor transistor is connected to ground and
wherein a gate of the third n-type metal oxide semiconductor transistor is
connected to the enable signal; and

a fourth n-type metal oxide semiconductor transistor, wherein a gate of
the fourth n-type metal oxide semiconductor transistor is connected to an
inversion of the enable signal, wherein a source of the fourth n-type metal oxide
semiconductor transistor is connected to the output of the device, and wherein a
drain of the fourth p-type metal oxide semiconductor transistor, a drain of the
third n-type metal oxide semiconductor transistor, and a drain of the fourth n-type
metal oxide semiconductor transistor are connected to the gate of the third p-

type metal oxide semiconductor transistor.
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7. The device of any of claims 1-6, further comprising:

a fifth n-type metal oxide semiconductor transistor, wherein a source of
the fifth n-type metal oxide semiconductor transistor is connected to the input of
the device; and

a third circuit, for delivering a signal on the input of the device to a gate of
the fifth n-type metal oxide semiconductor transistor when the enable signal is
deactivated and for delivering a supply voltage to the gate of the fifth n-type

metal oxide semiconductor transistor when the enable signal is activated.

8. The device of claim 7, wherein the enable signal is a same voltage as the
supply voltage.
9. The device of claim 7 or claim 8, wherein the input of the device

comprises an analog signal having a voltage between a voltage level of ground

and a voltage level of the supply voltage.

10.  The device of any of claims 7-9, wherein the third circuit comprises:

a sixth n-type metal oxide semiconductor transistor, wherein a source of
the sixth n-type metal oxide semiconductor transistor is connected to the input of
the device and wherein a gate of the sixth n-type metal oxide semiconductor
transistor is connected to the inversion of the enable signal;

a fifth p-type metal oxide semiconductor transistor, wherein a source of
the fifth p-type metal oxide semiconductor transistor is connected to the supply
voltage and wherein a gate of the fifth p-type metal oxide semiconductor
transistor is connected to an inversion of the enable signal; and

a sixth p-type metal oxide semiconductor transistor, wherein a source of
the sixth p-type metal oxide semiconductor transistor is connected to the input
signal, wherein a gate of the sixth p-type metal oxide semiconductor transistor is
connected to the enable signal, and wherein a drain of the sixth n-type metal
oxide semiconductor transistor, a drain of the fifth p-type metal oxide
semiconductor transistor and a drain of the sixth p-type metal oxide
semiconductor transistor are connected to a gate of the fifth n-type metal oxide

semiconductor transistor.
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11.  The device of any of claims 7-10, further comprising:

a seventh n-type metal oxide semiconductor transistor, wherein a source
of the seventh n-type metal oxide semiconductor transistor is connected to an
output of the device and wherein a drain of the seventh n-type metal oxide
semiconductor transistor is connected to a drain of the fifth n-type metal oxide
semiconductor transistor; and

a fourth circuit, for delivering a signal on the output of the device to a gate
of the seventh n-type metal oxide semiconductor transistor when the enable
signal is deactivated and for delivering a supply voltage to the gate of the
seventh n-type metal oxide semiconductor transistor when the enable signal is

activated.

12. The device of claim 11, wherein the fourth circuit comprises:

a seventh p-type metal oxide semiconductor transistor, wherein a source
of the seventh p-type metal oxide semiconductor transistor is connected to the
supply voltage and wherein a gate of the seventh p-type metal oxide
semiconductor transistor is connected to the inversion of the enable signal;

an eighth n-type metal oxide semiconductor transistor, wherein a source
of the eighth n-type metal oxide semiconductor transistor is connected to the
output of the device and wherein a gate of the eighth n-type metal oxide
semiconductor transistor is connected to the inversion of the enable signal; and

an eighth p-type metal oxide semiconductor transistor, wherein a source
of the eighth p-type metal oxide semiconductor transistor is connected to the
output of the device, wherein a gate of the eighth p-type metal oxide
semiconductor transistor is connected to the enable signal, wherein a drain of
the seventh p-type metal oxide semiconductor transistor, a drain of the eighth p-
type metal oxide semiconductor transistor and a drain of the eighth n-type metal
oxide semiconductor transistor are connected to a gate of the seventh n-type

metal oxide semiconductor transistor.

13.  The device of claim 11 or claim 12, further comprising:
a third p-type metal oxide semiconductor transistor, wherein a source of
the third p-type metal oxide semiconductor transistor is connected to an output of

the device, and wherein a drain of the third p-type metal oxide semiconductor
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transistor is connected to a drain of the first p-type metal oxide semiconductor
transistor; and

a second circuit, for delivering the signal on the output of the device to a
gate of the third p-type metal oxide semiconductor transistor when the enable
signal is deactivated and for delivering the ground voltage to a gate of the third

p-type metal oxide semiconductor transistor when the enable signal is activated.

14. A method for isolating an input signal to a circuit, comprising:

forwarding the input signal to a source of a first p-type metal oxide
semiconductor transistor;

receiving an enable signal, wherein the enable signal comprises one of a
ground voltage or a supply voltage;

transmitting the ground voltage to a gate of the first p-type metal oxide
semiconductor transistor when the enable signal is the supply voltage, wherein
the first p-type metal oxide semiconductor transistor is closed when the ground
voltage is transmitted to the gate of the first p-type metal oxide semiconductor
transistor; and

transmitting the input signal to the gate of the first p-type metal oxide
semiconductor transistor when the enable signal is the ground voltage, wherein
the first p-type metal oxide semiconductor transistor is open when the input
signal is transmitted to the gate of the first p-type metal oxide semiconductor

transistor.

15.  The method of claim 14, further comprising:

transmitting the ground voltage to a gate of a second p-type metal oxide
semiconductor transistor when the enable signal is the supply voltage, wherein
the second p-type metal oxide semiconductor transistor is closed when the
ground voltage is transmitted to the gate of the second p-type metal oxide
semiconductor transistor; and

transmitting an output signal on an output of the circuit to the gate of the
second p-type metal oxide semiconductor transistor when the enable signal is
the ground voltage, wherein the second p-type metal oxide semiconductor
transistor is open when the output signal is transmitted to the gate of the second

p-type metal oxide semiconductor transistor; and
29
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passing the input signal from the source of the first p-type metal oxide
semiconductor transistor to the output of the circuit when the ground voltage is
transmitted to the gate of the first p-type metal oxide semiconductor transistor
and to the gate of the second p-type metal oxide semiconductor transistor,
5 wherein a drain of the first p-type metal oxide semiconductor transistor is
coupled to a drain of the second p-type metal oxide semiconductor transistor,
and wherein a source of the second p-type metal oxide semiconductor transistor

is coupled to the output of the circuit.
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