WO 2011/ 149426PCT/ SG2011/ 000192 1 AMPLI FI ER AND TRANSCEI VER | NCLUDI NG THE
AMPLI FI ER TECHNI CAL FI ELD [ 0001] Vari ous enbodi nents relate generally to an
anpl i fi erwandiiz4b42anscei ver 5including the anmplifier. BARCKGRAUND0)1ODO02] I n
March 2009, the Federal Conmunications Conmm ssion (FCC) introduced the
Medi cal Devi ce Radi oconmuni cations Service (MedRadi o) band in the range of
401- 10 406 Mz which is a wirel ess communication regul ation dedi cated for
bi onedi cal telenmetry. Fornerly known as the 402-405 MHz Medi cal | npl ant

Conmruni cat i on [ N | 344 S the
super set of M@Hﬁﬁ#mﬁmgv%@@@@%ﬁ{%mg@% MHz and
405-406 MHz are newy designated with twenty 100 kHz bandw dth channels to
provide a total of five megahertz of contiguous 15 spectrum and acconmodat e
bot h i npl ant abl e and wear abl e sensor devices for nedical use. [0003]Due to
the need for reliable, continudECHNKGALJHELR fective health nonitoring in
hospital s and hones in recent years, both inplantabl e and wearabl e sensors
in Wrel 880Body Variews Rmbodimients (taRiN)zenerally necan amplifien god poWenscetygs unpt i on
for prolonged

5  including the amplifier.

BACKGROUND
[0002] In March 2009, the Federal Communications Commission (FCC) introduced
the Medical Device Radiocommunications Service (MedRadio) band in the range of 401-
10 406 MHz which is a wireless communication regulation dedicated for biomedical
telemetry. Formerly known as the 402-405 MHz Medical Implant Communication
Service (MICS) band allocated in 1999, MedRadio is the superset of MICS in which
additional adjacent bands at 401-402 MHz and 405-406 MHz are newly designated with
twenty 100 kHz bandwidth channels to provide a total of five megahertz of contiguous
15  spectrum and accommodate both implantable and wearable sensor devices for medical
use.
[0003] Due to the need for reliable, continuous, and cost-effective health monitoring
in hospitals and homes in recent years, both implantable and wearable sensors in Wireless
Body Area Networks (WBAN) must meet ultra-low-power consumption for prolonged
20  battery life. Since the wireless part of the sensor device usually consumes the most power,
it is important to reduce both the current and the supply voltage of the transceiver to

minimize the power consumption without compromising the performance.



20 battery life. Since the wireless part of the sensor device usually
consunes the nost power, it is inportant to reduce both the current and the
supply voWbaga/ab426he transceiver to mnimze the power PCcorssaopiop@a2 W t hout
conprom sing the performance. 2 [0004] Anong several wireless bands for
wear abl e sensor applications such as the industrial, scientific, and

medi cal (1SM frequencies at 433 Mtz, 868-928 Mz, and 2.4 G
respectively, sonme of these bands are not recogni zed gl obally while higher
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of key inportance. [0005] A | ow noise anplifier (LNA) usually dom nates the
total noi SHzpeespestinglyicsome ofnthesee handsi giet potorecggnigedsiglebally sebils highepnedi cal
applications. However, conventional 10 LNAs typically have a limtation in
per f or manfrequengeohawsht disadviantage phincesasddnppwyrs\wensumnsiop| and ifrag-spaceapasiy

[ 0006] Figure | a shows a conventional source degeneration cascode LNA

( SDCLNA) 1b6x2.AsThigh&riguAnci@arh asiliaeds forphanyt othed noyymadidalcappliaatiiney is good
noi se performance with sufficient gain even at | ow bias current due to the
passive aghé td adri@énce 1uby WHichee chficdl iBioiidtg] applivaiidrisywhdio ety , in
order to . constrain the current consunption of the SDCLNA 102 to | ess than

150 gA tQRaikik dtamahiehtiddnd of Reylhpofshce! 0se to threshold and its size is
limted which eads to a small” transconductance gm and a smal |
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| nduct ancgndl'ssenlsi%vﬁ)rf %? fa ;e?:eir\;grt &s%dtiplebiomedical applications. However, conventional

10  LNAs typically have a limitation in performance improvement without increasing power,
complexity or area.
{0006] Figure la shows a conventional source degeneration cascode LNA
(SDCLNA) 102. The SDCLNA 102 has a simple topology and can achieve a good noise
performance with sufficient gain even at low bias current due to the passive amplification

15 from the input matching circuitry. However, in order to constrain the current
consumption of the SDCLNA 102 to less than 150 pA, the transistor My, is biased close
to threshold and its size is limited which leads to a small transconductance g, and a small
gate-to-source capacitance Cy. A small gy, and Cg will require large values of depletion
capacitance Cq, gate inductance L,, and source inductance L in order to match the

20 impedance to 50Q at 400 MHz. Thus, at a low frequency of operation (e.g. <1 GHz) and
low power (<~mW), large sizes of passive matching components (e.g. source inductor)
are required for 500 matching. A small g, also leads to a limitation in the gain and noise

performance. Thus, there is a limitation of performance improvement (noise and



20 i npedance to 500 at 400 MHz. Thus, at a | ow frequency of operation (e.g.
<l GHz) and | ow power (<--m\W, |arge sizes of passive matching conponents
(e.g. sowoeoimdabor) are required for 500 nmatching. ApsmsiGkogrn@bso | eads
toalimtation in the gain and noise performance. Thus, there is a
limtation of performance inprovenent (noise and 3 linearity) w thout
power increase. It is difficult to furX her i nprove the noise figure (NF) of
t he SDCLNA 102 wi t hout increasing the power consunption. [0007]Figure |Ib
shows a gonventional current-r . 4 . - S 104 has
a currenﬁmﬁ’:g'ﬁt%' W 8‘6‘1Po"gﬁvyeré‘%\°8“8§;i§§r‘§@*.%&%q%ﬁ“’.ﬁ%g%§ g&@éﬁoﬁ Igog%pg ornence. 5
However, the t-reuse LNA 104 requires additional DC feedback
circuitryﬁgmﬂgﬁégﬁgi art &%gFV@mﬂ%ﬂﬁgﬁgﬁfg”?wwpﬁ%}fornance i mpr ovenent .
SUMVARY [ 0008] According to one enbadi nent, an anBIifi 4 IS grovided. The
anpl i fi erl08%71i ncFiguss 1B shewsaconwsntpal currgnirrepse; N\Aah@ 's:llt-lﬁr ugrentrees st
conductivity and a second transistor of a second conductivity, each
t ransi st diNAJ9Ahas a syrentgeuse depdlegynindan provada an HRRTRAY OIS RETIRIRATEEN
term nal respectively, the source termnal of the first transistor being
coupl &d tKowdver,stheraerenierensen ANA0 04 hrequires additionalnBCs fegdback reircuitey apd e
termnal of the first transistor and the gate term nal of the second
transi st aiddhnalgpassivepdodtponents oz perfpianteimprowdmenand an 15out put ter mi nal
coupled to the drain termnal of the first transistor and the drain
term nal of the second transistor is provided. [0009]1n one enbodi nent, the
anplifier may further include a first depletion capacitor coupled between
the gate term nal and the source t@fvinpaRyef the first transistor. [0010]In
one enbodi nent, the first depletion capacitor may include a positive 20
term nal an Iy erm o pasi.ti 1 f f s
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depl eti o e cou tot gate ter of the first
t i st dth t.i i | fo t fi ] i N
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of a second conductivity, each transistor comprising a source terminal, a gate terminal

and a drain terminal respectively, the source terminal of the first transistor being coupled
to the source terminal of the second transistor, and the gate terminal of the first transistor
and the gate terminal of the second transistor being coupled to the input terminal; and an
15 output terminal coupled to the drain terminal of the first transistor and the drain terminal
of the second transistor is provided.
[0009] In one embodiment, the amplifier may further include a first depletion
capacitor coupled between the gate terminal and the source terminal of the first transistor.
[0010} In one embodiment, the first depletion capacitor may include a positive
20 terminal and a negative terminal. The positive terminal of the first depletion capacitor
may be coupled to the gate terminal of the first transistor and the negative terminal of the

first depletion capacitor may be coupled to the source terminal of the first transistor.



WO 2011/ 149426PCT/ SG2011/ 000192 4 [0011] I n one enbodi nent, the anplifier
may further include a second depl etion capacitor coupled between the gate
term nal woaotihgIeeur ce term nal of the second transi st ecT/SGAGHAPI192 ONe
enbodi ment, the second depletion capacitor may include a positive 5
termnal and a negative termnal. The positive term nal of the second

depl eti on capacitor may be coupled tothe gate term nal of the second
transi stor and the negative term nal of the second depletion capaci tor may

be, coupl eflif) ¢ 1F, SAUERSORRE AL oBpuhe TRt FBORL S Qepd WRRAD one

enbodi nen |er y ’fur a frrst re5|s ed 10
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first termnal and a second termnal. The first termnal of the first
resi stor FISKE coupled to the drain terminal of the first transistor and
the second termnal of the first resistor may be coupled to the first
vol t age ri8Ptlench prg pmbodisfenn 115] sesonth deplptinguFapasitor may inghyle) 4 peyitivy
further include a second resistor coupled between the drain termnal of the
second t rtamsingltand aaegdativesternuinal. Vi pesgteverterimna of ¢hepsecond dpdamechpacgoe
enbodi nent, the second resistor may include a first termnal and a

may be coupled to the gate terminal of the second transistor and the negative terminal of

the second depletion capacitor may be coupled to the source terminal of the second

transistor.

[0013] In one embodiment, the amplifier may further include a first resistor coupled

10  between the drain terminal of the first transistor and a first voltage reference point.

[0014] In one embodiment, the first resistor may include a first terminal and a second
terminal. The first terminal of the first resistor may be coupled to the drain terminal of the
first transistor and the second terminal of the first resistor may be coupled to the first
voltage reference point.

15 [0015] In one embodiment, the amplifier may further include a second resistor
coupled between the drain terminal of the second transistor and a second voltage
reference point.

[0016] In one embodiment, the second resistor may include a first terminal and a
second terminal. The first terminal of the second resistor may be coupled to the drain

20 terminal of the second transistor and the second terminal of the second resistor may be
coupled to the second voltage reference point.

[0017] In one embodiment, the amplifier may further include a first output capacitor

coupled between the drain terminal of the first transistor and the output terminal.



second termnal. The first term nal of the second resistor may be coupl ed
to the drain 20 term nal of the second transistor and the second term nal
of the sewondiw®sizstor nmay be coupled to the second vol Pagscrefm@aze
point. [0017]1n one enbodi nent, the anplifier may further include a first
out put capacitor coupled between the drain termnal of the first transistor
and the output termnal. WD 2011/ 149426PCT/ SG2011/ 000192 5 [0018] I n one
enbodi ment, the first output capacitor may include a positive term nal and

may be. oot 8 phe o RN e BipaBlon dfy nehSk o BELRVE WGRRRE' 7L,

termnal of the first res or and the negative_ternmnal of .the first
out put caﬁ‘é‘c?t‘l?gatﬁﬁyteﬂgmefo CeRPsttlyet Wg’”‘%ﬁf)tﬁlﬁe i AYPHT capRaPH ey Eﬁe
enbodi ment, the anplifier may further include a second out pth capﬁéittor

coupl ed beaurksdntot the dasin;termuad aithe fpt wapsistacaddthe fapsteapal ghthg HEt out put

termnal. [0020] I n one enbodi nent, the second output capacitor may include
a positi veesistor and the negative terminal of the first output capacitor may be coupled to the

5  output terminal.
[0019] In one embodiment, the amplifier may further include a second output
capacitor coupled between the drain terminal of the second transistor and the output
terminal.
[0020] In one embodiment, the second output capacitor may include a positive
10  terminal and a negative terminal. The positive terminal of the second output capacitor
may be coupled to the drain terminal of the second transistor and the first terminal of the
second resistor and the negative terminal of the second output capacitor may be coupled
to the output terminal.
[0021] In one embodiment, the amplifier may further include a gate inductor having a
15 first terminal and a second terminal, a first gate capacitor having a positive terminal and a
negative terminal, and a second gate capacitor having a positive terminal and a negative
terminal. The first terminal of the gate inductor may be coupled to the input terminal, and
the second terminal of the gate inductor may be coupled to the positive terminal of the
first gate capacitor and the positive terminal of the second gate capacitor. The negative
20 terminal of the first gate capacitor may be coupled to the gate terminal of the first
transistor and the positive terminal of the first depletion capacitor. The negative terminal
of the second gate capacitor may be coupled to the gate terminal of the second transistor

and the positive terminal of the second depletion capacitor.



10 termnal and a negative termnal. The positive termnal of the second
out put capacitor may be coupled to the drain termnal of the second

transi st owoand/mbefi rst term nal of the second resistorcarsdg20h®oneyati ve
term nal of the second output capacitor may be coupled to the output
termnal. [0021] 1 n one enbodinent, the anplifier may further include a gate
i nductor having a 15 first term nal &d a second terninal, a first gate
capacitor having a positive termnal and a negative termnal, and a second

gate capagiiQr having a,poesitive termnal an negat i v i The
first teﬁm#il oﬁ‘ Pﬂ% e&'eﬁ’g e u@? oafnp?hﬁ??r Becoup eredg %Aet %e&?‘%\%‘u{(}'ﬁ{met?rm nal ,
and the second term nal _of . the te i.nquctor nay be coupled to the positive
er i nal IBFmgeiR ferpiighaad 8 e Gt SHET CTRAEIGHHIES PRROYhe
second gate capacitor. The negative 20 termnal_ of the fjrst gate capacitor
may be cdepting and o mesgieeteraingl nkhe Brst teraunal of; the soyEsesingpctom fay e
positive termnal of the first depletion capacitor. The negative term nal

of the sevopldd gathke samercictromahef thodirstomgsisistpr; thet tegaiier wrmimahphiie st t he
second transistor and the positive term nal of the second depletion

capacist ordepleiof 4pa2itdrnthe seureertvadinakoft the sdvond hrphsistoreandtbe/ndgativeherminak | ude a
source inductor having a first termnal and a second termnal, and a source
capaci t orofhhy k@@nd depistibn apatiérnThelsecdnd tarmifgaifi the sbateimibior Tiwy Be r st
term nal of the source inductor nay be coupled to the source termnal of

the firsteohpiadsh HhposititechfBal bi thel B MApador.t IR Adgatile Reralahl oF ien
capacitor, the source termnal of the second transistor and the negative

term nal SgIerE Qgpaéﬁ&qggygeewu?feHQ@thQ% 0l §8tage HBRrBEPHH:. t €r mi nal of the

source inductor nay be coupied to the positive term nal of the source

capaci tor e nggatiyv rm . . i . led to
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t he seco | t age reterence poi n
may further .include,a firgt hias.volta ,nput 10t.er,m.nal apted to
pr ovi@e demup tad?}?t%‘%to\Pd?Yla‘@%P‘fsggiaﬁ(‘—ﬁ(’l&&?go thgrgﬁfeﬁgim%?l of rﬁ}ée f}r;é‘tﬁg{%s]t‘c’{r%era'nsi stor.
[0024] In one enbodinent, the first bias voltage input term nal be
provi ded [B84leenn pre pagodimert the ﬁﬁ‘]gﬁ‘aso‘fo\{'iaﬁ"e Ryt st?'%ﬁﬁ‘ilemﬁ%ﬁtﬂr?‘g&ydand t he
positive termnal of the first depletion capacitor. . .

between the negative terminal of the first gate capacitor and the positive terminal of the

first depletion capacitor.
[0025] In one embodiment, the amplifier may further include a second bias voltage
15  input terminal adapted to provide a second bias voltage to the gate terminal of the second
transistor.
[0026] In one embodiment, the second bias voltage input terminal may be provided
between the negative terminal of the second gate capacitor and the positive terminal of
the second depletion capacitor.
20  [0027] In one embodiment, the first transistor may include an n-channel metal-oxide-
semiconductor field-effect transistor.
[0028] In one embodiment, the second transistor may include a p-channel metal-

oxide-semiconductor field-effect transistor.



[0025] I n one enbodi ment, the anplifier may further include a second bias
vol tage 15 input term nal adapted to provide a second bias voltage to the
gat e termwvoabliofo42he second transistor. [0026]In one entpodisGeaii/oodlee second
bi as voltage input term nal may be provided between the negative terninal

of the second gate capacitor and the positive termnal of the second

depl etion capacitor. 20 [0027]1n one dnbodi ment, the first transistor may

i ncl ude an n-channel netal-oxide- sem conductor field-effect transistor.

0028111 5 T, 005 B o el
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transcei ver including an anplifier as described above is provided.
described above is provided.
[0031] According to yet another embodiment, an amplifier is provided. The amplifier
5  includes an input terminal and an output terminal, wherein the input terminal and the
output terminal are single-ended with equal phases for a signal; and a core configured to
operate as a differential mode.
[0032] In one embodiment, the core may include a first transistor of a first
conductivity and a second transistor of a second conductivity, each transistor comprising
10 a source terminal, a gate terminal and a drain terminal respectively, the source terminal of
the first transistor being coupled to the source terminal of the second transistor, and the
gate terminal of the first transistor and the gate terminal of the second transistor being
coupled to the input terminal.
[0033] In one embodiment, the first transistor may include an n-channel metal-oxide-
15  semiconductor field-effect transistor.

[0034] In one embodiment, the second transistor may include a p-channel metal-

oxide-semiconductor field-effect transistor.

BRIEF DESCRIPTION OF THE DRAWINGS
20  [0035] In the drawings, like reference characters 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



[ 0031] According to yet another enbodi nment, an anplifier is provided. The
anplifier 5 includes an input term nal and an output termnal, wherein the
i nput terwonall/amiet he output term nal are singl e-endedPefrtsic2equwadiophases
for a signal; and a core configured to operate as a differential nbde.
[0032] I n one enbodi ment, the core may include a first transistor of a first
conductivity and a second transistor & a second conducti vi ty, each

transi stor corrprisi ng 10 a source term' nal , a gate term nal and a drain

term nal ect Soure I e [ ei ng
coupl ed t%ﬁ?ﬁ é’éb{‘ evram na‘armb "P Fles gg@on r1$a}ln5| st &hbgé trg%peélgt%e
term nal lb"e{]ﬁ fl rsy transi Sh.g:il and the gate term naI of the second
transi stdPt gw ey & WAED nput ternminal. [0033]1n one enbodiment,

the first transistor may include an n-channel netal - OXI de- éSsem’ conduct or
fiel d- ef {l0836]t r aRigney by Shorsossehematindiagitpooh HEPRVENLN3! SQUEHHCHREAUPRt or nay
i nclude a p-channel netal - oxi de-sem conductor field-effect transistor.

BRI EF DES@RJAT ldnngise ainpliRAGPNENAI0[ 0035] I n the drawings, |ike reference
characters generally refer to the sane parts throughout the different
vi ews.5 Thi@03tjawi Rigsreaile shovs nechasaici diggram et alconventiphe siugrentietsea tbw
general ly being placed upon illustrating the principles of the invention.
In the noise amplifier.

[0038] Figure 2 shows a schematic diagram of an amplifier according to one

embodiment.

[0039] Figure 3 shows a schematic diagram of an amplifier according to one

10  embodiment.
[0040] Figure 4 shows schematic diagrams of a first circuit arrangement and a second
circuit arrangement according to one embodiment.

[0041] Figure 5 shows a graph of measured drain current ips, transconductance gpm,

and first derivative of transconductance g, of a 120-um/0.18-pm n-channel metal-oxide-
15 semiconductor field-effect transistor and a 240-pum/0.18-pm p-channel metal-oxide-

semiconductor field-effect transistor.

[0042] Figure 6 shows a schematic diagram of an alternating current equivalent

circuit of an amplifier according to one embodiment.

[0043] Figure 7a shows a schematic diagram of a high impedance passive
20  amplification circuit according to one embodiment.

[0044] Figure 7b shows a schematic diagram of an equivalent circuit of a high

impedance passive amplification circuit according to one embodiment.



8 follow ng description, various enbodi nents of the invention are descri bed
with reference to the follow ng drawi ngs, in which: [0036] Figure | a shows a
schemat i cwdizagriam2ef a conventi onal source degener ati onPpPcascaaia/ oh@e2 noi se
anplifier (SDCLNA). 5[0037]Figure | b shows a schematic diagram of a ‘
conventional current-reuse |ow noise anplifier. [0038] Figure 2 shows a
schematic di agram of an anplifier accot di ng to one enbodi nent. [0039] Figure
3 shows a schematic diagram of an anplifier according to one 10 enbodi nent.

[ 0040] Fi 4 shows schematic_ diagra of first .cihrcul. r nt and
a secondg@p‘fsc!ui t %Feazﬁéﬁ%‘ﬁ? aa%cgg)rfl%llcnglagt?nb?% B n%‘i)udlsarlreengté}}c[lgoﬁ?%?%ﬁr e 5
shows a graph of nmeasured_drain. current.ips, transconductance gm and
first der‘F\P&‘?W%P?ﬁSWFPgﬁggﬁﬂiﬂ’ﬂ&frﬁﬂﬁﬁ’c&‘d"hgptffﬁg ﬁ?’gf’%gl-em'n- channel

nmet al - oxi del5sen conductor field-effect transistor and a 24011m 0. 18-w

p- channel [0fd&la| - Bignesed shows a graph of s-parameter plotted against frequency according to

one embodiment.
5 10047] Figure 9 shows a graph of noise figure (NF) plotted against frequency
according to one embodiment.
[0048] Figure 10a shows a simulated third order input intercept point (IIP3) of a
conventional source degeneration cascode low noise amplifier (SDCLNA).
[0049] Figure 10b shows a simulated third order input intercept point (IIP3) of an
10  amplifier according to one embodiment.
[0050] Figure 11 shows a table listing simulation results of a conventional source
degeneration cascode low noise amplifier (SDCLNA) and simulation results of an
amplifier according to one embodiment.
[0051] Figure 12 shows a graph illustrating experimental results of an amplifier
15  according to one embodiment.
[0052] Figure 13 shows a graph illustrating third order input intercept point (IIP3)
linearity measurements of an amplifier according to one embodiment.
[0053] Figure 14 shows a table listing simulation results of four conventional
amplifiers, preliminary measurements of an amplifier with 500 impedance matching
20 according to one embodiment, and simulation results of an amplifier with high
impedance matching (non-50Q matching) according to one embodiment.
[0054] Figure 15 shows a graph illustrating simulation results of an amplifier with

high impedance passive network (non-50Q matching) according to one embodiment.



sem conductor field-effect transistor. [0042] Figure 6 shows a schematic
diagram of an alternating current equivalent circuit of an anplifier

accor di ngvoeoomadeabodi ment. [ 0043] Figure 7a shows a sclremsiGzeligp@gz am of a
hi gh i npedance passive 20 anplification circuit according to one

enbodi ment. [0044] Figure 7b shows a schematic di agram of an equi val ent
circuit of a high inpedance passive aﬁﬁlification circuit according to one
enbodi ment. 9 [0045] Figure 7c shows a schematic di agram of an equi val ent

ermhod rerio8slooada Tt Bseing: degPi urCa s RE Rabihd o R5RRg e o, O

frequency according to one enbodiment. 5 [0047]Figure 9 shows a graph of
noi se fi geMRPUMENt b ot t ed agai nst frequency

[0056] Figure 17 shows a schematic diagram of a folded active mixer according to 4
one embodiment.
5 [0057] Figure 18 shows a chip microphotograph of a receiver RF front-end according

to one embodiment.
[0058] Figure 19 shows a graph of measured conversion gain and input return loss
(S11) of a receiver front-end plotted against RF input frequency at an intermediate
frequency (IF) of 500 kHz according to one embodiment.

10  [0059] Figure 20 shows a graph of noise figure (NF) measurement plotted against
output frequency of a receiver front-end according to one embodiment.
[0060] Figure 21 shows a graph of third order input intercept point (IIP3) linearity
measurement where two-tones at 402 and 402.1 MHz are applied to an input of a receiver
front-end according to one embodiment.

15 [0061] Figure 22 shows a table showing measured results of four conventional

receivers and measured results of a receiver RF front-end according to one embodiment.

DETAILED DESCRIPTION
[0062] Embodiments of an amplifier and a transceiver including the amplifier will be
20 described in detail below with reference to the accompanying figures. It will be
appreciated that the embodiments described below can be modified in various aspects

without changing the essence of the invention.



according to one enbodi nent. [0048] Figure 10a shows a sinulated third order
I nput intercept point (11P3) of a conventional source degeneration cascode
| ow noi sewearepli/ispes ( SDCLNA). [0049] Figure 10b shows a ecmsicairamodiazrd
order input intercept point (I11P3) of an 10 anplifier according to one
enbodi ment. [0050] Figure 11 shows a table listing sinmulation results of a
conventional source degeneration cascdde | ow noi se anplifier (SDCLNA) and
simulation results of an anplifier according to one enbodi nent.

[00S1TF1 L2 IS 0Dk B, GURSIIRAL R A SHpiechoo”
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mat-chi ng 20 accordi ng to one enbodi nent, and simnmulation results of an
anpl i fi erThe aneplifieg R0Q slpetighides aeare RMhg (non-50(1 matchi ng) according to one
enbodi ment. [0054] Figure 15 shows a graph illustrating sinulation results
of an Sanplobé4ler Fhe bore 206 includes a first transistor 208 of a first conductivity and a second
transistor 210 of a second conductivity. In one embodiment, the first transistor 208 may
be an n-channel metal-oxide-semiconductor field-effect transistor (NMOS), and the
second transistor 210 may be a p-channel metal-oxide-semiconductor field-effect
transistor (PMOS). The first transistor 208 has a source terminal 212, a gate terminal 214
10  and a drain terminal 216. The second transistor 210 has a source terminal 218, a gate
terminal 220 and a drain terminal 222.
[0065] In one embodiment, the source terminal 212 of the first transistor 208 is
coupled to the source terminal 218 of the second transistor 210. The gate terminal 214 of
the first transistor 208 and the gate terminal 220 of the second transistor 210 are coupled
15  to the input terminal 202. The drain terminal 216 of the first transistor 208 and the drain
terminal 222 of the second transistor 210 may be coupled to various electrical
components which are not shown for ease of illustration. Details of the coupling of the
drain terminal 216 of the first transistor 208 and the drain terminal 222 of the second
transistor 210 are shown in Figure 3 and are described in detail with respect to Figure 3.
20 [0066] The core 206 is configured to operate as a differential mode. The core 206
may operate as a differential mode due to the complementary characteristic of the first

transistor 208 and the second transistor 210. Since the first transistor 208 is NMOS and

the second transistor 210 is PMOS, the core 206 can operate between a high (e.g.



hi gh i npedance passive network (non-50(1 matching) according to one

enbodi nent. WD 2011/ 149426PCT/ SG2011/ 000192 10 [0055] Figure 16 shows a

bl ock di agoamiofs9eer ecei ver RF front-end accordi ng to omreTsGhodion®E9L .

[ 0056] Figure 17 shows a schematic diagram of a folded active m xer
according to one enbodiment. 5 [0057] Figure 18 shows a chi p m crophot ograph
of a receiver RF front-end according t!1d one enmbodi nent . [ 0058] Fi gure 19
shows a graph of neasured conversion gain and input return loss (S11) of a

ecerver Ml S 30 08 Ak O BAL wAEEIARACE bpaR AT 21,
B RS RIETERAL W S MR R
second transistor 210 is off. When a low (e.g. negative voltage) is applied at the input
terminal 202, the first transistor 208 is off and the second transistor 210 is on (i.e.
5  operating).

[0067] Figure 3 shows a schematic diagram of another embodiment of an amplifier
300. The amplifier 300 includes an input terminal 302, a first transistor 304 of a first
conductivity and a second transistor 306 of a second conductivity. In one embodiment,
the first transistor 304 may be an n-channel metal-oxide-semicénductor field-effect

10 transistor (NMOS), and the second transistor 306 may be a p-channel metal-oxide-
semiconductor field-effect transistor (PMOS).
[0068] The first transistor 304 includes a source terminal 308, a gate terminal 310 and
a drain terminal 312. The second transistor 306 includes a source terminal 314, a gate
terminal 316 and a drain terminal 318. In one embodiment, the source terminal 308 of the

15  first transistor 304 is coupled to the source terminal 314 of the second transistor 306. The
gate terminal 310 of the first transistor 304 and the gate terminal 316 of the second
transistor 306 are coupled to the input terminal 302.
[0069] The amplifier 300 includes an output terminal 320 coupled to the drain
terminal 312 of the first transistor 304 and the drain terminal 318 of the second transistor

20  306. The amplifier 300 also includes a first depletion capacitor 322 coupled between the
gate terminal 310 and the source terminal 308 of the first transistor 304. The first
depletion capacitor 322 has a positive terminal 324 and a negative terminal 326. The

positive terminal 324 of the first depletion capacitor 322 is coupled to the gate terminal



[ 0060] Fi gure 21 shows a graph of third order input intercept point (I1P3)

| inearity nmeasurenent where two-tones at 402 and 402.1 MHz are applied to
an i nput wbaiwveaeesver front-end according to one enbodiPoersiG2011H00192

[ 0061] Figure 22 shows a table showi ng neasured results of four conventional
receivers and neasured results of a receiver RF front-end according to one
enbodi nent. DETAI LED DESCRI PTI ON [ 00623 Enbodi nents of an anplifier and a
transcei ver including the anplifier will be 20 described in detail bel ow

with refefencg to.the acco ying.,fiqures. |t .wll, Db p [ hat the
embodi rreni lg) ag&er flﬁsé&raﬁ‘glf@%@gna"@ethﬁo Efed “inrllm\’\%rilzguogf g’%pé%? sd% é\nﬁﬁ‘ﬁ%ut
changi ng the essence of the invention. 063] Fi gur e hows a schematic
di agr am o?aPBﬂ@réﬁgﬁd’PP@lﬁ‘a tofhe é‘?\‘r%ﬁwtﬁ?‘i“f‘?leai})%?%g‘.e %‘e‘rg’ﬁ‘ﬁf‘)ﬁp‘gr 200 i ncl udes
an input termnal 202 and an out(gut term nal 204. The input termnal 202

and the o0t t Zherpmplifir G0 spcludes aspeond dgplgtion capaeiniaL8 spurled betyeeny
signal. The anplifier 200 also includes a core 206. 550064] The core 206

i ncl udes the fgatestermingh3i G and tROSunde terminek 814 of dbe s¢opnd \raapigton 396.c Bhel
transi stor 210 of a second conductivity. In one enbodi nent, the first

t r ansisst odec@fdBdeplefioh eapacitor 328almsal pasiiva lterminal 830 anil @ordatotegerniing| 3B2ef f ect
transistor (NMOXS), and the second transistor 210 may be a p-channel

met al - oxi e seiiveaBabiai10330f dfahé sajohe depletiei sapatitsr 12BMEXSpuplétheo ther gite
transi stor 208 has a source termnal 212, a gate termnal 214 10 and a

drain tergmghl 2kef hEGesRAARMsiklANRBE $h@ the?Aélalids dmHRVBSE of ShdThd2ahd 218, a
gate termnal 220 and a drain term nal 222.
depletion capacitor 328 is coupled to the source terminal 314 of the second transistor 306.
[0071] The amplifier 300 includes a first resistor 334 coupled between the drain
10  terminal 312 of the first transistor 304 and a first voltage reference point 336. The first
resistor 334 includes a first terminal 338 and a second terminal 340. The first terminal
338 of the first resistor 334 is coupled to the drain terminal 312 of the first transistor 304
and the second terminal 340 of the first resistor 334 is coupled to the first voltage
reference point 336.
15 [0072] The amplifier 300 includes a second resistor 342 coupled between the drain
terminal 318 of the second transistor 306 and a second voltage reference point 344. The
second resistor has a first terminal 346 and a second terminal 348. The first terminal 346
of the second resistor 342 is coupled to the drain terminal 318 of the second transistor
306 and the second terminal 348 of the second resistor 342 is coupled to the second
20  voltage reference point 344. In one embodiment, the second voltage reference point 344
may be ground.

[0073] The amplifier 300 includes a first output capacitor 350 coupled between the

drain terminal 312 of the first transistor 308 and the output terminal 320. The first output



[ 0065] I n one enbodi ment, the source termnal 212 of the first transistor
208 is coupled to the source termnal 218 of the second transistor 210. The
gate ternvoapii2zum2ef the first transistor 208 and the g&C#/SGeortion@loz 220 of
t he second transistor 210 are coupled 15 to the input termnal 202. The
drain termnal 216 of the first transistor 208 and the drain term nal 222
of the second transistor 210 may be cddpled to various el ectrical
conmponents which are not shown for ease of illustration. Details of the

coupling of the n ter .nal 216 s tranS| 8 and the
drain ter ?ﬁpﬁﬂforzgr? ‘198 ‘éecgﬁ'ﬂim}a R%Iag “zgf%i %V\ﬁr4 r?ﬁ‘ |pé)tsjlr'é’e3 and
are described jn W th respect ure 3. 0.[006 re 206

i s confi glsFamal %)520 aﬁ@tagtpat ﬁﬁW‘F‘é‘?‘@ﬁBl‘%?o ﬂT‘hé’ E{) ‘2%]6‘;"- &a?/tc Perate
as a differential node due to the conplenentary characteristic of the first
transi st ofirsp@nsisiar 8Ad and dbe dirstr tgrminak 18 of the Brshdesistae 334 The pegabiye st or
208 is NMOS and the second transistor 210 is PMOS, the core 206 can operate
bet ween atehmighl 39.of the fiidt puputicapasitor/H0tis geupieddo shd @upytéermpingl g6t i ve)

vol tage. Wien a high (e.g. positive) voltage is applied at the input

term nal [024] t h@ht amplifier3M0dhdides a2 ntd supat ¢dpacitor@pé catplabhetweah thie
second transistor 210 is off. When a low (e.g. negative voltage) is applied

at ‘the i ngiin feRhiRhINI8 AQBe sdcbfd trakisidtort 308NHdTh® butg@Steinbingll $20aMHe kévondecond
transistor 210 is on (i.e. 5operating). [0067]Figure 3 shows a schematic

di agram OI)utﬁiﬂoct.Aﬁ%lt(ﬁWdhz@eﬁlzfoglftw@-rielﬂ{MI'3(58€£nd3Q0negIth& adlidal 1380. 300

i ncludes an input termnal 3 a first transistor 304 of a first

conduct'vkésyt{ Q?Tﬁ?ai%%%@tﬁés%@amsa ut%9€a g&?séﬁ%{% e(?mg(a}dlﬂ'térﬁunain one

enbodi nen st transi stor e an n-channel

[ ansi ot of AN obb ralsedrDe Raf e diin S yb 208 of M sk bR £ 0B 20"

tr anSi(§ t Oneg(ative tezmmal 360 of the second output capacitor 356 is coupled to the output terminal

320.
[0075] In other words, the negative terminal 354 of the first output capacitor 350 is
coupled to the negative terminal 360 of the second output capacitor 356. The output
terminal 320 is coupled between the negative terminal 354 of the first output capacitor
15 350 and the negative terminal 360 of the second output capacitor 356.
[0076] The amplifier 300 includes a gate inductor 362 having a first terminal 364 and
a second terminal 366, a first gate capacitor 368 having a positive terminal 370 and a
negative terminal 372, and a second gate capacitor 374 having a positive terminal 376
and a negative terminal 378. The first terminal 364 of the gate inductor 362 is coupled to
20  the input terminal 302, and the second terminal 366 of the gate inductor 362 is coupled to
the positive terminal 370 of the first gate capacitor 368 and the positive terminal 376 of
the second gate capacitor 374. The negative terminal 372 of the first gate capacitor 368 is

coupled to the gate terminal 310 of the first transistor 304 and the positive terminal 324



[ 0068] The first transistor 304 includes a source termnal 308, a gate
termnal 310 and a drain termnal 312. The second transistor 306 includes a
source tewoizoal148304, a gate termnal 316 and a drain tergoirse20B3080192n one
enbodi nent, the source termnal 308 of the 15 first transistor 304 is

coupled to the source term nal 314 of the second transistor 306. The gate
terminal 310 of the first transistor 384 and the gate termnal 316 of the
second transistor 306 are coupled to the input term nal 302. [0069] The

anplifier 0 Lncludes an_outpu m nal_ 320 _coup| t he drain term nal
35 of ¢l e EE cPRIRort Puidod AR Bokle eGRbl: 5 S AL SrebRBud Sone
transistor 20 306. .The anplifier 300 also ingcludes first | et.i pn

capaci t orcaB%toééaﬁI‘%Ho‘{P&‘\/\@e‘%e #Al t§apigak glrén‘i’trﬁ'é‘? Sg%%atFPdlS{SWé%@glfPtééﬁ? er mi nal
308 of the first transistor 304. The first depletion capacitor 322 has a
posi ti ve Rasitiyeiermimp 23Qefthe secendidenletioncapicitar 326, The positive terninal
324 of the first depletion capacitor 322 is coupled to the gate term nal
WO 2011/ {99276 PCThea@nplifigr(00 2&2 indudestr ssfurcelindyotersi80thasing) ashixst tep@inahnd t he
negative termnal 326 of the first depletion capacitor 322 is coupled to

t he saur c382tand i seadnd3&dhind] 384 eantl iarsetrct capasitat 386 haOihg a[posifiot TmnirahP8s f i er
300 includes a second depletion capacitor 328 coupl ed between the gate

term nal 46 wpeivdemEarrve. TR fiisnrkminhi38Y of the sarcoindudtords isicouplad6. The
5 second depletion capacitor 328 has a positive termnal 330 and a

negative $qhdididle t3dAnal B08 oPAR i firki\RankiSiof B 04 lth atVe feRRInBIEGNT tRefiset | ON
capacitor 328 is coupled to the gate termnal 316 of the second transistor

306 and t g REHAhbAGof @ii}hﬁ@'s?&g% aai&i&ab%laeo?%@ s&oRkl %ahag&op@gg%ha Qhe 328 i's

coupled to the source term na t he second transi stor

negative terminal 332 of the second depletion capacitor 328. The second terminal 384 of
10  the source inductor 380 is coupled to the positive terminal 388 of the source capacitor
386. The negative terminal 390 of the source capacitor 386 is coupled to the second
voltage reference point 344.
[0078] The amplifier 300 includes a first bias voltage input terminal 392 adapted to
provide a first bias voltage to the gate terminal 310 of the first transistor 304. The first
15  bias voltage input terminal 392 is provided between the negative terminal 372 of the first
gate capacitor 368 and the positive terminal 324 of the first depletion capacitor 322. The
amplifier 300 also includes a second bias voltage input terminal 394 adapted to provide a
second bias voltage to the gate terminal 316 of the second transistor 306. The second bias
voltage input terminal 394 is provided between the negative terminal 378 of the second
20  gate capacitor 374 and the positive terminal 330 of the second depletion capacitor 328.
[0079] In one embodiment, the amplifier 300 may include an n-channel metal-oxide-
semiconductor field-effect transistor (NMOS) and a p-channel metal-oxide-

semiconductor field-effect transistor (PMOS). The NMOS and the PMOS may be



[0071] The anplifier 300 includes a first resistor 334 coupl ed between the
drain 10term nal 312 of the first transistor 304 and a first voltage

ref erencewpanmn14826. The first resistor 334 includes a PcrsiG2oarommnal 338
and a second terminal 340. The first terminal 338 of the first resistor 334
is coupled to the drain termnal 312 of the first transistor 304 and the
second ternminal 340 of the first residfor 334 is coupled to the first

vol tage reference point 336. 15[0072] The anplifier 300 includes a second

resistor 342 cgouple tween the drain termnal 318,0f .th d
transi st o‘f”“glﬁé %ﬁh tgagglleoﬁ%fp?f I'E SG8TCF PR S S of PP le?ﬁf).ge&‘ﬁ%eg@%br%e
resistor has.a first termnal 346 and a fec d term.nal 348..Tﬁgffbrst
term nal aamifigr 30¢, may haye, g common sepreaippology HARFCRECIYEE g4ie gl 91dP% nal
318 of the second transistor 306 and the second term nal 348 of the second
resi stor NMOS and gagppPMOS srayree eapladdtopetheto A gpur deraringh depbs foupieds. | n

one enbodi nent, the second voltage reference point 344 may be ground.

[ 0073] Thebetwrgsini the gate 3@tninale plithe NMOB|and ttheoIMEI. The pespeetie d350 teraupdled
between the drain termnal 312 of the first transistor 308 and the out put
term mal @2Me NMOS aiids theoPMOQ® may becappbkidt getB&0 Arasupup esiminal endyeberi nal
352 and a negative termnal 354. The positive termnal 352 of the first

out put Cadb%gieBQfet\’@&ﬁ thé d&d Prathalsoftthe NIM@S rint ahdrPMVIOS. Id Dl Wdids, fthe St
transistor 304 and the first termnal 338 of the first resistor 334. The

negative ffiiiHepaboInd povide@ ihdls tinfRaRdta SRil@6hipat. THelartahg&fettlofdhd 0 the
out put te%rﬁlé nael 320. @100741 he Igrrpl ifier 300tpi ncl udes g second out put

capaci t orN]@gg"G%%gWégtﬂ{\ﬁ}o%ﬁ@ a%o b’%l%%ﬁ&’?ﬁétal%&ienﬁ&&dﬁ&&@ﬂg&

transistor . the out term nal® he second out put capacitor 356
125 8 PO Gy Rl B SR B nIPS ORe
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[0080] In one embodiment, the amplifier 300 may be formed by combining a first
circuit arrangement 400 and a second circuit arrangement 450 as shown in Figure 4. The
first circuit arrangement 400 includes an input terminal 401 and an output terminal 402.
15  The first circuit arrangement 400 includes a transistor 403 of a first conductivity having a
source terminal 404, a gate terminal 405 and a drain terminal 406, a depletion capacitor
407 having a positive terminal 408 and a negative terminal 409, a resistor 410 having a
first terminal 411 and a second terminal 412, an output capacitor 413 having a positive
terminal 414 and a negative terminal 415, a gate inductor 416 having a first terminal 417
20 and a second terminal 418, a gate capacitor 419 having a positive terminal 420 and a
negative terminal 421, and a source inductor 422 having a first terminal 423 and a second

terminal 424. In one embodiment, the transistor 403 may be an n-channel metal-oxide-



coupled to the negative term nal 360 of the second output capacitor 356.
The output term nal 320 is coupl ed between the negative term nal 354 of the
first outwotomoapewst or 15 350 and t he negative term nal P8B&BGab1110b@9second
out put capacitor 356. [0076] The anplifier 300 includes a gate inductor 362
having a first termnal 364 and a second termnal 366, a first gate
capacitor 368 having a positive term ddl 370 and a negative term nal 372,
and a second gate capacitor 374 having a positive termnal 376 and a

Counl ed 1580 RRHor Rttt hehiho GU0ORT, TH brd il FRbRenB GhEha e

gate inductor 362 is coupled to the positive termnal 370 of the first gate
capaci t or NS e%aqwtaggmfvgnwglr%%m 376 of the second gate capacitor
374. The negati ve termnal 372 of the first gate capacitor 368 is coupled
to the galt88er mThaisowrre teqmipgledQ4 pkithe ransistar 493 Fpgoupled thehe,Besativeg e

termnal 324 15 of the first depletion capacitor 322. The negative

t ermi nal @#dinal 49% ef shec derdetipmt eapacippa A0 cand3the first teompsiabd23 ftthe sgyce

term nal 316 of the second transistor 306 and the positive term nal 330 of
t he sexonidaapl 423, cFhecgqeaaernal 3WB. of| e AvdnSistor 0P| isfdoeple8(0 tht positime| udes a
source inductor 380 having a first termnal 5 382 and a second term nal

384, and Rpuh@dr 50 6RRGIcpREoBapdtavi 807 and ki ddgttvd REmtinahk2 BBS tlenghta
negative termnal 390. The first termnal 382 of the source inductor 380 is

coupl ed tOphlRr309IMaR drsih Rridlal 308 oPthe thagsidtbr £03 ik cadiédiodhe 8O terinfifal

negative termnal 326 of the first depletion capacitor 322, the source

e A SO o S Tt e 552 o

[0082] The positive terminal 420 of the gate capacitor 419 is coupled to the second

10  terminal 418 of the gate inductor 416. The first terminal 417 of the gate inductor 416 is
coupled to the input terminal 401. The negative terminal 415 of the output capacitor 413
is coupled to the output terminal 402. The second terminal 412 of the resistor 410 is
coupled to a first voltage reference point 426. The second terminal 424 of the source
inductor 422 is coupled to a second voltage reference point 427. In one embodiment, the

15  second voltage reference point 427 may be ground. The bias voltage input terminal 425 is
coupled between the negative terminal 421 of the gate capacitor 419 and the positive
terminal 409 of the depletion capacitor 407. The bias voltage input terminal 425 may be
adapted to provide a bias voltage to the gate terminal 405 of the transistor 403.
[0083] The second circuit arrangement 450 includes an input terminal 451 and an

20  output terminal 452. The second circuit arrangement 450 includes a transistor 453 of a
second conductivity having a source terminal 454, a gate terminal 455 and a drain

terminal 456, a depletion capacitor 457 having a positive terminal 458 and a negative

terminal 459, a resistor 460 having a first terminal 461 and a second terminal 462, an



10 the source inductor 380 is coupled to the positive term nal 388 of the
source capacitor 386. The negative termnal 390 of the source capacitor 386
i s coupl estotze1tiaes2second vol t age reference point 344. [ @OT8GRua/oaompti fi er
300 includes a first bias voltage input term nal 392 adapted to provide a
first bias voltage to the gate term nal 310 of the first transistor 304.
The first 15 bias voltage input term A8l 392 is provi ded between the
negative termnal 372 of the first gate capacitor 368 and the positive

termnal 324 of the first.depletion capacjtor 322 . The | i fLer al so
i ncl udes AR EBRATBE é\g @aﬁ' & Boﬁlgr\‘beu e“["glgl%éﬁ‘azfndfgﬁegaat ‘é%%eglg’ﬁ}a%%?c?\gagg a
second bias voltage to the gate termnal 316 of the second transi r 306.
The seco rf&d‘Hit%fs%&?gW’ wge t?'ﬁb%’c’“‘f‘%‘r‘fﬁr7rﬁp aS?ﬁoquteB?‘BQi @da SR \GERIFPR ggﬁegat ive
termnal 378 of the second 20 gate capacitor 374 and the positive termnal
330 of t Hevingchpersikepierningind Vagdcs pegative germinph #31 .| andoh goussr BYPHENRE 72 t he
anplifier 300 may include an n-channel netal-oxide- sem conductor,

fi el d- ef flewingta Grstiesninal 47vDE)a senohdatepminhlzhidfe In o ephbaginents digit@psstat t or
field-effect transistor (PMOS). The NMOS and the PMOS nay be 16 coupl ed
such tshat433hfay bs pgcthausel swaalaxidecsemicomidsctar feld efipttadansispe (AMOS) Thhs, t he
anplifier 300 may have a common source topol ogy. The respective gate

t er m nal ssefénd diuivisingiwnt 459 RiEcldes dttasc@lpgeidpiageiingrd75An i nput
term nal may be coupl ed between the gate termnals of the NMOS and the

PMOS.  ThepgpgfiPecirhy Qodttaitéintifdl saabs e Rinstsht MIOR adiplddhed B¥CRegaaye be

coupl ed together. An output term nal may be coupl ed between the drain

term nal s of i s oNWIRe %gﬂgﬁMCer 457 QUNBE sWRhESerndiftd 4911 the §6urd00 may

provi de a singl e input a single output. The arrangenent of the NMOS and

t he PMOS . r a co ene r tal -ox| ] t Lel d-ef fect
transi sto@%%ifd@%ﬁt%ﬁ? %s ar ?‘tgﬁgée/frrtggtt?gnfﬁék%%gg?ﬁgﬁ?ﬁggmgﬁggbe on
10 (i.e. operating ependi.ng on the inpu VWien.t he inpui-4S.high, the
Nvos 4% otﬁg’élﬂg %ﬁegfﬁ%fé‘ee?@“%’?ﬁ’p%%rnﬁfhg“‘f fhsutegreye tSW,unFlh%7 ]NR&ei €%t and
the PMOS is on. [0080]. I.n one enbodj ment, .the lifier 300.may be forned
by conbi rﬁaﬁgm@rf‘h-s"lihe 4‘%&@“&??%@%%‘“&3@' ::TIP soupledn %f‘P&é’?’mﬁ{
arrangenment 450 as shown in Figure 4. The first circuit arrangenent 400

i ncl udes 4 dfitrresister #9thand thonosiive termieal At of the oMiPHEFaPATOr 463 The fi r st
circuit arrangement 400 includes a transistor 403 of a first conductivity
havi ng a 908§lce The positive ¥Orinald Haofethe gntei qapaciton 46 sdcoapled 4p the gacandal 406,
a depletion capacitor 407 having a positive term nal 408 and a negative

t er mi nal téARinaloda8astithé gate didicloadbGdle first stminelr 467naf] thel gdte amdiictor 466 and

termnal 412, an output capacitor 413 having a positive termnal 414 and a
negatisve doaplediéthedidput tém@ad] @51.MheategativelGrniiami 469 of thd sutputtoapaditonk6 17

is coupled to the output terminal 452. The first terminal 473 of the source inductor 472 is
coupled to a third voltage reference point 476. The second terminal 462 of the resistor
460 is coupled to a fourth voltage reference point 477. In one embodiment, the fourth
voltage reference point 477 may be ground. The bias voltage input terminal 475 is
20 coupled between the negative terminal 471 of the gate capacitor 469 and the positive
terminal 458 of the depletion capacitor 457. The bias voltage input terminal 475 may be

adapted to provide a bias voltage to the gate terminal 455 of the transistor 453.



20 and a second term nal 418, a gate capacitor 419 having a positive
termnal 420 and a negative termnal 421, and a source inductor 422 having
a first twonnal494#83 and a second term nal 424. In one ecincdi2onbgirhe
transi stor 403 may be an n-channel netal -oxide- 17 sem conductor '
field-effect transistor (NMOS). The first circuit arrangenent 400 al so

i ncludes a bias voltage input term nall9425, [ 0081] The source term nal 404
of the transistor 403 is coupled to the negative term nal 408 of the

depl etion acitor 407. and the fir terminal 423 of the sou L hduct or
422. The @‘Q? te&ﬁfﬁﬁﬁ Cﬂ%gﬂanlgﬁge‘ft?@ﬂ@ém&se Grguit aresE e %Eﬂ%a%osi tive
termnal 409 of the depletion.ca itor 407 and the negative termnal 421
of the ga‘?eec%’étﬁa%{]ioofgnﬁi@? ‘“’Fﬁéﬁ’dr%ﬁﬁ Ryistackingdhe Fapsisier ‘f@e"d%ﬁﬁéﬁtﬂr@r“t 403 is
coupled to the first termnal 411 of the resistor 410 and the positive
term nal arapgernentid0 gntonef theensistas 453 obthesepmd cirpat yaanegeme® 48y ni nal 420
of .the gate capacitor 419 is coupled to the second 10 term nal 418 of the
gat e i nduf®087] 41& ofhembadimentt de pinplifie4300 miy bé e cgaplemien@e ewrentH@Is¢ s
coupled to the input term nal 401. The negative term nal 415 of the output
capacii or avdgldier STl amppléfiert 300tthey baveputomgementaty dA@@nt-fkoee s@omnn-sowren nal
412 of the resistor 410 is coupled to a first voltage reference point 426.
The secon@s)espbldsl wibtd a IMOB € SSamiplifRr (aglUlrsofardididr 364)cis vatled dnop ofecond
vol tage reference point 427. In one enbodi ment, the 15 second voltage

ref er ence, pRICY c$2mpiB¥r (?Pg KO Hansisist 306 R ré@el (A Rirédd Ridfrerit §DTY Babngt 25 i S

coupl ed between the negative termnal 421 of the gate capacitor 419 and the

positive 1 Q3 el i i ge
e %@é na?/l(ﬂasetsxgkgg g{%@gﬁéﬂ&% SHoRARE DRY cuftfihi c%%‘p kﬁéu%b%&@

i nput term to provide a bias voltage to the gate

4501 nel ultsvdos, £ bR TS f%@?fﬂ%%%ﬁ%%?%ﬁ?ﬂ@ %%ﬁ%fﬂpl?ﬁ,%f"(@%ﬁge )
[ i 50 i ' A5 .
Conaubl | vieEd R a0R deciigh i diesiminal G2 8 B R Qs 3B oy i

term nal 456, a depletion capacitor 457 havin posi tive termnal 458 and
a negat i videtdsaig W&Pmﬂbé,lsé)fr‘ggi%?%d Wlsltfﬁvf’(?fg ﬁ“’f P&‘?Pta%r‘?fi ﬁ?ﬁ’?n&éﬁs and a

second term nal 462, an ) _
configuration in comparison to a conventional current-reuse topology is that no DC

feedback circuitry is required to define the operating point of high impedance output
node. No additional circuit or complexity is required. Less number of passive
15 components is required for input matching. The common-source (CS) topology can
provide improved noise and linearity performance.
[0088] Since only a small amount of DC current flows through the drain terminals
312, 318 of the transistors 304, 306, a small voltage drop occurs in both load resistors Ry
(e.g. first and second resistors 334, 342) and 1-V supply voltage can still be used without
20 headroom issues. In other words, a low voltage and ultra-low power design can be used
for the amplifier 300. No additional power is required for the common-source (CS)
topology of the amplifier 300. Both the first transistor My 304 and the second transistor

M, 306 are biased so that the gate-to-source voltage Vgsis close to the threshold voltage



18 output capacitor 463 having a positive termnal 464 and a negative
termnal 462, a gate inductor 466 having a first termnal 467 and a second
term nal wWO&pa4gete capacitor 469 having a positive tergirrsaghodindoand a
negative termnal 471, and a source inductor 472 having a first termnal
473 and a second termnal 474. I n one enbodinent, the transistor 5 453 may
be a p-channel netal -oxide-sem conduct®8r field-effect transistor (PMOS) .
The second circuit arrangenent 450 al so includes a bias voltage input

term nal 47 0084] T rce termnal ,454.0f th r ¥ 34

coupl ed tg}“‘fﬂé‘lm qr%gs%’zbﬁiaﬁ%ﬂz%&o g}al fﬁ?evogg%? éttl@'?oodtr‘\3 %g%g%%%?ﬁg and the
second termnal 474 of the source inductor 472.. The gate.term nal . 455 of
the transtSURRY Yé@g‘?/ 2) dBuRPRIge SYRIAEIS oeharclrListies tbgp’%ieﬂafh%g’éo osgaq(ﬁ‘g

depl etion capacitor 457 and the negative termnpal 471 of th gaLe capaci tor
469. The #mplifiers Node Aals altsmating ¢useent (aghground,at 40§MHz dt‘BEbebégarﬁB YRASS £ i r st
term nal 461 of the resistor 460 and the positive term nal 464 of the

out put cagpetitoorC46%. Joov85japatier 386)- t Theelarger hynass camwiter GsHe ggapwce
capacitor 469 is coupled to the second term nal 468 of the gate inductor
466. Bhe ¢apadtor 386 isriatluddd7foofac ighmindaind stabiditgtThe s¢6@cidegdrierativnpinechip o t he

i nput termnal 451. The negative term nal 462 of the output capacitor 463

i s coupl eghiraDindi@oOLY RIgh st@Edrindadtor ) isted ffor mput ietpeiark raiching alohg sour ce
i nductor 472 is coupled to a third voltage reference point 476. The second

termnal @fR uef ddpiiRioh Qapatiers EH%I, 328 aHP kR irlut©H L], 36Y 0bindg Bothaher ence
point 477. In one enbodinent, the fourth vo%tage reference point 477 may be

ground. T@gmpdrmﬁftmet g},g%dit %a%ﬁo-éo%%@ heifhhce CS, 220 irfcPshRbEsh B&h¥RRN kbe

negative termnal 471 e gate capacitor 489 and t he positive term nal

oo oot olie RN BPRAILY of e <FE pBLEP cYBubPEt.: A Mocl & BiR3he 475 TBY

be adapted "to provi I|as” vol tage ermn
ci redld aplegR A B0 sty B8 T uf Bl i oRE R R ol oo™
he.t 1 ansist BFAIES S pres R acoNeg St F Rl ol Qe Eh s SOin (SR H2one.
enbodi ment, the anplifier 300 may be a conpl enentary current-reuse
318 of the first transistor My; 304 and the second transistor” Mp; 306 are connected
together, respectively, which results in both the input and output of the resulting amplifier
300 being single-ended with equal phases for the signal. The amplifier 300 operates as a
15 differential mode due to the complementary characteristic of NMOS (e.g. the first
transistor 304) and PMOS (e.g. the second transistor 306). This may result in a single-
ended input-output differential amplifier 300.
[0089] Since the amplifier 300 effectively operates as a differential amplifier, the
even-order distortion can be eliminated. Figure 5 shows a graph 500 of measured drain
20 current ips, transconductance gn, and first derivative of transconductance gm’ of a 120-
um/0.18-pm NMOS and a 240-um/0.18-um PMOS FET (see reference [1] I. Nam, B.

Kim, and K. Lee, “CMOS RF amplifier and mixer circuits utilizing complementary

characteristics of parallel combined NMOS and PMOS devices,” IEEE Trans. Microw.



5 anplifier. The anplifier 300 may have a conpl enentary current-reuse
common-source (CS) topology where a NMOS CS anplifier (e.g. first

transi st owo20ty14pR6st acked on top of a PMOS CS anpli fi erctscgolisecond
transi stor 306) to reuse the direct current (DC) anpbng the two
symmetrically stacked anplifiers. In short, the DC current can flow through
both the NMOS CS anplifier (e.g. firs It ransi stor 304) and the PMOS CS
anplifier (e.g. 10 second transistor 306), i.e. through the drain term nal

312 of 0%, Jobf M FIANSIbEIL o 3%%h. 3BEx-1BA, Mid) S0 P8 s b midiCuscOnd

transi st ofr 306 vant ag aving’thi’s configuration in conparison to

a conventional .current-reuse,.topology.is that ng DC.feedb ircuitry is
requi red PG ggf‘?ﬂgu? ’BT)B#‘%F‘? ﬁéﬁﬁﬂ%i at%'?o'?ﬂu&f? Yo é%é;ﬁtgﬁ%ﬁﬁé‘u‘fq‘%?é? No
additional circuit or conplexity is required. Less r assi ye 15
conponent EanseondueaNGEgn P’gﬁe‘fﬁ%@ﬁ]&ﬁ BHE Ry SOuTEev f?ﬁﬁor{}rggﬁ?ﬁ g‘& %l“ﬁg‘)s "g%pol ogy
can provide inproved noise and linearity performance. [0088] Since_only a
smal | anofirst derivape @f traasrondycianse tar plohad ERing the Ratedpripwise olfage Vaig  of
the transistors 304, 306, a small voltage drop occurs in both | oad

r esi stSor sPIR 5Q6eshgws that gt oANMOE enthgm rof MDD haveagposi®sgnsand 1-V suppl y

vol tage can still be used w thout 20 headroomissues. In other words, a | ow
vol t age ajod9@]l t r & | sowallpaignal ddsingreunemt g ovfea f@nmbhesangd i metel-0800. No
addi tional power is required for the comon-source (CS) topol ogy of the
anpl i fi erseaéndBabhfiélbeftbitimhsibtonsd. sieofirsiMransi3tbr 304! ahdthesecwmiddransisosi St or
ML 306are biased so that the gate-to-source voltage VGs is close to the

t hreshol dyge9kiPsiCexpildsedt N- The transistors 304, 306 are sized so that the
voltage at node A is biased at VDD/2 (supply voltage/2) to provide
symmetric characteristics between tngtm stacked anplifiers. Node Ais

alternating current (ac) djeupdatv,, gW+ ,gmu;oht.he | ar ge bypass
capacitor Cs (e.g. source capacitor 3%{6) CTHE Tar ge bypass capacitor Cs
(e.g. source 5 capacitor 386) is included for ac ground and stability. The
sour c deybsreindisiis pmath signal siraip cpment;of thecrasistor, Joe igdirach grgent (RE dfadt ~ 380)
is used for input inpedance natching along with, the depletion capacitors Cd
322, 328 ammint b thyatransistafugi ds theytr@@ondgcianes, [gat s theefinst derivativg wétthtice gm
and gate-to-source capacitance Cgs are increased in conparison to the
SDCLNA 10@amstondugtanice gl,, atd ¢:hi spalisigpalvgate-eomoseepdltage, t he si ze of both the
[0091] From the above equation, it can be understood by a skilled person that gm
causes second-order nonlinearity of the drain current. Since gnm of NMOS (e.g. the first
15 transistor 304) and g, of PMOS (e.g. the second transistor 306) have oppbsite signs,
combining them can suppress the second-order nonlinearity of the drain current. A slight
improvement in third-order nonlinearity can be obtained due to cancelling effect of 8m -
In other words, an improvement in the second order input intercept point IIP2
performance can lead to a slight enhancement in the third order input intercept point IIP3.
20 [0092] Figure 6 shows a schematic diagram of an AC (alternating current) equivalent

circuit 600 of the amplifier 300. Vi, i, represents an input voltage of the circuit 600, isig n

represents a current passing through the first transistor 304, isig , represents a current



10 depletion capacitors Cd 322, 328 and the source inductor Ls 380 can be
reduced, resulting in a smaller die area. The ac-coupled gate term nal s

310, 316 wododr@b4z6t erm nals 312, 318 of the first tranecssorobo®@Oz and
the second transistor Mt 306 are connected together, respectively, which
results in both the input and out put gE the resulting anplifier 300 being
singl e-ended with equal phases for thé“signal. The anplifier 300 operates
as a 15 differential node due to the conplenentary characteristic of NMOS

e.qg. the_fi. i . e. i gt 306) .
i & oy Tauhf trbbA N bR 306 Vi Rprdslif 3 SRR LORA aTAE S0}
100891Si nce hgsgarrpl ifier 300 effectively operates as a differenti al

anpl i fi er$"™¢ ven-order distortion can be elinminated. Figure 5 shows a

graph 500 of neasured drain 2Q current iDS, t conduct ance d first
derivati viOORH tr éﬁs%&ﬁﬁ%ﬂlg’ﬂ@n’@g“ﬁ?ﬂce&ateamg‘féqr {ﬁ% may ?neﬂﬂégegg‘]ﬁ 52)?2

240-1im 0. 18-jim PMOS FET (see reference '}1]. . Nam_ B. Kim and K Lee,
"CMOS RF impstlance sratehing sadaassive amplificatign. TheAnpyy myphing cprigagplifies the
characteristics of parallel conbined NMOS and PMOS devi ces,"” | EEE Trans.
Mcrow ipputTvedtagy anddoiseciiom thelangBna nathsthepgffectivg industance MY OWYY . Pl ot
502 shows the neasured total drain current ips plotted against a

gat e- t 0- smatchiag \cirthia gEheMgput iRhtohing @dcwh oay indledd thernstomductbahg 862 rthel ot t ed
agai nst the gate-to-source voltage Vgs. Plot 506 shows the first derivative
of transcqpibiiohansRiter CAR22Nthe depRtigatapatitorsCyy3a8, atd thageurgmduttoPLpt 506
shows that gmi of NMOS and gni of PMOS have opposite signs. 100901A small
signal drggon current ids of a common source netal -oxide sem conductor field
effect transistor (e.g. the first transistor 304 and the second transistor

306) can fbﬁgﬂXpr #5368 thductance is large enough, the output noise of the amplifier 300 will be
10  dominated by the amplified input noise. The signal-to-noise ratio is not much degraded
due to the input referred noise of the amplifier 300, and the resulting noise figure (NF)
can be further improved.
[0095] Figure 7a shows a schematic diagram of high impedance passive amplification
circuit 800. The circuit 800 has an antenna 802 and an amplifier 804. The antenna 802
15  has an inductor 806 and a resistor 808 connected in series. The antenna 802 also has a
capacitor 810 connected in parallel with a series connection 812 of the inductor 806 and
the resistor 808. The amplifier 804 may be a low noise amplifier. In one embodiment, the
amplifier 804 may correspond to the amplifier 200 or the amplifier 300 as described
above.
20  [0096] Figure 7b shows a schematic diagram of an equivalent circuit 814 of the
circuit 800 of Figure 7a. The equivalent circuit 814 includes the inductor 806, the resistor
808 and a voltage source 816 connected in series. The equivalent circuit 814 also

includes the capacitor 810 connected in parallel with a series connection 818 of the



1213 ids = IDS+ g mV gs+-gnV gs+-gnvgs+... 2!2! 10wherein ids is small
signal drain current of the transistor, IDSis direct current (DC) drain
current oWothe/tpeRsi stor, gmis the transconductance, @uir/SiGot1jveo1d2 r st
derivative of the transconductance gm and vg, is small signal ‘
gate-to-source voltage. 100911Fron1th§ above equation, it can be understood
by a skilled person that gm causes s dond- or der nonlinearity of the drain
current. Since g¢ NMOS (e.g. the first 15 transistor 304) and g° PMOS (e.qg.

the seconfahdidn8bé BL AR fBVEICHRIRLE: §A££§81§%kéaglp&ééﬁ?%ﬁb&@@wuppr ess

the secon donlinearity o in current. | | mprovenent in

Lhird or dRELAS"h IRRL! (aGRD B8, QRRELREHh BEnLCHERGE chibdltfofSIE I o

Ffovenent i the nd order Thp tercept poi nt
| it or Copt REBPHESFPPA2] SoRoetiod 3 Prmth Wit Ve urber Rear g cl i SNRrDr an A
apr osont S A AL BgE Bt PABIOB 2R acucend E G B & 3 doBet e
passing through the first transistor 304, isig j, represents a current WD
2011/ 134948BPETe SE0nonion 82D of e emivaleny cirpiib 8 irh indhides dioinduetpr 886.4her 306,
and Vout represents an output voltage of the circuit 600. [0093] An external
hi gh i nduestiatoc 808)abevilade sdunce 81§ 36 2hereapatitor i) Theedcdngl pdsien 824 of the
equivalent circuit 814 includes further capacitor 820 and the further resistor 821. A
source impedance Zgs can be calculated based on the first portion 822 of the equivalent
circuit 814. A load impedance Z; can be calculated based on the second portion 824 of
10  the equivalent circuit 814. In other words, the source impedance Zs shown in Figure 7b
may be calculated based on the impedance of the antenna 802 shown in Figure 7a. The
load impedance Z; shown in Figure 7a may be calculated based on the impedance of the
amplifier 804 shown in Figure 7b.
[0097] Figure 7c shows a schematic diagram of an equivalent circuit 828 of the
15  circuit 800 for noise calculation. The equivalent circuit 828 inclu(.ies the inductor 806, the
resistor 808 and a voltage source 816 connected in series. The equivalent circuit 828
includes the capacitor 810 connected in parallel with a series connection 818 of the
inductor 806, the resistor 808 and the voltage source 818, forming a parallel arrangement
830. The equivalent circuit 828 also includes the amplifier 804. One end 832 of the
20  parallel arrangement 830 is coupled to an input terminal 834 of the amplifier 804. The
other end 836 of the parallel arrangement 830 is coupled to ground 838.
[0098] The voltage gain of the amplifier 804 can be calculated using the following

equation:



i npedance matchi ng and passive anplification. The input matching circuit
anplifies the 5 input voltage and noise fromthe antenna with the effective
i nduct anceoabitriaes2zonput mat ching circuit. The input nat edirsg2eitrnouv: may

i nclude the gate inductor Lg 362, the depletion capacitor Cdn 322, the
depl etion capacitor Cdp 328, and the iaurce i nductor Ls 380. [0094]If the

i nductance is |arge enough, the output®noise of the anplifier 300 wll be
10 dom nated by the anplified i nput noise. The signal-to-noise ratio is not
much degraded due to the input referred noisg of the anplifier 300, and the
resul ting noise figure (NF) cap=lge gurRher-—#proved. [0095] Figure 7a shows
a schematic diagram of high i npedance passiseZanplification circuit 800.
The circuit 800 has an antenna 802 and an anplifier 804. The antenna 802 15
has an i n@gh&t Ky &06oleigd gain 66thetaipli#kB 804NQEGS af ihputsehaigeS(e.glloRargeilogénna 802
al so has a capacitor 810 connected in parallel with a series connection 812

of -the i ndpeliR: 830P g2 diridiorddashrdedR, 308 -loéﬁh@si_@tﬁﬁk{e‘é(gi%efesﬁ%cé@ﬁ’re@i@toﬂ | ow

noi se anplifier. I'n"one enbodi nent, the anplifier may correspond to the

anplifier LEi 3 ibed above. 20 [0096] Figure 7b
shows a s% %%9%§£@$%§%§%$%Fﬁ%%sgﬁﬂ?@%ﬁgﬁ§ﬁ%$fcuit 814 of the circuit 800
of Figuren/a. .The egHimal ent airncukt .814 | LK j nductor 806, the
resi st%gr gb%noéﬁg?%“?/gﬁ&%l)écﬁlé%ggﬁ?‘g%te E%n%élr?nﬁg@ vggglgﬂ&a}s?%fli es. The equi val ent
circuit 814 also inclydes the capacitor 810 connected in parallel with a
series connectkgg 818 6f+ﬂhﬁtp£§miﬂgp$} AQDE, +Mie saskst or 808,and the
vol t age source Ié.‘? e equyval ent| ELT T 8142 ¢t udes furth capaci tor
820 connected in parall el with thé capacitor 8f%f ‘and a further resistor
821 connected in parallel wi.th the furfher capacitor 820, The equival ent
circuit gwhere NRiiy pese fighteo Va i volipgs et theoyelego squmge $18e Vornuiopett Sof 824 by

a dotted line _ . i . _
reference input voltage of the amplifier 804, Ay is voltage gain, Qj, is a quality factor of

the input matching circuit, and Vina oupuefer i a reference input voltage of the amplifier
10 804.

Referring to equation (1), if A2Q. V> >>V},,, the output noise is dominated by the input

noise and the noise figure can be effectively reduced significantly.

[0099] The maximum passive amplification can be applied to the amplifier 300 for

non-50Q impedance matching applications. Additional gain, improved NF and further
15  reduction in power can be achieved by using the maximum passive amplification.

[00100] The amplifier 300 and the conventional SDCLNA 100 are simulated at about

1.0 V, about 27°C and with 50Q impedance matching. Figure 8 shows a graph 900 of

s-parameter plotted against frequency. Plot 902 shows insertion loss (S21) of the

conventional SDCLNA 100 plotted against frequency. Plot 904 shows input return loss
20  (S11) of the conventional SDCLNA 100 plotted against frequency. Plot 906 shows

insertion loss (S21) of the amplifier 300 plotted against frequency. Plot 908 shows input

return loss (S11) of the amplifier 300 plotted against frequency. It can be observed from



5 826. The first portion 822 of the equivalent circuit 814 includes the

i nductor 806, the resistor 808, the voltage source 818 and the capacitor
810. The wecondi4pasti on 824 of the equivalent circuit 8PdTiSGeéumes ot urt her
capacitor 820 and the further resistor 821. A source inpedance Zs can be
cal cul ated based on the first portion_ 822 of the equivalent circuit 814. A
| oad i npedance ZL can be cal cul at ed bd3ed on the second portion 824 of 10
the equivalent circuit 814. In other wrds, the source inpedance Zs shown
in Figure { . | e 802
shown' i n FRh T R E patieRy e o B8 SEnAAbAE STIA0RTE0 4 iDniAli? 106

cal cul ated based on the inpedance of the anplifier 804 shown in Figure 7b.
[0097]Fidﬂ?§n?§Lshoms a schematic diagram of an equivalent circuit 828 of

the 15 circuit 800 fo oi se ca ti.on. The equivalent circuit 828
ol udes WAoot shrst gap bbb poise bemd) v el geSobbente
connected in series. The equivalent circuit 828 inc]ludes the capacitor 810

connect edPlph 19 shoms| thqiNF, oy thecsongentiogalndRCLYA Bikpiefted pgaipsi firaeRcY806, t he

resistor 808 and the voltage source 818, form ng a parallel arrangenent
830. The Bquile4 ehawscthe guintmgn N jof she perivgaidanal %@%ilﬁpmlomzzlga@ﬁé end
832 of the 20 parallel arrangenent 830 is coupled to an input term nal 834
of the anfeéquengr P8A400d kigovex the NI nfith8 Jdnpdifiet GO platted hgdinsd fregnepeyeRlot 830 i s
coupl ed to ground 838. [0098] The voltage gain of the anplifier 804 can be
cal cul at epbo8sho@s tHeaminthhm W Gf e Waiplifier 30Rloked-4gainst frequeRbynaktie MB of - ZL
where Av is voltage gain of the anplifier 804, Qn is an input charge (e.g.

char ge ofthe 3pdchiistal SHELN A0 & abé 256 @B dDied AP 6£the Buiplidiict 300 RaBouitalss st ance
(e.g. resistance of resistor 808), ZL is |oad i npedance, and Zs is source

i rrpedancedBNgnIéf)gnfggL&me {h9 WoRvdriEhal SEIHCR AC Y07 Yha e Do e Ning1iTRr 0D li9Wi NG

equati on:

10  improved at the same power consumption. The NF of the amplifier 300 may be improved
due to the increased transconductance of the current reuse structure of the amplifier 300.
[00102] Figure 10a shows the simulated third order input intercept point IIP3 of the
conventional SDCLNA 100. The IIP3 of the conventional SDCLNA 100 is about -
10.7dBm. Figure 10b shows the shows the simulated third order input intercept point I1IP3

15  of the amplifier 300. The IIP3 of the amplifier 300 is about -6.54Bm. It can be observed
that in comparison to the conventional SDCLNA 100, the IIP3 of the amplifier 300 is
improved.

[00103] Figure 11 shows a table 1200 listing the simulation results of the conventional
SDCLNA 100 and the amplifier 300. Column 1202 shows the targeted simulation results.

20  Column 1204 shows the simulation results of the conventional SDCLNA 100. Column

1206 shows the simulation results of the amplifier 300. The amplifier 300 shows better

performance than the conventional SDCLNA 100.



V2A2, QRuyn2 vi, N2 A _output:refer ' LNA tnputrefer =10log V:AQL.V.2 (1)
where NF is noise figure, Vn is voltage of the voltage source 816,
VLNA i npwoebari4peeéa reference i nput vol tage of the anplpciseroB@®do192v i s
voltage gain, Qn is a quality factor of the input matching circuit, and
VLNA outputrefer is a reference input %oltage of the anplifier 10804.
Referring to equation (1), if A2 Cﬁllf vn2 > v A, the output noise is
dom nated by the input noise and the noise figure can be effectively
reduced sjggppd) Ca 2 SROR Hiph 1508 RAS SipéanRil teblisrR insdiTich e
appl i ed tg t%g an%%#%}er 3002%g§1n0n}500 ?ﬂ%eéﬁnce nafching applications.
Addi ti ona i 1 NnhLoV .and f ur il ' NENEER e
%O(pzﬁ 500 111{%d§)ncggna hmlr?% zgld at attil%g{lerﬁc?frlgr%;{)ﬁ' élr'(])? M2« C plop

achi eved Dy using e maxi nu assive anp
1302 shows the insertion loss (S21) of the amplifier 300 plotted against frequency. Plot

1304 shows the input return loss (S11) of the amplifier 300 plotted against frequency.
5  Plot 1306 shows the noise figure (NF) of the amplifier 300 plotted against frequency. The
NF of the amplifier 300 with 50Q matching is about 2.9 dB.
[00105] Figure 13 shows a graph 1400 illustrating third order input intercept point
(IIP3) linearity measurements of the amplifier 300. Plot 1402 shows output power plotted
against input power for a fundamental signal. Plot 1404 shows output power plotted
10  against input power for a third-order product of the fundamental signal. A fitted line 1406
for plot 1402 is drawn and a fitted line 1408 for plot 1404 is drawn. It can be observed
from an intersection point 1410 of line 1406 and line 1408 that a -8.1 dBm of 1IP3 is
measured for the amplifier 300.
[00106] Figure 14 shows a table 1500 listing simulation results of four conventional
15  amplifiers (see references [2] “A 1V wireless transceiver for an qltra—low—power SoC for
biotelemetry applications,” JSSC2008, [3] “A 1V wireless transceiver for an ultra-low-
power SoC for biotelemetry applications,” JSSC2008, [4] “A subthreshold low-noise
amplifier optimized for ultra-low-power applications in the ISM band,” TMTT2008, and
[5] “A novel ultra-low power (ULP) low noise amplifier using differential inductor
20 feedback” ESSCIRC2006), preliminary measurements of the amplifier 300 with 50Q
impedance matching, and simulation results of the amplifier 300 with high impedance
matching (non-50Q matching). Columns 1502 to 1508 show the simulation results of the

four conventional amplifiers respectively. Column 1510 shows the preliminary



[ 00100] The anplifier 300 and the conventional SDCLNA 100 are sinul ated at
about 1.0 V, about 27C and with 500 i npedance matching. Figure 8 shows a
graph 900wofos/paanet er pl otted agai nst frequency. Pl oPCIB226H006192
insertion |loss (S21) of the conventional SDCLNA 100 pl otted agai nst
frequency. Plot 904 shows input returr} | oss 20 (S11) of the conventional
SDCLNA 100 pl otted agai nst frequency. I-7>I ot 906 shows insertion |oss (S21)
of the anplifier 300 plotted agai nst frequency. Plot 908 shows input return
| oss (S11 e%rén%%t%ﬁhi%gfiﬁé%omﬂ{ 568 iRP@ialSd mhicRfHige C6Mimn 1519%0@,@'

observed from 25 grap O that the s-paraneters of the conventiona
SDCLNA 100 and T Al er&l - P i . h a
graph 100 o H‘ISF‘E%%%%J r0 ng%el\lg%ggﬁ%rt %@dwé%’%ﬁgtlgg%%%rﬁ%%&% grtm%go shows
the NF of the conventional SDCLNA 100 plotted agai nst frequency. 5 Pl ot
1004 shomglaicﬁ’é‘g}ﬁ ni mum NF of the conventional SDCLNA 100 plotted agai nst
frequency. Plot 1006 _shows the NF qf the anplifier 300 pl.ott agai nst
frequencyl00W Yt Wigp SR Jmpedanse Mmats thg-argpli ?ﬁéognl}ﬂsiafg‘t‘? °§g}g'2p&g’t"l‘ed
agai nst frequency. The NF of the conventional SDCLNA 100 is about 2.6 dB.
The NP of neiseefigurp bf 2.9 @lB, 300P3 of abh b dBmi agowsr cansumptigrnef E¥h Woat tlhé and
conventional SDCLNA 100, the NF of the anplifier 300 is 10 inproved at the
same powes figoref kit (NO.Mbef 30, WithtHigh impetarice eiatGih}, nireyarhplifiar300heda due t o
t he increased transconductance of the current reuse structure of the

anpl i fi erga300f21 @Q,@Rdiseﬁi%ﬂé ef 18aBS hoYIP3 bhe135dB] fp@rericbhsudnptiodf 10Mmput
intercept point I1P3 of the conventional SDCLNA 100. The |1P3 of the

conventi opg) aﬁg%r'\!@d}@%%ﬁe Hohibric (HO:MYER 2764 obBRrSfiO Wit i RRPVS 't he

sinmulated thir e t intercept poéint 11P3 15 of the anplifier 300.

The 11 P3 of the ifier 300 is.a t :6.5dBm It can e obser.ye hat in
conpar i so?‘f’ntVSm{oﬂ%Rfléeﬁi’it %s‘rlp@fﬁiﬁlf@ﬁ ﬂf&%}ts taﬁelmpf%'ﬁg &F rtlfgﬁ%anggrﬁ‘fltl\ﬁf fbedr 300 is
i nproved.  [0Q103] Figure 11 shows a table 1200 listing the simulation

resul 1§ ofmReAance ARG Bdayt F@P%ﬁcedﬂﬂcl@ﬂ% amplifier 300. Colum 1202
shows the targeted sinulation results. 20 Colum 1204 shows the sipulation
resul ts of0008 c&impentldoshewssoaraph 1600 ilysirating 1y sinafefion resultsiofthet i on

results of the anplifier 300. The anplifier 300 shows better performance
t han t he wopifeant3i0Onwith el Mppadgoce passive network (non-50Q matching). Plot 1602

shows the insertion loss (S21) of the amplifier 300 plotted against frequency. Plot 1604

shows the input return loss (S11) of the amplifier 300 plotted against frequency. Plot
15 1606 shows the noise figure (NF) of the amplifier 300 plotted against frequency. The NF

of the amplifier 300 with non-50Q matching is about 1.6 dB which is improved as

compared to the NF of the amplifier 300 with 502 matching (e.g. 1.8 dB (see Figure 9)

and 2.9 dB (see Figure 14)).

[00109] Simulation of the noise figure (NF) of the amplifier 300 at high impedance
20  (non-50Q matching) can be carried out using various methods. One possible method is

the noise voltage method. Referring to the above-mentioned equation (1),

V2 + VA  inpotrefer can be simulated. The NF of the amplifier

and A’QLV+V]

LNA _outputrefer

300 obtained from the noise voltage method is 1.617 dB. Another possible method is the



26 [00104] Figure 12 shows a graph 1300 illustrating experinmental results
of the anplifier 300 at 500 inpedance matching and at a frequency range of
401 MHz two40fi/Mzs Pl ot 1302 shows the insertion | oss @8ZEG20if1/006102
anplifier 300 plotted against frequency. Plot 1304 shows the input return

| oss (S11) of the anplifier 300 plott (g agai nst frequency. 5 Plot 1306
shows the noise figure (NF) of the arr%lifi er 300 plotted agai nst frequency.
The NF of the anplifier 300 with 500 matching is about 2.9 dB. [00105]

Fi gure 13gs jol s ' ' I o4 t nd t point
(117p3) 11 SOaPHEd BEBRA D Serpt REERAE TP, ot 6 p R ol ot
power plotted agai &St __input. r . a | N 4 shows
out put po(\:/\c/’enrV elbt (%f" f[ é;'garfTg%gﬂgﬁn%gﬁnﬁ%ﬁ%edpg\f}\gwﬂéﬂ%ﬁegg gp(?g{r:;h%trdo%pﬁlgt of

t he fundaﬁggt al signal 46\ flizéfte | ine 1406 for plot 1402 is drawn and a
fitted |i ARG mEhed 1s 1298 drawn. It can be observed from an

i ntersection point 1410 of |ine 1406 and |i ne [1922(8 that a -8.1.dBm of I1P3
i s neasur D911y, dhe amphifier BQY hapg curgpt tsype fapginey 2nd eawles o pddienal 500
listing sinulation results of four conventional 15 anplifiers (see

r ef er encepoyerjor camplexity requited. Impravereany of npise apsh ligparity PEQERARGR CASHE f or

bi otel enetry applications,” JSSC2008, [3] "A 1V wirel ess transceiver for an
ul tra- | owehweyed SatBodtdncrbasetie pewert sopsimppsionc Bowennmnsunggoaxeo de rédiced by

subt hreshol d | ownoi se anplifier optimzed for ultra-|ow power applications
in the | SMokathan S0%VAPpLESion i dndxhurh pasdveehmplificatioh cwvthzoamplified3PY td ow

noi se anplifier using differential inductor 20 feedback"” ESSCI ERC2006),

prel i m nafythBerRIu¢EIRR PowveP Eodsi@pad kdrf dpplicatiofs Wihtre 000 iriplip afieshafy fay chi ng,
and sinulation results of the anplifier 300 with high i npedance mat-ching

(non-500 patghiy d.CNeUémﬁlééol%gBQnib@@iﬁménﬂHﬁcmg Shipté@n freSuktes Of the

four conventional anplifiers respectively. Column 1510 shows the

prel i g n - RSB i RS THeE 506 5r30: Wistile DRpdrInRLanEE

mat chﬁng%@?ﬁ’énﬁﬁ%@ O\Arsp%toﬁeofgl mul“at |e¥)fr,’lbdraesu trsﬂyg%1 %Ee %r?%ﬁ?fi er 300

wi th high_inpedance..pat.ghi (non-500 .mat ching). [00107] Wth 500 inpedance
mat chi ng,uﬁeﬁgmg'ﬁﬁlmp*l lgl}ﬁ@dglgl?i'%erén a5 20.2 dB, a

[00111] The amplifier 300 can be employed for receiver radio frequency (RF) front-

ends as a low-noise amplifier in different applications (e.g. ultra-low-power implantable
and wearable wireless sensors for biomedical applications). For example, the amplifier

15 300 can be applied to a full transceiver for MedRadio regulatioq compliant implant and
wearable sensor applications where sufficient gain and noise performances are required
and ultra-low-power consumption for prolonged battery life is provided. The amplifier
300 can be used in a low-voltage sub-mW transceiver for biomedical applications where
the amplifier 300 is a key building block in the receiver part.

20 [00112] Figure 16 shows a block diagram of a receiver RF front-end 1800. The
receiver RF front-end 1800 includes an amplifier 1802 (e.g. low noise amplifier (LNA)).
The amplifier 1802 may correspond to the amplifier 300 described above. The receiver

RF front-end 1800 also includes a transconductor 1804, an in-phase/quadrature (I/Q)



5 noise figure of 2.9 dB, an 11P3 of-8.1 dBm a power consunption of 150
[tWat 1-V and a figure of nerit (F.OM) of 20. Wth high inpedance

mat chi ng,wohetiampi2sf i er 300 has a gain of 22 dB, a noi secTisgaer/006194. 5 dB,
an 11P3 of-13 dBm a power consunption of 100 11Wat 1-V and a figure of
merit (F.OM) of 22.6. In conparison_with the four conventi onal

anplifiers, the anplifier 300 exhi bi t&’an i nproved performance with 5012 10
i npedance matchi ng and wi th high i npedance matchi ng. [00108] Figure 15

shows a gfoﬁﬂ:ﬁ a ﬁ\peomlulelr q§6(§,aat fl'ugginwr?ﬁle 5@'&%%%1%} rgl‘i)swffé 18684 & AgRbhd | er 300

wi t h hi gh 1 nmpedance passive netwo non- t’ching). Plot 1602 shows

Pl ot 1007 TP FAbh VP olelF sl et il BEFERMARIS i RIETY

ool 1 or 16508 af discant byl JBPOH 188 SreRi R R end |G MpheRiedB %00 wi ¢
non- 5011 nat chi n% is about 1.6 dB which_.is irrpr,o%ed as &Igrrpa .gd }o t he NF
of the anf9P1Rler Theanigrna &4 iocoppledip 3y input derminag 1§10 o aF}Pg‘ PRl®)- and 2.9

dB (see Figure 14)). [00109] Sinul ation of the noise figure iN%I,(:gﬂ of the
anpl i f3 er Agootput tehmighl 1818 off thecmphifiey hR-is ogupleddip @niinpyy teminab d8200fithed out
usi ng various nethods. One possible nethod is the noi se vol tage net hod.

Ref er ri ngtrdnscdnidectab b’04- Amrvutpom eamegli8220mf thd franseomiiustoy 28@3 isrRupled tpa + V2A
_outputref c be sinmulated. The NF of the anplifier VLN2 A _inputreferLNeran
28 S- par afigt @puteivhiasl M82erard asedoal et vapminal 4826 afhthé GiQnfeddddanizar E8d6el
networ k and conventional S-paraneter sinulation is used. The NF of the

anpl i fi er 308 slhdicdiftndl 1898 hitPa Seddad dURULteriiBlah 08B0 6f the P folded led 101 The
anplifier 300 has a current reuse topology and requires no additional 5

pover or pRBERLE¥hipted ®HHifsE thpul FRAAYETBD andfa RLIREInPACtethGRI834Yof the
performance can be achi eved w thout increase in power consunption. Power

ConeuPL | 8, it ESHCRURE, TS 0T oABRY P BB SN pocs v
PP GBSO e R B bt o
a second input terminal 1842 of the second IF buffer 1808b respectively. The first IF
buffer 1808a has a first output terminal 1844 and a second output terminal 1846 for
transmitting in-phase signals. The second IF buffer 1808b has a first output terminal 1848
15 and a second output terminal 1850 for transmitting quadrature sigxxals. The PPF 1810 has
a first input terminal 1852 and a second input terminal 1854 for receiving 1/Q local
oscillator (LO) signal from an external LO source (not shown). A first output terminal
1856 and a second output terminal 1858 of the PPF 1810 are coupled to a first input
terminal 1860 and a second input terminal 1862 of the first buffer 1812a respectively. A
20  third output terminal 1864 and a fourth output terminal 1866 of the PPF 1810 are coupled
to a first input terminal 1868 and a second input terminal 1870 of the second buffer

1812b respectively. A first output terminal 1872 and a second output terminal 1874 of the

first buffer 1812a are coupled to a third input terminal 1876 and a fourth input terminal



10 reduction in power consunption of the anplifier 300. Snmaller passive
conponents can be used in the anplifier 300 for higher integration. [00111]
The anpl iwoen112@@+26an be enpl oyed for receiver radio frequscey1(oRHp2front -
ends as a lownoise anplifier in different applications (e.g.

ul tra-1 ow power inplantable and weara I e wrel ess sensors for bionedical
applications). For exanple, the anpli Oer 15 300 can be applied to a full
transcei ver for MedRadi o regul ation conpliant inplant and wearabl e sensor

app'lcat'mowéﬁgmﬁédﬁiﬁp s&aﬂe ?gﬂegygat tgag,ﬁt%&?gm%saaﬁdse%med and

ultra-|1 ow power ¢ surrptlon or 'S prow ded. The

anplifier 300 can he S r.ans

bi onedi ca ?qE‘Bp‘FF‘&'B?‘ Sﬁ@ efr:eSe g%ﬁfﬁ??%rarg(f(?%&tg%e@ﬁhm e(r?l—émb ock in
t he receiver 20 1001121 Fi k di m of a receiver
RF front- %afg(ﬁélx‘h'ﬁ’é’“?t@w elrsgg{ﬁ¥§¥eé& foé%\t,ﬁysr.“ﬂé‘ﬁb @%é?ﬁ?&‘é ®h anplifier
1802 (e.g. low noise anplifier (LNA)). The amplifier_ 180 % correspond to
the anpl i Wé¥4]306h6é§€ﬁ age passiysRoLyPhAs filkerel &) 8 withra dirgputfen {31 Z0ardie s o
includes a transconductor 1804, an in-phase/quadrature (UQ 29 fol ded

acti veS m sceondlB0®r 18124 argus¢chiogirive theamixer  8Qfufon &R LORjgnsl gensratipadeum and a
second | F buffer 1808b, and a two-stage passive pol yphase filter (PPF) 1810
wi th a fithstextenfal £0 slﬁit@a(natmhom);éﬂmrtdromoldsdm@:aﬁ@.I/Rlilﬁ?ea:eadeciedelrc 38
front-end 1800 has an antenna 1814. [00113] The antenna 1814 is coupled to
an input &RraionsiHz] &kpediivelyN® troadenfthe freqiddy ré&péuseoCoimideringrlowmiwet 818 of
the anplifier 1802 is coupled to an input termnal 1820 of the

t r anscondink@hpticilthe KO baBeP . tifdliding first Bdfe0f 8 IDh@nd saddnd GAEKE 1 91261804 i s
coupled to a first input term nal 1824 and a second input term nal 1826 of

the 1/Q fx%gggg a:?naé( %upk%qﬁverérft e%ﬂff&l:'ﬁtpdll'ﬁmbﬁﬁép Witre 4 88e atflrenriae&ARg out put

term nal the'I1/Q ftolded m xer are coupled'to a first input

term pal 483 03,%%% @F{g&%b@g@&&fﬁp@&%k t?lﬁééaggfpuhgﬁ,esag ohl st IF buffer

1808a T especti erm na ourth out put
t I /[ Q fol ded f
torm nal &»@igﬂanan A4S Qaawpﬁ%mg% cargw%gw B YN0 s} Sy ey

1808b respectively. The f F buffe has a |rst m nal
1844 and ‘§$ s FUTER B L ‘k‘%ﬁﬂck%(e gl@&’é’ ?f(ﬂaﬁg?ﬁci"?‘; 1r§8%h12§ef ]idF nal s.
The second | F buffer 1808b has a first output termnal 1848 15 an}j a second
out put t edativeaixarsERP6s §rst (F Dykley ﬂ%qgt?gs‘?fﬂa@ir"étbﬂffér L3QPRaPEF 318 wpEhst10 has
a first input termnal 1852 and a second input term nal 1854 for receiving
|/ Q | ocal bufferil8i2a and gecayd buffardi812h)or the resgiver RE| franpend | BeQ ragastless ghuwn) . A
first output termnal 1856 and a second output term nal 1858 of the PPF
1810 HY e procisk,ewblthge, and tengteratune (PVI e variatiahs. Sdgde-emitdpatiscon dmployed up er ni nal
1862 of the first buffer 1812a respectively. A 20 third output term nal
1864 and ® thewtikér 18060 mihidize thelcuirStconfurptivpnPiAd td &l 6idathe usouph dabsy 0 a
first input term nal 1868 and a second input term nal 1870 of the second

buf fer 18Jaén hehbesseivéeinput. Aof hinshize pbwt inltioNte bl&ks, BRdpaweralesipel out put
termnal 1874 of the first buffer 1812a are coupled to a third input

term nal tjegﬂxﬁq&'gdsu@h 29 WabrBntl (BRY! addeWBAK $lversion biasing are utilized with a 1-V

supply voltage through the receiver chain (e.g. receiver RF front-end 1800).

20 [00116] The antenna 1814 of the receiver RF front-end 1800 has a RF input band of
401-406 MHz. However, the narrow 100 kHz channel bandwidth of the 401-402 MHz
and 405-406 MHz wing bands in MedRadio may severely be corrupted by the flicker

noise and DC offset at baseband. Therefore, the RF input band of 401-406 MHz is



30 1878 of the I/Q folded m xer 1806 respectively. A first output term nal
1880 and a second output termnal 1882 of the second buffer 1812b are

coupl ed twoaofwifsb426i nput term nal 1884 and a sixth inputrcracrinabo12886 of
the I/Q folded m xer 1806 respectively. [00114] The two-stage passive

pol yphase filter 1810 with a first bufﬁer 1812a and a 5 second buffer 1812b
are used to drive the m xer 1806 for P Q LO signal generation fromthe
external LO source (not shown). The two poles 1/RICl and 1/ R2C2 are pl aced

at 395 a“&‘&fcgnv%d t8 swqiﬂoﬁbukﬂ& {%ﬂ%f e Jege%%ed@%yc OIS n

Consi derin ow power consurrptr on, Including first

buf f d ff.
utter 1811; i g g e 1‘%%%%5?‘%“eren?.a UBleC ol P ey Y PO

di fferent?" |er where a large sw ng 10 ‘can t ai ned

for a given o eratr n t 0115] I'n
addi ti on, o84S eg% ?‘§<§ (%g'ﬁegfﬁlgw%%%&@@ aﬁ‘ﬁ&ﬁcﬁﬂ‘gﬁrﬁ'ﬁ%ﬂﬁ%’* “accurate
reference current to all the bl ocks ﬁ “%' anglrfrer 1802, .transconduct or
1804, VQ 081H3d Zbe imjzern]806ris userb to pllevigte jthe Beadroqm jssag and haye, eParate phuf f er
1808b, PPF 1810 with first buffer 1812a and second buffer 1812b) of the
recei \er Wmsing Gwithe transegmiycios d 894 peds thepwitehing martcef ghe ywixerdgeo fombetter
tenperature (PVT) variations. Single-ended paths are enployed up to the

m xer 180dptimizationi Rigaee t7hshows arselrmatio msagram obthednlded activeaniger HH6udbe of a

| ossy balun at the receiver input. To m nimze power in each of the bl ocks,
| ow- powermikes 1806 hecsuves pahasiet MASFET (PEIUS) ri003egaott wehinneh MDSKEIN
biasing are utilized with a 1-V supply voltage through the receiver chain

(e.g. rec@iMes) Mbod, iantesBivds 10043)); eléfen] QPadifks TOEBadO b Bie diltieht Qburtdie
recei ver RF front end 1800 has a RF i nput band of 401-406 MHz. However, the

narrow 10{}, 'GHA &:h?d%ﬁ@ﬁmhﬁ”fbdﬂz%tfhh&?usk 139 19682 aNdarRnemAla- A8 Jytige Wi ng

bands in MedRa 10 may severely be corrupted by the flicker noise and DC

GownciShy AR PRISS 1303 B8l sybobciish 1914 3 Il Spychid TARDS cotzk e 01

conprom se i to avoid the 1/f S at. mze

t he requr“roélafgﬂg\)/\é&!rﬁ GRS %ﬁncgfpof%égﬁ)i' Iglgatr‘l’qe 1n£lhl%1? ﬁlf f%?gﬂ(?ge 1808a
and second | F buff 1808b 10011 1806 1. to al.l.eviate

t he headr D94? il SOHP ?"élnH’ R t‘é’éﬁ%‘?’&{‘é ]y]g Q?stﬁ?\é.‘r?to‘i"’p?“n'é’r Li?ﬁ%’sd’bﬁﬂﬂ Yor 1804
and the switching part of the m xer 1806 for better optim zation. Figure 17
shows a stermingl 198 sy st eapaciter 19883 iscroypled Je 2 firstdemiinglgl 91 $Wéﬂi’ﬁ fiwst 1806
has seven p-channel MOSFET (PMJS) 1902a-g, one n-channel MOSFET ( NMOS)
1904, t erresistor $905pand 9@atg-tprmingl d92% ot the ABYIPS 190400 deaink tezminab h¥2 1cqfithent
source 1910. A source term nal 1912 of the first PMOS 1902a, a source
termifal fISIBMOS 1902a isCogpled tala RivoB! tooinbl K22 of tholsteesistor AP0 a dedin of t he
seventh PMOS 1902g are coupled to a first voltage reference point 1915. A
gat e t er niefaiball@L6 offthd N81($ 1904, RMDS pbSifiRe tdrminad ap24df the secand gapaciter
termnal 1917 of the first capacitor 1908a. A positive termnal 1918 of the
first cappwighoA sd30SRrhmal 03l sfdhd NMOS 1908itis taipRd @ grdithli9 901 . THeemixer St
resistor 1906a and a gate term nal 1920 of the NMOS 1904. A drain term nal

1921 of t{i®6 has a first input terminal 1926 coupled to the positive terminal 1918 of the first
capacitor 1908a, the first terminal 1919 of the first resistor 1906a and the gate terminal

20 1920 of the NMOS 1904. The mixer 1806 also has a bias voltage input terminal 1927
coupled between the gate terminal 1916 of the first PMOS 1902a and the negative

terminal 1917 of the first capacitor 1908a.



15 first PMOS 1902a is coupled to a second term nal 1922 of the first
resistor 1906a, a drain termnal 1923 of the NMOS 1904, and a positive
term nal WO2411of4942he second capacitor 1908b. A source tecwscad110d@52 of the
NMOS 1904 is coupled to ground 1901. The m xer 1806 has a first input
term nal 1926 coupled to the positive termnal 1918 of the first capacitor
1908a, the first termnal 1919 of the-first resistor 1906a and the gate
term nal 20 1920 of the NMOS 1904. The m xer 1806 al so has a bias voltage

Pt Lo! [oiisy LARE SR RAHaPI0YERR S HRH PHIOSTRb i ThBpRE b e fk St

PMOS 1902 t he négative term nal 0 I rst capacltor 8a. 32
[00118] The ga er.m nal 1928 of econd. PMOS is coupled to a
irst ter frmaR o9&t e Prortodufidoes, AREPM bt QLR sheoeBIbiREet 030 of

t he second resistor 1906b is coypl a gate termnal 1931 of the seventh
s 190209068 SPlatje 2 daie e 185bobe Srnn MG SRk A i Gt 1 1 1 ot
termnal 1933 of the current source 1910 and a 5 drain termnal 1934 of the
sevent h PM33 afgbe thirdmapacite 2908¢ea fisst tsrpunal 18350 the cpmentfopgge ddh%and &r 1908c
and the second term nal 1936 of the current source 1910 are respectively
coupl €U t dragrteumidal 1934 of Hesevinth AMQS H03a| Theospaipfe temmeinaleld3A @f Bolird 902b i s
coupled to a negative termnal 1938 of the second capacitor 1908b, a source
term nal ddpa€itonfl 908reanidhthe secBMOIBMMAPL L3 6af siucurent sundeni®l1 0 bepdkspectivdle f our t h
PMOS 1902d, a source termnal 10 1942 of the fifth PMOS 1902e, and a source
term nal d&pkdab grdimd 9981 .MTHNMDGEN 1 hikal 1D9DIAGBE sécopd PMOSN1002aIs cbBgldd of t he
third PMOS 1902c is coupled to a negative termnal 1945 of the fourth

capaci t or (o184 A @rainki 1938 Jf e ¥eBatld JaP4bGtonT1908W alsbirce tersiab i 910 JAB6C. A
gate term nal 1947 of the fourth PMOS 1902d is coupled to a negative

term nal 4945Nbsti062d bishikcC ARARIL P9411FIREFARE PAMDS 18024, 8'sBlddkerrhifhp Of the
fourth resistor 1906d. A 15 second term nal 1950 of the third resistor

1906¢,4 s p t ' ] [ 1906d. A
arai ¢ or ARy s ByRRE L T fihaP| ol APHkPIGS 180, 12

term nal of the sixt.h.c citor 19 d first termnal 1954 of the
fifth resf@?gﬁp 14péae tﬂﬁ%}aﬁ)‘@e‘)ﬁ ﬁﬁgnﬁ%ﬁgﬁgl\f@&lo i SOUPISH o &, Begal¥ e 1908t
is coupled to a secaond f{erm nal 195 f the fifth i St 906e.. The
negati ve 'L"'@PWF‘%%%SP&S@ %f‘“ RRPaEHoL lr?%% %%ﬁi&tfwuﬁigé‘?ﬁsaﬁﬁe ¥S'Er i nal
1956 of the fifth resistor 1906e are coupled to ground 1901. A drain

term nal 1997 dzaterentingl 1947 pithe fagthoRMOS 1902 Issi@uplsd f0 paegativg éermiali na
1958 of the seventh capacitor 1908g and a first termi nal 1959 of the sixth
resi stor 1986ff thefifile gapacivar 1088aindd firso@ominpl 1999 of dhecfiourih eespréeri 1986d. ¥908g i s
coupled to a 33 second termnal 1961 of the sixth resistor 1906f. The
negative teeomd teahinADBB0aif thehthird gosistorh] 30ap ascéoupled 16 @8geamd dernkipal S&6 bodl

term nal 1961 of the sixth resistor 1906f are coupled to ground 1901.

1001201 Tine foxirderesidBP 6906dCh Wiisin tambeat 095D dfithelthitdePMOSaI9020 B2 oapladlesl t 0 a
positive 5 termnal 1963 of the fourth capacitor 1908d, and a third input

term nal dRGfeGemRhAc 959 of tHeOwtth ickgactteF 908&Lnd BGfstabmiiha foish toff tikapflei t or
1908e. The m xer 1806 includes a first output term nal 1966 coupl ed between

the drai nelgfoll1986e. 10 Aégdtive tditnihdl! 1085 R R 18872 Eapabithrdt SOBFR LAPIROIcNE 1967

The m xer 1806 includes a second output term nal 1968 coupl ed between the

drain ter ggc@r?d tetrAinAl Bfs6ldtend At tdisfY906e7 3¢ n@&ﬁlivg &1 11985 BPIAixkD 69 A

20  capacitor 1908f and second terminal 1956 of the fifth resistor 1906e are coupled to
ground 1901. A drain terminal 1957 of the fourth PMOS 1902d is coupled to a positive
terminal 1958 of the seventh capacitor 1908g and a first terminal 1959 of the sixth

resistor 1906f. A negative terminal 1960 of the seventh capacitor 1908g is coupled to a



10 bias voltage Vb is applied between the second term nal 1950 of the third
resistor 1906c and the second term nal 1951 of the fourth resistor 1906d.
[00121] AwQava/mesni nal 1970 of the fifth PMOS 1902e i sPpcosched/ odaIz
negative termnal 1971 of the eighth capacitor 1908h and a first term nal
1972 of the seventh resistor 1906g. A_gate terminal 1973 of the sixth PMOS
1902f is coupled to a negative 15 ternmrnal 1974 of the ninth capacitor
1908i and a first termnal 1975 of the eighth resistor 1906h. A second

term nal #@Zrﬁd %&m%‘ﬂ? 196V @Rtk ki %8@{1%%{05]1%69 TR ﬁ%ufzb@@erm@ 1966 Ypdnt er mi nal

1977 of the el re5|stor rain tern1 3 of the fifth PMOS
1902e is cou ed to a itive term,nal 7 1908]
and a fir¥t® ‘% i %étf)r m}d ese?ffnr(lit e”?‘é@l g ﬁ%g it er%ée:tggti fj(?/()tefo "er mi nal
1981 of the (ﬁnth ca$?§gﬁ 20 1908 is coupled to a second term nal. 1982
of the nifPURISAERBEM The negative terminal 1981 of the tenth
capacitor 1908] and the second termnal 1982 of the ninth resistor 1906i
are coupl 8124 gAbe mixerg$06 inclydes jaseendninpy termajnal 1962ioqupled $9 A PORIBES 19021
is coupled to a positive termnal 1984 of the eleventh capacitor 1908k and
a first termingl 1963 aif theof@arthy fapapicort10ABd anégutb,lr(bmpmooapmaw%ég:aw lgdta &r i nal
1986 of the eleventh capacitor 1908k is coupled to a second term nal 1987
of the t egpushiveeaimnai 9aDBhe fiftheapaetyart 1908¢.tTheminerd 1800 & hafes aHasteutpuent h
capaci tor 1908k and the second term nal 1987 of the tenth resistor 1906j
are coupl ©fningl pF66WdpIed Bdtwebh 1A Zh tdinenali PSP of BikHthird AMAB Y9624 andr 4 h i nput
termnal 1988 coupled to a positive termnal 1989 of the eighth capacitor

1908h, a%uﬁluflg bbit i1 9O THe GhiXer #8061A8RdE0H REd gt REEIikdl I©68 @bipla@l 1991
of the ninth capacitor 1908i. The m xer 1806 includes a third out put

term nal l;lf:%ggenctﬁ%J RlaSifteRRIMYERR 7 P e db@KNPLRIST 9121 add Z%oﬁglmtgl})%u{t i1gd ALMOS
1902e and a coupling point 1993. The m xer 1806 includes a fourth output

e mfba' dblgs%oﬂa WQ' gg,eae&fgg%ﬂ thpglcgﬁ@'té?#rﬁﬁ rfb@fhf &l%aﬁu@[resss oyt h PMOS

1902f a cou as voltage Is a bet ween t he
second ter al 19 6 of h.,resi 19069 and the second term na
1977 of tIPE 18T PN ?EEPQ{gglfgégﬂgmﬁbﬁfﬁéT?ép Q%rring back to Figure 16, the
transconduct or 1804 is an u rr e.inverter type where the
b1 asi g (UPLEHe 6 e ERDRANSTO o e it EMBRCENES o RPoRIF o @ Beaalive

terminal 1971 of the eighth capacitor 1908h and a first terminal 1972 of the seventh

resistor 1906g. A gate terminal 1973 of the sixth PMOS 1902f is coupled to a negative
15 terminal 1974 of the ninth capacitor 19081 and a first terminal 19.75 of the eighth resistor
1906h. A second terminal 1976 of the seventh resistor 1906g is coupled to a second
terminal 1977 of the eighth resistor 1906h. A drain terminal 1978 of the fifth PMOS
1902¢ is coupled to a positive terminal 1979 of the tenth capacitor 1908j and a first
terminal 1980 of the ninth resistor 1906i. A negative terminal 1981 of the tenth capacitor
20  1908j is coupled to a second terminal 1982 of the ninth resistor 1906i. The negative
terminal 1981 of the tenth capacitor 1908j and the second terminal 1982 of the ninth
resistor 1906i are coupled to ground 1901. A drain terminal 1983 of the sixth PMOS

1902f is coupled to a positive terminal 1984 of the eleventh capacitor 1908k and a first



15 transistor Ml (e.g. NMOS 1904) are separated in order to support |ow
supply voltage and reduce its sensitivity to PVT variations. A single tail
current swonoa/ipR6(e.g. second PMOS 1902b) is used in trhesiceQiuoxez 1806
in order to mnimze msmatch between the two m xer paths. The m xer 1806
is a single-balanced active mxer with parallel RC |oad for |ow pass
filtering in the baseband. 20 [00124] “The receiver RF front-end 1800 can be
fabricated in one-poly six-nmetal (1P 6M 0. 18-fun CMOS process. The chip

m cr ophot &gg@mg h@f%ogf Me {epﬂl he%&ﬁerﬁoggg%fr%gggeeflaﬂg@PQgéé of fapewelebﬁg# igure

18. The to I'p area of the core uding the anplifier

1802, the 1/ i 1806 he fi E buff 1308 he . . ff
1303 oS0 By ol i 8 eGSR LY
1812 is 0.7 nmB.. i ncl I i ¢.disch . I i
NN R TSN I AT A e Y

conversion gain and input return | oss éSll) of the receiver front-end

pl ott ed atpgitensh remistor A0 arercoypled é9/eraunQnt er medi ate 5 frequency (IF) of
500 kHz. The external LO signal is provided by a signal generator. Pl ot
2102 showl0R2 s umbel munervki0§iineludgsi mioprtbtinmy texming 988 fcovpled te ¢ PasitiEd | F of
500 kHz. Plot 2104 shows input return |loss (S11) plotted agai nst RF input

f r equencyteahinalnl 98P of thexightk lelgpacitor 1998, end abffilr inpdt termimal] 90 c@apled that t here
is a conversion gain of 28.7 dB. [00126] Figure 20 shows a graph 2200 of

noi se fi gpdsitiveNEpmifEiapy esfemt fihthtdapatitdd 10081 Thé ninér LR06 inelpdenaythiod t he
receiver front-end. It can be observed fromthe graph 2200 that |ess than

5.5 dB of oipuib@isd d0b2 esupiédEdwbin the delh airaril 20786 thE fifth PAOSKigD2E 0 2 Mz
and at 28.7 dB of conversion gain. [00127] Figure 21 shows a graph 2300 of

third ord J - faNEos (ol | L rg Ehin
tm-tonesggitb}gg‘glgﬁgf) %g?gé%\'/ﬁgieaﬁné&gplglé%elga?&(;%t%ga?rgﬁg?ﬁgf 15 tamggﬁcei ver.

o TP R s B 9 98 S P B | gt e
third-or d%%. A bias voltage Vy, is applied between the second terminal 1976 of the seventh
resistor 1906g and the second terminal 1977 of the eighth resistor 1906h.
[00123] Referring back to Figure 16, the transconductor 1804 is an ac-coupled current
reuse inverter type where the biasing for the transistor My, (e.g. first PMOS 1902a) and
15 transistor My (e.g. NMOS 1904) are separated in order to support low supply voltage and
reduce its sensitivity to PVT variations. A single tail current source My, (e.g. second
PMOS 1902b) is used in the I/Q mixer 1806 in order to minimize mismatch between the
two mixer paths. The mixer 1806 is a single-balanced active mixer with parallel RC load
for low-pass filtering in the baseband.
20 [00124] The receiver RF front-end 1800 can be fabricated in one-poly six-metal (1P
6M) 0.18-um CMOS process. The chip microphotograph 2000 of the receiver RF front-

end 1800 is shown in Figure 18. The total chip area of the core 2002 (e.g. including the

amplifier 1802, the I/Q mixer 1806, the first IF buffer 1808a, the second IF buffer 1808b,



product of the fundanental signal. Afitted [ine 2306 for plot 2302 is
drawn and a fitted Iine 2308 for plot 2304 is drawn. It can be observed
from an iwoenseabizen point 2310 of |ine 2306 and |ine 2208/SGhat1/0a01925 dBm
of 11P3 is measured for the RF receiver front-end. 20 [00128] Figure 22
shows a table 2400 show ng the neasur%g results of four conventional
receivers (see references [6] R van Langevel de, M van El zakker, D. van
Goor, H Terneer, J. Mss, and A J. Davie, "An ultra-Iow power 868/ 915 Mz

RF transc I Proe EEE RF
I nt eq. O'?lc\tj[ﬁ{stﬁ%Wg{ me%'gt gg qrglz.‘he%{hgw I tf] B} %glpzlgc)arli?rgn%ﬁ Rélll

Mukhopadh bor "A |l ow power fully
nonol it hi %adél%c?‘hdrecz%grpgata&hraregceél vek-wcutltﬁu gglolrdgf’g%rlo gener ation for 2.4
GHz wirel AN a l'i cations,"” J, of So d State Gir ltS

no. 10, ppﬁlié 1%5 “Qso‘bérapJ[‘ EFEQKOf E‘@ﬁﬂue 0“1‘51]?1&91%35‘ mgu'i{a?&ﬂﬁuchl ,
and P. Kinget "DeS|gn of a high performance 2-GHz direct-canvers

f r ont - endlogs ¢ Lyokthg @‘?Cél"éh@%’& qret ploffsdiagpipstRA mp Tsgueney 3tpppntgrm iate
Solid-State Grcuits, vol. no. 5 E 1380-1390, May 2009, and [9] M
Canus,5 B. fréeagie(IF)Lof SQQ#HZa,Tthteml &mgpell is arovided ®y . signa} geperatgy. Plot
5.4ni¥V 0. 07mm®R2 2.4 GHz front-end receiver in 90 nm CMOS for | EEE 802. 15. 4
WPAN st an2iE)2dshows misasuted odnvBoidndgat ptotteCiRFcimputsfrequency48,anrly. &, S000H».

1372- 1383, June 2008) and the receiver RF front-end 1800. Columms 2402 to

2408 showplohel e sowsadputastuuhi bso{SitiheldtedragaiasnviRR inpan flequancgiav en §F of
respectively. Columm 2410 shows the neasured results of the receiver RF

f ront - endsdB@9.. 1ldaa b%whéamgm D02 they thérBes 4 &nbrsionGRINVET28RFdB.r ont - end
1800 including the anplifier transconductor 1804, 1/Q m xer 1804, and

LO buf fer E)Oi@é]zaflg]ugéab §h§w§'%ogé%]ﬁ G208 0 ndide ﬁg"}{onal |1Meajs§rem‘éﬁ! bﬁﬁ@d I'n

conpari soh wth the results of four conven receivers, the
R R S
2200 that less than 5.5 dB of double-sideband (DSB) NF is obtained at an IF of 500 kHz
to 2 MHz and at 28.7 dB of conversion gain.
[00127] Figure 21 shows a graph 2300 of third order input intercept point (IIP3)
linearity measurement where two-tones at 402 and 402.1 MHz are applied to the input of
15  the receiver. Plot 2302 shows output power plotted against input power for a fundamental
signal. Plot 2304 shows output power plotted against input power for a third-order
product of the fundamental signal. A fitted line 2306 for plot 2302 is drawn and a fitted
line 2308 for plot 2304 is drawn. It can be observed from an intersection point 2310 of
line 2306 and line 2308 that a -25 dBm of IIP3 is measured for the RF receiver front-end.
20 [00128] Figure 22 shows a table 2400 showing the measured results of four
conventional receivers (see references [6] R. van Langevelde, M. van Elzakker, D. van
Goor, H. Termeer, J. Moss, and A.J. Davie, “An ultra-low-power 868/915 MHz RF

transceiver for wireless sensor network applications,” in Proc. IEEE RF Integ. Circuits



ultra-1 ow power 401-406 MHz MedRadi o receiver RF front-end targeted for
wear abl e sensor applications. The receiver RF front-end 1800 may be an
ul tra- | owpaeari4di- 406 20 MHz Medi cal Devi ce Radi ocommeoirsatiano@ez vi ce
(MedRadi 0) receiver RF front-end for bionmedical telenetry applications
i npl enent ed using 0. 18-gm CMOS technoI%gy with a 1-V supply voltage. The

recei ver

RF front-end 1800 enpl oys thé anplifier 300 (e.g. conplenentary

current-reuse | ownoise anplifier (CCRLNA)) which shows WO _
2011/ 149435RE o2 19094901 BIG FUARGEIRD Mdopiilyly REBHILGE! forprance |1

conpari so
at equa

t he -knoWwn source degéneration cascode LNA (SDCLNA) 100

1500 i ncl u%:{‘ﬁ%a?ﬁ@%%f :‘f ?%‘ﬁ'%%ggéﬂ(“g ”“gl&%;{ﬁ%% :Sgﬁtzlfeﬁg@ﬁ@@g@%vy with Ont - end
Ve jxer 180 LQ buf, a12b
e aoni ctpeeteHO e gon bf o 4P BlrsSpP ANHEfCatons s 4EEE {50/ SBE S92 D5 qm

whi-l e consum ng | ess than 50011W(e.g. 4901 t froma 1-V _supply vol tage
a5 i 3

and occup§ireuitsaieldd. 8ol ape?

Trfeety 208 RrFeRHNE- dRECTEB0 Sexhi bi t s

enhanced noi se and linearity performance. 1001301 Wil e enbodi nents of the

i nventd onKnwsgichie eand plar Kinget, 2 Degign ledvin highdperpraancer 268z diresi-coayasiehce to
speci fic enbodi nents, it should be understood by those skilled in the art
that vari bog-epdawgks smgleemdedRF dputiih OnBprb&€MQES 1B i mf Woliddinte
departing fromthe spirit and scope of the invention as defned by the
appended Ciraiins volHdens §,gipe 1360-1396, May 2009, and [ ¥ MhOanus) 8. Batagel Ibyardig
appended claims and all changes which cone within the meaning and range of
equi val enpy Sef Bt Pell#t| ald s Pafrs, “(he4aMW097hn’ 24 SRR gEbrt-@nd feceivhr ia®8thm
CMOS for IEEE 802.15.4 WPAN standard,” IEEE J. of Solid-State Circuits, vol.43, no.6,
10  pp. 1372-1383, June 2008) and the receiver RF front-end 1800. Columns 2402 to 2408
show the measured results of the four conventional receivers respectively. Column 2410
shows the measured results of the receiver RF front-end 1800. The power consumption
for the total receiver RF front-end 1800 including the amplifier 1802, transconductor
1804, I/Q mixer 1804, and LO buffers 1812a, 1812b is 490uW (0.49mW) at 1-V supply
15 voltage. In comparison with the results of the four conventional receivers, the receiver
front-end 1800 shows favorable performance.
[00129] In one embodiment, the receiver RF front-end 1800 may be a low-voltage
ultra-low-power 401-406 MHz MedRadio receiver RF front-end targeted for wearable
sensor applications. The receiver RF front-end 1800 may be an ultra-low-power 401-406
20 MHz Medical Device Radiocommunication Service (MedRadio) receiver RF front-end
for biomedical telemetry applications implemented using 0.18-pm CMOS technology

with a 1-V supply voltage. The receiver RF front-end 1800 employs the amplifier 300

(e.g. complementary current-reuse low-noise amplifier (CCRLNA)) which shows



In this docunent, the follow ng docunents are cited: [1] I. Nam B. Kim
and K. Lee, "CMOS RF anplifier and m xer circuits utilizing conplenentary
char act erwetznoisi4ef26par al | el conmbi ned NMOS and PMOS devi ®€3/SG201HBR12D Tr ans.
M crow. Theory and Tech., vol .53, no.5, pp. 1662-1671, May 2005 [2] "A 1V
wi rel ess transceiver for an ultra-Ilowpower SoC for biotelenetry
applications,"” JS SC2008 [3] "A 3 subt hreshol d CMOS | ow noi se
anplifier" RFIC2006 38 [4] "A subthreshold | ownoise anplifier optim zed
for ultra: 0 lyi.cakd o IrRahdie; "t0 L TR OP R nowlsourle NOVEl
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Mukhopadhyay, S. Chakraborty, C. -H Lee, and J. Laskar, "A | qw Bower fully
monol i t hi emBRERHGERINNA B0BMtERnsendicrer 1804 KQ foldsdrmixer 1808, g dQbuiders 10 for
2.4 Gz wireless PAN applications,” IEEE J. of Solid-State Grcuits,

vol . 433 nd812e, 1§i3b car achigwas cormetsiqrOgan of 33.7 B, MNhef 5.6 dBrard MBzof -25
Kawaguchi, and P. Kinget, "Design of a high performance 2- GHiz

di r ect - codBRr whitcdnsomingelask thiah 500 Wi (eqd. @901 drdrk ai hpusupply Colfage rmdCMOS, "

| EEE J. of Solid-State Circuits, vol.44, no.5, pp. 1380-1390, May 2009 15
[9] M Caguspy BBy 6re die afeR THetrecdWer RFfro-ene BO@ExhiBiRenhand2dnbRe " A
5.4nW0.07m15 2.4 GHz front-end receiver in 90 nm CMOS for | EEE 802. 15. 4
WPAN st an "L E Solid-State Grcuits, vol.43, no.6, pp.

1372- 1383%1?‘51&%8“ 0 ottnarkt.

[00130] While embodiments of the invention have been particularly shown and

10  described with reference to specific embodiments, it should be understood by those
skilled in 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 of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of the claims are therefore

15 intended to be embraced.

In this document, the following documents are cited:

[1] I. Nam, B. Kim, and K. Lee, “CMOS RF amplifier and mixer circuits utilizing

complementary characteristics of parallel combined NMOS and PMOS devices,” IEEE
20  Trans. Microw. Theory and Tech., vol.53, no.5, pp. 1662-1671, May 2005

[2] “A 1V wireless transceiver for an ultra-low-power SoC for biotelemetry

applications,” JSSC2008

[3] “A 3 GHz subthreshold CMOS low noise amplifier” RFIC2006



39 CLAIMS What is claimed is: 51. An anplifier, conprising: an input

term nal ; a first transistor of a first conductivity and a second
transi st owoabi1ia4s26ond conductivity, each transi stor compTiS&20g/0a019DUr ce
termnal, a gate termnal and a drain term nal respectively, the source
termnal of the first transistor bei ng coupled to the 10source term nal of
the second transistor, and the gate t Bminal of the first transistor and
the gate termnal of the second transistor being coupled to the input
term nal ;a0 WERbHLe SAbR oAl BF il bpliehiBhoah of the
first tra[#ili gtscl)lrbﬂlarﬁsgg@h% dlgd;%en Tér neil?ngl O%Bt eusecondptrandgpstor. 152. The
anplifier,o l,ai m, further conprising a first depletion capacitor
coupl ed btgf&%@r}i’a{l@ejr%wopgrm nal and the source termnal of the first
transistor. 3.The anplifier of im2, 20wherein the first .depletion
capaci t orl® oﬁpf‘?‘é"é?qga’ PO @Lﬁ’rm’(ﬁlmgﬁd&”&pl ?ﬁd‘ls}‘\ged'f%?eﬂf‘%apn,duﬁmér ein
the positive termnal of the first depletion capacitor is coupled to the

gat e t er nfeedhaclESHR(G2P® transi stor and the negative terninal of the

first depletion capacitor is coupled to the source termnal of the first
t r ansiSst di6] R. van Langevelde, M. van Elzakker, D. van Goor, H. Termeer, J. Moss, and A.J.

Davie, “An ultra-low-power 868/915 MHz RF transceiver for wireless sensor network
applications,” in Proc. IEEE RF Integ. Circuits Symp., 2009, pp. 113-116
[7] B.G. Perumana, R. Mukhopadhyay, S. Chakraborty, C.-H. Lee, and J. Laskar, “A
low-power fully monolithic subthreshold CMOS receiver with integrated LO generation
10 for 2.4 GHz wireless PAN applications,” IEEE J. of Solid-State Circuits, vol.43, no.10,
pp- 2229-2238, Oct 2008
[8] Y. Feng, G. Takemura, S. Kawaguchi, and P. Kinget, “Design of a high performance
2-GHz direct-conversion front-end with a single-ended RF input in 0.13um CMOS,”
IEEE J. of Solid-State Circuits, vol.44, no.5, pp. 1380-1390, May 2009
15 [9] M. Camus, B. Butaye, L. Garcia, M. Sie, B. Pellat, and T. Paqa, “A 5.4mW/0.07mm’
2.4 GHz front-end receiver in 90 nm CMOS for IEEE 802.15.4 WPAN standard,” IEEE J.

of Solid-State Circuits, vol.43, no.6, pp. 1372-1383, June 2008



40 4. The amplifier of any one of clains 1 to 3, further conprising
a second depl etion capacitor coupled between the gate term nal and the
sour ce t ewoiznal14ef26t he second transistor. 5 5. The anpl PCirsG2eif/0001@2 m 4,
wherein the second depl etion capacitor conprises a positive termnal and a
negative termnal, wherein the positi% term nal of the second depletion
capacitor is coupled to the gate term™nal of the second transistor and the
negative term nal of the 10second depletion capacitor is coupled to the
source tegfiaiRis of the second transistor. 6. The anplifier of any one of

claims 1 to 5, further conprising a first resistor coupled between
the drain termnal of the first transistor and a first voltage reference
point. 7. The anplifier of claim®, wherein the first resistor

conpri ses a{ert tfrninal and a second termnal, wherein the first
term nal F&¥ resistor is coupled to the drain termnal of the
first transistor and the second termnal of the first resistor is coupled
to the first voltage reference point. 8. The anplifier of any one of clains
l1to 7 further conprising a second resistor coupled between the
drai n 2 er ki nal ABpmphBierseipi#sing: ansi st or and a second vol tage reference
poi nt .
: an input terminal;

a first transistor of a first conductivity and a second transistor of a second
conductivity, each transistor comprising a source terminal, a gate terminal and a drain
terminal respectively, the source terminal of the first transistor being coupled to the
10  source terminal of the second transistor, and the gate terminal of the first transistor and

the gate terminal of the second transistor being coupled to the input terminal; and

an output terminal coupled to the drain terminal of the first transistor and the drain

terminal of the second transistor.

15 2. The amplifier of claim 1,
further comprising a first depletion capacitor coupled between the gate terminal

and the source terminal of the first transistor.

3. The amplifier of claim 2,

20 wherein the first depletion capacitor comprises a positive terminal and a negative
terminal, wherein the positive terminal of the first depletion capacitor is coupled to the
gate terminal of the first transistor and the negative terminal of the first depletion

capacitor is coupled to the source terminal of the first transistor.



41 9. The amplifier of claimS8, wherein the second resistor conprises
a first termnal and a second termnal, wherein the first termnal of the
second r esoori4peécoupl ed to the drain term nal of thePBTSecONMOGIvANSI St Or
and the second term nal of the second resistor is coupled to the second

vol tage reference point. 10. The anplifier of any one of clains 1 to 9,
further conprising a first output capacitor coupled between the drain
terminal of 10the first transistor and the output termnal. 11. The
anplifier of claiml10, wherein the first output capacitor conprises a
positive termnal and a negative term nal, wherein the positive term nal of
the first output ca itor is counl ed the drain 15term nal of the first
transisto? and ‘H@mﬁﬁﬁg?P¥Q?WFﬁguhﬁ?S{ﬁ%’first resistor and the negative

termnal of th irst output capacgitor is coupled to.t out put term nal .
12. The anpli f} erof’oraﬁ’i'/s‘&é‘ S‘F‘%Bgaé%et‘fnt Sapfgl,tor COUPICJ]%eWeﬁBt‘ﬁi‘Srgate
conprising a second out put capacitor cqupled between the drain term nal 20
of the se€pmaakandihg souge terrungl REths sesnnd HagsipPhal . 13. The anplifier of

claim 12,
5

5. The amplifier of claim 4,

wherein the second depletion capacitor comprises a positive terminal and a
negative terminal, wherein the positive terminal of the second depletion capacitor is
coupled to the gate terminal of the second transistor and the negative terminal of the

10  second depletion capacitor is coupled to the source terminal of the second transistor.

6. The amplifier of any one of claims 1 to 5,
further comprising a first resistor coupled between the drain terminal of the first

transistor and a first voltage reference point.

15
7. The amplifier of claim 6,
wherein the first resistor comprises a first terminal and a second terminal, wherein
the first terminal of the first resistor is coupled to the drain terminal of the first transistor
and the second terminal of the first resistor is coupled to the first voltage reference point.
20

8. The amplifier of any one of claims 1 to 7,
further comprising a second resistor coupled between the drain terminal of the

second transistor and a second voltage reference point.



42 wherein the second out put capacitor conprises a positive term nal
and a negative termnal, wherein the positive termnal of the second out put
capaci t orwo0riodpi2ed to the drain term nal of the secon#ctsansiigb@n2 and t he
first termnal of the second resistor and the negative termnal of the
second out put capacitor is coupled to Ehe output termnal. 5 14. The
anplifier of any one of clains 5 to 1§, further conprising: a gate inductor
conprising a first termnal and a second terminal; a first gate capacitor
conprising a positive terminal and a negative termnal; a second gate
capacitor conprising a positive termnal and a negative term nal; 10wherein
the first_ term,nal ?.f thfe gatg—; i nductor is coupled to the input termnal,
and the skcond 1SAMRIFST OiHAM% gate inductor is coupled to the positive
term nal of the fi,rskl %ate capaci tor and tﬂe posi.tilve term ngl of. tlhe
second gate caBiEsipdhe Second resijigr pompriseh @ Hishdeminal cand g sefond stermypals i\ o
gate capacitor is coupled to the gate termnal of the first transjistor and
the posi twhaseipdherfips tergrnal jof the sesondyessisior i1y foupleshto; the drain derina] f g pe
negative termnal of the second gate capacitor is coupled to the gate

t erni rfal sstondreansistonaud theasesomnst tormingl dfttheesesord resisor deequpled] to diie sagendsecond
depl etion capacitor. 15. The anplifier of any one of clains 5 to 14,
further cwigge sfererice point.

10.  The amplifier of any one of claims 1 to 9,
further comprising a first output capacitor coupled between the drain terminal of

10  the first transistor and the output terminal.

11.  The amplifier of claim 10,
wherein the first output capacitor comprises a positive terminal and a negative
terminal, wherein the positive terminal of the first output capacitor is coupled to the drain
15 terminal of the first transistor and the first terminal of the first r@sistor and the negative

terminal of the first output capacitor is coupled to the output terminal.
12.  The amplifier of any one of claims 1 to 11,
further comprising a second output capacitor coupled between the drain terminal

20  of the second transistor and the output terminal.

13.  The amplifier of claim 12,



20a source inductor conprising a first termnal and a second termnal; a
source capacitor conprising a positive termnal and a negative term nal
wher ei n twe 2biwwbd426er m nal of the source inductor is coeplrsd20ia/006182 sour ce
termnal of the first transistor, the negative termnal of the first ‘
depl etion capacitor, the source 43 termnal of the second transistor and
the negative termnal of the second dggletion capaci tor; wherein the
second term nal of the source inductor is coupled to the positive term nal
of the source GaRafiifdleco ool sk § pb&ifitd Athindl arld ol
capacitor is coupled to the secon vol fage refBrence pol nt. 16. e
anplifier

of. f cl.ai 1.t : i.Si
TP e el ot sy copbdt PP 013,
to t t inal. of the first t i.stor. .17. .Th lifi f. clai
16, Okedin'sypminal O tiecon s ppnen (B s ik pt e SHT ey ST g i Ged |

between the negative termnal of the first gate capacitor and the positive
t ermi nal weBatiyedermipaliof gprﬂe%qqd(ﬂqtput capacitor is coupled to the output terminal.

5
14. The amplifier of any one of claims 5 to 13, further comprising:
a gate inductor comprising a first terminal and a second terminal;
a first gate capacitor comprising a positive terminal and a negative terminal;
a second gate capacitor comprising a positive terminal and a negative terminal;

10 wherein the first terminal of the gate inductor is coupled to the input terminal, and
the second terminal of the gate inductor is coupled to the positive terminal of the first
gate capacitor and the positive terminal of the second gate capacitor;

wherein the negative terminal of the first gate capacitor is coupled to the gate
terminal of the first transistor and the positive terminal of the first depletion capacitor;

15 wherein the negative terminal of the second gate capacitqr is coupled to the gate
terminal of the second transistor and the positive terminal of the second depletion
capacitor.

15.  The amplifier of any one of claims 5 to 14, further comprising:
20 a source inductor comprising a first terminal and a second terminal;

a source capacitor comprising a positive terminal and a negative terminal;
wherein the first terminal of the source inductor is coupled to the source terminal

of the first transistor, the negative terminal of the first depletion capacitor, the source



15capacitor. 18. The anplifier of any one of clains 1 to 17, further
conprising a second bias voltage input term nal adapted to provide a second
bi as vol twgeotioi4b42¢ gate term nal of the second transi stamSG20109019The
anplifier of claim18, 44 wherein the second bias vol tage i nput
termnal is provided between the negatgve term nal of the second gate
capacitor and the positive term nal of""the second depletion capacitor. 5

20. The anplifier of any one of clains 1 to 19, wherein the first
transist nﬁ@ P oS hag LAl 1ol RRFGCBE W Qdcohl Slefiefibd €Ct
transistg%. %PBQhe gﬁgﬁ?ﬁlera§#agﬁfﬁ%ﬁéé%gﬁclalnE lto 26? loﬁggrein t he

second trgps&‘ﬁpr conpri ses a p-channel netal -oxi de-sem conduct or
field-ef 88 ansistor. 22. The anplifier of any one of clains 8 to 21,

wherein the second voltage .reference,point i.s. ground. e
wherein tﬁe second termmﬁ ofe th8 Source inddttor 18 coupled to the positive

terminal of the source capacitor;
5 wherein the negative terminal of the source capacitor is coupled to the second

voltage reference point.

16.  The amplifier of any one of claims 1 to 15,
further comprising a first bias voltage input terminal adapted to provide a first

10  bias voltage to the gate terminal of the first transistor.

17.  The amplifier of claim 16,
wherein the first bias voltage input terminal is provided between the negative
terminal of the first gate capacitor and the positive terminal of the first depletion

15  capacitor.

18.  The amplifier of any one of claims 1 to 17,
further comprising a second bias voltage input terminal adapted to provide a
second bias voltage to the gate terminal of the second transistor.
20

19.  The amplifier of claim 18,



15 23. A transceiver conprising an anplifier of any one of clains 1 to 22.
24. An anplifier, conprising: an input term nal and an out put

t er mi nal ,woterigisp26he i nput term nal and the 20 out put PEMSGa6H1/080102

si ngl e-ended with equal phases for a signal; and a core configured to
operate as a differential node. 25. The anplifier of claim 24, SUBSTI TUTE
SHEET (RULE 26) 45 wherein the 4ore conprises a first transistor of
a first conductivity and a second transistor of a second conductivity, each
transi stor conprising a sogrce termpal, a gate termnpal and a drajn

I

termnal respewhared|he sgoqnd biasrvoltageimpptigrmigpl isppoovidedshetypen by JeghivEej ng
coupled to the source term nal of the second transistor, and the gate
t er ni nal tfminpleoft the secondr gates rapagitoraand the pogjive terming phthegfecqndedepictiond
transi stor being coupled to the input termnal. 27. The anplifier of claim
26, capacitopherein the first transistor conprises a n-channe
met al - oxi de-sem conductor 10fi el d-effect transistor.

5 20. The amplifier of any one of claims 1 to 19,

wherein the first transistor comprises a n-channel metal-oxide-semiconductor

field-effect transistor.

21.  The amplifier of any one of claims 1 to 20,
10 wherein the second transistor comprises a p-channel metal-oxide-semiconductor

field-effect transistor.

22.  The amplifier of any one of claims 8 to 21,
wherein the second voltage reference point is ground.

15

23. A transceiver comprising an amplifier of any one of claims 1 to 22.
24.  An amplifier, comprising:
an input terminal and an output terminal, wherein the input terminal and the
20  output terminal are single-ended with equal phases for a signal; and

a core configured to operate as a differential mode.

25.  The amplifier of claim 24,
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28. The anplifier of clainms 26 or 27, wherein the second transistor
conpri ses a p-channel netal-oxide-sem conductor field-effect transistor.
WO 2011/149426 PCT/SG2011/000192

45

wherein the core comprises a first transistor of a first conductivity and a second

transistor of a second conductivity, each transistor comprising a source terminal, a gate
terminal and a drain terminal respectively, the source terminal of the first transistor being
coupled to the source terminal of the second transistor, and the gate terminal of the first

5 transistor and the gate terminal of the second transistor being coupled to the input

terminal.

27.  The amplifier of claim 26,
wherein the first transistor comprises a n-channel metal-oxide-semiconductor

10 field-effect transistor.

28.  The amplifier of claims 26 or 27,
wherein the second transistor comprises a p-channel metal-oxide-semiconductor

field-effect transistor.



