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A GM-RATIOED AMIPLIFIER

Field of Invention

[0061] Various embodiments relate generally to an electronic gm-ratioed amplifier.

Background

[6002] A gm»ratioeﬁ amplifier generally refers to an amplifier whose gain is deteﬁﬁned by the
ratio of the input transcoﬁductaﬁcetgm) and load transconductance {(gm), wherein the gain is a
measure of the ability of the amplifier to increase the power or amplitude of an input signal. The
term “gm-ratioed” in this context means transconductance ratioed. That is, at a certain rat'io of

 the input transconductance and load transconductance, the gm-ratioed amplifier may have a fixed

j=9

gain for small input signals, and by varying the ratio of the input tran;cenduc_tam:a and loa
transconductance of the gm-ratioed ampliﬁer, the gaiﬁ of the grn;ratioed ampiiﬁer'may be varied
accordingly. For example, the ratio of the input transconductaﬁce and the load transconductance
-may be controlled by varﬁﬁg the currents thrbugh the transconductance stages (e.g. input stage
and load stage) of the gm-ratioed ‘ampliﬁm-'. |

t{]%?;}. [n many applicatioﬁs, linearity is required to be preserved during the amplification of a
signal such that 2 minimum amount of diston:ion‘ is introduced. In this context, the lineaﬁty may
refer to the linearity of response of an outpﬁt signal to an input signal. For example, the input
signal may be an inl;rut 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 bcj an input current and the outpﬁt_
signéi may be an output current, as is the case for a'cun‘ent_ amplifier. In a ﬁthﬁer example, the

input signal may be an input voltage and the output éi'gnal may be an output current, as is the -
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case for a transconductance amplifier. In ra still further example, the iﬁpt’xt signairmay be an inpﬁt
cun-'ent Aan‘d the output signal may be an output voitage, as is the case for a &anshnpedaﬁce

- amplifier. In other words, linearity is the behavior that an output signal strength varies in dire;:t
proi:ortiou o the':input signal strength, For example, an ampiiﬁer is consideréd 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 sam;a when ti;ae axﬁpiiﬁer exhibits
linearity. Accordingly, Wher_l an amplifier exhibits linearity, the gain of the amplifier in decibels

.~ (dB) remainsto be a constant. The linearity preserves signal shape such that signal correlétion
properties are protected or information of the edges remains undistorted.

[0ﬁ04} In many designs, the linearity of é gin—ratioc_:d amplifier is achieved at a price of power

conswnption.

Summary of the Invention

dutpuf linearity while maintaining approximately the sa%ne power consumption. TFurther, _
improvement in the input Iinearity or higher gain may be obtained. _

[06@6] Various erﬁb-odiments provide a gm-ratioed amplifier. Thfl:- gm—‘ratioéd amplifier may
compﬁse a first input voltage terminal and a second input voltage terﬁainal, a first output voﬁagé
terminal and a second output voltage terminal, and‘an a.mplifyi.ng'unit. The ‘axﬁplifying unit may
b-e coupléd between tﬁe inlﬁut voltage terminals and the 'ouiput voltage terminals and may be
adapted to supply an output vbiﬁge to the oufput terminals m dependence oﬁ an input voltage

supplied to the inpixt términals. The amplifying unit may comprise a gm-load, which comprises 4
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second field effect transistor. A first so'ur;:e/drain terminal and a gate terminal of the first ﬁcld |
effect transistor may be coupled to the first oui:put véltége terminal. A first éource/drain terminal
- and a gate terminal of the second field effect transistor may be coupled to the second output '
voitége terminal. A second source/drain terminal of the first ﬁeld effect transistor and a secoﬁd
source/drain terminal of the second field effect transistor may be coupled with each other
through a first transistor arrangeméni such tha;f a linearity of response of .the output voltage to the

input voltage is improved.

Brief Description of the Drawings
[0907} In the &awings like reference chﬁraicters; generally refer to the same parts throughout
the dlffercnt views. The drawmgs are not necessarily to scale, emphasis instead generaﬂy bemg
placed upon itlustrating the principles of the invention. In the following description, various B
embodiments of the invention are descﬁbed with‘refe':rence to tﬁe following di"aﬁvings in which:
: FIG 1 (a) shows the block diagram of a one- stage variable gain amphﬁer (VGA) and
FIG. 1 (b) shows the biock diagram of a two-stage vanable gain amplifier (VGA)
FIG. 2 shows the circuit diagram of one convennonal gm-ratioed amphﬁer that may be
used for a variable éain amplifier (VGA); )
| A'FIG. 3 shqws the input P1dB and output P1dB at various VGA gain settings for a
conventional one-stage \}GA which comprises a gm-ratioed a:.npliﬁef haviﬁg the c.ircuit as
sﬁo@n inIFIG. 2
; FIG. 4 shows the circu‘itrdiagram of aﬁother conventiénal g’m~rati0e_d ampiiﬁer;

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 butput P1dB at various gain éettings for 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-raticed amplifier according to one gmbodim;snt; -

FIG. 8 show:é the simulation results of the input PldB an& output P1dB &t various gaiﬁ
settings for a one-stage VGA which comprises a gm-ratiped 3mpliﬁer having circuit as shown in
FIG. 7, | o

FIG. 9 shows a tabie‘of different kinds of VGAs 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 differant kinds Qf VGAs as
listed in FIG. 9; aﬁd |

f’IG. 11 shows the outﬁut P1dB at various gain settings for different kinds of VGAs as | .

listed in FIG. 9.

Description

[0008] Tﬁe fo]]éwing detailed &escr’iption refers to thé acco;:npanying drawings that sh;)_w, ‘by
way of iiiustration, specific details_ and embodiments in which the invention may bé practiced.
These embodiments‘ are described in sufficient detail to enable those skilled in the art tf’ practi(_:e
the_iﬁv;anticn. Other embodimcnts may be utilized and structural, logical, and electrical c_:han.gesl
may be made without departing from the scope of the énventio;rx. The various embodiments afe :
not ncceséarily mutually excluéive, as some embodiments can be combined with one or more
other e;nbodiments to form neﬁ"embodimenté. The following detailed desgﬁptiqn therefore, is
not to be taken in a limiting sense, and the scope of the present invention is defined by the

appended claims.
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[0009] The word "exemplary” is used hérein to mean "serving as an example, ;mstance, or |
iilustrz‘ition‘“.l Aﬁy embodiment or desi gn described herein as "exemplary" fs not necessarily to be
- construed as preferred or advantageous over other embodiments or designs. |
[991?0] Generally, a gm-ratioed amplifier refers to an ampliﬁcr whose output is coupled Witﬁ a
load, and whose gain is determined by the ratio of the input transcenductance(gm) and load
transconductance (gm). The input t}ansconduétance may be realized by ﬁsiné a source-coupled
pair, e.g. two transistors thh their source terminals connected together and a current source
. connected to the two sourcé terminals of the source-coupled transistors, like transistors M5 angd
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 (‘)f PMOS transistors may be required to source current to both the inbut transconductan;:c,
and load transconductance, like transistofs M7 and M8 in FIG. 2. For a differential ‘amplirﬁcr., a
common—mocfe'feedback {CMFB) circuit may be required to_ﬁx. the output comfnon-m_ode level.
[6013] The gm-load in this context refers to a ioad .Whose iméedance is £he reciprocai of a |
transconductance {gm). One possible realization is the éource—couple pair with diode |
connections. The source-coupled pair refers to a pair of transistors whose source teﬁninals are
connected together, wiik‘:é tranststor M1 and M2, or M5 and M6 shown in FIG. 2. The dipde
connec.tion refers 1o a transistor whose gate and drain terminals are connected tog;:ther.
{ 901217 The output linearity reférs to the outbut signal level (i.,n voltage or .dBm) a;t which the
ampliﬁer. just starts to deviate ﬁ‘om the linear operation behavior (typically defined by the point
When éain is dropped by 1 dB). Similarly, thei input linearity ;efers'to the iﬂput s_ignal ievel‘(’in -

voltage or dBm) at which the amplifier just starts to deviate from the linear operation behavior. -
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{6013} Embodiménts provide a gm-ratioed amplifier which may improve thé ﬁnearity ofthe |
amplifier while maintaining the s#me power consumption-
f0014] The gm-ratioed amplifier may comprise a first input voltage terminal a.nd a second
inpﬁt voltage terminal. The gm-ratioed amplifier may further- corﬁprise a first outpuit voltage
terminal and a second output voltage terminal. In one embodiment, the gm-ratioed amplifier may -
further comprise an ampﬁf&ing unit being c;ouﬁfed between the .input voltage ferminals and the
output voltage terminals and being adapted to supply an output voltage to the output voltage
_ terminals in. dependence on an 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 Whicﬁ comprises a first field effect transistor. The gm-load may comprise & second
load brénch which comprises a second field effect transistor. In one embodiment, a first
source/drain terminal and a gate terminai-of the first field effect transistor may be cou;;Ied to the
first output voltage terminal. In one embodiment, a first source/drain 'term’inai'.ar‘xd a gate terminal |
of the second field effect transisior may be coupled _fo the secoﬁd output vﬁitage terminal. In one
ei‘nbcdiment, a second source/c-ir.ain-terminai of the ﬁrstA field effeét tmﬁsiétor éﬁ&_ a second
source/drain terminal of the second field effect transistor may be such coupled witﬁ each other
through a first transistér arrangement that a linearity of response of the output voltage to the
inp#t vbltage is- improved. |
[6615] The gm-load may be a block of circuit being coupied‘between the oﬁlput terminals of -
the gmnra‘,tioed amplifier and a ground, for example.
(0016} f In one embodiment, 'tl-le first transistor arrangement may comprisé a third*fieid 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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secbnd;ﬁeld effect transistor may be couéled 10 a gate terminal of the fo‘urth ﬁe]& 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 |
soux;ce/drain terminal of the first field effect transistor. A secénd' source/drain terminal of the 7
third field effect transistor and a second source/drain terr‘nina‘l‘ of the fourth field effect transistor
may be coupled to the second source/drain teﬂninal of the second field effect transistor.

{0017} 1Inone embodimem, 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 n'ansisfor may
be coupled to the first input voltage terminal. A gate terminal of the _sixth field efféct fransistor .
méy be coupled té the second input voltagé terminal. A first soﬁtce/drain terminal of the fifth
field effeci 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 ténniual.
A second source/drain terminal of the fifth field effect transistof may be coupled with a second
slource/drain teMdl of the sixth ﬁeid effect transisfox;. |

10018] In one embodiment, the gm-ratioed amplifier may further comprise a rﬁ'rst resiétér; The
‘ﬁrst resistor may have a first fesistor terminal and a second resistor terminal. The ﬁﬁt resistor
terminal of the first feéistor may be coupled to a first reference voltage. The second resmistﬁr
ienﬁinél of the first resistor may be coupled to the first output voltage terminal. The gm-ratioed
ampliﬁer may Farther comprise a second resistor. The second rési‘stor may have a ﬁrsi resistor
términal énd a s-ccand'resister terminal. The first resistor terminal of the second resistor may be
{;ouplfe;! to the ﬁrs_t reference voitage. The secbnd resistor tenﬁinal of the scboncl_ resistor may be

coupled to the second 6utput voltage terminal.
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[0019] In a further embodiment, the first"resistor may be a seventh field effect‘transistor:'?he.
seventh ﬂeld effect transistor may have a first source/drain terminal being coupled o the ﬁrst
: reference voltage. The seventh field effect transistor may have a second source/drain terminal
bcmg coupled to the first output voltage terminal. The second resistor may be an cighth fieid
effect transistor. The eighth field effect transistor may have a first source/drain terminal being
coupied to the first reference. voltage, The ei gIﬁ;h field effect transistor rﬁay further have a second
source/drain terminal being goupled to the second output voltage terminal. In one embodiment, a
. gate of the seventh field effcct transistor may be coupled to a gate of the eighth field effect
transistor. For example, the first reference voltage may be a power supply voltagei.
10020} In one eﬁxbodiment, the gm-ratioéd émpliﬁgr may further compriée a common-mode
_ feedbac;k (CMFB) circuit. In one embodiment, the CMFB circuit may have a first feedback inp-ut
ltermin’al being coupled to the first output voltage terminal. The CMFB ciréuit may have a second |
feedback input ferminal being} caupled to the second output voltége términal. The CMEB circuit
may have a feedback output tenmnal being coupied to a junction between the gates of the
seventh and eighth field effect transistors. Generally, the CMFB circuit may stabilize COMIMOn-
mode voliages. Common-mode voltages of a differential output refers to the average of the

differential output szgnal e.g. differential output voltage. The output differential voltage supphed '

by the ﬁrst and the second output voltage terminals to the first and the second feedback mput

o temunals may be averaged and compamd thh a common-mode reference voitage The

dlffcrenua[ voltage may be converted by the CMFB circuit to a feedback sxgnal e.g. a feedback
voltage and the feedback sxgnai may be output via the feedback output terminal of the CMFB

circuit, It is understood that the CMFB circuit is generaliy well-known in the art and any ex1stmg
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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. | |
- [0021] In one embodiment, the first load branch of the gm-load may further comprise a first

- cun;ent source being coupled between a second reference %foitagé 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 g:ﬁ-ioad may further compri;se a second current
source being coupled between the second reference voltage and the second source/drain terminal
. of the second field effectltr-ansist_or; 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 re-fer‘ence'voritage may be a groun& voltage.
[0022] | In one embodiment, kthe amplifying unit may further comprise a third current source
being coupled between the second refereﬁce voltage and a junction of the second séurce/&rain '
terminals of the fifth and sixth field effect transistors. The third ;:urreilt source rﬁay be configured
to provide a third current. |
EGGZZS} I an glternate embodiment of the embodiment wherein a third current lseurce 15
provided and the second source/drain terminal of the fifth field effect transistor is directly
coupled to the secoﬁd source/drain terminal of fhe sixth field effect .transis{or,. the seco;id
som;ce/;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 -arraﬁgément may ;::omprjse'a ninth field effect transistor and a tenth i_'zeid
cffect gransistor. The gate tcmﬁiﬁal of the fifth field effect transistor may be,‘ coupled to a gate.
terminal of the ninth field effect iransistor. Thé gétc; terminal of the sixth field effect tz"ansistér- '

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 ﬁlrst source/drain terminal of t]éxe’ tenth fiéld effect -
transistor may be coupled to the second sdurce/dféih terminal of the fifth ﬁéld effect transistor. A

. second source/drain terminal of the ninth field effect transistor and a second so'urcgfdrain |
terrhinal of the tenth field effect transistor may be coupled té thé second source/drain terminai of
the sixth field effect transistor. In one embodiment, the amplifying unit may further comprise a
fourth current source being couplcd between fhe second refereﬁce voltagé an.d the second
source/drain terminal of the fifth field effect 'trans;istor. The fourth current source may be

_ configured to provide a fourth current. The amplifying unit may further cqmpn'se a fifth éurrent
source being coupled between the second reference voltage and the secénd source/drain terminal
of the sixth field .effect transistor. The ﬁfth‘ current source may be conﬁguréd to provide a fifth

. cun‘ent-. The fourth current may be same or approximately equal to the fifth current. |

[6624] In one embodiment, the first through the sixth field effect transistors are N-channel -

seventh and the eighth field effect transistors are Pmchaﬁnel field effect transistbfs. For example,
the seventh and the eighth field éﬁcct transistors are P-channel meta_l oxide semicoﬁductor field
effect.transistors (PMOSFET). In one embodiment, the first referepce V(;ltége'is a power supp}y
voltégé, and the second reference voltage is a ground voltage. |
[0025] In an alternative embodiment of the émhqdiment- whérein the first through sixth field
effect traﬁsistors are ﬁ~chﬁnnei field effect transistors and the seventh and the ei ghfh field effect
transis;tors are P-channel field effect transistors, the first throz;xgh the sixth ﬁeld- effect transistors -
are P-channel field effect transisfors, e.g. P~cﬁanﬁe§ metal oxide"semi'conducto.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 semicondﬁ'ciér-ﬁ.gld effect tra.nsistors

N MOSFET). In this alternative embodiment, the first reference vo-ltége is é groﬁnd voltage, and
. the second reference voltage is a power supply voltage. |
[0026] In one embodiment, the first through sixth field eff‘ect transistors are of a different t@e
of transistors (in respect of channel type) from the seven_th and eighth field effect transistors.
f0027] In one embodiment, the ninth and thé tenth ﬁe}a effect Iransistérs a;*e N-channel DHeld
effect transistors. For example, the ninth and the tenth field effect transistors are N-channel metal
. oxide semiconductor field éﬁ'ect transistors (NMOSFET). In one embodiment, the ninth énd
tenth field effect transistors are of the same type (in respect of channel type, c.g. g-channel orP-
channel) with thé first through sixth field efféct transistors. In one embodiment, the ninth-and
 tenth field effect. transistors are of a different type (in respect of channel type, e.g. N-channel of,
P-channel} from the seventh and eighth ﬁeid effect transistors. |

[0028] In oﬁe embodiment, the first field effect transistor and-the second ﬁeié effect transistor
have the same or approximately the same aspect ratilo. |

[062§} in one embodiment, the third field effect trana;istor and the fourth field effect tr#nsistor
have the same or approxématelylfthe same aspect ratio. |

[0038] Inone emf:o&iment,' the third and the fourth field effect transistors afe éonﬁg}lred o
operaté ina txiéde region. | |
[6631] In one embodiment, the ninth and the tenth field cffe;:t transistors haﬁ’e the same or
approximately the sarhe aspéct' ratio.

_[0032]: In one embodiment, the ninth and'the tenth field effect transistors;are- r;onﬁgurcd o

operate in a triode region.
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[0033] The accoﬁpmﬁng drawings méntioned hereafter and the deéailed explénations th_at'
follow will serve as an illustration to better aid in the uhderstanding of the \}arious-non—iimitixig
- embodiments of the present invention. |
[0634] A gm-ratioed amplifier may be used in conjunction wit.h a current steering cirquit to.
realize the function of variable gain amplifier (VGA), an example for which is described in
relation to FIG. 1. A variable-gain émpiiﬁer (VGA) is an electronic ampiiﬁer that may vary its
gain depending on the amplitude of a control signal (e.g. a contro} 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
wﬁich may inclucie a low-noise amplifier (LNA) aéhigves a sufficient noise figure, the VGA
plays an important part in amélifying a signal to an appropriate amplitude for further processiﬁg,
e.g., to be converted into digital signal uéing an analogue-to-digital converter (ADC).
[0035] It should be noted thata gm-rzitioed amplifier is not 1iﬁﬁted 1o be uséd ‘fcr a VGA. For
example, the gm-ratioed amplifier may be used for é limiting arﬁpliﬁer or an ontput buffer. |
[0&36] FIG. 1 (a) illustrates the block diagram of a oirig-;stage variable gain amﬁiiﬁer 110. As
| can be seen, the VGA 110 only éqmprises one stage 111. The VGA 110 compn'ses l‘a variable
gain amplification staée 111. In.other words, the stage 111 is a VGA gain ceil'l(circuit)r providing
an aﬁﬁliﬁcaﬁon of the respective input signal. For example, the gain-cell may be a gm-ratioéci |
: ampliﬁer. As can be seen, the VGA 110 further comprises-g cﬁrre‘nt steering cimic¥ 113. The
cﬁrrent sfeering circuit 113 may be configured to 'dutput a current Iy, to the input stage of the
gain cell 111, and to output a éuﬁent Iz to thé load stage of the gain cell 1 .1‘1. To ensure
continuous gain control without any glitch, a dB-linear transfer function may. be implemented.

For example, a control voltage V. may be used by the current steering circuit 113 to steer the
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currents Ibl‘and I3 going to the VGA gain cell 111 to realize dB—iinear' transfer ﬁ;lnc‘gion. Moré |

specifically, through the current sfcerixig circuit 113, a linear change in the éontrol voltz{ge V.

. may reéuit in exponential changé in the ratio of current /,; and current f;.. Subéqucntiy, as thé

gaiﬁ of the VGA gain cell 111 {(gm-ratioed amplfier) is detenﬁinéd 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 cantx;ol voltage V.. | o

{00371 FIG. 1(b) i]iustratf;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 v.ariable
gain amplification stage 102. In other words, each stage is a VGA ggin cell (circui_t) providing an
arﬁpiiﬁcation of tlhc respective input_signal; For example, each gain cell mziy be a gm-ratioed

~amplifier. The gain cells 101 and 102 are connected in cascade, i.e. the output of the first gain |
ceil 101 is connected to form the input of the second gain cell 102, It is well underétoéd in the
art that usually more than one stage is used in a VGA fo accomﬁmdaté the wide 'dynamic range
.of amplification required in wireless communications, and the ﬂumber of stages in the VGA fnay
Eé varied &epending on the reqéi?érﬂen; of the circuit. Gcnerailﬁr the ovéfali gaiinI is the pr?_aduct of

.t}m gains of the individual gain ce_lis. In this example relating to FIG. 1 (b), the qveiall gain 18 the
product of the gainsAof the gain cells 101 and 102. If the gain of each gain cell is expre::;sed in
decii»els (dB), the total gain is the sum of the gains of gain cells. |

. [0038] As can be seen, the VGA 160 further comprises a cu&ent steering ‘cifuict -103. The

cﬁrrent stéering circuit 103. may be configured to ocutput a current Ip; to each of the input stage of

the gain ceils 101 and 102, and to output a current Iy to each .of the load stége qf the gain cells

101 and 102. To ensure continuous gain contfol 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 3, and Ibg‘ going to the VGA gain cells' 161 and 1.02 1o realize dB_

linear traﬁsfcr fun-cti(m. More specifically, through the curren't. ‘stséring circﬁit 1032 linear

change -in the control voltage ¥, may result in exponential change in the ratio of current Iy and
currént Ip2. Subsequently, as the gain of each of the VGA g&_,iﬁ ceﬂs 101 and 102 (gm-ratioed |
amplfier) is determined by the ratio of the input stage transcdr_xductance and load
transconductance, the gain of the VGA iOO m.;jy change exponentially cérres%sonding to the

linear change in the control yoltage V..

. [0839] 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. Fo‘r a gm-ratioed amplifier which inay be used in a

VGA, éne'approach to realize the function of variable gain is to change the input stage
transconductance gm and the load tmnscénductance, To achieve a large gain range, an.
exponential function or a pseudo exponential function is comménly used in a Vaﬁable-gain '
émpliﬁer (VGA),.i.e‘., a'linear chaﬁge in the analogué or ‘digital‘contm] signal results in an .
eﬁpoﬁential change in the VGA gain. In other words, if:the gain is expressed in d;:cibeis (dB), a
linear change in the analogue or digital control signal may resultin a linear change ;Z)f the VGA
gam in decibels (dB) A VGA is called to be dB-linear VGA when the gain of the VGA changes
exponentmﬁly (hnearly in dB) corresponding to a linear change in the control signal.

{604_(3]_ FIG. 2 illustrates the circuit diagfam of the circuit lZOG’ ofa c;énveﬁﬁonal gm-ratioe&
ampliﬁer.for a vaﬁébiéugéﬁz arﬁpliﬁer (VGA) which may realize the exponeniial function of the
VGA gain (i.e. lincar function of the VGA gam n dB) upon- hnear change of a controi s:gnal by
adopting a gm load and mampuiatmg the mput and load gm current and subsequently the

transconductance For example the circuit 200 of the gm—ratloed amplifier may be used in the
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gain cell 111 shown in FIG. 1 (a). ‘Similax.'ly, the circuit 200 of the gxn—fatioed aiﬁpliﬁer may be |
used in any of the gain cells 101 and 102 shown in FIG. 1 (b). The control s.ignal V. in FIG. 1 (a)
may steer currents in the current steeﬁng circuit 113 such that a Iineﬁr change in cqn_trol voltaée
Ve cﬁrresponds to an exponential change in the current ratios.of éurrents 1y, and I, as shown iﬁ
FIG. 1 (a). The currents [p; and Ip; shown in FIG. 1 (2) may be mimrored in the gain cell (gm-
ratioed amplifier) 111 which has a circuit 2()0_las shown in FIG..2. That ié, thé current s 1s
mirrored in the current source 252 in FIG. 2, and ghe currert [;; is mirrored in the current source
. 251 in FIG. 2. With an expénentiair change in the ratic of currents I;; and fj; in FIG. 1, thé ratio
of input transconductance and load transconductance may change exponentially a%:cordingiy. As
a rééult, a linear éhange in the control volt-age' ¥, may correspond to an exponential change in the
gain of:each 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‘compriscs a first input ﬁoltag'e texmiﬁai..’lél and a
second input voltage terminal 262.- The circuit 200 ﬁm:her cominrises a first output voltage | ‘
terminal 263 and a second output vohégé ‘tel:nn‘ir‘ial 264, The circuit 200 further ésmpnses_an
amplifying unit being adapted between the input voltage terminals 261 and 262 anci the output
voltage terminals 263 and 264. The amplifying unit comprises an mput stage which i is
represented by the circled area 272. The amphfymg unit further comprises a gm-load, which is |
the part of circuit 200 in th.e circled area 271. The gm-load-is coupled bf:tween the output voltagc
te:imina_ls'263 and 264 and a fgfound 255; and is a'load whose impedance is the reciprocal of a
transcénductance {gm). The gm;load cofnprisés a first load bﬁnch'which c_(:)mplfises a field effect
transistor M1 and a second load ﬁranéh which comprises a field effect transistor.MZ. A gate

terminal 201 and a first source/drain terminal 202 of the field effect transistor M1 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 tfxe field effect fransiétof M2 are coupled with tﬁe second cutput voliage terminal 264,
The amphfymg unit may further comprise field effect transistors M5 and M6 in the input stage,
wherein a gate 213 of the field effect transistor MS5 is coupled Wiﬁl 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 tenﬁinal 214 of the ﬁéld effecf trar;sist'or M35 is coupled
with the first output voltage terminal 263, and a ﬁrst source/drain terminal 217 of th.e field effect
. transistor M6 is coupled with the second output voltage terminal 264.
{0042] The circuit 200 further comprises field effect transistors M? and MBS, wﬁerein a gate
219 of the field effect transistor M7 is coupled with a gate 222 of the field effect transistor M8,
‘and a ﬁ.rst‘source/drain'terminal.220 of the field effect transistor M7 and a first source/drain |
terminal 223 of the ficld effect transismrrMS are coupled with a power sﬁpply 241 (VI;D); A
second source/drain terminal 221 of the field effect transistor M‘l is coupled with the first output
voltage tcm:\mal 263, and a second source/dram termma} 224 of the field effect transistor MS is
coupled with the second output voliage terminal 264, erld effect transistors M7 and M8 as
represented in the circled box 273 may be referred to as active lpad in the circuij: 200. In this
context, the active iéa& refers to the load which'.is made of active devices, e.g. MOSFE:)T
tra\n.sisfors; Thé active load is contrary to the passive load which may‘be passive devices, }ike‘ a
- resistor or a capacitor. The active load may function high impedance paths to the supply voltage
VDD 24i and source current té the inpdt transconductance and load transconductance.
{_0043} Th¢ circuit 200 ﬁmhef comprises a éommon mode feedback circﬁt (CMFB) 242,
wherein a first feedback input iea;minai 225 of the‘ CMFB 242 is COupzled with the first output

voltage terminal 263, a sccond feedback. input termmal 226 is coupled with the second output
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vbitage terminal 264, and a feedback outéut terminal 227 of the CMFE 242 18 céupled with é
junction bctweéh the gate 219 of the field effect tfansi's;tof M7 and the gate 222 of the field effect
- transistor M8. The circuit 200 may further comprise a current source 251 being coupled betw;:en -
the ground 255 and a junction between a second source/draiﬁ terminal 203 of the field effect |
{ransistor 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 b-etween tﬁe gx;ound 255and a
junction between a second source/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 jthrough the cﬁrrent source
251 may be M®red from the currenits I, énd L2 from the current steering circuit 113 (see FIG.
1 (a), fesfmective!y. 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 (PM()SFET) The field cffect fransistors Ml M2, M5, and
M6 may be Nnchannel field effect transistors. For examplc the ﬁeld effect transistor M1, M2
M3, and M6 may be N-channel metal oxide semzconducior field effect transistors (NMOSFET}.
{0844} Though theoraticaﬂy the gm-ratioed amplifier as shown in FIG. .2 may achieve agood
hnem'lty at S0Ime pamcular point of input-load gm steering where distortions generated by the
input stage and the load stage almost completely cancel each other it may be limited by PMOS
and thg common-mode feedback (CMFB). 'I‘hat is, when thg output signal is small, the PMOS -
transistéfs operate felétively in a linear region and s not the dominant contributor of
qonlinéarity. However, when the output signél swing is 1argcr enough, the PMOS and comzﬁqn _
mode feedback ciréuit'ﬁlight be pushed into tﬁc nbn—linear region and contribute a signiﬁcanf

amount of distortion. At some particular point of input-load gm steering the gm-ratioed amplifief
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in FIG. 2 may achieve good linearity whére distortions generated by tﬁe’ 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
outﬁut linearity performance. The poor linearity performa.ncé of gm-raticed amplifier may Bé
derived as follows, although, no theoretical analysis is p{_arfox‘med yet.

[6645] Generally, fora gm stage; e.g. the input stage, the I-V can be described as

L =aV,+aV}+aV; (1

- where 7, is the current through the first source/drain terminal 214 of the field effect transistor M5
in the circuit 200 (or the current through thf: first source/drain tennipai 217 of the field effect
transistpr M6 in the circuit 200), the- a,, a3, aﬁd a 3 are the coefficients of tﬁe fundameﬁtal,
 second and third order harmonics, respectively, Here the DC componén‘t is not included and the-
harmonics are taken into account up to the third order. One can gbtain that a; is zerb. The
differential input voltage Vi, = Vie-¥:. Memory effects of paras_itip cai)acitors _p;esent in the
mega .Hz. Therefore, the Taylor series, rather than Volterra series, is sufficient fér galcuia-tion.
[0046] Therefore, the output voltage of the gm-ratioed amplifier may be obtamed as

V. =-1x1, L —m—Ix !
- gmoL +gﬂin + gp[. ’ gmo].

@) "

where gn,, is the transcoﬁductance for the gm;ioad (thé circuit. part in the circled box 271 in the
circuit 260 in FIG. 2), goin is the éutput trz;nscqnductanée of the input stage (the circuit péﬁ in the
circledrbox 272 in the circuit 200 in FIG. 2}, and g1 is the Eﬂf;ld trans_conduptance due to the )
PMOS active load (the circuit paﬁ in the circléd dotted box 273). In dthe;r words, referring té
FIG. 2, the gm-ioad refers to the part of circuit 200 wiﬁch comprises thé first load branch and the

“second Joad branch wherein the first load branch comprises the field effect transistor M1 and the
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secq‘n& loadlr;ranch comprises the field effect transistor M2. The gm~lo.;5ad ﬁu‘thef comprises the'
current so_ﬁrce 251. The input stage refers to the part of circuit 200 which cémpﬁscs the field

- effect transistors M5 and M6 and the current source 252. The PMOS active load refers to the par’c -
of the circuit 200 which comprises the field effect transistors M7 and M8.

[0047] Contributions from gp;, and gyt are neglhigible, as compared with the transconductance
of the gm-load g,.z. Therefore, go;; and g,, méy be neglected for the eas;: of -caléuiation. The
contribution from the gm»io.ad may be expressed as

s o 2by 43V + 40V ®

@

mol. =

where b, arel the ﬁth harmonic coefficient of the gm-load V-1 relatioﬁship, respective]y, apd b ié
the current through the first source/&rain 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 aﬁgi the current through the gaté
terminal 204 of the field effect transistor M2 are negiigibi¢ in this calculation. It may be proven

that coefficients b; and b, are zero. Therefore,

, |
, et - = . 4
SPTEVYZ - @

{0G£8] Combmmg equatlons (1) and (4), the expresswn ef ¥, in terms of ¥}, up to the third

order can be obtained as

v, ~clV +c2V2+c3V-" ' I (5)
where

a, ; C s o |
¢ = . 6.1
=3 | 6D
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¢ =_g;(-3b3af+a3b,3) : - | | (6.3)

|

~ [6049] ' T—he input transistor transconductance (transconductance of each of thc field effect
transistors M5 and M6 in FIG. 2) may be denoted as g,,, and small-signal parametér of each of
the transistqrs MS and M6 in FIG. 2 may be denoted as KRRO.S;;,,C,,I{W/L)E, wherein g, is the
electron mobility in the channel of the field effect transistor, Coy is the czipacitance per unit area
of the parallel-plate capacitor formed by the gate electrode and the channel, and WL 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 gach of the field effect transistors M1 and
M2 may be &enoie;i 88 g and Kg=0.51, Cox W/ L)y, respectively. It c'an be seen thét in.thig
illustrating example, it is assumed tha: thcf: field effec;c transistors M1, M2, M5 and M6 are N-

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

5 j
c, K
ol et 6
o Mle _3{&1]:&(&){“1 ‘‘‘‘‘‘
gmb Ka ;
[6050] The input P1dB may be obtained as
Pop, =2010g,, [|1x0.145 ' o
. 2, . .

and output P1dB as
Fovsany = Fonaps + 4, o . : - - (8)

where A4, ; 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) t6 the input signal (e.g. input ﬁbitage signal)), and at higher-level input
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signals, the gain of the amplifier decreasés. P‘l dB refers to the 1 dB compressioﬁ pﬁint wherein |

the inpﬁt signal is amplified 1 dB less than the small signal gain. Input P 1dB refers to the input

. power in dBm at the | dB compression point, and output PI1dB refer:; to the outpqt power in dBm .

at.tﬁe 1 dB compression point. Input P1dB and output P1dB @y be used as an indicator fo'r |

input linearity and output linearity, respectively. A relatively larger value of the input P1dB or

output P1dB indicates a relatively better input‘linearity of ourpﬁt Iinearitj.y. |

[8051] FIG. 3 shows the input and output P1dB 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 various gain settings, and the
doﬁed line in FIG. 3 represents the output f’idB at various gain setfings. The gain setting is the

‘ control §oltage, e.g. the control voltage ¥, as shown in FIG. 1 (a). As described earlier, by |
controiling the control voltage 77, the raﬁo of the input transconductance and thé load |
transconduptanée of the gm-raticed amplifier may be varied, théreby varying the gain pf the
respective gm-ratioed amplifier. As can be seen froﬁl FIG. .3, at. some particular gain setting, |
distortions froﬁx %I;elinpu¥ étage and gm-load almost con%plétéi? cancel each other, rcsultiﬁg ina
'relatively good linearity (e.g. regiqn 300 in FIG. 3). Howevei, over the entire gain r-ange, the
VGA iinearity dropé dfasticaliy, leading to poor performance.
[0052] l' FIG. 4 illustrates the circuit diagram of a circuit 400 of another conventional gm-
ratioed amplifier which zﬁay improve the 1inearity by degenerating the inpuf sfage. In this
céntext, degeneratiﬁé tor 'degcﬁeration) féfcrs toa technique where a negative feedback is.
applied. Upon applying a degenération transistor or degeneration tfansisto:é at the input stage,
the effective input transconductance may be reduce;i, and hence the gain may be reduced. This is

- called a degenerated amplifier.
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[0053} For example, the circuit 400 of fhe gm-ratioed amplifier may.b‘e used iﬁ the gain caﬂ |
111 for the VGA 110 shown in FIG. I (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. I (b}. For |
exampie the control signal ¥, in FIG. 1 (a) may steer currents in the current steering circnit 1 E3
such that a linear change in control voltage ¥, corresponds to an exponential change in the
current ratio of currents f; and Ip; as shown iﬁ FIG. 1 (a). The currents I,; ; and I 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 scurces 452, 453 and 451 in FIG. 4). That is, the current .Ib; may
be mirrored in the current sources 452 and 453, and the current Jp; may be mirroréd in the current
source 451 With an exponential change in the ratio of the currents J3; and ;2 in FIG. 1, the ratio
~of input transconductarice and load transconductance may change exponentially accordmgly As
a result, a linear change in the control voltagc V. may correspond to an exponential changc in the
gain of each of the gm-ratioed amplifiers, which is determined By fhe ratio of the input
transconductance and load transconductance of the réspective ém—ratioed ampiiﬁér.
10@54] As can be seen, the circuit 400 is guite similar fo the circuit 200 as shown in FIG. 2.
The ﬁeki effect transistors M1, M2, MS—M—S and the CMFR 442 in FIG. 4 genergﬂy correspond
to the field effect trénéistors M1, M2, M5-M8 and the CMFB 242 in FIG. 2, réspective}y. The '
circﬁit 400 comprises a first input voltage terminal 461 and a second énput voltage ienﬁinal 462.
The cimuit 400 further comprises a first dutput voliage tc:rmjmlll 463 and a second output voiltage
terminal 464. The circuit 400 further coxhprises an amplifying unit being adapte@ between the
i_nput v;:)Itage terminals 461 and '462 and the dutput voltage terminals 463 a;zd 464. The
amplif}ﬁng unit compriées an iﬁput stage and ﬁ gm-load. The input stége is the circuit part

represented in the c.arcled box 472 The. gm-ioad 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 tr#nsistor Ml and
a seéénd Ioad branch which 6omprises a field effect transistor M2. A gate términal 401 andd

- first soﬁrcc/drain terminal 402 of the field effect transistor M1 are coupled with th¢ first outpv—lt
voltége terminal 463. A gate terminal 404 and a first source/&raiﬁ terminal 405 of the field ef’fect
transistor M2 are coupled with the second output voltag¢ terminal 464.

[0055] The amplifying unit further comprisés field effect transistors MS and M6 in the input
stage, wherein a gate 413 of the ficid 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 M35 is coupled
with the first outéut voltage terminal 463 aﬁd'a first source drain terminal 417 of the field effect
transist;Jr M6 is coupled with the second output voltage terminal 464.

[00586] The circuit 400 rfurther comprisés field effect transistors M7 and M8, wherein a' gate -
419 of the field effect transist()r M7 is cdupled with a gate 422 of the ‘ﬁeld.effec’f transistor M§, a
first source/drain terminal 420 of the field effect transistor M7 and a first source/dram terrmnal
423 of the field effect transistor M8 are coupled with a power supply 441 (Vpp). A second
source/drain tenminal 421 of the field effect transistor M7 is couplcd with the ﬂr;t output voltage
term'mal 463 and a éec@nd source/drain terminal 424 of the field effect transis’iqr M8 is coupled
with the second output voitage terminal 464. |
- {00577 The circuit 400 further compnses a common mode feédback circuit (CMFB) 442
\Qherein a first feedback input terminal 425 of the CMFB 442 is coupled with the first output
yoltagé terminal 463, a second féedback inpuf terminal 426 is éoupled with_:the second outiﬁut_

voltage ierminal 464, and a feédback output termihai 427 of the CMFB 442 is coupled with a
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junction between the gate 419 of the ﬁel& effect transistor M7 and the gate 422 df the ﬁcld‘_effeét
tr-ansistm‘ MS | |

: [{}0581 The input stage of the circuit 400 ﬁu‘ther compnses field effect transxstors M9 and M10.-
That is, in the input stage, a gate terminal 428 of the field effect transistor M9 is coupled to the
first input voltage terminal 461 and a gate terminal 431 of the field effect transistor MIO is
coupled to the second input voltagé terminal 462. First source/drain tenﬁinal.s 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 M3, é.nd 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 effect
transistor M6. The field effect transistors M9 and MI_O may be referred to as input degeneration

, transistors. As mentioned earlier, the input degeneration transistérs M9 and M10 may reduce tﬁe
transconductance of the i_nput stage, tharéby reducing the gain of the gm-ratioed ampliﬁér.
100591 The circuit 400 further compriées a current source 451 being coupled between 2 ground

455 and a junction between a second source/drain termmal 403 of the field effect lransmtor Ml

and a ‘second source/drain terminal 406 of the field f:ffect transistor M2. The circuit 400 further
| comprises a current source 452 being coupled between the ground 455 and a sccond source/drain
termmal 415 of the ﬁeld effect transistor M5, and a current source 453 bemg coupled be’{ween _
the ground 455 and a second source/drain termmal 418 of the field effect transistor M6. The field
effect transistors M7 and M8 may be P-channel field effect transistors. For example, the current
through tiae current sdurceé 452 and 453 may be inirrored from the cuirent Ib y from the current
steermg circuit 113 {see FIG. 1 (a)), and the current through the current source 45 1 may be ,
mirrored from the current Iy from the current steermg circuit 113 (see FIG 1 (a)}). For exami:le

the iransisiors M7 and M8 may be P-channel metal oxide semiconductor field effect transastors |
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—(PMOSF_ET). The ﬁe_ld effect transistors Ml, M2, M5, M6, M9 and M] 0 may bé N-channel
' V-mKetal oxide sezﬁiconductor field effect transistors (NMOSFET).

[0060] 7' As can be seen from the circuit 400 in FIG. 4, by degenerating the input stage, the |
amﬁiiﬁer gain may be lowered and the input P1dB may be i:ﬁproved by the same factor. That is,
the effective input transconductance decreases with input degeneration due to the negative
feedback mechanism, and therefore the amplifier gain drops. Assuming ﬁe ]inearity is limited by
the output, 1.e. the output le\.r_el at which the gain is reduced by 1 dB remains the same, the input
. P1dB increases due to the reduced gain (see, for example, equation (8)). Thus, typiczﬁly, with
input degeneration (by the transistor M9 and M10 in FIG. 4), the input P1dB 1s iﬁ;proved.
Hb\x}ever, the output P1dB cannot be improved by six_nply using input degeneration.
{0061] | FIG. 5 shows a circuit diagram of the circuit 500 of a gm-ratioed amplifer according fq
one exempl@ embodiment. | |

[0662] For example the circuit 500 of the gm-ratioed amplifier may be used in the gain cell
it1 shown in FIG I {a}. Sumiarly, the circuit 500 of the gm-ratioed amphﬁer may be used in
any of the gain cells 101 and 102 shown in FIG. 1 (b). For example, the con!;rol signal ¥, in FIG.
1 {a) may steer currents in the current steering circnit 113 such that a 1mear change in control
voltage V. corresponds,to an exponential change in the current ratxq of cm"rents Iy and s as 7
shc_wn.in FIG. 1 (a). The currents Jp; and I;; shown in FIG. 1 (2) may be mirrored to the gain ccﬂ
{gm-ratioed amplifiers) 111 which has a éircuit 500 as- shown in FIG. 5 (see the current sources
553, 551 'and 552 in‘_FiG.' 5. With an ex‘p(l)nsntial change in the ratio of the currents [y and Jpz in
FIG. 1 -(a), the ratio of input tﬁaﬁscqnductancé and load transéondu'ctance n;iay change
exponentially accordingly. Asa result, a linear chagge in the control voltage V. may correspond

to an exponential change in the gaiﬁ of each of the gm-ratioed amplifiers which has a circuitas
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showﬁ_in_ FIG. 5, which is determined by the ratio of the input transconductance énd load -
transconductance of tﬁt‘:'riespect'ive gm-ratioed amplifier.

[9063] Thé circuit 500 may comprise a first input Voltage'term'inai 561 and a second input
VQItAge terminal 562. An input voltage may be applied to thé inpﬁt voltage terminals 561 and'
562. The circuit 500 may further comprise a first cutput yoltagc terminal 563 and a second
output v;ﬂtagc terminal 564. The cfrcuit 500 zﬁay further comprise an arﬁpljf)dng unit being
adapted between the input voltage terminals 561 and 562 and the output voltage tem;inals 563

. and 564. The amplifying unit may be adapted to supply an output voltage to the output véitage
terminals 563 and 564 in dependence on the input voltage (Vi+ - ¥,.). The ampiifﬁng unit may
comprise a gm-load. The gm-load is the paﬁ of circuit 500 represented in the circled box of 571.
Inone embodiment, the gm-load may comprise a first load branch which comprises a field efféct
transistor M1 and a second load branch v-vhich comprises a field effect transistor M2. Thé field”
effect transistoré M1 and M2 may be also referred to as diodc—cénneéted load trénsistors. A gate
terminal 501 gnd a fufst source/drain terminal 502 of the field effect transisior M1 may be
coupied with the first cutput voltage terminal 563. A gate terminal 504 and a ﬁrst source/drain
terminal 505 of the field effect transistor M2 are coupled witﬁ the second output vc;Itage terminal
564. A second sour::-:ef;drain terminal 503 of the field effect transistor M1 may be coupled with a
seconci source/;irain terminal 506 of the field effect transistor M2 via a first transistor |
arra_ngemant such that a imeanty of response: of the output voltage to the mput voitage may be
improved. In one embodument transistors M1 and M2 have the SAme aspect ratxe

{6064] In one embodiment, the.ﬁrst tranmster arrangement comprises field effect transistors
M3 and M4 as shown in FIG. 5. The field efféct transistors M3 and M4 may be also }efexred to

as load degeneration transzstors In one embodlment transistors M3 and M4 have the same
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aspect ratio. In one embodiment, the aspéct ratids of the transistors Mi, M2, M3:., and M4 may |
satisfy fﬁe_ foiidﬁ?ing relationship: (W/L};=(W7L)2;=6.7$<(W/L)3=6.7x(W/L);, where (W;’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), is the aspect ratio f;}r tﬁe 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 gate‘tcxminal 504 of the field effect transiétor M2 is coupled to a
gate 510 of the field effect transistor M4. A first source/drain terminal 508 of the ﬁel;i effect
. transistor M3 and a first source/drain terminal 511 of the field effect transistor M4 may b;:
coupled with a second source/drain terminal 503 of the field effect transistor M1. -A second
soﬁfce/drain terminal 509 of the field effecg transistor 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 MZ_. In one embodi@ent, the load degeneration transistors M3 and M4 are
configured to operate in a triode rg‘gion when the gm-ratioed @piiﬁér 500 exhibits linear ‘
 behaviors |
{;{306‘5‘} In one eﬁxbadiment, the amplifying unit in ihe‘ circuit 500 may further éomprise an
.input stage. The input stage is the circuit part represented in the circled bpx 572. The input stage
may _cmnprise field éifect transistors M5 and M6. The field effect transistors MS and M6 may be '
also Ireferred to.as input transistors. In one embodiment, the field effect transistors M5 and M6 |
: h_ave a same size (i.e. aspect ratio). A gaté terminal 513 of the field ¢ffect iréné,istor M3 may be-
éoupled x;vith- the first input voltage tenﬁinal 56landa gate 516 of the field effec_t transistor M6
may be coupled with the second- input voitagé terminal 562. A first source/drain terminal 514 of

the field effect trazﬁsistér M35 may be coupled with the first output voltage terminal 563. A first
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source drain terminal 517 of the field efféct transistor M6 ﬁay .bé couﬁl‘ed with ihc second*oﬁtpﬁt
voltage terminal 564.

- [0866] | 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 actiw;e idad transistors. Tﬁe field effect
fransistors M7 and M8 may have the same aspect ratio in one embodlment A gate 519 of the
field effect transistor M7 may be coupled wzth a gate 522 of the field effect transistor M8, and a
first source/drain terminal 5;0 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. pﬁwer
supply voltage) 541 (Vpp). A second source/drain terminal 521 of the field effectr_transistor M7
méy be coupled \r;fith the first output.voltag‘e terminal 563, and a second source/drain ferminal
524 of Ilzhe"ﬁeid effect transistor M8 may be coupled with the second output voltage terminal 564.
[6067] The circuit 500 may further coﬁlprise a common mode feedback circuit {CM%B') 542 to |
regulate the output commonwm;)de-voltage The common-mode ‘volta‘g& of the oiltput signal
refers to the average of the dlfferentml output si gna} A ﬁrst feedback mput terminal 525 of the
CMFB 542 may be @0##31%:& with the first output vohage terminal 563. A second fcadback input
terminal 526 may be coupled with the second output voltage terminal 564. A feedbéck output
terminal 527 qf the CMFB 542 may be coupled with a junction betWeen the gate 519 of the ﬁe}d
effect t-ransistox; M7 and thé gate 522 of the field effect transistor M8; | o
[6068] Inone embﬂditﬁent, the circuit 500 may farther coméz‘is‘e a current source 551 being
cbupled Between a S@ébﬂd feference voltage (e.g. 2 ground voltage) 555 and the second
source}drain terminal 503 of the. field effect transistor M1. The curfent souf;ce 551 may be

conﬁgﬁred to provide a first current. The circuit 500 may farther comprise a current source 552

being coupled between the second reference 'voitage.'S;S 5 and the second source/drain terminal
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506 of the field effect transistor M2. The ;:urrent source 552 may be configured to providea - |
second chr_‘rent,. In one embodiment, the first current is fhe same with or apﬁroximamd e.qua! to

- the secénd current. The circuit 500 may further comprise a current source 553 being coupled
be@een the second reference voltage 555 and a junction bet&eeﬁ 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 lconﬁgured to provide a thx;rd current. The current
source 551 and the current source 552 may be also referred to as the current bias bioqk for the

. Toad. 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 murrored from thc current [y,
froin the current steering circuit 113 (see, for 'ex:implc, FIG. 1 (a)), and the currents through the
_current sources 551 and 552 may be mirrored from the current /,; from the current steering |

circuit 113 (see, for example, FIG. 1 (a)).

the ﬁél& effect transistors M7 and M8 are P-channel ﬁéld effect transistors, e.g. P»channe;l metal
oxide semiconductor field effect transistors (PMOSFET). In ﬂu‘.s embodiment, ti_xe ﬁrst reference
voitage 15 '@ power éﬁpi)ly voltage and the seco#;d reference voltage is a ground voliage.

[0070}.' In an alternative embodiment, the field effect transistors MiuMG are P-channel field - |
effect transistors, .g. P-;:hannel metal oxide sé:miconducto; field effect traﬁsistors‘(PMOSFET),
and the ﬁeld effect trénsistﬁrs M7 and M8 are N-channel field effect transistors, e.g. N-channel
metal e;xide semiconductor ﬁt;lgf effect transiétors (NMOSFET). In this alternative embodiment, -
the first reference Qoltége 18 a‘;ground voktagerand the second reference voltage is a power supply

voltage.
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[8071] As can be seen from FIG. 5, iraﬁsistors M3 and M4 play the part of degenerétion,-_and A
the iniaut stage are not degcnefated. With the degeneraﬁon transistors, the ldad transconductance
- is rédu(;ed, and hence the gm-ratioed amplifier gain is increased. For this case with_o_ut input |
degéneration, following the similar procedures as described iﬁ eciuations (1) to (8), one may |
obtain the ratio of the first and third harmonic coefﬁcien‘gs thé_ same as in equation {6.4) and the

input and output P1dB may be suhéequenﬂy obtained as

. ’ e _
B a5, =20l0g), EL x0.145=F ®
) 3. o

R;m:dg,:z = F:'nldB,.’».' "*"sz = ‘Pinia‘B,I + Av.] +h " . (10)

where Pj,45 2 represents the input P1dB for tﬁe ciréuit 500 and P48 2 represents the 6utput
-P1dB for t:he circuit 500, A, is the voltage gain in dB for the circuit 500.
‘[00’72] The extra factor 4 in equation (10) is attributed to the l_{)ad -degencration and may have a
value around 9 dB for typical deggheration settings. ‘I_*":or a typical sctting of the éegeneration, .the.
transistors M1 and M2 and .the“degeneration transistors -M3‘ and M4 has a felationship in their -
aspec.t ratio (W/L)y=(W/L)=6.7x{W/L);=6.7%(W/L)s, where (W/L}, is the aspe(;t ratio of the
transistor M1, (W/L); is the aspeci ratio of the transistor M2, (W/L})3 is the aspect ratio of the
transistor M3, (W/L), is the aspéct ratio of the fransistor M4, |
[6G73] FIG. 6 shows the simulation resuli; of the input énd cutput P1dB of a one-stage VGA
which comprises a gm-ratioed aﬁpliﬂer having the circuit 500 as .shown in FIG. 5. The one-stage
VGA may for exarnple be thé VGA shogvn-in_FIG. 1 (éj. The solid line in FIG. 6 represents the
input P1dB at various gain sctﬁmés, and the dqtted line represents tﬁé outputi P1dB at various -
gain settings. The gain‘ setting s the gain control voitgge appliedi 0 tﬁe current sieering 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 fora conventional gm-raticed amﬁliﬁcr, a benefit ffom the 103& degeneraﬁon by app_ljing

the transistor anaﬁgement comprising the transistors M3 and M4 in the gm;ioad as shown in

- FIG. 5 is that the VGA gain has been increased by a factor of /& which is around 9d_B 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. - | o

[0875]) For example, the c%rcuit 700 of the grn~r§tioed 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 n
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 cﬁ_rrcnts in the current steeﬁng circuit 113 such that a linear change in control

| véltagel ¥, corresponds to an exponential change in the current ratio of currents £;; and /52 as

shown in FIG. 1 (a). The currents Iy; and Ip; shown in FIG. 1 (a) may be mirrored to th.e gain ceil

{gm-ratioed amphﬁer) 111 which has a circnit 700 as shown in FIG. 7, (see the current sources
753 754 75} and 752 in FIG. 7). With an exponent:al change in the ratio of the currents Ib; a.nd
Iy in FIG. 1 (), the ratio of input transconductance and load transconductance of the gm—;-atmed
.ampliﬁer may change exponentiairly accordingly. As a result, a linear change in thelcontrol
voltage ¥, may corréséond to an exponential change in th.e gain of each of the gin—raticzed
ampiiﬁers, whi(-:h is determined by the ratio of the input transconductance and ioaa
transconductance of the respective gm-ratioed amplifier. |
10476} The circuit 700 may éomprise a first input voltage terminal 761 and a second inpu.t
voitagé tenninal 762. An inpui \}oltage may be applied to the input'voltage.fenn_inals 761 aﬁd_ o
762. The circuit 700 may furtherl comprise a ﬁrét éutput voltage terminal 763 and a second

" output voltage terminal 764. The circuit 700 may further comprise an amplifyirig unit being
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adapted between the input voltage terminéls 761 and 762 and the outpﬁt'voltage fermina}s 763 |
“and 764. The arriplifying unit miay be adapted to supply an output voltage td thé output {foltage

. terminals 763 and 764 in dependence on the input voltage. The amplifying unit may _comprise‘a
gm—ioad. The gm-load is the circuit part represented in the cifcled box 771. In oﬁe embodimeﬁt,
the gm-load may comprise a first load branch which compris,'e_s a field effect transistor M1 and a
second load branch which compn'sés a field effect transistor M.’é. The ﬁeid effeqt‘ transistors M1
and M2 may bave the same aspect ratio accofding to one embodiment. The field effect transistors
. M1 and M2 may be referre& 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 with the first
oufput voltage teﬁninai 763. A gate tenninél 704 a'nd‘a first source/drain terminal 705 of the field
- effect t@éistor 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 sécor;d 7
source/drain ter;ninal 706 of the field effect transistor M2 via a ﬁrst transistor’ aﬁ*angement such
that a linearity of 'the response of the output voltage io the input‘ voitagé may be improved.

{0@7‘7} In one embodiment, the first transistor arra.ngément in the gm-i@ad rriay comprise field
effect transistors M3 and M4 as shown in FIG. 7. The field effect transistors M3 aad M4 may be
transisfors M3 énd M4 may have the same aspect ratio, In one embodiment, the aspect ratios of
. the transistors M1, M2, M3, and M4 may satisfy the followingrrelatienship:.
(W/L}1:(W/L)zm6.7x{W/Lj3=6.7X<W/Lj4, where (W/L)-; is the aspect ratio for the transistor M1,
(.W/L)z‘. is the aspect ratio for the:transistar m, (W/L); is the aspect ratio fq;" the transistor M3,
{W/L); 1s the aspecf raﬁo for tfze transistor M4 The gate termi_nai 701 of the field effect transistor

- M1 may be coupled Wi&} a gate ferminal .707‘ of the field effect transistor M3. The gate terminal
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704 of the field effect traqsisto: M2 may Ee coupled to a gate 716 o.f t};c' field effect transistor

M4. A first source/drain terminal 708 of the field effect transistor M3 and a first source/drain

‘ terminzﬁ 711 of the field effect transistor M4 may be coupled with thé second source/drain |

'iern;linai 703 of the field effect transistor M1. A second sourc-e/dx.*ain' 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 éffect traﬁsistor M2. In one

embodiment, the load degeneration transistors Mé and M4 may be configured to operate in the

. triode region when the gm-ratioed amplifier 700 exhibits linear behaviors.
[6078] In one embodiment, the amplifying unit in the circuit 700 rﬁay further comprise an
inf;vut stage whicﬁ is the circuit part rcpreseﬁtéd in the circled box 772. The input stage may

| compﬁée field effect transistors M5 and M6. The field effect transistors M5 and M6 may be aléq
referred to as input transistors. In one erﬁbodiment, the field effect transistors M5 and M6 may
have a same asﬁect ratio. A gate 713 of the field effect transistor'MS may ba doépled with the
the second inpu£ grc-zlt.a‘gcla terminal 762. A ﬁrst_source/dféin terminal 714 of the field effect
transistor M5 may be coupled witf; the first output voltage terminal 763. A first son;;rce drain
terminal 717 of the ﬁéld effect transistor M6 may be coupled with the se.cnm_i output vgltage N
temﬁn@ 764. | |
[6879] The input stage may further conipn'se field effect-traﬁsistors M9 and M10. The field
offect transistors M9 énd M10 may be also referred to as input degeneration transistors. In one
embodiment, the input degenei’étion transistofs M9 and M10 ﬁlay have the_éamg: aspect ratio, In
one embodiment, the transistors MS, M6, M9, and M10 may have the following aspect ratio

relationship (W/L)s=(W/L)g=6.Tx(W/L)o=6.7x(W/L)o, where (W/L)s is the asp'eét ratio for the



WO 2011/115103 PCT/SG2010/000112
34

transistor M35, (W/L)g is the aspect ratio f‘or the transistor M6, (W/L)y is the aspe.;:t ratio for the |
traﬁsisto_r M9, (W/L)lo 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 effoct transistor MS. ‘A
gaté terminal 731 of the field effect transistor MIQ may be céupled to the gate terminal 716 o.f
the field effect transistor M6. A first source/drain terminal 7 29 of the field effect transistor MG
and a first source/drain terminal 732 of the ﬁeid effect transistc')-r MI10 mc;iy bé 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 l;hﬁ field effect
trénsistor M. In.one embodiment, the fielti effect transistors M9 and M10 are configured to

: operaté in a triode region. |
[00806] The circuit 7001may further cmﬁprise field effect transistors M7 and M8. The ﬁ-eld B
effect transistoré M7 and M8 may be also referred to as active load transistoré, A gate 719 of the

field effect transistor M7 may be coupled with a gate 722 of the field effect transistor M8. Th}:

ﬁeid effect transistors M7 and M8 may have g same aspect ratic, A first sourcé/drain terminal
720 of tﬁe field effect transistor M7 and a first source/drain terminal 723 of the ﬁel& effect
transistor M8 may Ee éoupled with a first reference voltage (e.g. a power supply voltag_e) 741
(ng). -A second source/drain terminal 721 of the field effect transistor M7 may bé coupled ﬁitﬁ
C the.ﬁrst output voltage terminal 763, A second source/drain tmnal 724 of the ficld effect |
ﬁénsistof M8 may be coupled with the second output voltage terminal 764.

[9981}: The circuit 760 may fﬁrther compriée a corunon mode feedback circuit (CMFB) 742 o

regulate the common-mode output voltage. A first feedback input terminal 725 of the CMFB 742
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of the CMFB 742 may be coupled with tﬁ_c second output voltage tenﬁinal 764. A feedback -
oixtpt;f terminal 727 of the CMFB 742 may be coupled with a Junction i:;cm}cen the gaté 719 of

- the ﬁel& effect transistor M'l and the gate 722 of the field effect transistor M8. |
[08321 The circuit 700 may further comprise a current soufce -75 1 being coupled between a.
second reference voltage (e.g. a ground voltage) 755 and the second source/drain terminal 703 of -
the field effect transistor M1, The current soux;ce 751 may be cénﬁ gured‘ to provide 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 éurrent source
751 and the current source 752 may be aisé referred to as the current bias block for the load. In
one cmﬁodimeng the first current is the same with or approximately equal to the second currcﬁt.
[6083] The circuit 700 may further cofnpn’se a current source 753 being coupled ‘betlwéenrthe'
second reference voltage 755 and the second source/drain termiﬁai 715 of the field effect

700 xﬁay further c-oﬁn-pz-iée. a- c;ufrant source 754 being coupled between the secﬁﬁd reference
voltage -755 and the second source/drain terminal 718 of the field effect transistor MG. The

current source 754 I‘nary be configured to provide a fourth current. The current source 7153 and the
currénf source 754 may be also referred to as the current bias block fér the input stage.-ln oné |

. embodiment, the third current is the same witﬁ or approximateiy equal to the fourth current. |
10084} AFor example, the cu’rfcms throﬁgh the current sources 753 and 754 may be mirrored
from tﬁ;z current fp; from the cm;rent steering circuit 113 (see F1G. 1 (a)), and thg: currents

through the current sotirces 751 and 752 may be mirrored from the cﬁrre_nt Iy from the current

- steering circuit 113 (see FIG.. 1 (‘a)}.
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[0685]) In one embodiment, the field effect transistors M 1-M6 and M9-M10 inlthe circuit 700‘

are N—chanixei field effect transistors, e.g. N-channel Iﬁetal oxide sernieondector field effect

- transistors (NMOSFET), and the field effect transistors M7 and M8 in the circuit 700 are P-

channel field effect transistors, e.g. P-channel metal oxide sermconductor field effect transistors

(PMOSFET). In this embodiment, the first reference voltage is a power supply voltage, and the

second reference voltage is a ground voltage. | o

[0086] In an alternative eprodiment, the field effect 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 cli.rcuit 700 are
N-channel ficld effect transistors, ¢.g. N-charinel metal oxide semiconductor field effect -

‘ transisters (NMOSFET). In this alternative embodiment, the first reference voltage is a ground- _
voltage, and the second reference voitage is a power supply voitage
106037] ln the ﬁlustratmg embedlment as shown in FIG. 7, the mput stage is degenerated For
the case when the input stage is degenerated as shown in FIG. 7, the mput and output P1dB may

be eb{ained as

Rnlda,«;_ =F,um, T h ) ' ‘ - A' (11}

Rm:ds-,@ =Foans * A s = Foagg, T4, +H | . - | (12}

where Pinras.q is the input P1dB of the c1rcu1t 700 Pourap s is the output P1dB of the circuit 700,
and A4, 4 is the voltage gain in dB of the circuit 700. | |

[0088] By degeneraung bot}_i the mput and l_oad stages, one may achieve a similar gain as
achieved by the gmuratioed amplifier as shown in FIG. 2. Howevel;, both input and output P1dB

are iﬁaproved in this case while maintaining the VGA gain.
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[0089] FIG.8 iilu;stratgs the simuiation-results of the iﬁput and outpﬁt‘P 1dB fora one-stagé
VGA‘ which comprises a gm-ratioed amplifier having both ﬁ;e input stage aﬁd the Joad being |
: degehefated as illustrated in FIG. 7. The sclid line in FIG. 8 represents the input Pi dB at vari;)us -
gaiﬁ settings, and the dotted line represents the output P1dB at xfaricius gain settings. The gaiﬁ
setting is the gain control voltage applied to the current steering circuit, e.g. ¥, as shown in FIG.
1 (a). As can be seen, compared with the resulf shown in FIG. 37 fora coﬁveﬁtional gm-ratioed
amplifier, both the input P 1(?8 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
7 maximized by minimizing the denominator of equation (6.4). Although the overall linearity méy
be limited by other circuits components éuch as the CMFR and the PMOS active load,l a .
theoretical maximum may be obtained by setting the denominatér of equation (6.4) o zero.
[6691] As shownin equatioﬁs (10) and (12), the o;ltput P ldBl may be improved by a factor
'aroun'd 9 &B for a typical deééne?ation setting. With thé output linearity irﬁprovément provided
by the léad degeneration, the inﬁuja stage may be degenerated or not dcgefxcratcd (sﬁown in FIG.
7 and FIG. 5, respecti';?ely). The former may provide a better input linearity while the I.gtter 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 ampliﬁer with or without
degeneration in the input stage or load stage, an optimum P1dB may be obtained by rnimnﬁzing

the denominator of equation (6.4).
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[6093] The proposed linearization techﬁique in gm-raticed amplifier as ‘descriﬁed herein-is
simulated in CMOS 0.18 um technology with 1.8V singié power supply. A'comparison' is made
. between conventional gm-ratioed amplifiers and the proposed ones with Joad degeneration. |
{09%] The kinds of VGAs each comprising a different kiﬁd Qf 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 tépoiogies; 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. 16 and 11
correspond to the one-stage VGAs in their respective configurations. In practice, (;.E VGA with
oniy one stage mz-iy.satisfy the gain requireﬁént in some applications. HoWever, it is also-

. uﬁderst;:;ofi that the gain of the one-stage VGA may not suffice in some other applications.
Therefore, the number of stages of the VGA 1s not limited to that shown in FIGs. lr(a)-an;d (b),
but rather depeﬁds on the specific appliéation. | :

[0095] As can be seen in FIG. 9; 4 kinds of gm—raﬁoed ampliﬁers are adopted in the test..'ﬁne
gin—rétioed am;ﬁliﬁer which is used for the VGA labde;i_ ;xg #1is a kind of conVéntionai gm— -
raticed amplifier whereiﬁ there is no degeneration applied in cither the input stage ér in the gm-
load. For example, fhé VGA #1 may be a VGA comprising a gm-ratioed amplifier which has a
circuit as shown in FIG. 2. The gm-ratioed amplifier which is used for the VGA Iabelea as #;’: is‘ ‘
a.ﬁothe; kind of conventional gm-ratioed amplifier th;,rcm the‘ input stage of the VGA #31s |
degenerat-ed and the gm-load is not degenerated. For example, the VGA #3 may be a VGA
comp;*ising a gme-ratioed ampliﬁer which has -a. circuit as shown in FIG. 4. I“he gm~ratieed 7 ,
amplifier which is used for the VGA labeled és ) is according to one embodiment of the presént

invention wherein there in no degeneration applied in the input stage, and the gin-load is
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| deggzne;ated. For example, the VGA #2 nﬁy be a VGA comprising a gm-ratioed .amplifier whicﬁ
has a ci.rlc.uit as shown in FIG. 5. The gm-ratioed amplifier which is used fof the \‘fGA labeled és
- #4 1s according to one embodiment of the present invention wherein both the input stage and the -
gm-ioad are degenerated. For example, the VGA #4 may be # VGA comprising a gm-ratioed |
amplifier which has a circuit as shown in FIG. 7.

f0096] FIG. 10 shows the input P1dB for different kinds (#1-#4) of onémstage VGAs as listed
in the table 900 in FIG. 9. Though at one particular gain setting, the conventional VGA #1

. outperfp:ms 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
conventmnai VGAs #1 and #3, as shown 1ﬁ FIG. 10. ‘That is, at one partlcuiar gain setting (e. g
 the point 1601 in FIG. 10), the conventional VGA #1 achieves good input linearity due to good

distortion cancellatlon Howevcr over the entire gain setting, the input linearity of VGA #1 is the

" worst of the four VGAs. For the gam settmgs {gain control voltage <0. 9V) the d1st0rt10n is

dommated by input linearity. Therefore VGAS #3 and #4 with input degeneratmn have better
input iinearity than VGAs #1 and #2. Moreover, at high gain settings (gain control voltage >
0.9V), the pmposed VGA #2 outperforms VGA #3 in input linearity. Thxs is att:nbuted 1o the fact
7 that VGA #2 apphes load degeneratmn resulting in higher output hneanty and higher gain. The
1mprovement in output linearity is higher than that in gam. Over the entire gain setting (except
gain, cont:ml voltage = 0.9V}, the pmposed VGA #4 w1th both input and load degenerauon have
ﬂ'l@ ‘best mput linearity performance as shown in FIG. 10. For the same mput topology,

improvement arcund 10 dB for the input P IdB may be achieved, with comparisons between

VGA #1 and #2, and between #3 and #4,
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{0097} FIG. 11 shows the output P1dB for different kinds (#1-#4) of One-stagé V(GAs as -iisfeé

in the table 900 in FIG. 9. The output linearity of the proposed VGA #2 an& #4 achieves better

- performance by around {5 dB, as compared with the cnnvéntiona[ gﬁ-ratioed VGA #1 and #?;.

Thai is, the application of load degeneration may improve oﬁtput linearity.

[6098] A method for producing the gm-ratioed amplifier as described herein is provided. The

method may comprise providing a first input {foltage terminal z;nd a second iﬁput voltage

terminal. The method may ﬁ;rther comprise proviaing a first output voliage terminal and a

. second outéut voltage terminal. The method may further comprise coupling an amplifying unit
between the tnput voltage terminals and the output voltage terminals., and adapting the
amplifying vnit ﬁ) supply an output \{oltagel to the 6utput terminals in depeﬁdence on an input

~voltage supplied to the input terminals. The amplifying unit may comprise a gm-load. The gm—l
load may comprise a first load branch co%nprising a first field effect transistor, and a sécohd load
branch comprising a second field efféct transistor. A first sourcé/drain terminal a.nd agate
terminal of the ﬁfst ﬁeid effect transistor may be coupled to .the: first output voltage terminal. A
first séurc;:/drain t-er'n.lin;al an& a gate terminal of the second ﬁeid effect transistor may bev_ |
.caupled 1o the second output voitage terminal. A second source/drain terminal of thé first field
effect transistor and-a ;éecond source/drain terminal of the second ﬁg'id ef;fect t'rahsistor‘_may be‘
ceu_ﬁled such with each other through a first transistor arrangement thét a linearity of response of '

- the output voltage to the input voltage is improved. |

[6099] Conventionally, linearity imprévament may be achieved by other architectures, such as

feedba;:k amplifiers. Howéver, tb gchieve a'cémparablc gain tunmg range éﬁd iinearity, a Iérge .

amount of power needs to be consumed. The gme-ratioed amplifier as :described herein achieves -
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improvement in output linearity while méintaiﬁing the same power cons'umption; In additio_n,'

Aiinproveni.ent in the input linearity or higher‘g'ai'n' méy Be obtained.

: [ﬂOIOOi While the invention has been éarticularly shown and déscribed with reference to

_ speéiﬁp embodiments, it should be understood by those skiiléd m the art that various changesrin
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;-of the invention is thus inciicatcd 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 1s:
1. A gm—l;atioed amplifier, comprising:

- . afirst input voltage terminal and a second input vgltage'tennina1§

a first outpuf voitgge terminal and a second outpﬁt voltage t-erminall;'aﬁd

- | an amf}iifyiﬁg it being c.ﬂqgﬂed‘between‘ the input voltage tegminals, and the
output voltage terminals and béing adapted to supply an output voltage to the out'pi.;t
voltage terminals in -depenﬁénce 6:1 an inpgt voltage suppiig;l to‘-t'he input Lte;rminais,l
wherein I_:Iie‘an‘aplifying unit comﬁﬁses' a grﬁ-iéad; |

- -the gm-load comprisihg a first load brapch comprising a first field effect
transistor, and a sec.on‘d lpa(i branch cémprising a-sécbnd field effect transistor; |

- wherein 'a ﬁrsg _s,ource/drain. terminal and a gate terminal of ﬂle ﬁrst field effect
trahf;istor is coupllea to the ﬁrsf 6utput yoltage terminal, and wherciﬁ a ﬁr-st‘ source}’drain :
terminal and a gate terminal of the Secoﬁd field éffect transisto’r is co'upi"ed fo the second
: oﬁtput voltagé terminal; |

- ~wherein a second source/drain términ&l of the ﬁrst ﬁeId're'ffect- transistor and a
second'soi;rce/drain terminal of the second field effelct tranéis’tér are couple;d‘ ﬁith eéc;h
p{her through a ﬁfst tfansi;tor arraﬁgemént such that .a' linearity of réspt;nse of the cutput

voltage to the input voltage is improved.

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

and a fourth field effect transistor;
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- | ‘wheréin the g.ate‘ teﬁ'ningl of the first field effect transistor 1s coupled to 2 gate.

" terminal of the third ﬁei-d effect trapsis-tor;' and |

- ' -wher"eiz; fhe gate terminal of the second ﬁgid _effect transistor is 6dupfed to a gate
terminal of the fourth field effeét'tranéistof; _‘ .l

- ~ wherein first équrce/draiﬁ tér’minals-of the third field ¢ffecz; .transistor and the
fourth field effect transistor are cquplcd— to' the second source/drain terminal of the first
field effect transistor; and | |

- wherein second sgurc.;;e/drain t‘enﬂinais of the third ﬁeid effect transistor and the
fourth field eff_eét tgans;istor are coupled to the second sourcé/drain terminal of the second

" field effect transistor. ‘ -

‘ 3“ -’I.‘he gmuratic;éd _a;rnpliﬁer _écéarding t0 cla‘im 2, wherein the amplifying unit
further comprises a fifth ﬁefd cffect transistor and a sixth field effect transéstér, wherein

. a gate of the fifth field effect transistor is coupled {6 the first input véltage '
teﬁninai, an& a géte of the sixth field effect tran'sistor,‘_isl coupled to the second input |
Vol’tage terminal; o |

. “a first source/drain ‘-ter-minal of the fifth field effect transistor i§ coupled to the

., first output voltage teﬁm’nal, and 'a ﬁrstrsonrcefdram.t.erminal ;of the sixth ﬁeld‘effléct o
transistor is ‘couplled to the second output velfage 'tennina'l;'jan.d B

- a se_con& ééurcefdréin tefmin%ﬂ of the fifth field effect transistor is coﬁpied with a

second source/drain terminal of the sixth ﬂeld effect transistor,

4. The gm-ratioed ampliﬁcr,according to claim 1, further comprising

43

An‘iended Sheet
IPEA/AU



PCT/SG2010/000112
Received 07 April 2011

. . .'a first resistor hav“ing‘-a ﬁrst resistor termiﬁal and a.sec_:ohd re;istor terminal,
wherein the first resiéfor ternﬁnai is coupled to a.first -reference voltage , and \x;he#'aih thg
secoria resistor terminal s coupled to the first Oﬁtput voltage teﬁnﬁna[; and |

- a éecond resistor hﬁving’ a ﬁrs‘:t -fesiétor terminal and:' arsecond' resistor terminal
wherein thf.: ﬁrs.t resistor ‘téﬁnina‘i 18 cc;gpled to the ﬁ;st reference _V‘oiltage,' and Wherein‘-

the second resistor terminal is coupled to the second output voltage terminal.

5. Tﬁc gm-ratioed amp}iﬁer"according to claim 4, wherein

- thé first resistor is a seventh field effect transistor having a first source/drain
5 ierminal being coupled to the first reference voltage, and haviﬁg a second source/drain
férminal béing coupled to the first output voltage ter;;ﬁﬁgi,; and

- the seéond resistof is an eighth field effect tra;nsisltox" having a first source/drain
'- terminal beiﬁg coupled to the first reference 'V.oltage, and having a éccénd scurce/dré.in

termixiél being coupled to the second _outﬁut voltage terminal.

6. The gm-ratioed ampliﬁér according to claim 5, thre'm a gate of the seventh

freld effect transistor is ‘coupléc_i to a gate of the eighth feld effect transistor.

7. The g:_rri—%afioed amplifier accordiﬁg to claim 6;&1{'[1181" comprising a common-
mode feedback circuit having a first feedbac}g ‘inp;}t terminal being coupled to the first |
Output.voltage termingl, having a second feedback input terminal béing c;dupféd' to the
second outﬁui voltage terminal; and having a feedback output terminal b‘eii;g coupled 10 é

junction between the gates of the seventh and eighth field effect transistors.
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3. Tﬁe gmamtioéﬁ émpliﬁer according to cl-éizﬁ 1, wherein |
5  the first load br.anchl of the gm-load further comprises a first current source being
c@upled beﬁvéen a second réferencc voltage and the second source/drain tenjninal of the
- first field ;%ffect transistor, wherein the ﬁfst current source is cénﬁgured to provide a‘ first
current; and | |
-~ - the second load Braﬁ-rsh of the gfn—ioéd further comprises a second current séurce
being coupled between the second referénce voltage aﬁd the ﬁec;)nd source/ dréin teﬁniﬁél
of -the s_ecoﬁd ﬁel-d effect‘transi'stor, wherein the second ‘-cunl'c_mt source is configured to

providé a second current.’

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

~

approximately equal to the second current.

10. The ‘gm-r'a‘rieé:d amplifier according to claim 3, wherein thé amplifying unit
further comprises a current source being coupléd between a second reference vbItage and
a junction of the second source/drain terminals of the fifth and sixth field effect

transistors, wherein the cuirent source is configured to provide a current.

11, The gm-rat-ioed amplifier according to claim 3, wherein the second source/drain |
terminal of the fifth field e.ffec't transistor is coupled with the second source/drain

terminal of the sixth field effect transistor through a second transistor arrangement,

N
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: ‘;vhercin the second transistor 'arrangement compﬁses a seventh ﬁefd effec.t tfansiétor and

. an éigﬁth field effect transistor, wherein |

- the gate tegninal of the fifth field effect transistor is cou’pied to a gate‘terminal
of the s_eveﬁth field effec‘t tx“ahSisfor;

- | the gate teﬁninal of the si}(th ﬁeid- effect transistor is {;oupied toa gafe tf:rminal |
of the eighth .ﬁeld effaci tx;anéi,sif)r; |

S ~ first sourcé/dfain terminals of the seventh field effect tfansistor and the eighth
field effect tra;nsi;tor are c‘ouple& to the second source/drain terminal of the fifth ﬁgld
'effect'traﬁsi-stof; and |

- : seéond 50urce/dfain terminals ‘of the.sev'enth field effect tranéiste; and the eighth -
'lﬁeld effeé't transistor are cuulpled to the secénd soﬁrce/drain rte‘rminal of the sixth field

effect transistor.

12.  The gm—ratioed amplifier according to cla-im 11, whereiri the anipliﬁ.fing‘ unit
further Cén;prises | | | |

- a ﬁrst current sour-c'é being coupled b;tWee'n a second refereﬁce vo‘ltage?- and the
second source/dxain tém'linal of the fifth field effect transistor, wherein the first current
source is cqnﬁgured to provide a first current; and

- asecond current source being coupled behvéén thé 'se,cﬁond refer_ence voltage énd
the second source/drain terminal of the sixth field effect trax%siétﬁr, -whérein the s.eqond

current source is configured to provide a second current.
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}3. . The gm~ratioéd. amplifier éCCording to claim 12, whcfein the first current is
approximately equal to the second current.

4. The gmeratioed amplifier according to claim 3, wherein the first through the
sixfh field effect transistors are N-channel field effect iransistors. :

15. The gm-ratioed amplifier according to claim 5, wherein the severith and the
eighth field effect transistors are P-channel ‘ﬁel‘d effect transistors.

16. The grﬁ-ratioe’d amplifier according to claim 11, wherein the seventh and the
eighth field effect transistors are N-channel field effect transistors.

17. The g_m-rafioed amplifier according to claim 1, wherein the' first field effect

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

‘18.7 The gm-ratioed ampiiﬁcr'according to claim 2, wherein the third field effect

: 'tr‘ansi‘stor and the fourth field effect transistor have approximately the same aspect ratio.

19. The gm-ratioed ampiiﬁef according to c}.éim 2, wherein the'ﬂlixd and the fourth

field effect transistors are configured to operate in a triode regioi.

20. The ngratioéd amplifier according to claim 1_1', wherein the seventh and the

 eighth field eﬁfect.transi'stox‘s have approximately the same aspect ratio.
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21.  The gm-raticed amplifier according to claim 11, wherein the seifénth and the

eighth field effect transistors are configured to operate ina triode region.
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