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A GM-RATIOED AMPLIFIER

Field of Invention

[0001] Var_ioﬁs embodiments relate generally to an electronic gm-ratioed amplifier.

Background

[0002] A gm—ratioed amplifier generally refers to an amplifier whose gain is determined by the
ratio of the input transconductarice(gm) and load transconductance (gm), whgrein~ the gainis a
measure of the ability of the amplifier to increase the power or amplitude of an input signal. The
term “gm-ratioed” 1n this context means transconductance ratioed. That is, at a certain ratio of
 the input transconductance and load transconductance, the gm-ratioed amplifier may have a fixed
gain for small input signals, and by varying the ratio of the input transconductance and load
transconductance of the gm-ratioed ampliﬁer, the gaih of the gm;ratioed amplifier may be varied
accordingly. For example, the ratio of the input transconductaﬁce and the load transconductance
- may be controlled by Varyiﬁg the currents thfough the transconductance stages (e.g. inpuf stage
and load stage) of the gm-ratioed 'ampliﬁeﬁ

t0003]. In many applications, linearity is required to be preserved during the amplification of a
signal such that a minimum amount of dis‘tortionv is introduced. In this context, the lineaﬁty may
refer to the linearity of response of an output signal to an input signal. For example, the input
signal may be an in;ﬁut voltage and the output signal may be an output voltage, as is the case for
a voltage ampliﬁef. As another example, the input signal may b¢ an input current and the output
signai may be an output current, as is the case fora current amplifier. In a further_ example, the

input signal may be an input voltage and the output Si'gnal may be an output current, as is the
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case for a transconductance amplifier. In .a still further example, the input signal may be an inpﬁt
current.an_d the output signal may be an output voltage, as is the case for a ﬁansimpedaﬁce

. amplifier. In other words, linearity is the behavior that an output signal strength varies in direct
probortion to th_e"input signal strength. For example, an ampiiﬁer is considered to have a
behavior of linearity when the output.voltage varies in direct proportion to the input voltage.
That is, the output-to-input signal étrength ratio remain the samé when tﬁe aﬁmp]iﬁer exhibits
linearity. Accordingly, wher_l an amplifier exhibits linearity, the gain of the amplifier in decibels
_ (dB) remains to be a constant. The linearity preserves signal shape such that signal correlation
properties are protected or information of the edges remains undistoﬁed.

[0004] In many designs, the linearity of a gm-ratiogd amplifier is achieved at a price of power

consumption.

Summary of the Invention | :
output linearity while maintaining approximately tﬁe 'S;&lé éév%/er consumption. Further, ‘
improvement in the input linearity or higher gain may be obtained. A
[0006] Various erhbodiments provide a gm-ratioed amplifier. The_:' gm-ratioed amplif"wr may
corﬁpﬁse a first input voltage terminal and a second input voltage terminal, a first outpﬁ_t Voliagé
terminal and a second output voltage terminal, and an mplifﬁng'unit. The -aniplifying unit may
bé coupléd between the inﬁut voltage terminals and the 'oufput voltage terminals and may be
adapted to supply an output vblfage to the ouqut terminals m dependence én an input voltage
supplied to the inpilt términals. The amplifying unit may comprise a gm-load, which comprises a

first load branch comprising a first field effect transistor, and a second load bra’nch comprising a
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second field effect transistor. A first sduree/ drain terminal and a gate terminal of the first ﬁeld |
effect transistor may be coupled to the first output voltege terminal. A first eource/drain terminal
- and a gate terminal of the second field effect transistor may be coupled to the second output ‘
voltege terminal. A second source/drain terminal of the first tielcl effect transistor and a secontl
source/drain terminal of the second field effect transistor may be coupled with each other
through a first transistor arrangement such that a linearity of response of .the output voltage to the

input voltage is improved.

Brief Description of the Drawings ,

[0007] Inthe drawings, like reference chereicters generally refer to the same parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally being _
placed upon illustrating the principles of -the invention. In the following description, various -
embodiments of the invention are descrlbed with reference to the followmg drawmgs in which:

FIG 1 (a) shows the block dlagram of a one-stage variable gain ampllﬁer (VGA) and
FIG. l (b) shows the block diagram of a two-stage vanable gain amplifier (VGA)

FIG. 2 shows the circuit diagram of one conventional gm-ratioed amplifier that may be
used for a variable gain amplifier (VGA);

| .FIG. 3 shqws the input P1dB and output P1dB at various VGA gain settings for a
conventional one-stage VGA which comprises a gm-ratioed arnpliﬁer havirlg the c‘ircuit as
slloWn ianIG. 2;
| FIG. 4 shows the circuit ’diagram of arlother conventienal gm-ratioed ampliﬁer;

FIG. 5 shows the circuit diagram of a gm-ratioed amplifier according to one embodiment;
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FIG. 6 shows the input P1dB and 6utput P1dB at various gain ée‘ttings fdr a one-stage
VGA which comprises a gm-ratioed amplifier having circuit aS shown in FIG. 5;

FIG. 7 shows the circuit diagram of a gm-ratioed amplifier according to one embodiment; -

FIG. 8 show§ the simulation results of the input P ldB and output P1dB at various gaih
settings for a one-stage VGA which comprises a gm—ratiped ampliﬁer having circuit as shown in -
FIG. 7; | o

FIG. 9 shows a table_of different kinds of VGA s that are used in the test of input P1dB as
. shown in FIG. 10 and in the test of output P1dB as shown in FIG. 11; |

FIG. 10 shows the input P1dB at various gain settings for different kinds df VGAs as
listed in FIG. 9; aﬁd |

FIG. 11 shows the output P1dB at various gain settings for different kinds of VGAs as | _

listed in FIG. 9.

Description

[0008] 'fhe folléwing detailed (iescription refers to thé accoﬁpanﬁng drawingAs that shéw, vby
way of illustration, specific détails_ and embodiments in which the invention may bé practiced.
These embodiments. afe described in sufficient detail to enable those skilled in the art to practiqe
the iﬁvéntion. Other embodiments may be utilized and structural, logical, and electrical changes>
may be made without departing from the scope of the inventioﬁ. The various embodiments are -
not neceséarily mutually excluéive, as some embodiments can be combined with one or more
other e;nbodiments to form ne'w’embodiments-. The following detailed descﬁptiqn therefore, is
not to be taken in a limiting sehse, and the scdpe of the present invention is defined by the

appended claims.
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[0009] The word "exemplary" is used Herein to mean "serving as an example, instance, or |

illustrailtion‘".v Ahy embodiment or design described heréin as "exemplary" ié not necessarily to be

- construed as preferred or advantageous over other embodiments or designs.

[0010] Generally, a gm-ratioed amplifier refers to an ampliﬁer whose output is coupled witﬁ a

load, and whose gain is determined by the ratio of the input transconductance(gm) and load

transconductance (gm). The input fransconduétance may be realized by 1;1sing a source-coupled

pair, e.g. two transistors with their source terminals connected together and a current source

. connected to the two sourcé terminals of the source-coupled transistors, like transistors MS and
M6 and current source 252 shown in FIG. 2. The load transconductapce may be réalized
similarly to the iﬁput transconductance with the transistors’ gate and drain terminals connected.

A pair 6f PMOS transistors may be required to source current to both the input transconductanée
and load transconductance, like transistofs M7 and M8 in FIG. 2. For a differential ampliﬁer_, a
common-modelfeedback (CMFB) circuit may be required to_ﬁxA the output common-mode level.
transconductance (gm). One possible realiz.at.i_c.)r; is 'tl-le sburce-couple pair with diode
connections. The source-coupled pair refers to a pair of transistors whose source teﬁminals are
connected together, .like transistor M1 and M2, or M5 and M6 shown in FIG. 2. The dipde
connec.tion refers to a transistor whose gate and drain terminals are connected together.
[0012]' The output linearity refers to the outﬁut signal level (in voltage or dBm) ét which the
ampliﬁer‘ just starts to deviate from the linear Q'pération behavior (typically defined by the point
when éain is dropped by 1 dB). Similarly, thei input linearity fefers'to the ihbut s_ignal level.(‘in =

voltage or dBm) at which the amplifier just starts to deviate from the linear operation behavior.
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[0013] Embodiments provide a gm-ra‘tibed amplifier which may improve the Hnearity 0f_thé |
amplifier while maintaining the safne power consumption.
- [0014] The gm-ratioed amplifier may comprise a first input voltage terminal'ar_ld a second
inpﬁt voltage terminal. The gm-ratioed amplifier may furthef comprise a first outpuit voltage |
terminal and a second output voltage terminal. In one embodiment, the gm-ratioed amplifier may
further comprise an amplifying unit being éoubled between the input Voltage. terminals and the
output voltage terminals and being adapted to supply an output voltage to the output voltage
_ terminals in. dependence on én input voltage supplied to the input voltage terminals. The
amplifying unit may comprise a gm-load. In one embodiment, the gm-load may comprise a first
load branch which comprises a first field effect transistor. The gm-load may comprise a second
load brﬁnch which comprises a second field effect transistor. In one embodiment, a first
source/drain terminal and a gate terminal. of the first field effect transistor may be coupied to the
first output voltage terminal. In one embodiment, a first source/drain terminal‘ and a gate terminal |
of the second field effect transisfor may be coupled to the secoﬁd output voltage terminal. In one
embodiment, a second source/drain terminal of the ﬁrst. field effeét traﬁsistor énd a second
source/drain terminal of the second field effect transistor may be such coupled With each other
through a first transistor arrangement that a linearity of response of the output voltage to the
input vbltage is improved.
[0015] The gm-load may be a block of circuit being coupled.between the output terminals of
the gm-raﬁoed amplifier and a ground, for example.
[0016] | In one embodiment, tﬁe first transistor arrangement may comprisé a third' field effect
transistor and a fourth field effect transistor. The gate terminal of the first field effect transistor -

- may be coupled to a gate terminal of the third field effect transistor. The gate terminal of the
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second_"ﬁeld effect transistor may be coupied to a gate terminal of the fourth ﬁel& effect - |
transistof. In one embodiment, a first source/drain terminal of the third ﬁeld effect transistor and
- a first source/drain terminal of the fourth field effect transistor may be coupled to the second |
soufce/drain terminal of the first field effect transistor. A sec.ond. source/drain terminal of the |
third field effect transistor and a second source/drain terminal_ of the fourth field effect transistor
may be coupled to the second source/drain teﬁninal of the second field effect transistor.

[0017] Inone embodiment, the amplifying unit may further comprise a fifth field effect

_ transistor and a sixth field effect transistor. A gate terminal of the fifth field effect transisfor may
be coupled to the first input voltage terminal. A gate terminal of the sixth field effcct fransistor »
méy be coupled té the second input Voltagé terminal. A first soﬂrce/drain terminal of the fifth
field effecf transistor may be coupled to the first output voltage terminal. A first source/drain
terminal of the sixth field effect transistof may be coupled to the second output voltage términal.
A second source/drain terminal of the fifth field effect transistof may be coupled with a second
[0018] In oné éﬁbodiment, the gm-ratioed amplifier may further comprise a first resiétér; The
vﬁrst resistor may have a first resistor terminal and a second resistor terminal. The ﬁfst resistor
terminal of the first feéistor may be coupled to a first reference voltage. The second resristor _
terminél of the ﬁrst resistor may be coupled to the first output voltage terminal. The gm-ratioéd
ampl_iﬁer may further comprise a second resistor. The second resistor may have a ﬁrst resistor
términal énd a sbecobn_d‘resistor terminal. The first resistor terminal of the second resistor may be
qouplea to the ﬁrst_reference Voitage. The second resistor tenﬁinal of the sécond resistor méy be

coupled to the second 6utput voltage terminal.
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[0019] In a further embodiment, the ﬁrst:re'sistor may be a seventh ﬁeld effectltransistor:_The.
seventh ﬁcld effect transistor may have a first source/drain terminal being éoupled to the first
: referenée voltage. The seventh field effect transistor may have a second source/drain terminal.
beiﬁg coupled to the first output voltage terminal. The seCond resistor may be an eighth field |
effect transistor. The eighth field effect transistor may have a first source/drain terminal being
coupled to the first reference. voltage. The eigf]th field effect transistor Iﬂay further have a second
source/drain terminal being coupled to the second output voltage terminal. In one embodiment, a
. gate of the seventh field effect transistor may be coupled to a gate of the eighth field effect
transistor. For example, the first reference voltage may be a power supply voltagé_.
[0020] In one énbodiment, the gm-ratioéd ampliﬁcr may further comprise a common-mode
feedbac;k (CMFB) circuit. In one embodiment, the CMFB circuit may have a first feedback inpﬁt
.termin'al being coupled tq the first output voltage terminal. The CMFB circuit may have a second

feedback input terminal being coupled to the second output voltage terminal. The CMFB circuit

seventh and eighth field effect transistors. Generally, tﬁe CMFB circuit may stabilize common-
mode voltages. Common-mode voltages of a differential output refers to the ave_ragé of the

differential output signal, e.g. differential output voltage. The output differential voltage supplied '
by the ﬁrst and the second output voltage terminals to the first and the second feedback inpui |
. tenn_inals may be averaged and cOmpared'with> a common—moae reference x}olfage. The |

differentiél voltage méy be converted by the CMFB circuit to a feedback signal, e.g. a feedback
\_/oltagc;, and the feedback signal. may be outpﬁt via the feedback output ten_ﬁinal_ of the CMFB ‘

circuit. It is understood that the CMFB circuit is generally well-known in the art and any existing
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CMFB circuit that is suitable to be used iﬁ the gm-ratioed amplifier may be put into the gm- |
ratioed amplifier circuit.
- [002 1] In one embodiment, the first load branch of the gm-load may further comprise a first
' curfent source being coupled between a second reference i/oitagé and the second source/draiﬁ .
terminal of the first field effect transistor. The first current source may be configured to provide a
first current. The second load branch of the gxﬁ-load may further compriée a second current
source being coupled between the second reference voltage and the second source/drain terminal
. of the second field effect-tfansistor; The second current source may be configured to prox}ide a
second current. In one embodiment, the first current is the same or approximately: equal to the
second current. For.example, the second reference voltage may be a ground voltage.
[0022] In one embodiment, -the amplifying unit may further comprise a third current source
being coupled between the second refereﬁce voltage and a junction of the second sdurce/drain_ '
terminals of the fifth and sixth field effect transistors. The third éurreht source rﬁay be configured
to provide a third current. |
[0023] In an alternate embodiment of the embodiment wherein a third current source 1S,
provided and the second source/dlfain terminal of the fifth field effect transistor is directly
coupled to the secoﬁd .source/drain terminal of the sixth field effect_transisfor, the second
source/drain terminal of the fifth field effect transistor may be coupled with the second
source/drain terminal of the sixth field effect transistor through a second transistor arrangement.
The secoﬁd transistor .arrarigement may Compn'se'a ninth field effect transistor and a tenth field
¢ffect fransistor. The gate terrhiﬂal of the ﬁftﬁ field effect transistor may bc..coupled to a gate
terminal of the ninth field effeét fransistor. Tﬁe gétc terminal of the sixth field effect transistc‘)rv

may be coupled to a gate terminal of the tenth field effect transistor. A first source/drain terminal
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of the ninth field effect transistor and a ﬁrstk source/drain terminal of tlre tenth ﬁeld effect -
transistor may be coupled to the second sdurce/draih terminal of the fifth ﬁeld effect transistor. A

- second source/drain terminal of the ninth field effect transistor and a second source/drain |
ternrinal of the tenth field effect transistor may be coupled te the second source/drain terminai of
the sixth field effect transistor. In one embodiment, the amplifying unit may further comprise a
fourth current source being coupled between fhe second refererrce voltage alrd the second
source/drain terminal of the_ﬁfth field effect 'traneistor. The fourth current source may be

_ configured to provide a fourth current. The amplifying unit may further comprise a fifth eurrent
source being coupled between the second reference voltage and the eecend source/drain terminal
of the sixth field effect transistor. The ﬁfth‘ current source may be conﬁgured to provide a fifth

~ current. The fourth current may be same or approximately equal to the fifth current. |
[0024] In one embodiment, the first through the sixth field effect transistors are N—cfrahnel -

field effect transistors. For example, the first through the sixth field effect transistors are N-

seventh and the eighth field effect transistors are P-charl_nel field effect transisters. For example,
the seventh and the eighth field effect transistors are P-channel meta.l oxide semicorrductor field
effect transistors (PMOSFET). In one embodiment, the first reference Veltegeis a power suppfy
vol_tege, and the second reference voltage is a ground voltage. |
[0025] In an alternative embodiment of the emquiment- wherein the first through sixth field
effect trarrsistors are N-channel field effeet-transistors and the seventh and the eighth field effect
transisrors are P-channel ﬁeld'effect transistors, the first throrlgh the sixth freld effect transistors
are P-channel field effect transisfors, e.g. P-cflannef metal oxide-‘semiconducto_r field effect

transistors (PMOSFET), and the seventh and the eighth field effect transistors may be N-channel
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field effect transistors, e.g. N-channel métal oxide semicond_ﬁc‘:idr- ﬁ>erld effect trahsistors
(NMOSFET). In this alternative embodiment, the first reference voltége is é grouhd voltage, and
- the second reference voltage is a power supply voltage. |
[0026] In one embodiment, the first through sixth field efféct transistors are of a different type
of transistors (in respect of channel type) from the seventh and eighth field effect transistors.
[0027] In one embodiment, the ninth and thé tenth ﬁeld effect transistors ére N-channel field
effect transistors. For example, the ninth and the tenth field effect transistors are N-channel metal V
. oxide semiconductor field éffect_ transistors (NMOSFET). In one embodiment, the ninth énd
tenth field effect transistors are of the same type (in respect of channel type, e.g. N-channel orP-
channel) with thé first through sixth field efféct transistors. In one embodirhent, the ninth-and
_tenth field effect transistors are of a different type (in respect of channel type, e.g. N-channel o.rA
P-channel) from the seventh and eighth ﬁeld effect transistors.

[0028] In one embodiment, the first field effect transistor and'the second ﬁél(i effect transistor
have the same or ‘approximately- the same aspect ratio. |

[0029] In one embodiment, the third field effect transi_stor and the fourth field effect tré_nsistor
have the same or approximately.ﬂ_le same aspect ratio.- |

[0030] Inone emﬁodiment,' the third and the fourth field effect transistors are éonﬁggred to
operaté ina triéde region. | o
[0031]‘ In one embodiment, the ninth and the tenth field effe(.:t transistors have the same or
approxirﬁately the same aspéct. ratio.

'[0032]: In one embodiment, the ninth and thé tenth field effect transistorsv:are.gonﬁgured to

operate in a triode region.
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[0033] The accoinpanying drawings ment_ioned hereafter and the detailed explenations th_atv
follow will serve as an illustration to better aid in the understanding of the \rarious non—iimiting
- embodiments Qf the present invention. |
[0034] A gm-ratioed amplifier may be used in conjunction wirh a current steering cireuit toi
realize the function of variable gain amplifier (VGA), an example for which is described in
relation to FIG. 1. A variable-gain empliﬁer (VGA) is an electronic ampiiﬁer that may vary its
gain depending on the amplitude of a control signal (e.g. a control voltage). A VGA is a common
. block for wireless communication systems, typically employed in a receiver and used in
conjunction with an automatic-gain control (AGC) algorithm. After the front-end -_of the receiver
wliich may inclu(ie a low-noise amplifier (LNA) aehi_eves a sufficient noise figure, the VGA
plays an important part in amplifying a signal to an appropriate amplitude for further processing,
e.g., to be converted into digital signal using an analogue-to-digital converter (ADC).

[0035] It should be noted that a gm-raﬁoed amplifier is not lirnited o be used for a VGA. For
[0036] FIG. 1 (a) illustrates the block diagr.arn.o.f .a .one-stage variable gain ampliﬁer 110. As
| can be seen, the VGA 110 only eqmprises one stage 111. The VGA 110 comprises'a variable
gain amplification siage 111. In other words, the stage 111 is a VGA gain ce_llib(circuit)ﬁ providing
an arnnliﬁcation of the respective input signal. For example, the gain cell may be a grn-ratioed |
ampliﬁer. As can be seen, the VGA 110 ﬁlrther comprises-e cnrrent steering ciruict 113. The
current steering circuit 113 may be configured to 'ciutpui a current I, to the input stage of the
gain cell 111, and to output a elirrent Iz to the load stage of tile gain cell 111. Te ensure

continuous gain control without any glitch, a dB-linear transfer function may be implemented.
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currents / l.and Ip; going to the VGA gaiﬁ cell 111 to realize dB-linear transfer fﬁnctjon. M_oré |

specifically, through the current sfeeririg circuit 113, a linear change in the éontrol Voltége Ve

- may result in exponential change in the ratio of current I,; and current ;. SubSequ_ently, as thé

gaiﬁ of the VGA gain cell 111 (gm-ratioed amplfier) is deteﬁninéd by the ratio of the input stége

transconductance and load transconductance, the gain of the VGA 110 may change exponentially

corresponding to the linear change in the contfol voltage V.. | o

[0037] FIG. 1 (b) illustrate?s the block diagram of a two-stage variable gain amplifier (VGA)

. 100. The VGA 100 comprises a first variable gain amplification stage 101 and a second Qariable
gain amplification stage 102. In other words, each stage is a VGA gajn cell (circuit) providing an
anipliﬁcation of fhe. respective input_signal.. For example, each gain cell méy be a gm-ratioed

~amplifier. The gain cells 101 and 102 are connected in cascade, i.e. the output of the first gain |
cell 101 is connected to form the input of the second gain cell 102. It is well underStoc;d in the
art that usually more than one stage is used in a VGA to accomxﬁodafe the wide 'dynamic range
-of amplification required in wireleés’ communicatioﬁs, and the ﬁumber of stages in the VGA lﬁay
be varied depending on the require.n;ent' of the circuit. Generally the ov.e£all gaiﬁ is the préduct of
the gains of the individual gain ce]ls. In this example relating to FIG. 1 (b), the ovefall gain is the
product of the gains. of the gain cells 101 and 102. If the gain of each gain cell is expre§sed in
dec‘ii)el.s (dB), the total gain is the sum of the gains of gain cells.

- [0038]  As can be seen, the VGA 100 further comprises a cuﬁ‘en‘t steering 'cir.uict .103. The

cﬁrrent stéering circuit 103 may be configured to output a current Iy, to each of the input stage of

the gain cells 101 and 102, and fo output a current Iy2 to each .of the load stége of the gain cells

101 and 102. To ensuré continuous gain contrbl Without any glitch, a dB-linear transfer function’

may be implemented. For example, a control voltage ¥, may be used by the current steering
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circuit 103 to steer the currents /,; and ’Ibz. going to the VGA gain cellsv 101 and 1'02 to realize dB-

linear traﬁsfer funétion. More specifically, through the current .steéring circﬁit 103, a linear

- change Ain the control voltage ¥, may result in exponential change in the ratio of current /,; and

currént I;;. Subsequently, as the gain of each of the VGA gaiﬁ ceils 101 and 102 (gm-ratioed |

amplfier) is determined by the ratio of the input stage transcdnductance and load
transconductance, the gain of the VGA 100 méy change exponentially cbrresbon’ding to the
linear change in the control yoltage Ve.

. [0039] To reduce compléxity and therefore power consumption, a smaller number of stages in
a receiver chain and hence in each VGA is preferred. The number of stages may be reduced if
the gain in eéch sfage may be increased. For a gm-ratioed amplifier which inay be used in a

VGA, one approach to realize the function of variable gain is to change the input stage
transconductance gm and the load transcéndpctance. To acHieve a large gain range, an‘
exponential function or a pseudo exponéntial function is comménly used in a Vaﬁable-gain '
ainpliﬁer (VGA), i.e., a'_linear change in the analogu‘e or .digitalAcontrol signal results in an
eXpoﬁential change in the VGA gain. In other words, if:the éain is expressed in d_ecibels (dB), a
linear change in the analogue or digital control signal may result in a linear change .of the VGA
gain in decibels (dB). A VGA is called to be dB-linear VGA when the gain of the VGA chang¢s
expdnéntially (linearly in dB) corresponding to a linear change in the‘control signal. o
[0040] FIG. 2 illustrates the circuit diagfam of the circuit 200 of a convenﬁohal gm-ratioed
ampliﬁer‘for a variablé-gain arhpliﬁer (VGA) which may realize the exponential function of the
VGA gain (i.e. _lincar function of the VGA gain in dB) upon-lbinear change éf a qontrol signél,by
adopting a gm load, and manipuléting the inpﬁt and load gm current énd_subsequently the |

transconductance. For example, the circuit 200 of the gm-ratioed amplifier may be used in the



WO 2011/119103 PCT/SG2010/000112
15 : ‘

gain cell 111 shown in FIG. 1 (a). .SimilarAly, the circuit 200 of the gm-.ratioed ampliﬁer may be |
used in arvly’ of the gain cells 101 and 102 shown in FIG. 1 (b). The control signal V. in FIG. 1 (a)
may steer currents in the current steering circuit 113 such that a Iineér change in control voltaée
Ve cbrresponds to an exponential change in the current ratios.of éurrents I,; and I,; as shown ih
FIG. 1 (a). The currents I;; and I; shown in FIG. 1 (a) may be mirrored in the gain cell (gm-
ratioed amplifier) 111 which has a circuit 200 ias shown in FIG..2. That ié, thé current Jp; is
mirrored in the current source 252 in FIG. 2, and fhe current J,; is mirrored in the current source
. 251 in FIG. 2. With an eprnent_ial- change in the ratio of currents /; and /;; in FIG. 1, thé ratio
of input transconductance and load transconductance may change exponentially aécordingly. As
a rééult, a linear c'hange in the control Volta.ge’ V., may correspond to an eprnential change in the
~gain of .eaéh of the gm-ratioed amplifier, which is determined by the ratio of the input
transconductance and load transcondUctaﬁce of the gm-ratioed amplifier. |
[0041] As can be seen, the circuit 200'comprises a first input ;/oltage termiria14261 and a
terminal 263 and a second output voltaée vte‘:rfnlir.lal 264.VThe circuit 200 further cAomprisesvan
amplifying unit being adapted between the input voltage terminals 261 and 262 and the output
voltage terminals 263 énd 264. The amplifying unit comprises an input stage which is )
représénted by the circled area 272. The amplifying unit further combrises a gm-load, whichAis
the part of circuit 200 in fhe circled area 271. The gm-load is céupled between the output voltage
terminals‘ 263 and 264 and a gfound 255; and is a load whose impedance is the reciprocal of a
transcdnductance (gm). The gin;load coﬁnprisés a first load branch which c_émp;ises a field effect
transistor M1 and a second load Bran(;h which comprises a field effect transistor M2. A gate |

terminal 201 and a first source/drain terminal 202 of the field effect transistor MI are coupled
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with the first output voltage terminal 263; A gate terminal 204 and a first source/drain terminal |
205 of tile ﬁeld effect fransiétor M2 are coupled with the second output Volfage terminal 264.

" The ampllfymg unit may further comprise field effect transistors M5 and M6 in the input stage,
wherem a gate 213 of the field effect transistor M5 is coupled with the first input voltage
terminal 261 and a gate 216 of the field effect transistor M6 is coupled with the second input
voltage terminal 262. A first source/drain temﬁnal 214 of the field effectb tranéistor MS is coupled
with the first output voltage terminal 263, and a first source/drain terminal 217 of thé field effect
. transistor M6 is coupled with the second output voltage terminal 264.

[0042] The circuit 200 further comprises field effect transistors M7 and MS, wherein a gate
219 of the field effect transistor M7 is coupled with a gate 222 of the ﬁeld_ effect transistor MS,
"and a ﬁ.rst:source/drain'tenninal 220 of the field effect transistor M7 and a first source/drain |
terminal 223 of the field gffect transistorrMS are coupled with a power sﬁpply 241 (VDD); A
second source/drain terminal 221 of the field effect tfansistor M7 is coupled with the first output
voltage terminal 263, and a second source/drain tenﬁinal 224 of the field effect transistor M8 is
cbupléd with the second output voltage terminal 264. Fi_eld effec‘t‘transistors_ M7 and M8-as
represented in the circled box 273 may be referred to as activé load in the circuit 200. In this
context, the active léad refers to the load which is made of active devices, e. g MOSFFjT
tranéisfors; Thé active load is contrary to the passive load which may.be passive devices like a

- resistor or a capacitor. The active load may function high impedance paths to the supply voltage
VDD 241 and source current tb the inpdt transconductance and load transconductance.

[0043] The circuit 200 furthéf comprises a éommon mode feedback circn_iit (CVMFB) 242,
wherein a first feedback input .terminal 225 of the. CMFB 242 is COup:led with the first output

voltage terminal 263, a second feedback input terminal 226 is coupled with the second output
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Vbltage terminal 264, and a feedback outﬁut terminal 227 of the CMFB 242 is cdupled with é
junction b_etweén the gate 219 of the field effect tfansi's-to'r M7 and the gate 222 of the field effect
- transistor M8. The circuit 200 may further comprise a current source 251 being coupled betwéen -
the ground 255 and a junction between a second source/draiﬁ tefminal 203 of the field effect |
transistor M1 and é second source/drain terminal 206 of the field effect transistor M2. The circuit
200 may further comprise a current source 252 being coupled between tﬁe gl;ound 255 and a
junction between a second spurce/drain terminal 215 of the field effect transistor M5 and a
. second source/drain terminal 218 of the field effect transistor M6. As mentioned earlier, for
example, the current‘ through the current source 252 and the current _through the cﬁrrent source
251 may be mirréred from the currents I, énd Iy, from the current steering circuit 113 (see FIG.
1 (a)), fespectively. The field effect transistors M7 and M8 may be P-channel field effect
transistors. For example, the transistors M7 and M8 may be P-channel metal oxide'

semiconductor field effect transistors (PMOSFET). The field effect transistors Ml, M2, M5, and

MS, and M6 may be N-channel metal oxide scmiconduétor field effect transisfbfs (NMOSFET).
| [0044] Though theoretically the gm-ratioed amplifier as shoWn in FIG. 2 may achiéve agood
linearity at some pafti;:ular point of input-load gm steering where distortions generateq by the
inpﬁt sfage and. the load stage almost completely cancel each other, it may be limited by PMOS |
and th¢ common-mode feedback (CMFB). Thét is, when the oﬁtp‘ut signal is sfnall, the PMOS -

transistbl;s operate relétively in a linear region and is not the dominant contributor of
nonlinearity. However, when the output signél swing is largev enough, the PMOS and comnio_n .
mode feedback ciréuifinight be pushed into the nbn-linear region and contribute a signiﬁcanf

amount of distortion. At some pzirticular point of input-load gm steering the gm-ratioed amplifier
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in FIG. 2 may achieve good linearity Whére distortions generated by the input and load stages
‘almost completely cancel each other. However, at most points of input—load gm steering,
- distortion generated by the input and load stages could not cancel each other, resulting in poor
output linearity performance. The poor linearity performancé of gm-ratioed amplifier may bé
derived as follows, although, no theoretical analysis is pgrforrned yet.
[0045] Generally, for a gm stage; e.g. the input stage, the I-V can be déscri‘bed as

I, =aV, +a2,.V15 +ay, . (1)
- where I, is the current through the first source/drain terminal 214 of the field effect transistor M5
in the circuit 200 (or the current through th¢ first source/drain tennipal 217 of the field effect
transistpr M6 in the circuit 200), the a;, a;, aﬁd a 3 are the coefficients of the fundamehtal,
. second ana third order harmonics, respectively. Here the DC componént is not included and the
harmonics are tgken into account up to the third order. One can pbtain that a; is zefo. The
differential input voltage ¥, = Vi+-V;.. Memory effects of parasitip cépacitors vprvesent in the
circuit may not be cénsidcred Vfc_)rv relatively low frequency applications upAto a few hundreds of
mega'Hz. Therefore, the Taylor series, rather than Volterra series, is sufﬁcienf fér calculation.
[0046] Therefore,Athe output voltage of the gm-ratioed amplifier may be obtained as

V,=-1x1, SO Ny
: EmolL +g0in +gpL 8oL

@

where g, is the transcdnductance for the gm-.load (thé circuit- part in the circled Hox 271 in.the
circuit 200 in FIG. 2), goin is the éutput t’rénsconductanée of the input stage (the circuit pén inthe -
circled.box 272 in the circuit 200 in FIG. 2), and gp. 1s the load transcondu_ctance due to the .
PMOS active load (the circuit paﬁ in the circl.ed dotted box 273). In Othcr words, referring td
FIG. 2, the gfn-load refers to the part of circuit 200 w_hich comprises thé first load branch and the

second load branch wherein the first load branch comprises the field effect transistor M1 and the
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seco"nd loadeb.ranch comprises the field effect transistor M2. The gm-lbad ﬁlrthef comprises the-
current soﬁrce 251. The input stage refers to the part of circuit 200 which cbmprises the field

- effect transistors M5 and M6 and the current source 252. The PMOS active load refers to the part =
of the circuit 200 which comprises the field effect transistors M7 and MS.

[0047] Contributions from goin and g; are negligible, as compared with the transconductance
of the gm-load g,,,;. Therefore, gOi;, and g,z m_éy be neglected for the easé of calculation. The
contribution from the gm-load may be expressed as

Oy b +2bV, 43677 +4b ) 3)

gmoL = _a_o_

where b, arer the nth harmonic coefficient of the gm-load V-I relatiohship, respectively, apd I, ié
the current through the first source/drain terminal 202 of the field effect transistor M1 (or the
current through the first source drain terminal 205 of the field effect transistor M2). The current
through the gate terminal 201 of the field effect transistor M1 ahd the cur;ent.through the gaté
terminal 204 of the field effect transistor M2 are negligiblg in this calculation. It may be proven

that coefficients b, and by are zero. Therefore,

- 4

V, @ ———— 4
b +3bV; @

[0048] Combining equations (1) and (4), the expression of ¥, in terms of ¥, up to the third

order can be obtained as

V, 2V, +e b+, - o &)
where

a,
c=—— 6.1
=75 (6.1)

=0 S (62
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1 , | |
e =—b—4(—3b3al3+a3b13) ‘ - _ _ (6-3)_

1

- [0049] - The input transistor transconductance (transconductance of each of the field effect ‘

transistors M5 and M6 in FIG. 2) may be denoted as g,,, and small-signal parametér of each of
the transistprs MS and M6 in FIG. 2 may be denoted as K,=0.5u,C,(WI/L),, wherein y, is the
electron mobility in the channel of the field effect transistor, C,, is the capacitance per unit area
of the parallel-plate capacitor formed by the gate electrode and the channel, and W/L is the aspect
ratio of the channel width Wto the channel length L of the field effect transistor. For the load, the
transconductance and the small-éignal parameter of each of the field effect transistors M1 and
M2 may be denoted as gmp and Kp=0.5u,Cox(W/L)y, respectively. It c.an be seen thét in thig

illustrating example, it is assumed that the field effect transistors M1, M2, M5 and M6 are N-

channel field effect transistors (e.g. NMOSFET). One can obtain

2
¢ : .
ol s R
Ve, _3(&%)){&)_”,“ o S .
gmb Ka .
[0050] The input P1dB may be obtained as
P, =20l0g,, [[S1x0.145 ' | ™
S C ’ '
and output P1dB as
Pnut]dB,] = Linldn 1 +Av',1 o B ' ; - ®

where A, is the voltage gain in dB. Generally, an amplifier remains a constant gain in dB at

low-level input signals (i.e. the amplifier exhibits linearity of response of the output signal (e.g.

" “output Voitage signal) to the input signal (e.g. iﬁput Vbltage signal)), and at higher-level input
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signals, the gain of the amplifier decreasés. Pll dB refers to the 1 dB compressioﬁ point wherein |
the inpﬁt signal is amplified 1 dB less than the small signal gain. Input P1dB refers to the input
- power in dBm at the 1 dB compression point, and output P1dB referé to the output_ power in dBm B
at thé 1dB compfession point. Input P1dB and output P1dB ﬁlay be used as an indicator fof |
input linearity and output linearity, respectively. A relatively larger value of the input P1dB or
output P1dB indicates a relatively better inputAlinearity or outpﬁt linearit&. |
[0051] FIG. 3 shows the input and output PldB.plots that one can obtain theoretically for of a
. conventional one-stage VGA which comprises a gm-ratioed amplifier having a circuit as shown
in FIG. 2. The solid line in the FIG. 3 represents the input P1dB at vgn'ous gain settings, and the
doﬁed line in FIG. 3 represents the output PldB at various gain settings. The gain setting is the
_control .voltage, e.g. the control voltage V. as shown in FIG. 1 (a). As described earlier, by |
controlling the control voltage ¥, the ratio of the input transconductance and tﬁe load |
transconduc_:tancé of the gm-ratioed amplifier may be varied, théreby varying the gain Qf the
respective gm-ratioed amplifier. Avs can be seen frorfl FIG. 3, at‘ some particular gain setting, |
distor'tioné frorﬁ fhé viI.lpui étage and gm-load almost corrixplétél? cancel each other, resultiﬁg ina
.relatively good linearity (e.g. regiqn 300 in FIG. 3). Howevef, over the entire gain fange, the
VGA linearity dropé dfastically, leading to poor performance.
[0052] i FIG. 4 illustrates the circuit diagram of a circuit 400 of another conventional gm-
ratioed amplifier which may improve the linearity by degenerafing the input stage. In this
cbntext, degeneratihg tor Ideger.leration) refers to a technique where a negative feedback is
applied. Upon applying a degenération transistor or degeneration transistor_é at the input stage,
the effective input transconductance may be reduced, and hence the gain may be reduced. This is

. called a degenerated amplifier.



WO 2011/119103 PCT/SG2010/000112
22 ' '

[0053] For example, the circuit 400 of fhe gm-ratioed amplifier may.be used iﬁ the gain celi
111 for tﬁé VGA 110 shown in FIG. 1 (a). Similarly, the circuit 400 of the gm-ratioed amplifier

- may be.used in any of the gain cells 101 and 102 for the VGA 100 shown in FIG. 1 (b). For |
exafnple, the control signal V. in FIG. 1 (a) may steer currenté in the current steering circuit 1 13
such that a linear change in control voltage V. corresponds to an exponential change in the
current ratio of currents I; and I; as shown iﬁ FIG. 1 (a). The currents 11;1 aﬂd Ip> shown in FIG.
1 (a) may be mirrored to the gain cell (gm-ratioed amplifier) 111 which has a circuit 400 as

. shown in FIG. 4 (see the current sources 452, 453 and 451 in FIG. 4). That is, the current .Ibl may
be mirrored in the current sources 452 and 453, and the current /,; may be minoréd in the current
soﬁrce 451. With'an exponential change in fhé ratio olf the currents I; and I, in FIG. 1, the ratio
of inpuf transconductarnce and load transconductance may change exponentially accordingly. As
a result, a linear change in the control voltage ¥, may correspond to an exponential change in the
gain of each of the gm-ratioed ampliﬁeré, which is determined By the ratio of the input
transconductance and load transconductance of the réspective gm-ratioed ampliﬁér.

[0054] As can be seen, the circuit 400 is quite similar to the circuit 200 as shown in FIG. 2.
The field effect transistors M1, M2, MS-MS and the CMFB 442 in FIG. 4 generglly correspond
to the field effect Uénéistors M1, M2, M5-M8 and the CMFB 242 in FIG. 2, réspectivg}y. The _
circﬁit 400 comprises a first input voltage terminal 461 and a second input voltage temﬁnal 462.
The _cirpuit 400 further comprises a first oﬁtput voltage texminail 463 and a second output Volvtage
terminal 464. The circuit 400 further comprises an amplifying unit being adapted between the
input vbltage terminals 461 and 4462 and the o.utput voltage ténninals 463 a;ld 464. The
amplifying unit cor‘npri'ses an ihpﬁt stage and é gm-load. The input stége is the circuit part

represented in the circled box 472. The gm-load is the circuit part represented in the circled box
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471. The gm-load comprises a first load Branch which comprises a field effect trénsistor M1 and

a seébnd load branch which Comprises a field effect trahsistor M2. A gate términal 401 anda

-~ first source/drain terminal 402 of the field effect transistor M1 are coupled with the first outpﬁt

-voltége terminal 463. A gate terminal 404 and a first source/draiﬁ terminal 405 of the field effect

transistor M2 are coupled with the second output Voltag¢ terminal 464.

[0055] The amplifying unit further compn'sés field effect transistors Mv5 aﬂd M6 in the input

stage, wherein a gate 413 of the field effect transistor M5 is coupled with the first input voltage

. terminal 461 and a gate 416 of the field effect transistor M6 is coupled with the second input
voltage terminal 462. A first source/drain terminal 414 of the ﬁeld effect transistof MS is coupled
with the first outpﬁt voltage terminal 463 aﬁd'a first source drain terminal 417 of the field effect

transistor M6 is coupled with the second output voltage terminal 464.
[0056] The circuit 400 .further comprisés field effect transistors M7 and M8, wherein a. gate -
419 of the field effect transistor M7 is cdupled with é gate 422 éf the \ﬁeld_ effecf transistor M8, a
first source/drain terminal 420 of the field effect traﬂsistor M7 énd a first source/drain terminél
423 of the field effect transistor M8 are coupled with a power supply 441 (VDD).- A secoﬁd
source/drain terminal 421 of the field effect transistor M7 is éoupled with the qut 6utput voltage
terminal 463 and a éecond source/drain terminal 424 of the field effect transisfpr M8 isﬁ coupled .
witﬁ thé second output voltage terminal 464. -

~ . [0057] The circuit 400.ﬁ1rther COmpriseS a common mode feédback circuit (CMFB) 442,

v?herein é first feedback input terminal 425 of the CMFB 442 is cbupled with the first output

yoltage terminal 463, a second féedback inpuf terminal 426 is éoupled with..the second out;.)u‘tv o

voltage terminal 464, and a feédback output termfnal 427 of the CMFB 442 is coupled with a
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junc;tion between the gate 419 of the ﬁel(i effect transistor M7 and the gate 422 df the field effeét
transistor M8. |

- [0058] | The input stage of the circuit 400 further comprises field effect transistors M9 and MIO. '

Tha-t is, in the input stage, a gate terminal 428 of the field effect ﬁansistor M9 is coupled to tﬁe

first input voltage terminal 461 and a gate terminal 431 of the field effect transistor M10 is

coupled to the second input Voltagé terminal 462. First source/drain tenﬁinals 429 and 432 of the

field effect transistors M9 and M10 are coupled with a second source/drain terminal 415 of the

. field effect transistor MS, énd second source/drain terminals 430 and 433 of the field efféct

transistors M9 and M10 are coupled to a second source/drain terminal 418 of the ﬁeld efféct

transistor M6. The field effect transistors M9 and MI_O may be referred to as input degeneration

v transistors. As mentioned earlier, the input degeneration transistors M9 and M10 may reduce the
transconductance of the input stage, theréby reducing the gain of the gm-ratioed ampliﬁér.
[0059] The circuit 400 further compriées a current source 45 1. being coupled Between a ground
and a'second source/drain terminal 406 of the field efféct transistor M2. The circuit 400 further

| comprises a current source 452 being coupled between the ground 455 and a segond source/drain
terminal 415 of the ﬁéld effect transistor M5, and a current source 453 being coupled l’)_etweenv _
the groﬁnd 455 and a second source/drain terminal 418 of the field effect transistor M6. The ﬁeid
effect transistors M7 and M8 may be P-channel field effect transistors. For éxémpie, the cuﬁent
through tiie current sources 452 and 453 may be mirrored from the current I; from the current
vste‘erir_l.g circuit 113 (see FIG. 1 (a)), and the éurrent through the current source 451 may be v
mirrored from the current Iy ffofn the currenf steering circuit 1 13 (se:e FIG. 1 (a)). For examplé,'

the transistors M7 and M8 may be P-channel metal oxide semiconductor field effect transistors |
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(PMOSFET). The ﬁeld effect transistors Ml , M2, M5, M6, M9 and MIO may bé N-channel
| b'rrietal oxide serﬁiconductor field effect transistors NMOSFET).
[0060] | As can be seen from the circuit 400 in FIG. 4, by degenerating the input stage, the
ampliﬁer gain may be lowered and the input P1dB may be irﬁproved by the same factor. Thaf is,
the effective input transconductance decreases with input degeneration due to the negative
feedback mechanism, and therefore the ampliﬁer gain drops. Aésuming fhe linearity is limited by
the output, i.e. the output leYel at which the gain is reduced by 1 dB remains the same, the input
~ P1dB increases due to the feduc_ed gain (see, for example, equation (8)). Thus, typicaily, with
input degeneration (by the transistor M9 and M10 in FIG. 4), the input P1dB is irﬁproved.
HoWever, the output P1dB cannot be improved by simply using input degeneration.
[0061] | FIG. 5 shows a circuit diagram of the circuit 500 of a gm-ratioed amplifer according fQ
one exemplar}‘l embodiment. |
[0062] For example, the circuit 500 of the gm-ratioed ampliﬁer may be used in the gain cell
111 shown in FIG. I (a). Shnilarly, the circuit 500 of the gm-ratioed arﬁpliﬁer may be used in
any of the. gain cells 101 én.d. 102shown in FIG. 1 (b). F_or example, the contr(').l signal V; in FIG.
1 (a) méy steer currents in the current steering circuit 113 such that a linear change.in control
voltage V. correspoﬁdé.to an exponential change in the current ratiq of cﬁriel_lt's Iy; and Ip; as
shown-in FIG. 1 (a). Th¢ currents I;; and I, shown in FIG. 1 (a) may be mirrored to the gain ceil
(gm-ratioed amplifiers) 111 which has a c'ircui.t 500 as. shown in FIG. 5 (see the current sources
553’ 551 vand 552 in FIG. 5). Wifh an exponential change in the ratio of the currents I;; and I, in
FIG. 1 ‘(a), the ratio of input tfaﬁscpnductancé and load transéonduCtance niay change
exponentially accordingly. As a result, a linear change in the control voltage V. may correspoﬁd :

to an exponential change in the gain of each of the gm-ratioed amplifiers which has a circuit as
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shoWnin FIG. 5, which is determined by the ratio of the input transconductance end load -
transconductance of th.evr.espect'ive gm-ratioed amplifier.

[0063] The circuit 500 may comprise a first input Voltage'terminal 561 and a second input
voltage terminal 562. An input voltage may be applied to the in;iut voltage terminals 561 and
562. The circuit 500 may further comprise a first output yoltage terminal 563 and a second
output voltage terminal 564. The circuit 500 may further comprise an amplifying unit being
adapted between the input voltage terminals 561 and 562 and the output voltage terminals 563‘

- and 564. The amplifying unit may be adapted to supply an output voltage to the output voltage
terminals 563 and 564 in dependence on the input voltage (Vi+ - V). The amplifyi_ng unit may
comprise a gm-load. The gm-load is the pait of circuit 500 represented in the circled box of 571.
~In one embodiment, the gm-load may comprise a first load branch which comprises a field effect
transistor M1 and a second load branch vizhich comprises a.field effect transistor M2. The field

effect transistors M1 and M2 may be also referred to as diode-connected load transistors. A gate

coupled with the first output voltage terminal 563. A gaite terminal 504 and a first source/drain
terminal 505 of the field effect transistor M2 are coupled Witl1 the second output voltage terminal
564. A second souree/drain terminal 503 of the field effect transistor M1 may be coupled with a
second source/drain terminal 506 of the field effect transistor M2 via a first transistor |
arrangement such that a linearity of response of the output'voltage to the input voltage may be
improved. In one embodiment, transistors M1 and M2 liave the same aspect ratio.

[0064] In one embodiment, tlleﬁrst transistor arrangement comprises ﬁeld effect transistors

M3 and M4 as shoWn in FIG. 5. The field effect transistors M3 and M4 may be also referred to



WO 2011/119103 PCT/SG2010/000112
' 27 '

aspect ratio. In one embodiment, the aspéct ratibs of the transistors Mi, M2, M3; and M4 may |
satisfy tﬁe_ folldWing relationship: (W/L)1=(W/L)2=6.7$<(W/L)3=6.7x(W/L)4, where (W/L)l is the

© aspect ratio for the transistor M1 , (W/L), is the aspect ratio for the transistor M2, (W/L); is the
aspéct ratio for the transistor M3, (W/L)4 is the aspect ratio f;)r the transistor M4. 'fhe géte |
terminal 501 of the field effect transistor M1 may be coupled with a gate terminal 507 of the
field effect transistor M3. The gatevtenninal 504 of the field effect transigtor M2 is coupled to a
gate 510 of the field effect transistor M4. A first source/drain terminal 508 of the ﬁeld effect

- transistor M3 and a first source/drain terminal 511 of the field effect transistor M4 may bé
coupled with a second source/drain terminal 503 of the field effect transistor M1. ‘A second
soﬁfce/drain terminal 509 of the field effeci tfansistor M3 and a second source/drain terminal 512

~of the field effect transistor M4 may be coupled to a second source/drain terminal 506 of the |
field effect transistor M2_. In one embodiﬁlent, the load degeneration transistors M3 and M4 are
configured to operate in a triode re;gion when the gm-ratioed arﬂpliﬁér 500 exhiBits linear

~ behaviors |

[6065.] In one erhbodiment, the amplifying unit in thé circuit 500 may further éompn'se an
input stage. The input stage is the circuit part represented in fhe circled b_ox 572. Tﬁe ipput stage
may comprise field éffect transistors M5 and M6. The field effect transistors MS and M6 may be '
also 'referred to as input transistors. In one émbodiment, the field effe;:t transistors MS and M6

: have a same size (i.e. aspect ratio). A gaté terminal 513 of the field effect trénsistor MS5 may be
ébupled v‘vith the first input voltage tenﬂinal 561 and a gate 516 of the field effect transistor M6
may be coupled with the second input voltagé terminal 562. A first source/drain terminal 514 of

the field effect transistor M5 may be coupled with the first output voltage terminal 563. A first
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source drain terminal 517 of the field effect transistor M6 rnay .be counled with the second‘ontpnt
voltage terminal 564.

- [0066] The circuit 500 may further comprise field effect transistors M7 and M8 The field
effect transistors M7 and M8 may be also referred to as active load transistors. The field effect
transistors M7 and M8 may have the same aspect ratio in one embodiment. A gate 519 of the
field effect transistor M7 may be coupled witb a gate 522 of the field effect ttansistor MS, and a
first source/drain terminal 520 of the field effect transistor M7 and a first source/drain terminal

. 523 of the field effect transistor M8 may be coupled with a first reference voltage (e.g. power
supply voltage) 541 (Vpp). A second source/drain terminal 521 of the field effect transistor M7
may be coupled with the first output Voltage terminal 563, and a second source/drain terminal
524 of the"ﬁeld effect transistor M8 may be coupled with the second output voltage terminal 564.
[0067] The circuit 500 may further cornprise a common mode feedback circuit (CMlJB) 542 to |
regulate the output common-mode’voltage The common-mode .volta\ge of the ontput signal
refers to the average of the d1fferent1al output si gnal A first feedback input terminal 525 of the
CMFB 542 may be oonoled thh the first output voltage terminal 563. A second feedback input
terminal 526 may be coupled with the second output voltage terminal 564. A feedback output
terminal 527 of the CMFB 542 may be coupled with a junction between the gate 519 of the ﬁeld
effect trans1stor M7 and the gate 522 of the field effect transistor M8

[0068] Inone embodlment, the circuit 500 may further comprise a current source 551 being
coupled between a seoond feference voltage (e:g.-a ground voltage) 555 and the second
source/drain terminal 503 of tlle field effect transistor M1. The current soufce 551 may be |
conﬁgnred to provide a first cnrrent. The circnit 5.0(‘) may further comprise a current source 552

being coupled between the second reference voltage 555 and the second source/drain terminal
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506 of the field effect transistor M2. The éurrent source 552 may be configured tvo providea -
second cm.l_r.rent.VIn one embodiment, the first current is fhe same with or appfoximated e‘qual to

-~ the second current. The circuit 500 may further comprise a current source 553 being coupled
bet\*/een the second reference voltage 555 and a junction beﬁveeﬁ a second Source/drain terminal
515 of the field effect transistor M5 and a second source/drain terminal 518 of the field effect
transistor M6. The current source 553 may be .conﬁgured to provide a third current. The current
source 551 and the current source 552 may be also referred to as the current bias bloqk for the

- load. The current source 553 may be also referred to as the current bias block for the inpﬁt stage.
For example, the current through the current sources 553 may be mirrored from the current /;
from the current steering circuit 113 (see, for ‘examplc, FIG. 1 (a)), and the currents through the
~current soﬁrces 551 and 552 may be mirrored from the current /,; from the current steering |
circuit 113 (see, for example, FIG. 1 (a)); |

[0069] In one embodiment, the field effect transistors Ml-M6 are N-channel ﬁeld effect

the ﬁéld effect transistors M7 and M8 are P-channel ﬁeid effect transistors, e.g. P—channel metal
oxide semiconductor field effect transistors (PMOSFET). In fhis embodi‘ment, the ﬁrst reference
Voltage is'a power sﬁpply voltage and the secpgd reference voltage is a ground voltage.

[00_70]> In an alternative embodiment, the field effect transistors M1-M6 are P-channel field -
effect transistors, e.g. P-channel metal oxide semic_onducto; field effect transistors (PMOSFET),
and the ﬁeld effect trdnsistbrs M7 and M8 are N-Channél field effect transistors, e.g. N-channel
metal éxide semiconductor ﬁe_:l_(i effect transiétors (NMOSFET). In this alternative embodiment, -
the first reference Voltége is a ground Voltage.and the second reference voltage is a power supply

voltage.
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[0071] As can be seen from FIG. 5, traﬂsistors M3 and M4 play the ba’rt of deéenerétion;_and |
the inbut stage are not degenefated. With the degeneration transistors, the ldad transconductance
- 18 réduéed, and hence the gm-ratioed amplifier gain is increased. For this case Without input |
degéneration, following the similar procedures as described iﬁ eqﬁations (1) to (8), one may |
obtain the ratio of the first and third harmonic coefﬁcients th'eisame as in equation (6.4) and the

input and output P1dB may be subséquently obtained as

C ]
P52 =20 log,, ‘{ c_l x0.145=F, 9

PoutldB,Z = Pin)dB,Z +sz = Pin]dB,l + Au,] +h ' ) (10)

where P,,;45,> represents the input P1dB for thé ciréuit 500 and P,y,;4p > represents the 6utput
- P1dB for the circuit 500, A, is the voltage gain in dB for the circuit 500.
>[0072] The extra factor 4 in equation (10) is attributed to the load degeneration and méy have a
value around 9 dB for typical degeheration settings. For a typical setting of the (iegeneration, ‘the.
, transistors_ M1 and MZ én’d ,the‘:degen_eration transistors .M3_ and M4 has a relationship in their -
aspec't ratio (W/L);=(W/L),=6.7x(W/L)3=6.7x(W/L)4, where (W/L), is the aspec‘;t ratio of the
transistor M1, (W/L); is the aspect ratio of the transistor M2, (W/L); is the aspect ratio of the
transistor M3, (W/L)4 is the aspéct ratio of the fransistor M4, |
[0073] FIG. 6 shows the simulation resulf of the input énd output P1dB of a one-stage'VGA
which comprises a gm-ratioed arﬁpliﬁer having the circuit 500 as vshown in FIG. 5. The one-stage
VGA may for example be thé VGA sho§vn ‘in‘FIG. 1 (éj. The solid line in FIG. 6 represents the
input P1dB at various gain settings, and the dotted line represents the output P1dB at various -
gain settings. The gain‘ setting is the gain control volt_age appliedv to the current steering circuit,

e.g. V.as shown in FIG. 1 (a), for example. As can be seen, compared with the result shown in
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FIG. 3 fqr a conventional gm-ratioed ampiiﬁer, a benefit ffom the loa(i degeneraﬁon by appklyving
the transistor arrangement comprising the transistors M3 and M4 in the gm;load as shown in

- FIG. 5 is that the VGA gain has been increased by a factor of 4 which is around 9dB for the
typiéal degeneration setting. o

[0074] FIG. 7 illustrates a circuit diagram of a circuit 700 of a gm-ratioed amplifier according
to one exemplary embodiment. | | -

[0075] For example, the circuit 700 of the gm-réltioed amplifier may be used in the gain cell

. 111 shown in FIG. 1 (a). Similarly, the circuit 700 of the gm-ratioed amplifier may be uséd in
any of the gain cells 101 and 102 shown in FIG. 1 (b). For example, the control signal V. in FIG.
1 (a) may steer cﬁrrents in the current steeﬁng circuit 113 such that a linear change in control
vo'ltage. Vc:corresponds to an exponential change in the current ratio of currents Ip; and I, as
shown in FIG. 1 (a). The currents I,; and I»; shown in FIG. 1 (a) may be mirrored to thé gain c_:ell
(gm-ratioed ambliﬁer) 111 which has a circuit 700 as shown in FIG. 7, (see the 'éurrent sources
753, 754,751 and 752 in FIG. 7). With an exponeﬂtiél change ih the ratio .’of the currents I and
Iy2 in FIG. 1 (aj, ‘th.e ratio of input transconductanc? énd ‘1(‘)ad transconductance of thé glﬁ:ratioed
amplifier may change exponential‘ly accordingly. As a result, a linear change in the .control
voltage V. may corrési:ond to an exponential change in the gain of ¢ach éf the gin-ratiqed
ampiiﬁers, whiéh is determined by the ratio of the input transconductance and loa&
transconductance of the respective gm-ratioed amplifier. |

[0076] Thé circuit 700 may éomprise a first input voltage terminal 761 and a second input
voltagé terminal 762. An inpuf \}oltage may be applied to the input'voltage_fexminals 761 ahd o
762. The circuit 700 may funher.compn'se a ﬁrét 6utput voltage terminal 763.and a second

“output voltage terminal 764. The circuit 700 may further comprise an amplifying unit being
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adapted between the input voltage terminéls 76.1 and 762 and the output voltage ferminals 763 |
“and 764. The aniplifying unit may be adapted to supply an output voltage td thé output voltage
- terminals 763 and 764 in dependence on the input voltage. The amplifying unit may _compriseva
gm-ioad. The gm-load.is the circuit part represented in the cifcled box 771. In dne embodimeﬁt,
the gm-load may comprise a first load branch which comprisé_s a field effect transistor M1 and a
second load branch which comprisés a field effect transistor M2. The ﬁeid ef‘fec't' transistors M1
and M2 may have the same aspect ratio according to one embodiment. The field effect transistors
. M1 and M2 may be referred to as the diode-connected load transistors. A gate terminal 701 and a
first source/drain terminal 702 of the field effect transistor M1 may be coupled wi{th the first
oufput voltage te@nal 763. A gate teminél 704 ahd_a first source/drain terminal 705 of the field
- effect tfanéistor M2 may be coupled with the second output voltage terminal 764. A second |
source/drain terminal 703 of the field efféct transistor M1 may be coupled with a sécoﬁd
source/drain teﬁninal 706 of the field effect transistor M2 via a ﬁ.rst transistor afrangement such

[0077] In one embodimeni, .tl.leb ﬁrst &ansistor arrangément in the gm-load may comprise field
effect transistors M3 and M4 as shown in FIG. 7. The field effect transistors M3 and M4 may be
referred to as the loéd ‘degen_eration transistors. In one embodiment, the load dégeneration
transisfors M3 and M4 may have the same aspect ratio. In one embodiment, the aspect ratios of
. the transistors M1, M2, M3, and M4 may 'satisfy the following‘relationshipf
(W/L)1=(W/L)2=6.7x(W/ L)3i6.7x(W/L)4, where (W/ L)-l is the aspect ratio for the transistor M1,
(_W/L)z.v is the aspect ratio for t.he"transistor M2, (W/L); is the aspect ratio for the transistor M3,
(W/L), is the aspeét ratio for the .transistor M4 The gate termipal 701 of the field effect transistor

M1 may be coupled With a gate fc;nninal _707- of the field effect transistor M3. The gate terminal
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704 of the field effect transistor M2 may t)e coupled to a gate 710 of tﬁe' field effect transistor
M4. A first source/drain terminal 708 of the field effect transistor M3 and a first source/drain

- terminal 711 of the field effect transistor M4 may be coupled with the second souree/drain
termmal 703 of the field effect transistor M1. A second souree/dtain’ terminal 709 of the ﬁeld-
effect transistor M3 and a second source/drain terminal 712 of the field effect transistor M4 may
be coupled to the second source/drain terminai 706 of the field effect tratlsistor M2. In one
embodiment, the load degeneration transistors MB; and M4 may be configured to operate in the

_ triode region when the gm-ratioed amplifier 700 exhibits linear behaviors.

[0078] In one embodiment, the amplifying unit in the circuit 700 may further comprise an
mput stage which is the circuit part represented in the circled box 772. The input stage may
comprise field effect transistors M5 and M6. The field effect transistors M5 and M6 may be also
referred to as 1nput tran51stors In one embodlment the field effect transistors M5 and M6 may
have a same aspect ratio. A gate 713 of the field effect transistor MS may be coupled with the
first input voltage terminal 761. A gate 716 of the ﬁeld effect transistor M6 may be coupled with
the second input t/oltage terminal 762. A ﬁrst_souree/dr‘al.nn tetrltloal 714 of the field effect
transistor M5 may be coupled with the first output voltage terminal 763. A first soutce drain
terminal 717 of the ﬁeld effect transistor M6 may be coupled with the second output Voltage N
ten_rtinal 764. |
[0079] The input stage may further comprise field effect-trartsistors M9 and M10. The field
effect traosistors M9 and MIO may be also referred to as input degeneration transistors. In one
embodiment, the input degeneration transistofs M9 and M10 may have the‘same aspect ratio. In -

one embodiment, the transistors M5, M6, M9, and M10 may have the following aspect ratio

relatlonshlp (W/L)s—(W/L)6—6 7x(W/L)9—6 7x(W/L)10, where (W/L)s is the aspect ratio for the V
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transistor M5, (W/L)s is the aspect ratio for the transistor M6, (W/L)y is the aspe?:t ratio for the |
traﬁsistor M9, (W/L)w is the aspect ratio for the transistor M10. A gate tenﬁinal 728 of the field

- effect transistor M9 may be coupled to the gate terminal 713 of the field effect transistor MS. .A |
gaté terminal 731 of the field effect transistor M10 may be céupled to the gate terminal 716 o~f
the field effect transistor M6. A first source/drain terminal 729 of the field effect transistor M9
and a first source/drain terminal 732 of the ﬁeid effect transistor M10 méy be coupled to the
second source/drain terminal 715 of the field effect transistor M5. A second source/drain

. terminal 730 of the field effect transistor M9 and a second source/drain terminal 733 of the field
effect transistor M10 may be coupled to the second source/drain terminal 718 of fhe field effect
trénsistor MG6. In .one embodiment, the ﬁel& effect transistors M9 and M10 are configured to

- operate. in a triode region.
[0080] The circuit 700 may further corﬁprise field effect transistors M7 and MS. The field -
effect transistoré M7 and M8 may be also referred to as active léad transistors. A gate 719 of the
field effect transiéto’r M7 may be couple(i with a gaté 722 of thé field effect transistor M8. The
ﬁeid effect transistors M7 and M8 may have a same asI-),ect ratio. A first soﬁrcé/dréiﬁ ten;r_xinal
720 of the field effect transistor M7 and a first source/drain ténninal 723 of the ﬁeld effect
transistor M8 may Be ;:oupled with a first reference voltage (e.g. a power supply Voltage) 741
(VDl.j).vA second source/drain terminal 721 of the field effect transistor M7 may bre coupled ;Nit}.l

- . the first output voltage terminal 763. A second source/drain te@nal 724 of the field effect

tfénsistof MS8 may be Acoupled with the second output voltage terminal 764.
[0081]" The circuit 700 may fﬁrther comprisé a common mode feedback circuit (CMFB) 742 to
regulate the common-mode output voltage. A first feedback input terminal 725 of the CMFB 742

may be coupled with the first output voltage terminal 763. A second fee_dback ihput terminal 726
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of the CMFB 742 may be coupled with tﬁe second output voltage temﬁnal 764. A feedback |
ohtplif terminal 727 of the CMFB 742 may be coupled with a junction Bet\&een the gaté 719 of
- the ﬁeld effect transistor M7 and the gate 722 of the field effect transistor M8. |
[0082] The circuit 700 may further comprise a current soufce ’75 1 being coupled between aA
second reference voltage (e.g. a ground voltage) 755 and the second source/drain terminal 703 of
the field effect transistor M1. The current soufce 751 may be conﬁgured‘ to érovide a first
current. The circuit 700 may further comprise a cﬁrrent source 752 being coupled between the

. second reference voltage 755 and a second‘source/drain terminal 706 of the field effect tfansistor
M2. The current source 752 may be configured to provide a second current. The c;,_urrent source
751 and the current source 752 may be alsé referred to as the current bias block for the load. In
~one emBodiment, the first current is the same with or approximately equal to the second curreﬁt.
[0083] The circuit 700 may further corﬁprise a current source 753 being coupled 'bet‘we.en_th_e
second reference voltage 755 and the second source/drain tenninal 715 of. the ﬁéld effect
transistor M5. The current source 753 may be confi gured to pr(;vide a third current. The circﬁit
700 rﬁay further comprise a current source 754 being coupled .bétween the second referexice
voltage 755 and the second source/drain terminal 718 of the field effect transistor M6. The
current source 754 Iﬁéy be configured to provide a fourth current. The current source 753 and the '
currénf source 754 may be also referred to as the current bias block for the input stage.AIn oné |
. embodiment, the third current is the same With or approximateiy equa'l to the fourth current. |
[0084] ‘For examp_lé, thé cUrfents throﬁgh the current sources 753 and 754 may be mirrored
from tﬁg current [; from the chﬁent steering circuit 1 13 (see FIG. 1 (a)), and th¢ currents
through the current sources 75.1 énd 752 may be mirrored from the cﬁrrent Iy from the curreﬁt. -

steering circuit 113 (see FIG. 1 (a)).
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[0085] In one embodiment, the field effect transistors M1-M6 and M9-M10 in.the circuit_700'
are N-chanhel field effect transistors, e.g. N-channel métal oxide semicondﬁctor field effect

- transistbrs (NMOSFET), and the field effect transistors M7 and M8 in the circuit 700 are P-
chaﬁnel field effect transistors, e.g. P-channel metal oxide se;mic;)nductor field effect transistdrs
(PMOSFET). In this embodiment, the first reference voltage is a power supply voltage, and the
second reference voltage is a grouhd voltage. | o

[0086] In an alternative embodiment, the field éffect transistors M1-M6 and M9-M10 in the

. circuit 700 are P-channel field effect transistors, e.g. P-channel metal oxide semiconductor field
effect transistors (PMOSFET), and the field effect transistors M7 and MS in the c;1_rcuit 700 are
N-channel field effect transistors, e.g. N-cﬁanhel metal oxide semiconductor field effect -
transisfors (NMOSFET). In this alternative embodiment, the first reference voltage is a ground‘
voltage, and the second reference voltagé is a power supply voltage.

[0087] Inthe illustrating embodiment as shown in FIG. 7, the‘input" stage is’dégenerated. For

be obtained as

Pinlds,‘g =B th _ ' ' B '. (11)

PoutldB.A = Lintds 4 +Av,4 = EnldB,l +Av,l +h | : (12).

wh'efe Piy148.4 1s the input PldB of the cirguit 700, P,u1148.4 1s the output Pld_B of the circuit 700,
and 4, 4 is the voltagel gain in dB 'of the circﬁit 700.' | |

[0088] By degenérating bofh the input aﬂd Ioad stages, one may achieve a similar gain as
achieved by the gni-rat_ioed amplifier as shown in FIG. 2. However., both input and output P1dB

are improved in this case while maintaining the VGA gain.
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[0089] FIG.S8 illuetrates the »simulation‘results of the iﬁput and outpet'P 1dB fer a one-stage
VGA‘ which comprises a gm-ratioed amplifier having both fhe input stage ahd the load being |
- degehefated as illustrated in FIG. 7. The solid line in FIG. 8 represents the input P:l dB at Varieus .
gaiﬂ settings, and the dotted line represents the output P1dB et \_iariOus gain settings. The gaiﬁ
setting is the gain control voltage applied to the current steering circuit, e.g. V. as shown in FIG.
1 (a). As can be seen, compared with the resuit shown in FIG. 3 for a coﬁveﬁtional gm-ratioed
amplifier, both the input PldB and the output P1dB are improved in this case while maintaining
. the VGA gain.

[0090] A further inspection on equation (6.4) may lead to the conclusion that at._ some
particular gain setting through current steeﬁng of the input and load stages, the lineaﬁty may be

_ maximized by minimizing the denominator of equation (6.4). Although the overall linearity mey
be limited by other circuits components such as the CMFB and the PMOS active ldad,v a
theoretical maximum may be obtained by setting the denominater of ‘equation'. (6.4) to zero.
[0091] As shown in equatioes (10) and (12), the oﬁtput PldB‘ may be improved by a factor'
-aroun.d 9 dB for a typical de.gene'ration setting. With the output linearity ifnprovément provided
by the lead degeneration, the inbujt stage may be degenerated or not degeherated (shown in FIG.
7 and FIG. 5, respeeti\;ely). The former may provide a better input linearity while the ]_atter may

provide a higher gain. In contrast, as shown in equation (8), the output linearity is poor for the

- conventional gm-ratioed amplifier.

[0092] In one embodiment, as for the configuration of gm-ratioed ainpliﬁer with or without
degeneration in the input stage or load stage, an optimum P1dB may be obtained by minimizing

the denominator of equétion (6.4).
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[0093] The proposed linearization techﬁique in gm-ratioed amplifier as .descril-aed herein‘is
simulafed in CMOS 0.18 pm technology with 1.8V singlé power supply. A.comparison. is made
- between conventional gm-ratioed amplifiers and the proposed ones with load degeneration. |
[0094] The kinds of VGAs each comprising a different kiﬂd of gm-ratioed amplifier are
classified in the table 900 as shown in FIG. 9. The classiﬁcatipn of VGAs in FIG. 9 (table 900)
refers to VGAs, whose gain cells have differeﬁt degeneration topo]ogies; It ié noted that each
VGA listed in FIG. 9 may have one stage or more stages. For illustrating purpose, only the

. result for one-stage VGAs are shown (in FIGs. 10 and 11). The results shown in FIGs. 10 and 11
correspond to the one-stage VGAs in their respective conﬁgurations‘. In practice, é VGA with
oniy one stage méy.satisfy the gain r_equirefnént in some applications. HoWever, it is also-

. understéod that the gain of the one-stage VGA may not suffice in some other applications.
Therefore, the number of stages of the VGA is not limited to that shown in FIGs. 1‘(a)lan.d (b),
but rather depeﬁds on the specific appliéation. |

g‘m-ra'tioe‘d- a-nip..li.ﬁver which is used for the VGA la.b.e.l-eél as #1 is a kind of conVéntional gm-
ratioed amplifier wherein there is no degeneration applied in cither the input stage 6r in the gm-
load. For example, fhé VGA #1 may be a VGA comprising a gm-ratioed amplifier whiFh has a
circ_:ﬁit .as shown in FIG. 2. The gm-ratioed amplifier which is used for the VGA labeled as #3 is. :
. another kind of conventional gm-ratioed émpliﬁer whérein the. input stage of the VGA #3 is |
degenerafed and the gm-load is not degénerate_d. For example, the VGA #3 may be a VGA
pomprising a gm-ratioed ampliﬁer which has -a circuit as shown in FIG. 4. _'fhe gm—ratioed | _
amplifier which is used for thé VGA labeled as #2 is according to one embodiment of the present

invention wherein there in no degeneration applied in the input stage, and the gm-load is
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| degene_reted. For example, the VGA #2 may be a VGA comprising a gm-ratioed .ampliﬁer whicﬁ
rhas a cifouit as shown in FIG. 5. The gm-ratioed amplifier which is used fof the VGA labeled as

- #4 is according to one embodiment of the present invention wherein both the iriput stage and the

gm-ioad are degenerated. For example, the VGA #4 may be e VGA comprising a gm-ratioed |

amplifier which has a circuit as shown in FIG. 7.

[0096] FIG. 10 shows the input P1dB for different kinds (#1-#4) of one-stage VGAs as listed

in the table 900 in FIG. 9. Though at one particular gain setting, the conventional VGA #1

. outperforms the proposed VGA with linearization (e.g. the point 1001 in FIG. 10), over the

entire gain setting, the proposed VGAs #2 and #4 achieve better input linearity over the

cooventional VGAs #1 and #3, as shown io FIG. 10. ‘That is, at one particolar gain setting (e.g.

_ the poiot 1001 in FIG. 10), the conventional VGA #1 achieves good input linearity due to gooo ,

distortion cancellation. However, over the entire gain setting, the input linearity of VGA #1 is the

worst of the four VGAs. For the gain settings (gain control voltage <'0.9V), the ‘distortion is

ihput 'linearity than VGAs #1 and #2. Moreover, at high gain settings (gain control voltage >
0.9V), the proposed VGA #2 outperforms VGA #3 in input linearity. This is attljboted to the fact
| that VGA #2 appliee load degeneration, resulting in higher output linearity and higher gain. The
improeement in output linearity is higher than that in gain. Over the entire gain setting (except
gain,control voltage = 0.9V), the proposed VGA #4 With both input and load degeneration have
the best ioput linearity perforroance, es shown in FIG. 10. For the same input topology,
improeement around 10 dB for fhe input PldB may be achieved, with combarisons between

VGA #1 and #2, ahd between #3 and #4.
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[0097] FIG. 11 shows the output P1dB for different kinds (#1-#4) of one-stagé VGAs as ~1i$ted
in the table 900 in FIG. 9. The output linearity of the proposed VGA #2 and #4 achieves better
- performance by around 15 dB, as compared with the convéntional gm-ratioed VGA #1 and #3.
Tha;t is, the application of load degeneration may improve oﬁtput linearity.
[0098] A method for producing the gm-ratioed ampliﬁg:r as described herein is provided. The
method may comprise providing a first input voltage terminal aﬁd a second input voltage
terminal. The method may ﬁlrther comprise providing a first output voltage terminal and a
. second output voltage terminal. The method may further comprise coupling an amplifying unit
between the input voltage terminals and the output voltage terminals, and adaptmg the
amplifying unit té supply an output voltagei to the Output terminals in depehdence on an input
~voltage supplied to the input terminals. The amplifying unit may comprise a gm-load. The gm--
load may comprise a first load branch cofnprising a first field effect transistor, and a sécohd lqad
branch comprising a second field effect transistor. A first source/drair‘x terminal and a gate
first source/drain terminal and a gate terminal of thé second ﬁeld effect transistor may be._
.coupled to the second output Voltqge terminal. A second-soufce/drain terminal of the first field
effect transistor and‘a é'econd source/drain terminal of the second ﬁ‘eld effect t'rahsistor’ may be‘
coubled such with each other through a ﬁrst transistor arrangement that a linearity of responsé of '
 the output voltage to the input voltage is improved. | |
[0099] Conventionally, lineaﬁty imprévement may be achieved by other architectures, such as
feedbaék amplifiers. Howéver, tb aphieve a'cdmparable gain funinf; range e_ihd lipearity, a lérgg _

amount of power needs to be consumed. The gm-ratioed amplifier as 'described herein achieves -
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improvement in output linearity while méintaining the same power cons'umption.. In additio_n,-
'improverh_ent in the input linearity or highervg.ai-n' may Be obtained.

: [00100j While the invention has been I;articularly shown and déescribed with réfexjence to
speéiﬁg embodiments, it should be understood by those skilléd m the art that various changes.in
form and detail may be made therein without departing from the spirit and scope of the invention
as defined by the appended claims. The scope_rof the invention is thus in(iicated by the appended
claims and all changes which come within the meaning and range of equivalency of the claims

. are therefore intended to be embraced.
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- Claims

What is claimed is:

1. A gm-ratioed amplifier, compriéing:

- a first input voltage terminal and a second input voltage terminal;

- a first output voltage terminal and a second output Vbltage terminal; and
- an amplifying unit being coupled between the input voltage terminals and the output -
voltage terminals and beingr adapted_ to supply an output voltage to the output voltage terminals
in dependence on an input voltége supplied to the input terminals, wherein the amplifying unit
comprises a gm-load;

- " the gm-loa& comprising a ﬁrst load branch éomprising a first field effect transistor, and
a second load branch comprising a second field effect transistor;

- wherein a first sburce/drai_n terminal and a gate terminal of the first ﬁe_ldv effect transiStor

is coupled to the first output voltage terminal, and wherein a first source/drain terminal and a

terminal;
- ~ wherein a second‘ soprcé/drain terminal of the first field effect transistor and a second
source/drain terminal of t'hé. second field effect transistor are coupied with each other through a
ﬁrsf transistor arrangement such that a linearity of response of 4the.> output voltage to Athe input

voltage is improved.

2. The gm;ratioed amplifier according to claim 1,
- wherein the first transistor arrangement éomprises a third field effect transistor and a

fourth field effect transiStor; o
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- wherein the gate terminal of thé first ﬁéld effect transistor is COupled to a gate terrﬁinal
of the third field effect transistor; and

- wherein the gate terminal of the second field effect transistor is coupled to a gate |
temﬁnal of the fourth field effect transistor; -
- wherein first source/drain terminals of the thi_rd ﬁcld effect transistor and the fourth
field effect transistor are coupled. to the seéond source/drain terminal of the first field effect
transistor; and

- wherein second source/drain terminals of the third field effect transistor and tﬁe fourth
field effect transistor are coupled to the second source/drain terminal of the second field effect

transistor.

3. The gm-ratioed. amplifier accdrding to claim 2, wheréin the amplifyirig unin further
comprises a fifth field effect transistor and a sixth field effect tr%msisfor, wheréih ,

- - a gate of the fifth field effect transistor is c&upled to the first input voltage terminal; and
a gaté of the sixth field effect transistor is coupled to thé second input voltage tehninal;

- a first source/drain 'terminal of the fifth field effect transistor is coppléd to the first
output voltage tenﬁiﬂal, and a first source/drain terminal of the sixth field effect transistor is ‘
coupled to the second output voltage terminal; and |

- a second source/drain terminal of the fifth field effect transistor is coupled with a second

source/drain terminal of the sixth field effect tran’sistor..

4. . The gm—rétioéd amplifier according to claim 1, further comprising -
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- a first resistor having a first resiétor terminal and a second resistor tenﬁinal, Wher_eih the
first résist_or terminal is coupled to a first reference voltage , and wherein the second resistor
~ terminal is coupled to the first output voltage terminal; and

- | a second resistor having a first resistor terminal ana a rsec‘ond resistor terminal Whérein
the first resistor terminal is coupled to the first referencg voltage, and wherein the second resistor '

terminal is coupled to the second output voltage terminal.

5. the gm-ratioed amplifier according to claim 4, wherein

- the first resistor is a seventh field effect transistor havingv a first sourcé/drain terminal
being coupled to the first reference voltage, and having a second source/drain terminal being
‘ coupleci to the first output voltage terminal; and

- the second resistor is an eighth ﬁeld effect transistor having a first source/drain terminal |

being coupled to the first reference voltage, and having a second source/drain terminal being

6. The gm-ratioed amplifier according to claim 5, wherein a gate.of the seventh field effect

transistor is coupled to a gate of the eighth field effect transistor.

7. | The gm-ratioed amplifier accor‘ding‘to claim 6, »further cdmprising a common-mode
f‘eedbackl circuit havihg a first feedback input terminal being coupled to the first output voltage
terminél, having a second feédback input terminal being cc;upled to the .éecond output voltage
terminal, and havihg a vfeedba-ck output termiﬁal being coupled to a junction between the gates of

. the seventh and eighth field effect transistors.
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8. The gm-ratioed amplifier according to claim 1, wherein
- | the first load branch of the gm-load further comprises a first cux‘rent source béing '
coui)led between a second reference voltage and the secoﬂd éourCe/drain terminal of the first
field effect transistor, wherein the first current source is ponﬁgured to provide a first current; and
- the second load branch of the gm-loéd further compﬁ;es a secbnd .curr'ent source being
coupied between the second. reference voltage ana the second source/drain terminal of the second
_ field effect transistor, wherein the second current source is configured to provide a. second

current.

9. The gm-ratioed amplifier according to claim 8, wherein the first current is

approximately equal to the second current.

10. - The gm-ratioed amplifier according to claim 3, wherein the amplifying unit further
comprises a third current source being coupled between a second reference voltage and a

junction of the second source/drain terminals of the fifth and sixth field effect transistors,

wherein the third current source is configured to provide a third current.

11. The gm-ratioed amplifier according to claim 3, wherein the sécond source/drain
términal 6f the fifth field effect transistor is coupled with the second source/drain terminal of the
sixth ﬁeld effect transistor through a second transistor arran’gement,.. wherein the second
transistor arrangen'lent"compri.seS a ninth field effept transistor and a tenth field effect transistor,

wherein
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- the gate terminal of the fifth field effect transistor is coupled to a gate terminal of the
ninth ﬁeld effect transistor;

- the gate terminal of the sixth field effect transistor is coupled to a gate terminal of the
tentil field effect transistor; o

- first source/drain terminals of the ninth field effect transistor and the tenth field effect
transistor are coupled to the second source/dréin terminal of the fifth ﬁela effect transistor; and

- second source/drain terminals of the ninth field effect transistor and the tenth field effect

. transistor are coupled to the second source/drain terminal of the sixth field effect transistor.

12. The gm-ratioed amplifier according to claim 11, wherein the amplifying unit further
_ comprises:
- a fourth current source being coupled between a second reference letage and the

second source/drain terminal of the fifth field effect transistor, wherein the fourth current source

- a fifth current source being coupled between the second reference voltage and the
second source/drain terminal of the sixth field effect transistor, wherein the fifth current source is

- -configured to provide a fifth current. -

13. The gm-ratioed amplifier accdrding to claim 12, wherein the fourth current is

approximately equal to the fifth current.

14. . The gm-rétioéd amplifier according to claim 3, wherein the first through the sixth field

effect transistors are N-channel field effect transistors.
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15. The gm-ratioed amplifier according to claim 5, wherein the seventh and the eighth field

- effect transistors are P-channel field effect transistors.

16. The gm-ratioed amplifier according to claim 11, wherein the ninth and the tenth field

effect transistors are N-channel field effect transistors.

17. The gm-ratioed amplifier according to claim 1, wherein the first field effect transistor

and the second field effect transistor have approximately the same aspect ratio.

18. The gm-ratioed amplifier according to claim 2, wherein the third field effect transistor

and the fourth field effect transistor have approximately the same aspect ratio.

19. The gm-ratjoéd amplifier according to claim 2, wherein the third and the fourth field

effect transistors are configured to operate in a triode region.”

20. The gm-ratioed ampliﬁef according to claim 11, wherein the ninth and the tenth field

effect transistors have approximately the same aspect ratio. ‘

21. The gm-ratioed amplifier according to claim 11, wherein the ninth and the tenth field

effect transistors are configured to operate in a triode region.



