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(57) ABSTRACT

A sampled CMOS switch includes first and second NMOS
devices in series between input and output nodes. The first
and second NMOS devices are activated by a sample signal.
A pair of low-voltage DEPMOS devices is connected ina “T”
configuration between the input and output nodes. The low-
voltage DEPMOS devices are activated by an inverted sample
signal. A feedback circuit includes the DEPMOS devices
together with a third high-voltage NMOS device and a current
source. The third NMOS device is controlled by a signal on
the input node. A switch switchably connects an analog volt-
age source to a source of the third NMOS device and gates of
the DEPMOS devices in accordance with a phase of an
inverted sample signal. The construction of the sampled
CMOS switch enables the protection of the gate oxide insu-

Int. Cl. lation of the low-voltage DEPMOS transistors from high
HO3K 17/687 (2006.01) voltage damage.
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SWITCH ARCHITECTURE AT LOW SUPPLY
VOLTAGES

[0001] This Application is a Continuation of prior applica-
tion Ser. No. 13/625,609, filed Sep. 24, 2012, currently pend-
ing.

[0002] The various circuit embodiments described herein

relate in general to electronic switches, and, more specifi-
cally, to electronic switch architectures that can operate at low
supply voltages.

BACKGROUND

[0003] Electronic switches are found in many electronic
applications. For example analog-to-digital converters
(ADCs), or the like, is one application in which electronic
switches are widely used. Many other general applications
abound. An example of a complementary metal-oxide semi-
conductor (CMOS) switch 10 of one type of electronic switch
described herein is shown in FIG. 1, to which reference is now
made.

[0004] The switch 10 includes a p-channel metal-oxide
semiconductor MOS (PMOS) device 12 and an n-channel
metal-oxide semiconductor (NMOS) device 14. The PMOS
device 12 has its source connected to an input node 16 and its
drain connected to an output node 18. The gate of the PMOS
device 12 is connected to a reference potential, or ground 22.
The NMOS device 14 has its drain connected to the input
node 16 and its source connected to the output node 18. The
gate of the NMOS device 14 is connected to an analog voltage
supply source (VDD) 22.

[0005] In operation, when the voltage between the input
node 16 and ground 20 is above V,, (V,, is the threshold
voltage of the PMOS device 12), the PMOS device 12 will
conduct. Similarly, when the voltage between VDD 22 and
the input node 16 is above the threshold voltage V,, of the
NMOS device 14, the NMOS device 14 will conduct.
[0006] One of the conditions that is often encountered is a
high rail-to-rail signal voltage. A high supply range between
1.7 V and 3.6 V must be supported in many applications.
However, the case of a CMOS switch, the threshold voltage of
the PMOS device 12 plus the threshold voltage of the NMOS
device 14 (V,,+V,,) may be higher than the difference in
voltage between VDD and ground. As a result, a large switch
area may be required. Another condition that may be encoun-
tered in some applications is that a supply boost switch may
beunusable due to a very large clock time period, or a unavail-
able usable clock signal.

[0007] In many applications, the switch may be operated
with a sampling signal, such as, for instance, in the example
CMOS switch circuit 30 shown in FIG. 2, to which reference
is now additionally made. The CMOS switch circuit 30
includes an NMOS device 34 and a PMOS device 36 between
the input node 38 and output node 40. A variable voltage 32 is
applied to the input node 38. The sampling signal (SAMP) is
applied to the gate of the NMOS device 34 and an inverted
sampling signal (SAMPZ) is applied to the gate of the PMOS
device 36. The output from the switch 30 is applied across a
capacitor 42 in the output node 40 and connected to an output
by a switch 44 that is switched at a sampling frequency.
[0008] However, in many applications, for example in ana-
log-to-digital converters (ADCs), a sampling instant 45 may
be provided by an off-chip signal that is asynchronous to an
internal analog-to-digital (ADC) conversion clock 46. Syn-
chronizing the off-chip asynchronous sampling clock to an
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internal ADC clock and using that to operate a boost switch
can cause a phase delay 48 in sampling, shown in FIG. 3. The
phase delay 48 may result in a sampling error and a degraded
signal-to-noise ratio (SNR). If the sampling signal is asyn-
chronous to the ADC clock, it may lead to kick-back at the
input before sampling.

SUMMARY

[0009] An embodiment of a sampled CMOS switch for
connection between input and output nodes includes first and
second MOS devices in series between input and output
nodes of the switch. The first and second NMOS devices are
activated by a sample signal. A pair of extended drain MOS
devices is connected in a “T” configuration between the input
and output nodes. The extended drain MOS devices are acti-
vated by an inverted sample signal. In one embodiment, the
first and second MOS devices are NMOS devices and the pair
of extended drain MOS devices comprises DEPMOS
devices. In another embodiment, the DEPMOS devices are a
part of a feedback circuit that includes a third NMOS device
and a current source connected between an analog voltage
source and a reference potential. The third NMOS device is
controlled by a signal on the input node. A switch switchably
connects an analog voltage source to a source of the third
NMOS device and gates of the DEPMOS devices in accor-
dance with a phase of an inverted sample signal.

[0010] Another embodiment of a sampled CMOS switch
for connection between input and output nodes has first and
second NMOS devices in series between the input and output
nodes. The first and second NMOS devices are activated by a
sample signal to connect the input node to the output node.
The sampled CMOS switch has a feedback circuit which
includes a pair of DEPMOS devices in a “T” configuration
between the input and output nodes. The pair of DEPMOS
devices are activated by an inverted sample signal. The low
voltage DEPMOS device has alow V, that solves the problem
of'V,,+V,>VDD-GND. However due to the gate oxide reli-
ability of low voltage DEPMOS devices, it needs to be pro-
tected by a third NMOS used in feedback circuit. Thus, the
feedback circuit includes the third NMOS device and a cur-
rent source between an analog voltage source and a reference
potential. The third NMOS device is controlled by a signal on
the input node. The feedback circuit additionally has a switch
to switchably connect an analog voltage source to a source of
the third NMOS device and to gates of the DEPMOS devices
in accordance with a phase of an inverted sample signal. In
one embodiment, the first and second NMOS devices are high
voltage devices and the DEPMOS devices are low voltage
devices with low threshold voltages. This ensures that the
sum of threshold voltage of high voltage NMOS and low
voltage DEPMOS (V_+V ) is less than difference between
supply VDD and ground.

[0011] A method embodiment for protecting gate oxide
insulation of low voltage DEPMOS transistors of a sampled
CMOS switch from high voltage damage includes connecting
the MOS transistors in series between the input and output
nodes. The method also includes connecting a pair of
extended drain MOS devices connected in a “T” configura-
tion between the input and output nodes. The pair of extended
drain MOS devices are activated by an inverted sample signal.
In one embodiment, the first and second MOS transistors are
NMOS devices and the pair of extended drain MOS devices
comprise DEPMOS devices. In one embodiment of the
method, a third high-voltage NMOS device and a current
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source are connected between an analog voltage source and a
reference potential. The third NMOS device is controlled by
a signal on the input node. A switch is provided that is oper-
able to switchably connect an analog voltage source to a
source of the third NMOS device and gates of the DEPMOS
devices in accordance with a phase of the inverted sample
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1isanelectrical schematic diagram ofa typical
CMOS switch circuit.

[0013] FIG.2isanelectrical schematic diagram ofa typical
CMOS switch circuit that employs a sampling signal in its
operation.

[0014] FIG. 3 shows various curves that occur in the opera-
tion of the CMOS switch circuit of FIG. 2, illustrating the
phase delay in sampling if off-chip sampling is provided
asynchronously with an internal clock.

[0015] FIG. 4 is an electrical schematic diagram of an
example of a CMOS switch circuit that solves some of the
shortcomings of the CMOS switch circuits of FIGS. 1 and 2.
[0016] FIG. 5 is an electrical schematic diagram of an
example of a CMOS switch circuit having a feedback circuit
with dynamic biasing for high-speed sampling applications.
[0017] FIG. 6 is an electrical schematic diagram of an
example of a CMOS switch circuit having a common dummy
circuit for additional reliability.

[0018] FIG. 7 is an electrical schematic diagram of an
example of a CMOS switch circuit having kick-back protec-
tion.

[0019] In the various figures of the drawing, like reference
numbers are used to denote like or similar parts.

DETAILED DESCRIPTION

[0020] One example of a sampled CMOS switch circuit 50
that provides a solution to at least some of the problems of the
CMOS switches of FIGS. 2 and 3 is shown in FIG. 4, to which
reference is now additionally made. In the sampled CMOS
switch circuit 50 of FIG. 4, first and second series connected
NMOS switch devices 52 and 54 are connected between the
input node 38 and the output node. The first and second
NMOS switch devices 52 and 54 may have a threshold volt-
age.

[0021] The sample signal, SAMP, is connected to the gates
of'the first and second NMOS devices 52 and 54. The sample
signal, SAMP, has a value equal to VDD, and operates to turn
on the first and second NMOS switch devices 52 and 54 when
a positive voltage is applied to their gates.

[0022] A pair of series connected, drain-extended p-chan-
nel metal-oxide semiconductor (DEPMOS) devices 56 and
58 are connected in a “T” configuration between the input
node 38 and the output node 40 as a part of a feedback loop 60.
In the “T” configuration, the drain of DEPMOS device 56 is
connected to the input node 38, the sources of the DEPMOS
devices 56 and 58 are connected together, and the drain of the
DEPMOS device 58 is connected to the output node 40. The
DEPMOS devices 56 and 58, have a low threshold voltage
and may have gate oxide reliability limit less than VDD.
[0023] Briefly, a DEPMOS device includes p-type source
and drain regions formed on each side of an n-doped channel
in an n-well. A voltage drop region is provided in a compen-
sated p-well (CP well) between the n-doped channel and the
p-type drain. The CP well inhibits channel hot carrier or direct
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tunneling degradation of the transistor gate dielectric, espe-
cially in high-voltage operations. The voltage drop region has
more n-type dopants, or fewer p-type dopants, than the
p-wells and shifts any high fields toward the drain and away
from the gate dielectric of the device, thereby mitigating
damage to or degradation of the gate dielectric. An n-type
back gate may also be formed in the n-well to allow coupling
of'the n-well to a known voltage potential to prevent or inhibit
threshold voltage fluctuations in the device.

[0024] The DEPMOS devices 52 and 54 may be con-
structed using techniques similar to those shown in U.S. Pat.
No. 7,560,324, entitled DRAIN EXTENDED MOS TRAN-
SISTORS AND METHODS FOR MAKING THE SAME,
assigned to the assignee hereof. General principles of opera-
tion also are described in copending patent application Ser.
No. 12/824,944, filed Jun. 28, 2010, entitted COMPEN-
SATED ISOLATED P-WELL DENMOS DEVICES, and
assigned to the assignee hereof.

[0025] Using such DEPMOS devices, a lower total thresh-
old voltage, V,, may be achieved. This addresses the concern
described above that the sum of the thresholds of the NMOS
devices 52 and 54 and DEPMOS devices 56 and 58 (V,,+V )
may be larger than the value of VDD. This also enables a
lower overall switch area to be required for the construction of
the device.

[0026] The sampled CMOS switch circuit 50 operates, at
least in part, using a feedback loop 60. The feedback loop 60
includes a third high voltage NMOS device 62 connected in
series with a bias current source 64 between the analog supply
voltage, VDD, and a reference potential, or ground. A switch
70 is connected between the gates of the DEPMOS devices 56
and 58 and the analog voltage supply, VDD. The switch 70 is
also connected between the gates of the DEPMOS devices 56
and 58 and the node 66 between the source of the third NMOS
device 62 and the bias current source, I, ,, 64. The switch 70
is deactivated by a signal representing the phase of the
inverted analog sample voltage, SAMPZ, signal, thereby
applying an analog voltage equal to the third NMOS thresh-
old voltage below the input voltage 38 (V,,~V,,.,,,) to the gates
of the DEPMOS devices 56 and 58 to turn them on when the
SAMPZ signal is low. It should be noted that the threshold
voltage of the third NMOS device 62 is greater than threshold
voltage ofthe DEPMOS devices 58 and 58, as is the case with
CMOS processes.

[0027] In operation, if the inverted analog sample voltage,
SAMPZ, signal is zero and V,, is 3.6 V, the gate oxide insu-
lation of the low voltage DEPMOS devices 56 and 58 would
face breakdown unless they are protected. Thus, the current
source, Iz, , <, 64 pulls down the node 66, to a voltage equal to
V,, of the third NMOS device 62 below V,,. At that time
PGATE=V,, -V 05 62 and the current in the NMOS device
62 is I5,, . When the input voltage V,,, falls below the high
voltage V, of the third NMOS device 62, the third NMOS
device 62 is cut-off and the current source, (BIAS, 64 clamps
the node 66 to ground. I ;,, c may be, forexample, 1 pA, which
is sufficient to follow the signal, since the capacitance of the
DEPMOS devices 52 and 54 will aid the follower. The circuit
50 is protected in its off state on the drain side, due to the
DEPMOS T-switch.

[0028] With the circuit 50 constructed as described above,
the problem shifts to VDD,,., >V, 4y vnsos 52 or say+Vean
DEPMOs 56 or 58). T his circuit is thus enabled to pass the entire
input signal range with low area for low-speed applications.
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[0029] Another circuit embodiment of a sampled CMOS
switch circuit 50' is shown in FIG. 5, to which reference is
now additionally made. In the sampled CMOS switch circuit
50", the feedback loop 60' includes a fourth NMOS device 68
in series a current bias source, I, ¢, 64', between the analog
voltage supply, VDD, and a reference potential, Vg, or
ground. A level shifter 75 is connected between the drain of
the third NMOS device 62 and the gate of the fourth NMOS
device 68. The sampled CMOS switch circuit 50' can control
the time it takes to switch the circuit on; hence, the sampled
CMOS switch circuit 50' also enables the sample time to be
controlled.

[0030] Ifthe sampled CMOS switch circuit 50' is switched
on (i.e., the SAMP signal is brought high to sample the input
voltage, V) and the PGATE node is off (i.e., is about 3.6 V),
alow I, ccurrent may not be able to pull the PGATE node 74
t© Vu=Vsamos s2) because of the large DEPMOS switch
capacitance. Consequently, the bias current, I, ., can be
increased to about 100 pA. This will produce a very large
quiescent current through the third NMOS devices 62 and the
fourth NMOS device 68.

[0031] In operation, when PGATE=VDD, the gate of the
fourth NMOS device 68 also equals VDD and the NMOS
device 62 is cut-off. When SAMPZ goes to zero, the bias
current, I, <, pulls up the gate of the fourth NMOS device 68
that then pulls a large current from node 66 until feedback
around the third NMOS device 62 takes over. At that point,
PGATE=V =V, naros device s2) 89 Livasos device 62y~1
(NMOS device 63) Lpras- Lhis enables a high-speed sampling
operation.

[0032] Another CMOS switch circuit 50" embodiment is
shown in FIG. 6, to which reference is now additionally made.
The CMOS switch circuit 50" has a replica arm 80 in the
feedback circuit 60". The replica arm 80 includes fifth and
sixth NMOS devices 84 and 86 in series with a current source
82 between V ,, and V.. The gate of the sixth NMOS device
86 is connected to the gate of the fourth NMOS device 68 and
to the drain of the fifth NMOS device 84. The sample switch
70, switched in accordance with the phase of the SAMPZ
signal, is connected to node 88 between the fifth and sixth
NMOS devices 84 and 86. A dummy capacitor 92 is con-
nected between the node 88 and a reference potential, or
ground. This enables multiple multiplexed input channels
with the same low current replica bias.

[0033] The circuit embodiment illustrated in FIG. 6 has
good boot-strap reliability. The boot-strap reliability is
enabled by the separate PGATE biasing arm produced on
node 94 from the feed-back dummy arm. If the PGATE DUM
voltage on node 88 charges up faster than PGATE, the scheme
may fail, since the remaining pull-up has to be done with only
alow 5, , s current. This is addressed by the dummy capacitor
92 in the dummy arm 80. The capacitance of the dummy
capacitor 92 is larger than the capacitance of the DEPMOS
devices 56 and 58 to replicate the pull-up time-constant.
[0034] In operation, if V=V, , then the gate of the sixth
NMOS device 86 in the dummy arm 80 will drop very slowly
from VDD, and the fifth NMOS device 84 will be barely on.
This causes a slow settling component in the PGATE voltage,
which kicks-back into V,,. This may cause error in the
sampled voltage. This may be corrected by adding a diode
connected seventh PMOS device 90 in parallel with the
source-follower sixth NMOS device 84, as shown in FIG. 7.
[0035] Electrical connections, couplings, and connections
have been described with respect to various devices or ele-
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ments. The connections and couplings may be direct or indi-
rect. A connection between a first and second electrical device
may be a direct electrical connection or may be an indirect
electrical connection. An indirect electrical connection may
include interposed elements that may process the signals
from the first electrical device to the second electrical device.
[0036] Although the invention has been described and illus-
trated with a certain degree of particularity, it should be
understood that the present disclosure has been made by way
of'example only, and that numerous changes in the combina-
tion and arrangement of parts may be resorted to without
departing from the spirit and scope of the invention, as here-
inafter claimed.

1. A sampled CMOS switch for connection between input

and output nodes, comprising:

first and second MOS devices in series between said input
and output nodes, said first and second NMOS devices
being activated by a sample signal; and

a pair of extended drain MOS devices connected in a “T”
configuration between said input and output nodes, said
pair of extended drain MOS devices being activated by
an inverted sample signal;

wherein said DEPMOS devices are a part of a feedback
circuit further comprising:

a third NMOS device and a fourth NMOS device con-
nected between an analog voltage source and a reference
potential, said third NMOS device being controlled by a
signal on the input node, and a drain of said fourth
NMOS device being connected to gates of said DEP-
MOS devices;

a fifth NMOS device, a sixth NMOS device, and a current
source connected in series between a supply voltage and
a reference potential, a gate of said sixth NMOS device
being connected to a gate of said fourth NMOS device
and to a drain of said fifth NMOS device, and a gate of
said fitth NMOS device being connected to said output
node; and

a switch to switchably connect an analog voltage source to
a drain of the sixth NMOS device in accordance with a
phase of the inverted sample signal, wherein the inverted
sample signal is mirrored to the gates of said pair of
DEPMOS devices.

2. The sampled CMOS switch of claim 1 further compris-

ing a capacitor connected across said sixth NMOS device

3. The sampled CMOS switch of claim 2 further compris-

ing a diode connected seventh NMOS device.

4. A sampled CMOS switch for connection between input

and output nodes, comprising:

first and second NMOS devices in series between said
input and output nodes, said first and second NMOS
devices being activated by a sample signal to connect
said input node to said output node; and

a feedback circuit comprising:

apair of DEPMOS devices in a “T” configuration between
said input and output nodes, said pair of DEPMOS
devices being activated by an inverted sample signal;

a third NMOS device and a current source between an
analog voltage source and a reference potential, said
third NMOS device being controlled by a signal on the
input node; and

a switch to switchably connect an analog voltage source to
a source of said third NMOS device and to gates of the
DEPMOS devices in accordance with a phase of an
inverted sample signal.
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5. The sampled CMOS switch of claim 4 wherein the first
and second NMOS devices have high threshold voltages and
the DEPMOS devices have low threshold voltages.
6. The sampled CMOS switch of claim 4 further compris-
ing a dummy arm circuit to mirror current in said third NMOS
device to increase switching reliability of said sampled
CMOS switch.
7. The sampled CMOS switch of claim 6 further compris-
ing a capacitor in said dummy arm circuit to replicate a
pull-up time constant in said sampled CMOS switch.
8. A method for protecting gate oxide insulation of first and
second MOS transistors of a sampled CMOS switch from
high voltage damage, comprising:
connecting said MOS transistors in series between said
input and output nodes, said first and second MOS
devices being activated by a sample signal; and

connecting a pair of extended drain MOS devices con-
nected in a “T” configuration between said input and
output nodes, said pair of extended drain MOS devices
being activated by an inverted sample signal;

wherein said first and second MOS transistors are NMOS

devices and said pair of extended drain MOS device is a
DEPMOS devices;

connecting a third NMOS device and a fourth NMOS

device between an analog voltage source and a reference
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potential, said third NMOS device being controlled by a
signal on the input node, and a drain of said fourth
NMOS device being connected to gates of said DEP-
MOS devices;

connecting a fifth NMOS device, a sixth NMOS device,
and a current source connected in series between a digi-
tal supply voltage and a reference potential;

connecting a gate of said sixth NMOS device to a gate of
said fourth NMOS device and to a drain of said fifth
NMOS device;

connecting a gate of said fifth NMOS device to said output
node; and

connecting a switch to switchably connect an analog volt-
age source to a drain of the sixth NMOS device in
accordance with a phase of the inverted sample signal,
wherein the inverted sample signal is mirrored to the
gates of said pair of DEPMOS devices.

9. The method of claim 8 further comprising connecting a
capacitor across said sixth NMOS device.

10. The method of claim 9 further comprising connecting a
diode connected seventh NMOS device across said fifth
NMOS device.



