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(57) ABSTRACT 
There is disclosed an ampli?er comprising: 1) a plurality of 
cascaded NMOS differential ampli?er stages, Wherein a ?rst 
one of the plurality of cascaded NMOS differential ampli?er 
stages is coupled to at least one input signal; 2) a PMOS 
differential ampli?er stage having a ?rst input coupled to a 
?rst NMOS differential output of a last one of the plurality 
of cascaded NMOS differential ampli?er stages and a sec 
ond input coupled to a second NMOS differential output of 
the last cascaded NMOS differential ampli?er stage, 
Wherein the PMOS differential ampli?er comprises a ?rst 
diode-connected PMOS load transistor having a gate and a 
drain connected to ground and a second diode-connected 
PMOS load transistor having a gate and a drain connected to 
ground; and 3) an output differential ampli?er stage com 
prising: a) load transistors comprising a third PMOS tran 
sistor having a gate and a drain connected together and a 
source connected to a poWer supply rail and a fourth PMOS 
transistor having a gate coupled to the third PMOS transistor 
gate and a source connected to the poWer supply rail; and b) 
a differential transistor pair comprising a ?rst NMOS tran 
sistor having a gate coupled to a source of the ?rst diode 
connected PMOS load transistor and a drain coupled to a 
drain of the third PMOS transistor and a second NMOS 
transistor having a gate coupled to a source of the second 
diode-connected PMOS load transistor and a drain coupled 
to a drain of the fourth PMOS transistor. 
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CIRCUIT TOPOLOGY FOR BETTER SUPPLY 
IMMUNITY IN A CASCADED GM/GM AMPLIFIER 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention is generally directed to 
ampli?er circuits and, more speci?cally, to a cascaded 
ampli?er having better immunity to poWer supply noise and 
absolute supply level. 

BACKGROUND OF THE INVENTION 

[0002] Signal ampli?ers are used in a very Wide range of 
electronic devices to boost the poWer of a signal, usually for 
transmission or reception purposes. Signal ampli?ers are 
frequently implemented as integrated circuits that are used 
in Wireless phones, radios, televisions, netWork cards, and 
the like. One very common type of signal ampli?er is the 
cascaded current gain (Gnu/GU12) ampli?er. 

[0003] A cascaded Gml/Gm2 ampli?er typically contains 
several NMOS differential ampli?er stages cascaded in 
series. Each NMOS stage comprises n-type metal-oxide 
silicon (NMOS) transistors used as loads and a differential 
pair of NMOS transistors. At the end of a series of M 
cascaded NMOS differential ampli?er stages, there is typi 
cally a simple differential ampli?er With an NMOS differ 
ential pair and p-type MOS (PMOS) loads. The advantage of 
this type of ampli?er con?guration is very high gain and a 
Wide bandWidth With a large output compliance under most 
conditions. 

[0004] Unfortunately, under some conditions, this type of 
con?guration has a disadvantage in that the poWer supply 
limits directly affect the output compliance range. As the 
positive supply voltage changes, the sources of the NMOS 
load devices in the last Gml/Gm2 ampli?er track the change. 
The DC bias voltage on the NMOS differential pair in the 
last stage are subject to large voltage sWings directly caused 
by supply voltage changes. This is a disadvantage in that the 
supply limits directly affect the output compliance range. 

[0005] There is therefore a need in the art for signal 
ampli?ers having very high gain, Wide bandWidth, and a 
large output compliance even under less than ideal condi 
tions. In particular, there is a need for an improved cascaded 
Gml/Gm2 ampli?er containing M cascaded NMOS differen 
tial ampli?er stages that has better immunity to changes in 
the supply voltage. 

SUMMARY OF THE INVENTION 

[0006] To address the above-discussed de?ciencies of the 
prior art, it is a primary object of the present invention to 
provide an ampli?er comprising: 1) a plurality of cascaded 
NMOS differential ampli?er stages, Wherein a ?rst one of 
the plurality of cascaded NMOS differential ampli?er stages 
is coupled to at least one input signal; 2) a PMOS differential 
ampli?er stage having a ?rst input coupled to a ?rst NMOS 
differential output of a last one of the plurality of cascaded 
NMOS differential ampli?er stages and a second input 
coupled to a second NMOS differential output of the last 
cascaded NMOS differential ampli?er stage, Wherein the 
PMOS differential ampli?er comprises a ?rst diode-con 
nected PMOS load transistor having a gate and a drain 
connected to ground and a second diode-connected PMOS 
load transistor having a gate and a drain connected to 
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ground; and 3) an output differential ampli?er stage com 
prising: a) load transistors comprising a third PMOS tran 
sistor having a gate and a drain connected together and a 
source connected to a poWer supply rail and a fourth PMOS 
transistor having a gate coupled to the third PMOS transistor 
gate and a source connected to the poWer supply rail; and b) 
a differential transistor pair comprising a ?rst NMOS tran 
sistor having a gate coupled to a source of the ?rst diode 
connected PMOS load transistor and a drain coupled to a 
drain of the third PMOS transistor and a second NMOS 
transistor having a gate coupled to a source of the second 
diode-connected PMOS load transistor and a drain coupled 
to a drain of the fourth PMOS transistor. 

[0007] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention so 
that those skilled in the art may better understand the 
detailed description of the invention that folloWs. Additional 
features and advantages of the invention Will be described 
hereinafter that form the subject of the claims of the inven 
tion. Those skilled in the art should appreciate that they may 
readily use the conception and the speci?c embodiment 
disclosed as a basis for modifying or designing other struc 
tures for carrying out the same purposes of the present 
invention. Those skilled in the art should also realiZe that 
such equivalent constructions do not depart from the spirit 
and scope of the invention in its broadest form. 

[0008] Before undertaking the DETAILED DESCRIP 
TION OF THE INVENTION beloW, it may be advantageous 
to set forth de?nitions of certain Words and phrases used 
throughout this patent document: the terms “include” and 
“comprise,” as Well as derivatives thereof, mean inclusion 

Without limitation; the term “or,” is inclusive, meaning 
and/or; the phrases “associated With” and “associated there 
With,” as Well as derivatives thereof, may mean to include, 
be included Within, interconnect With, contain, be contained 
Within, connect to or With, couple to or With, be communi 
cable With, cooperate With, interleave, juXtapose, be proXi 
mate to, be bound to or With, have, have a property of, or the 
like; and the term “controller” means any device, system or 
part thereof that controls at least one operation, such a 
device may be implemented in hardWare, ?rmWare or soft 
Ware, or some combination of at least tWo of the same. It 
should be noted that the functionality associated With any 
particular controller may be centraliZed or distributed, 
Whether locally or remotely. De?nitions for certain Words 
and phrases are provided throughout this patent document, 
those of ordinary skill in the art should understand that in 
many, if not most instances, such de?nitions apply to prior, 
as Well as future uses of such de?ned Words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWings, Wherein like numbers desig 
nate like objects, and in Which: 

[0010] FIG. 1 illustrates an exemplary cascaded Gml/Gm2 
ampli?er according to the principles of the present inven 
tion. 
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DETAILED DESCRIPTION OR THE 
INVENTION 

[0011] FIG. 1, discussed below, and the embodiment used 
to describe the principles of the present invention in this 
patent document are by Way of illustration only and should 
not be construed in any Way to limit the scope of the 
invention. Those skilled in the art Will understand that the 
principles of the present invention may be implemented in 
any suitably arranged ampli?er. 

[0012] FIG. 1 illustrates exemplary cascaded Gml/Gm2 
ampli?er 100 according to the principles of the present 
invention. Ampli?er 100 is a buffer that receives an input 
signal (IN) on the gate of NMOS transistor 13 (T13) and 
generates a buffered signal on the node Where the drain of 
NMOS transistor 64 (T64) is coupled to the drain of PMOS 
transistor 62 (T62). Ampli?er 100 also receives a POWER 
DOWN signal that is applied to the gate of NMOS transistor 
71 (T71) and a current bias (I BIAS) signal that is applied 
to the gates of NMOS transistors 81 and 82 (T81 and T82), 
among others. 

[0013] Ampli?er 100 comprises four (M=4) NMOS dif 
ferential ampli?er stages (labeled “S1,”“S2,”, “S3,” and 
“S4”) cascaded in series. The four NMOS stages are by Way 
of illustration only. In alternate embodiments of the present 
invention, ampli?er 100 may contain more than four or less 
than four NMOS ampli?er stages. Unlike prior art ampli? 
ers, hoWever, ampli?er 100 also comprises a PMOS differ 
ential ampli?er stage (labeled “S5”) that connects the ?nal 
NMOS differential ampli?er stage (i.e., S4) to the output 
stage, Which is a simple differential ampli?er stage contain 
ing an NMOS differential pair and PMOS loads. 

[0014] NMOS differential ampli?er stage S1 comprises 
?ve NMOS transistors, labeled T11, T12, T13, T14, and 
T15. Transistors T11 and T12 are connected to the positive 
supply rail as NMOS loads. Transistors T13 and T14 form 
a differential ampli?er pair. Transistor T15 is a current 
reference source for NMOS differential ampli?er stage S1. 

[0015] Similarly, NMOS differential ampli?er stage S2 
comprises ?ve NMOS transistors, labeled T21, T22, T23, 
T24, and T25. Transistors T21 and T22 are connected to the 
positive supply rail as NMOS loads. Transistors T23 and 
T24 form a differential ampli?er pair. Transistor T25 is a 
current reference source for NMOS differential ampli?er 
stage S2. 

[0016] Likewise, NMOS differential ampli?er stage S3 
comprises ?ve NMOS transistors, labeled T31, T32, T33, 
T34, and T35. Transistors T31 and T32 are connected to the 
positive supply rail as NMOS loads. Transistors T33 and 
T34 form a differential ampli?er pair. Transistor T35 is a 
current reference source for NMOS differential ampli?er 
stage S3. 

[0017] Finally, NMOS differential ampli?er stage S4 com 
prises ?ve NMOS transistors, labeled T41, T42, T43, T44, 
and T45. Transistors T41 and T42 are connected to the 
positive supply rail as NMOS loads. Transistors T43 and 
T44 form a differential ampli?er pair. Transistor T45 is a 
current reference source for NMOS differential ampli?er 
stage S4. 

[0018] The ampli?er stage before the output stage, namely 
stage S5, is unique to the present invention. PMOS differ 
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ential ampli?er stage S5 comprises ?ve PMOS transistors, 
labeled T51, T52, T53, T54, and T55. Transistors T51 and 
T52 are connected to the ground rail as PMOS loads. 
Transistors T53 and T54 form a differential ampli?er pair. 
Transistor T55 is a current reference source for PMOS 
differential ampli?er stage S5. 

[0019] The output stage of ampli?er 100 is simple differ 
ential ampli?er stage S6 containing ?ve transistors: PMOS 
load transistors T61 and T62, NMOS differential pair tran 
sistors T63 and T64, and NMOS transistor T65, Which is a 
current reference source for simple differential ampli?er 
stage S6. 

[0020] NMOS transistors T81 and T82 form a current 
mirror controlled by the current bias signal, I BIAS. Tran 
sistor T81 is diode connected (i.e., T81 gate and drain are 
connected together) so that the I BIAS current is the drain 
current of transistor T81. Because transistors T81 and T82 
are matched transistors With the same gate-to-source volt 
age, Vgs, the drain current in transistor T82 is alWays equal 
to the drain current in transistor T81, namely I BIAS. 
Transistor T83 also is diode connected (i.e., T83 gate and 
drain are connected together) . The drain-to-source current 
of transistor T83 is also I BIAS, the drain current of 
transistor T82. 

[0021] Additionally, the gates of NMOS transistors T15, 
T25, T35, T45 and T65 are all connected to the gates of 
NMOS transistors T81 and T82, so that all of these NMOS 
transistors have the same gate-to-source voltage, Vgs. 
Assuming that T15, T25, T35, T45 and T65 are matched to 
transistor T81, the reference currents in stages S1-S4 and S6 
(i.e., the drain currents of T15, T25, T35, T45 and T65) are 
equal to the drain current in transistor T81, namely I BIAS. 

[0022] Similarly, the gate of PMOS transistor T55 is 
connected to the gate of PMOS transistor T83, so that 
transistors T83 and T55 have the same gate-to-source volt 
age, Vgs. If T83 and T55 are matched transistors, the 
reference current in stage S5 (i.e., the drain current of T15) 
is equal to the drain current in transistor T83, namely I 
BIAS. HoWever, the current in transistor T55 can be ampli 
?ed With respect to the current in transistor T83 by scaling 
the relative Width-to-length ratios of transistors T55 and 
T83. For eXample, if the W/L ratio of transistor T55 is ?ve 
times the W/L ratio of transistor T83, then the drain-to 
source current in transistor T55 is ?ve times the drain-to 
source current in transistor T83, or 5(I BIAS). 

[0023] NMOS transistor T71, CMOS inverter 110 and 
PMOS transistor T72 comprise a kill sWitch that is used to 
poWer doWn ampli?er 100. When POWER DOWN signal is 
Logic 0, the gate-to-source voltage, Vgs, of transistor T71 is 
0 volts, so that transistor T71 is OFF. At the same time, 
POWER DOWN is inverted by CMOS inverter 110, so that 
a Logic 1 (+V) is applied to the gate of transistor T72. This 
make the gate-to-source voltage, Vgs, of transistor T72 
equal to 0 volts and transistor T72 is OFF. 

[0024] HoWever, When POWER DOWN signal is Logic 1, 
the gate-to-source voltage, Vgs, of transistor T71 is high, so 
that transistor T71 is ON. This essentially shorts the drain of 
T71 to ground, thereby grounding the gates of transistors 
T81, T82, T15, T25, T35, T45 and T65. This shuts off the 
reference current sources in stages S1-S4 and S6. 

[0025] At the same time, POWER DOWN is inverted by 
CMOS inverter 110, so that a Logic 0 (0V) is applied to the 
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gate of transistor T72. This make the gate-to-source voltage, 
Vgs, of transistor T72 equal to +V volts and transistor T72 
is ON. This essentially shorts the drain of T72 to the +V 
supply rail. This in turn shorts the gates of transistors T61 
and T62 to the +V supply rail, so that the gate-to-source 
voltages, Vgs, of transistors T61 and T62 are 0 volts. This 
shuts off transistors T61 and T62. Since transistors T61, T62 
and T65 are OFF, transistors T63 and T64 are also OFF, and 

the output OUT of ampli?er 100 is a high impedance (i.e. 
open-circuited). 

[0026] The present invention is an improvement over the 
prior art ampli?ers because of the use of PMOS devices in 
the penultimate stage S5. In an exemplary embodiment of 
the present invention, PMOS differential ampli?er stage S5 
is a loW gain (i.e., Gm/Gm=1) ampli?er that drives the 
simple differential ampli?er in output stage S6. Thus, the 
gates of transistors T63 and T64, the differential transistor 
pair in stage S6, are referenced to ground by the diode 
connected PMOS load transistors T51 and T52 in stage S5. 
Since the gates of the differential transistor pair in stage S6 
are referenced to ground rather than the supply voltage, the 
compliance range of ampli?er 100 is not susceptible to the 
DC supply voltage variations that detrimentally affect the 
prior art ampli?ers that incorporate only cascaded NMOS 
differential ampli?er stages. 

[0027] Although the present invention has been described 
in detail, those skilled in the art should understand that they 
can make various changes, substitutions and alterations 
herein Without departing from the spirit and scope of the 
invention in its broadest form. 
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What is claimed is: 
1. An ampli?er comprising: 
a plurality of cascaded NMOS differential ampli?er 

stages, Wherein a ?rst one of said plurality of cascaded 
NMOS differential ampli?er stages is coupled to at 
least one input signal; 

a PMOS differential ampli?er stage having a ?rst input 
coupled to a ?rst NMOS differential output of a last one 
of said plurality of cascaded NMOS differential ampli 
?er stages and a second input coupled to a second 
NMOS differential output of said last cascaded NMOS 
differential ampli?er stage, Wherein said PMOS differ 
ential ampli?er comprises a ?rst diode-connected 
PMOS load transistor having a gate and a drain con 
nected to ground and a second diode-connected PMOS 
load transistor having a gate and a drain connected to 
ground; and 

an output differential ampli?er stage comprising: 
load transistors comprising a third PMOS transistor 

having a gate and a drain connected together and a 
source connected to a poWer supply rail and a fourth 
PMOS transistor having a gate coupled to said third 
PMOS transistor gate and a source connected to said 
poWer supply rail; and 

a differential transistor pair comprising a ?rst NMOS 
transistor having a gate coupled to a source of said 
?rst diode-connected PMOS load transistor and a 
drain coupled to a drain of said third PMOS transis 
tor and a second NMOS transistor having a gate 
coupled to a source of said second diode-connected 
PMOS load transistor and a drain coupled to a drain 
of said fourth PMOS transistor. 

* * * * * 


