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(57) Abstract: In some embodiments, a differential input stage includes a first n-type metal oxide semiconductor transistor (NMOS)
pair (220) coupled to a first input (IN1) and a second input (IN2), a second NMOS pair (205) coupled to the first input (IN1), a first
output node (285), the second input (IN2), and a second output node (290), a first diode (235) coupled to the first NMOS pair (220)
and the first output node (285), a second diode (240) coupled to the first NMOS pair (220) and the second output node (290), and a
cascaded current source (120) coupled to the first NMOS pair (220) and the second NMOS pair (205).
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DIFFERENTIAL INPUT STAGES
BACKGROUND
[0001] Amplifiers are electrical circuits that receive an input signal and generate an output signal
at least partially according to the input signal. Amplifiers may increase, decrease, or leave
substantially unchanged a value of the output signal with respect to the input signal. To process
the input signal when it is received by an amplifier, the amplifier may include an input stage.
SUMMARY
{30862} In some embodiments, a differential input stage includes a first n-type metal oxide
semiconductor transistor (NMOS) pair coupled to a first input and a second input, a second NMOS
pair coupled to the first input, a first output node, the second input, and a second output node, a
first diode coupled to the first NMOS pair and the first output node, a second diode coupled to the
first NMOS pair and the second output node, and a cascaded current source coupled to the first
NMOS pair and the second NMOS pair.
[0003] In some embodiments, an amplifier includes a differential input stage and an output
stage. The differential input stage includes a first NMOS pair coupled to a first input and a second
input, a second NMOS pair coupled to the first input, the second input, a first output node, and a
second output node, a first diode coupled between the first NMOS pair and the first output node, a
second diode coupled between the first NMOS pair and the second output node, and a cascaded
current source coupled between the first NMOS pair, the second NMOS pair, and a ground voltage
potential. The output stage is coupled to the first output node and the second output node. The
output stage includes at least one transistor configured to amplify an output of the differential input
stage at the first and second output nodes to produce an amplifier output.
[0004] In some embodiments, a differential input stage includes a first diode having a first anode
coupled to a first output node and a second diode having a second anode coupled to a second
output node. The differential input stage further includes a first NMOS differential amplifier
including a first NMOS transistor including a first gate terminal coupled to a first input, a first
drain terminal coupled to a cathode of the first diode, and a first source terminal coupled to a first

node. The first NMOS differential amplifier further includes a second NMOS transistor including
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a second gate terminal coupled to a second input, a second drain terminal coupled to a cathode of
the second diode, and a second source terminal coupled to the first node. The differential input
stage further includes a second NMOS differential amplifier including a third NMOS transistor
including a third gate terminal coupled to the first input, a third drain terminal coupled to the first
output node, and a third source terminal coupled to a second node. The second NMOS differential
amplifier further includes a fourth NMOS transistor including a fourth gate terminal coupled to the
second input, a fourth drain terminal coupled to the second output node, and a fourth source
terminal coupled to the second node. The differential input stage further includes a cascaded
current source coupled between the first node, the second node, and a ground voltage potential.
BRIEF DESCRIPTION OF THE DRAWINGS

065] FIG. 1 15 a block diagram of an illustrative differential wput stage 1n accordance with
various embodiments.

B086]  FIG. 2 15 a schematic diagram of the illustrative differential input stage in accordance
with various embodinents.

{0667 FiG 3 15 a schematic diagram of an illustrative amplifier in accordance with various
embodiuments,

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

G008} To provide & wide mput range—such as a wide common mwode voltage inpul range
input stages of amplifiers and other electronic circuits offen include both n-type metal oxide
sermteonductor (INMOS) transistors and p-type metal oxide semiconductor (PMOR) transistors. In
at teast one example, the common mode nput voltage i3 an absolute voltage with reapect to a
ground voltage potential {(which may be contrasted with g differential voltage that has a value with
respect to another voliage level). The inclusion of the NMOS transistors and the PM{OS tranmstors
allows the wide input range because the NMOKN operates at high input voltages and the PMOS
operates at low input voliages. The inclusion of NMOS and PMOS transistors 1o such juput stages,
however, may result in high power consumption, high circuit complexity, and large surface areas.
For example, the MMOS tranastors and the PMOS transistors may requite separate tail currents,
outputs of the NMOS trassistors and the PMUOS transistors may require additional circuitry or
circutt complexity to be combined at some location in a circurt that inchudes or 18 coupled 1o the
mnput stage, and the PMOS transistors may be largs 1o size in comparison to the NMOS fransistors.,

000%  Described herein are embodiments that provide for a differential input stage that ar least
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partiatly mitigates the disadvantages described above. In some embediments, the differential input
stage cornprises a paw of standard MMOS transistors and a pait of natural {also known as “native”)
NMOS transistors. Such differential input stages improve over existing ditferential topg stages by
including the pair of standard MNMOS transistors and the pair of natural WNMOS ransistors 1o Hew of
a combination of NMON transistors and PMOS transistors. For example, the unprovement may
mchude reduced size or footprint, less complex circuit design (e g, fower supporting componenis},
reduced power consumption, and/or reduced cost of manufacturing. Although desenbed herein as
including a pair of standard NMOS wansistors and a pair of natwral NMOS transistors, the
differential input stage way nclude any one ot mwore types of NMOS transistors that provide for
the functionality described herein.  Varicus differential input stage embodiments and their
operation are now described.

{161¢]  The siandard NMOS tfransisior pair and the nanwal NMOS wansistor pair together
facilitate operation of the differential input stage for an ioput sigoal having a value of
approximately zero volts to an input sigoal having a value of approximaiely a source supply

b

voltage of the differential input stage. {The term “approsimately,” as used herein, means plus or
mings 10% of the stated valne) When the mput signal bas a low voltage level, such as
approximately zere volis, only one of the standard NMOS transistor pair or the natural NMOS
ransistor may operate 1o the differential wnput stage 1o conduct a majoriy (or approximately all)
current passing through the differential input stage. When the input signal has a high voltage level,
such as approximately the source supply voltage, an oppostiie of the standard MMOS transistor pair
or the natural NMOS transistor pair than was active when the nput signal bad a low voltage level
may donunate, operating o conduct a majority of current passing through the differenual input
stage. When the joput signal has netther 2 low nor a ligh voltage level, both the standard NMOS
transistor pair and the namural NMOS transisior pair may operate o conduct the current passing
through the differentisl input stage with a first of the transistor pairs conducting a fivst portion of
the current and a second of the transistor pairs conducting a second portion of the current. The first
and secoud portions of the corrent may be approximately equal ot may be different such that one of
the portions may be significanily larger than the other portion.

0311]  FIG. 1 is a block diagram of an dlustrative differential input stage 100 in accordance with
various embodiments. The differential input stage 100 may be implemented as a ditferential inpu

stage of an amplifier, such as an operational amplifier and/or an operational transconductance
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amplifier. in some embodiments, differential input stages 100 are implemented such that myultiple
ampiifications are provided, where cach differential input stage 100 may bave a same gain or may
have a different gain than other differential tnput stages 1000 In other embodiments, the
differential input stage may be iroplemented 1o devices other than amplifiers, such as any electrical
device that recetves a differgntial input signal.

0121 In some embodimoents, the differential input stage 100 comprises an input cireut 110, a
cascaded current source 120, and a cascaded current mirror source 130, In sore embodiments, the
input circwt 110 comprises a plurality of NMOS transistor pairs {not shown)} arranged in a
differential configuration. Whle lustrated as receiving one input, 1o practice the input cirouit 110
may receive any number of inputs, the scope of which is not Hmited herein. Each of the plurality
of NMOS transistor pairs may receive a patr of inpuis of the differential input stage 100, The
wputs way be rail-to-rail inputs that may have a value ranging between approximately zero volts
and approximately a source supply voltage of the differential input stage 100, For example, a first
NMOS transistor of a2 NMOS transistor pair may recetve a first input and a second NRMOS
transisior of the NMOS transistor pair may recsive a second input.  In some embodiments, a
rurnber of NMOS transistor pairs o the wput arvcuit 100 mway be at least partially determined
based on a number of signals desired for the differential input stage 100 to receive and/or process.
G013 In some embodiments, the cascaded current source 120 couples 1o the input renit 110
and provides a tail current for at least some of the NMOS transistor pairs of the nput circuit 110,
For example, the cascaded current source 120 may provide a path to ground for current to flow
from a source supply {not shown) through one or more NMOS transistor pairs of the input cirenit
100 and the cascaded current source 120 The cascaded current source 120 may be at least
partially controlled by the cascaded current mirror source 130, In some embodiments, the
cascaded current mirror source 130 generates one or more reference signals that may bias one or
more components of the cascaded curvent source 120, The biasing way at least partisbly control an
amount of current flowing through components of the cascaded current source 120,

{0014]  FIG 7 is g schematic diggram of the dlusirative differential input stage 104 in accordance
with various embodiments,  In some embodiments, the differsntial input stage 100 compnises 3
standard NMOS ditferential pair 205 (ncluding standard NMOS 210 and standard NMOS 215}, a
natural WNMOR differential patr 220 (ncluding natural NMOS 225 and natural NMOS 2303, diodes

235 and 240, constant current source 245 coupled to a voltage supply 247, a cascaded current
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mirror source 130 (including NMOS 255 apd NMOK 2603, and cascaded current scurce 120
(inchuding NMOS 270, NMOS 275, and NMOS 2803, To some embodiments, the standard NMOS
differential pair 205 and the natwral NMOS differential pair 220 are each configured as a
differential araplifier.  In some embodiments, the NMOS 210 and NMOS 215 of the standard
NMOS differential palr 205 may be referred to as enhancement mode NMOS  In some
embodiments, the NMOS 210, NMOS 215, NMOS 225, NMOS 230, diode 235, and dinde 240
roay together comprise the input cirowt HIO of FIGL 1

{3815)  In some embodiments, the NMOS 210 includes a drain terminal coupled o a node 285, a
gate ternunal configured to receive a frst wput signal INT {e.g., a first pottion of a differeniial
input signal}, and the NMOS 210 further includes a source terminal coupled 10 a source terminal of
the MMOS 215 and to a drain terminal of the NMOS 275 of the cascaded current source 120, In
some embodiments, the NMOX 215 includes a drain termunal coupled 10 a node 290, 2 gate
terrainal configured 1o receive a second wput signal IND (2.g, a second portion of the ditferential
input signal), and a source terminal coupled 1o the source terminal of the NMON 210 and the drain
terminal of the NMOS 275 of the cascaded current source 120 In some embodiments, the NMOS
210 and the MNMOS 215 may conduct current from their respective drain termonals o thew
reapeciive spurce terminals when they receive voltages at their respective gate terminals that cause
their gate 1o source voltages to exceed their respective activation thresholds. For exarople, such
activation thresholds may be minimum differences tn voltages at the respective gate terminals and
the respective source terminals that, when exceeded, cause channels to torm between the drain and
source terminals and current 10 be conducted between the drain and source terminals.  In some
embodiments {e.g., such as for the NMOS 210 and the MMOS 215} the activation threshold 15 1
volt £V,

{6616]  In some embodiments, the NMOS 225 includes a drain ternunal coupled to a cathode of
the diode 235, g gate terminal configured to recerve the first input signal IN1, and a source terronal
coupled to a scurce terminal of the NMOS 230 and a drain ternunal of the NMOS 270 of the
cascaded current source 120 In some embodiments, the NMOS 230 mncludes a drain termanal
conpled to a cathode of the diode 2490, a gate terminal configured 1o recetve the second input signal
INZ, and a source terminal coupled to the source terminal of the NMOS 225 and to the drain
terminal of the NMOS 276 of the cascaded current scurce 120, In some embodiments, an anode of

the dinde 235 15 coupled to the node 285 and an ancde of the dicde 240 18 coupled o the node 290,
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in some embodiments, an cutput of the differential input stage 100 15 taken across nodes 285 and
290 {e.g., such that g frst output of the ditferential input stage 100 19 taken at vode 285 and a
second output of the differential input stage 100 18 taken at node 2901 In some embodiments, the
NRMOS 225 and the NMOS 230 may conduct current from their respective drain termunals o their
respective source terminals when they receive voliages at their respective gate terminals that cause
their gate to source voltages to exceed their respective activation thresholds. For exarmple, the
activation thresholds may be differences 1o voltages gt the respective gate terronals and the
reapeciive source terminals.  In some embodiments {e.g., such as for the NMOS 225 and the
NMOS 230), the acuvation thresholds may be 0 V. In some embodiments, the NMOS 225 and
NMOS 230 of the natral NMOS differential pair 220 may be implemented as depletion mode
NMOS transistors. In such embodiments, the activation threshold may be negative.

{I17]  In some embodiments, the cascaded current source 120 1s coupled between the standard
NMOS differentigl pair 205, the natural NMOS differential pair 220, and a ground voltage
potential such that the cascaded current source 120 provides a tail current for the standard NMOS
differential pair 205 and the natural NMOS differenual pair 226 In some embodiments, drain
termunals of the MMOS 270 and the NMOS 275 are coupled as discussed above, 8 gate termonal of
gach of the NMOS 270 and the NMOS 275 15 coupled t© an ouiput of the constant current source
245, and source ternunals of the NMOS 270 and the NMO3S 275 are coupled to a drain ternunal of
the NMOS 280, In some embodiments, a gate terminal of the NMOS 280 is coupled to a node
295, and a source terminal of the NMOS 280 15 coupled to the ground voltage potential.

{1G18]  In some embodiments, the cascaded current source 120 may be viewsd as two cascaded
current sources that share a current output. For example, the NMOS 270 and the MNMOS 280 may
comprise a first cascaded current source and the NMOKN 273 and the NMOS 280 may comprise a
second cascaded current scurce. By implementing the differential input stage 100 using the
standard WMOS differential pair 205 and the vatural NMOS differential pair 220 and sharing the
NRMOS 280 berween the NMOS 270 and the NMOS 275, the differential input stage 100 may
consume less power and less surface area of an electronic cireuit (e g, semiconductor die, printed
civeuit board, etc } than another differential 1oput stage 1o which multiple tail currents are utilized
and/or separate cascaded current sources that do not share g current output are utilized. In addition,
the ditferential input stage 100 may be less expensive 1o manufacture and/or operale than another

differential inprut stage in which nwltiple tail currents are utilized and/or separate cascaded current



WO 2019/094451 PCT/US2018/059601

sources that do not share a current cutput are utilized.

019]  In some embodiments, the cascaded corrent mrvor source 130 18 coupled bebween the
constant current source 245 and the ground voliage potential.  In some embodiments, a drain
terrainal of the NMOS 255 15 coupled to the output of the constand current source 243, a gate
terminal of the MMOS 255 is coupled to the output of the constant current source 243, and a source
tormunal of the MMOS 255 15 coupled to the node 295 In some embodiments, a drain termingl of
the NMOS 260 13 coupled 1o the vode 295, a gate terminal of the NMOS 260 13 coupled 1o the
node 295, and a scurce terminal of the NMOS 260 is coupled to the ground voltage potential.
{0028]  The cascaded current mrror source 130 provides one o more reference voltages to the
current source 120, The reference voltages may be used by the current source 120 as bias voliages
for controdling the NMOS 270, MNMOS 275 and/or NMOS 280 (e.g., condrolling an amount of
current Howing through oo or more of the NMOS 270, NMOS 275, and/or NMOS 280} In some
embadiments, a value of the tail current of the current source 120 15 determined at least partially
according 1o the refersnce voltages provided to the current source 120 by the cascaded current
mirror source 130, In some embaodiments, the current source 120 provides tail currents for each of
the standard NMOS differential par 205 and the vatoral NMOS differental paie 2200 For
example, NMOS 270 and 280 together provide a tail current for the natural NMOS ditferential pair
220 based at least partially oo the reference voltages and NMOS 275 and 280 together provide a
tatl current for the standard NMOS differential pair 205 based at least partially on the reference
voltages. The cascaded current mirror source 130 18 configured based at least partially on the
cascaded current source 120, For example, the NMOS 255 15 selected to have a same transistor
width as the NMOS 270, or to have a transistor width that is scaled based on a transistor width of
the NMOS 270 such that an approdimately same density of carrent flows through the NMOS 255
and the NMOS 270, For example, a scaling factor of the transisior width of the WNMOS 255 with
respect 1o 4 ransistor width of the NMOS 270 may be determined at feast partially according to the
current provided by the constant current scurce 245 and a tail current of the cascaded current
source 120 {e.g, such as a current flowing through the NMOS 280} 1o some embodiroents, a
ransistor fength of each of the NMOS 2585, NMGS 270, and NMOS 275 may be substantially the
same.

{3621]  In some embodiments, the cascaded current misror source 130 is omitted from the

differential input stage 100, In such embodiments, the cascaded current mirror source 130 may be
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replaced, such as by a fow voltage cascade circuit {not shown} operable to provide one or more
reference voltages to the current source 120 and at feast partially upon which the tail currents of the
current source 120 may be based. In other embodiments, the cascaded current wirror source 136
may be omitted and the current source 120 may recetve one or more reference voltages from any
one or more other components or electrical devices, either within or external o the differential
imput stage 100, that may provide the one or more reference voltages to the current source 120 and
at teast partially upoo which the tail currents of the current source 120 oay be based.

{36221 In some embodiments, the NMGS 270 and NMOS 275 may each have transisior widths
selected such that, when both the standard NMOS differential pair 205 and the natural NMOS
differential pair 220 are conducting current, a majority of the current flowing through the
ditterential input stage 100 flows tuough the standard NMOS differential pair 205 and the NMOS
275, For example, the transistor width of the NMOS 275 may have an about twensty 10 one ratio t©
the transistor width of the NMOS 270 i some embodiments of the ditferential input stage 100, In
such embodiments (eg., when the twenty 10 one ratio exisis), the NMOX 275 conduets
approximately twenty times as much current as the NMOS 270 when both the standard NMOS
embodiments, the ratio of the transistor width of the NMOS 275 1o the transistor width of the
NMOS 270 may be determined according to desired operational charactenstics of the ditferential
input stage 100,

0231 At hugh input signal voltages, the NMOS 225 and NMOS 230 of the natural WNMOS
differential pair 220 may each lose their gain characteristics and instead function substantially as
resistors {e.g., as a resuit of a low drain to source voltage difference of the NMOS 225 and the
NMOES 2303 As such, at high input signal voltages the NMOS 225 and the NMOS 230 may create
resistive loading on an output of the differential input stage 100, To prevent this resistive leading,
the diodes 235 and 240 may solate the resistance of the NMOS 225 and NMOS 230 at high yoput
signal voltages from an ocutput of the differential input stage 100, For example, the diode 235 may
be coupled between the frst output of the differential input stage 100 and a drain terminal of the
NMOES 225 and the diode 240 may be coupled between the second output of the differential input
stage 100 and a drain ternunal of the NMOS 230, The diodes 235 and 240 are onented in such a
mannes a3 o allow current to flow through the NMOS 225 and NMOS 230 {e.g, from the drain

terrainal to a source terminal of each respective NMOS 225 or NMOS 2303 while isolating
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electrical characteristics {e.g., such as resisiance} or a reverse flow of current of the NMOS 225
and NMOS 230 from the outputs of the differential input stage 100

{3624] As discussed above, based on a voliage level of an input signal received by the
differential input stage 100, one, or both, of the standard NMOS differential pair 205 and the
natural NMOS differential pair 220 may be active and conducting current. This functionality
enables the differential input stage to function rail-to-rail. To demonstrate this functionality, four
operational states of the differential wput stage 100 will be discussed below. In the following
discussion, if is assumed for sach of the four operational states that all characteristics of the
differential roput stage 100 {e.g., source supply voltage, physical characteristios of components,
cuiput of constant current source 245, etc.) remain substantially consistent other than a voltage
iovel of the toput signal{s) and/or cutput signal(s).

{1625]  In some embodiments, the differential input stage 100 receives an input signal {eg, a
differential input signaly with a common mode voltage having a high voltage level (e.g, such as a
voltage level at or near 5 voltage level of a source supply coupled to the differential 1oput stage
1003, When driven by the input signal having the high voltage level, NMOS 225 and NMOK 230
operate substantially bneardy {e.g, in a linear region of the NMOS electrical charactenisticos of the
NRMOS 225 and the NMOS 230} This Hnearity resulis in NMOS 225 and NMOS 230 no tonger
fparting a gain on the woput signal and nstead function substantially as resistors 1 the ditfereniial
input stage 100, The diodes 235 and 240 are oniented such that, from a perspective of the NMOS
225 and the NMOS 230, the diodes 235 and 240 are blocking dindes. As such, the diodes 235 and
240 prevent the NMOS 225 and NMUOX 230 from creating a loading effect on a remainder of the
differential input stage 100 and/or other components which may be coupled to the ditterential input
stage, such as by isclating the resistance of the NMOS 225 and WNMOK 230 from the nodes 285
and 290, respectively while still passing through a minimal amount of current {e.g., such as an
offset current),

{0026]  In such embodiments, only the standard NMOS differential pair 205 provides a gain in
the differential wput stage 100, Because the NMOS 275 i larger than the NMOS 270 and
configured to conduct a majority of current passing through the differential input stage 100, an
gverall gain provided by the differential input stage 100 remains approvimately unchanged despite
the natural NMOK differential pair 220 functioning as resistors and providing no gain,

00271 In other embodiments, the differential nput stage 100 may receive an input signal having
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a voltage level that is peither high nor fow, but which may be closer 1o the voltage of the scurce
supply than o the ground voliage potential (e g, the voltage level of the mput voltage signal moay
be greater than cue half of the source supply voltage level)  In such ewbodiments, both the
standard NMOS differential pair 205 and the natural NMOS ditferential pair 220 mav be active
and may conduct current. Stmilarly, o such embodiments, both the standard NMOS differential
pair 205 and the natural NMOS differential pair 220 may provide a gain in the difterential input
stage 100, However, the transistor width difference between the NMOS 270 and the NMOS 275
{2.g., where the NMOS 275 has a larger transistor width than the NMOS 270, as discussed above,
and therefore conducts g greater arpount of current than the NMOS 270) may cause the standard
NMOS differential pair 205 to provide a majority of the gain in the differential input stage 100
For example, because of the transistor width difference in the NMOS 270 and the NMOS 275, a
majority of the tail current of the differential input stage 100 will flow through the MMOS 275 w
the NMOS 280 and correspondingly through the standard NMOS differential pair 205 A ratio of
the tail current that flows thyough the NMGS 275 compared 1o the tatl current that flows through
the NMON 270 may be approximately the same as a ratio of the transistor width of the NMOS 273
o the transistor width of the NMOS 270 For example, for an erobodiment of the differeotial input
stage 100 including an WNMOS 275 having a transistor width of 20 and an NMOK 270 having a
ransisior width of 1, approximately 20 times as much of the tail current will flow through the
MO 275 as flows through the NMOS 270

{0281 In vet other embodiments, the differential input stage 100 may receive an mput signal
having a voltage level that is neither high nor low, but may be closer to the ground voliage
potential than to the voltage of the source supply {e.g , the voltage level of the input voltage signal
may be less than one halt of the source supply voltage level}) In such embodiments, both the
standard WNMOS differential pair 205 and the nawral NMOS differential pair 220 may be active
and may conduct current. Similarly, both the standard NMOS differential pay 205 and the vatursl
NRMOS differential pair 220 may provide a gain in the differential input stage 100,

{002%]  In such embodiments, the NMOS 270 may hold the source terminal of the NMOS 275 at
a voltage level based on the NMOS 270 (s.2., a gate 10 source voltage of the NMOK 2703 This
vodtage tevel, while sufficient to caunse the MNMOS 275 to conduct current, may be msufficient to
cause the NMOS 275 10 operate in a saturation region in which a greater amount of current may

flow through the MMOS 275 To compensate for the reduced current flow through the NMOS

10
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275, which mittigates the transistor width difference between the NMOS 270 and the NMOK 275,
the NMOS 270 conducts an woreased aroount of current. For example, the NMOS 270 and the
NMOS 275 may conduct a similar amwount {e.g., aun approximately equal amount) of the tail current
of the ditterential input stage 100, Both the standard NMOS differential pair 205 and the natural
NMOS differential parr 220 may provide the gain in the differestial input stage 100 in
approximately equal proportions.

[038]  In vet other embodiments, the differential tnput stage 100 may receive an juput signal
having a low voltage level (2.2, such as a voltage level at or near the ground voliage potential that
i3 less than the activation threshold of the NMUOR 210 and NMOS 2151 When driven by the input
signal having the low voltage level, NMOS 210 and NMOS 215 conduct substantially no current
from their respective draim terminals 1o thetr respective source ternunals. For exarople, becanse the
wnput signal bas a low voliage level that is less than the activation threshold of the NMOS 210 and
NRMOS 215, the NMOS 210 and NMOS 215 are tumed “oft 7 Conversely, when driven by the
input signal having a low voltage level, NMOS 225 and MMOS 230 conduet current from their
respective drain terminals 1o their respective source terminals. Because the NMOS 210 and the
MNMOS 215 are turned off, only the natural NMOS ditferential pair 220 provides a gain 1o the
differential input stage 100 and conducis substantially all cwrrent passing through the differential
input stage 100, An overall gain provided by the differential mput stage 100 remaius
approximately unchanged despite the standard NMOS ditferential pair 205 being turned off and
orly the natural NMOS differential pair 220 providing the gain

3631} In some embodiments, the differential juput stage 100 according to the foregoing
description provides a gain for an input signal baving a voltage level ranging from low to high
ustnng a8 single taid cusrent, a pair of standard MMOS transisiors, and 8 pair of natural NMOS
transistors without requiring the use of PMOS transistors and/or multiple a1 currents. In this way,
the differential nput stage 100 provides a gaio for a wide ravge of nput sigoals by transitbiomng
between the pair of standard NMOKS transistors and the pair of natural NMOS transistors based at
ieast partially on the voltage level of the nput sigoal. The differential juput stage 100 switches
between the standard NMOS differential pair 205 and the natural NMOK differential pair 220, at
icast in some embodiments, without requiring separate control circuitry to control which of the
standard NMOS differential pair 205 or the patural NMOS differential pair 220 are active and

providing a gain in the differential input stage 100, Through the use of the standard NMOS
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differential pair 205 and the natural NMOS differential pair 220 in place of using one or more
PMOS transistors, circuit coroplexity of the differential juput stage 100 mayv be reduced, size {e.g.,
footprint or surface area consumed) of the differential nput stage 100 may be reduced {eg,
because MMOS transistors have a smaller size than PMOS transisiors and/or share g single tail
cusrent}, and cost may be reduced {eg., manufacturing and/or operating costs of the differential
mnput stage 100}, thereby roproving the differential joput stage 100 over other devices.

{30321 FIG. 313 a schematic diagram of an illostrative amplifior 300 1 accordance with various
embodiments. For example, the amplifier 300 may provide amplification of a recetved input signal
i generate av ouiput sigoal and/or butfer the mput signal to provide as the ocutput signal. Although
tlustrated tn FIG. 3 for the sake of simiplicity as receiving input via a single comumunication line
and providing an output via a single output line, the amplifier 300 may recoive any number of
mputs feg., fwo inputs to form a differential input) and provide any number of ouiputs. For
exarmple, the amplifier 300 may be an operational amplifier and/or an operational transconductance
amspitfier. The amphifier 300 may be implemented as a standalone device (e.g , implemented on ita
own dig, enclosed within s own chip package, etc.} or may be umplemented with other devices
{e.g., on a die ncluding other devices, enclosed 1 a chip package that includes other devices, ete.).
{0033} In some embodiments, the amplifier 300 comprises the differential nput stage 100,
discussed above with respect to FIG 1 and FIG 2, and an output stage 305 In some
embodiments, the amplifier 300 may further comprise a plurality of cutput stages 305, In some
embodiments, the amplitier 300 further comprises a reference stage 310 The differential mput
stage 100 receives an wput signal and provides an output 1o the ouiput stage 305, While illustrated
as recetving one tnput, the differential input stage 100 may receive any number of inputs, the scope
of which 18 not lmited hersin.  The output of the differential input stage 100 i3, in some
embodiments, an amplification of a difference between a first input recetved by the differential
wput stage and a second nput received by the differential 1oput stage (e.g, between first and
second portions of the received input signal, such as positive and negative components of a
differential signal or between an input signal and a feedback signal) The output stage 305 13
configured to receive and further amphify {or aliersatively, buffer) the cutput of the differential
mput stage 100 for providing as an output of the amplifier 300, While illustrated as providing one
output, the output stage 305 may provide any number of outputs, the scope of which 18 not Hmited

herein. For exampie, the output stage 305 may comprise one of more transistors 315 configured to
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further amplify {or buffer} the output of the differential input stage 100, Particular components
wehuded 1o the output stage 305, or a particular structure of the output stage 305, are not hmited
herein and example embodiments encompass any amplifier output stage coupled to a differential
input stage 100 a5 deseribed herein,

{3034]  The reference stage 310, 1n some embodiments, comprises one or more components {e.g.,
resistors, capacitor, transistors, efe) that may be configured 1o provide a reference signal {e.g,
reforence current or reference voliage) for use by etther, or both, of the differeniral wnput stage 100
and/or the cutput stage 305 Particular components included in the reference stage 310, or a
pariicular structure of the reference stage 310, are not brotied heren and example embodiments
encompass any amplifier reference stage coupled to a differential input siage 100 as described
herein.,

{1635]  In this description, the term “couple” or “couples” means either an indirect or direct
connection. Thus, if a first device couples 10 a second device, that connection may be through a
direct connection or through an indirect connection via other devices and connections.  Also, in
this description, the phrase “ground voitage potential” includes a chassis ground, an Earth ground,
a foatting ground, a virtual ground, a digital ground, a comroon ground, and/or any other form of
ground connection applicable to, or suttable for, the teachings of example embodiments. Unless
otherwise stated, ju this description, the termm “zbout” “approximately” or “substantially” relative
to a value means +/- 10 percent of that value,

[0036] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A differential input stage comprising:

a first n-type metal oxide semiconductor transistor (NMOS) pair coupled to a first input
and a second input;

a second NMOS pair coupled to the first input, a first output node, the second input, and a
second output node;

a first diode coupled to the first NMOS pair and the first output node;

a second diode coupled to the first NMOS pair and the second output node; and

a cascaded current source coupled to the first NMOS pair and the second NMOS pair.
2. The differential input stage of claim 1, wherein the first NMOS pair comprises a first
NMOS transistor and a second NMOS transistor configured as a first differential amplifier,
wherein the second NMOS pair comprises a third NMOS transistor and a fourth NMOS transistor
configured as a second differential amplifier, wherein the first NMOS transistor is coupled to the
first input, wherein the second NMOS transistor is coupled to the second input, wherein the third
NMOS is coupled to the first input and the first output node, and wherein the fourth NMOS is
coupled to the second input and the second output node.
3. The differential input stage of claim 2, wherein the first diode is coupled between the first
NMOS transistor and the first output node, and wherein the second diode is coupled between the
second NMOS transistor and the second output node.
4. The differential input stage of claim 1, wherein the cascaded current source comprises a
fifth NMOS transistor coupled to the first NMOS pair, a sixth NMOS transistor coupled to the
second NMOS pair, and a seventh NMOS transistor coupled between the fifth NMOS transistor,
the sixth NMOS transistor, and a ground voltage potential.
5. The differential input stage of claim 4, wherein the seventh NMOS transistor is configured
to sink a tail current of the first NMOS pair and the second NMOS pair to the ground voltage
potential.
6. The differential input stage of claim 4, wherein a transistor width of the sixth NMOS
transistor is larger than a transistor width of the fifth NMOS transistor.
7. The differential input stage of claim 6, further comprising a constant current source and a

second cascaded current source, wherein the second cascaded current source is coupled between
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the constant current source and the ground voltage potential, and wherein the second cascaded
current source is further coupled to the cascaded current source and is configured to provide a
reference value to the cascaded current source to at least partially control the cascaded current
source.

8. The differential input stage of claim 7, wherein the second cascaded current source
comprises an eighth NMOS transistor and a ninth NMOS transistor, wherein the eighth NMOS
transistor is coupled between the constant current source and the ninth NMOS transistor, and
wherein the ninth NMOS transistor is coupled between the eighth NMOS transistor and the ground
voltage potential.

0. The differential input stage of claim 8, wherein a transistor width of the eighth NMOS
transistor is based on the transistor width of the fifth NMOS transistor to configure the eighth
NMOS transistor and the fifth NMOS transistor.

10. The differential input stage of claim 1, wherein the differential input stage is configured to
output a signal based on a received input signal, wherein the output signal has a gain determined by
the differential input stage, wherein the first NMOS pair contributes a majority of the gain at low
input voltage levels, and wherein the second NMOS pair contributes the majority of the gain at
high input voltage levels.

11. An amplifier comprising:

a differential input stage comprising: a first n-type metal oxide semiconductor transistor
(NMOS) pair coupled to a first input and a second input; a second NMOS pair coupled to the first
input, the second input, a first output node, and a second output node; a first diode coupled
between the first NMOS pair and the first output node; a second diode coupled between the first
NMOS pair and the second output node; and a cascaded current source coupled between the first
NMOS pair, the second NMOS pair, and a ground voltage potential; and

an output stage coupled to the first output node and the second output node and comprising
at least one transistor configured to amplify an output of the differential input stage present at the
first and second output nodes to produce an amplifier output.

12. The amplifier of claim 11, wherein the cascaded current source comprises a first NMOS
transistor coupled to the first NMOS pair, a second NMOS transistor coupled to the second NMOS
pair, and a third NMOS transistor coupled between the first NMOS transistor, the second NMOS

transistor, and the ground voltage potential.
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13. The amplifier of claim 12, wherein the first NMOS pair comprises:

a fourth NMOS transistor coupled between the first diode and the first NMOS transistor
and to the first input; and

a fifth NMOS transistor coupled between the second diode and the first NMOS transistor
and to the second input, and

wherein the second NMOS pair comprises: a sixth NMOS transistor coupled between the
first output node and the second NMOS transistor and to the first input; and a seventh NMOS
transistor coupled between the second output node and the second NMOS transistor and to the
second input.
14. The amplifier of claim 12, wherein the second NMOS transistor has a larger transistor
width than the first NMOS transistor.
15. The amplifier of claim 11, wherein the differential input stage further comprises a constant
current source and a second cascaded current source comprising an eighth NMOS transistor and a
ninth NMOS transistor.
16. The amplifier of claim 15, wherein the constant current source is coupled between a source
voltage and the eighth NMOS transistor, and wherein the ninth NMOS transistor is coupled
between the eighth NMOS transistor and the ground voltage potential.
17. The amplifier of claim 16, wherein the second cascaded current source is coupled to the
cascaded current source and configured to provide a reference value to the cascaded current source
to at least partially control the cascaded current source.
18. A differential input stage comprising:

a first diode having a first anode coupled to a first output node;

a second diode having a second anode coupled to a second output node;

a first n-type metal oxide semiconductor (NMOS) differential amplifier comprising:

a first NMOS transistor comprising: a first gate terminal coupled to a first input; a
first drain terminal coupled to a cathode of the first diode; and a first source
terminal coupled to a first node; and

a second NMOS transistor comprising: a second gate terminal coupled to a second
input; a second drain terminal coupled to a cathode of the second diode; and

a second source terminal coupled to the first node;
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a second NMOS differential amplifier comprising:

a third NMOS transistor comprising: a third gate terminal coupled to the first input;
a third drain terminal coupled to the first output node; and a third source
terminal coupled to a second node; and

a fourth NMOS transistor comprising: a fourth gate terminal coupled to the second
input; a fourth drain terminal coupled to the second output node; and a
fourth source terminal coupled to the second node; and

a cascaded current source coupled between the first node, the second node, and a ground
voltage potential.

19. The difterential input stage of claim 18, wherein the cascaded current source comprises:

a fifth NMOS transistor comprising: a fifth gate terminal coupled to a third node; a fifth
drain terminal coupled to the first node; and a fifth source terminal coupled to a fourth node;

a sixth NMOS transistor comprising: a sixth gate terminal coupled to the third node; a
sixth drain terminal coupled to the second node; and a sixth source terminal coupled to the fourth
node; and

a seventh NMOS transistor comprising: a seventh gate terminal coupled to a fifth node; a
seventh drain terminal coupled to the fourth node; and a seventh source terminal coupled to the
ground voltage potential.

20. The differential input stage of claim 19, further comprising:

a constant current source coupled between a voltage source and the third node; and

a second cascaded current source comprising:

an eighth NMOS transistor comprising: an eighth gate terminal coupled to the third

node; an eighth drain terminal coupled to the third node; and an eighth source terminal coupled to
the fifth node; and

a ninth NMOS transistor comprising: a ninth gate terminal coupled to the fifth

node; a ninth drain terminal coupled to the fifth node; and a ninth source terminal coupled to the

ground voltage potential.
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