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AMPLIFIER AND COMMUNICATION APPARATUS [Technical Field] 5
[0001] The present invention relates to an amplifier and a communication
apparatus which are used for transmission and reception during wireless
communication, and particularly to an amplifier and a communication
apparatus which are applied 10 to, for example, UWB (ultra-wideband)

communication aid PpERIITR ABltage aMtifieatan eh R Nigh Heausney -

component of a received signal. [0002] More specifically, the present
invention relates to an 15 amplifier and a communication apparatus which
collecti %I erform.amplificgtion in a wide frequency bandwidth used in
UuwB c!mgn%ﬁ%gt?&nﬁﬁ%% ticularly to a wide-band amplifier and a
commujfi¢ditioh apparatus having a flat amplification characteristic over a

wide frgfgluence( bandgvidth, being 20 prevented from degrading due to
parasitic Capaciance, ﬁHVS&Eg%%ﬁ%ﬁ@?&’fp GSlaf @ BdcktFduidd 2

cArth a0zt velesspiNsare (ecpiving aitantien asssystema Whiehk 125, and
release, users from the LAN wiring required in wired methods. Accordin%
y to

TR R ETAER CRA T A S ECa TPl BOERRES Wk

aspanged Stdke aszoftices ceammunicalioontepaale suehwsiRarseral appiied
comr%uters PCsiltcan be comparatively easily moved. In recent years, as

ERirefelE | 8msHive SothtrcaeLdsh epsed AR R Priced
pdemand fos MielpssakANi Fstems diaver emarkghlyApereasad N Ipgsohent

O¥e%rsielc%%r$é%ergt:{%r}1 iglp{articularly given to installation of

[C0027Y -

More specifically, the present invention relates to an
amplifier and a communication apparatus which collectively
perform amplification in a wide frequency bandwidth used in
UWB communication, and particularly to a wide-band amplifier
and a communication apparatus having a flat amplification
characteristic over a wide freguency bandwidth, being
prevented from degrading due to parasitic capacitance, and
being short in group delay time.

[Background Art)

10003}

Wireless LANs are receiving attention as systems which
release users from the LAN wiring required in wired methods.
According to wireless LANs, since almost all wired cables can
be omitted in work spaces such as offices, communication
terminalssuchaspersonal computers (PCs) canbecomparatively
easily moved. In recent vears, as wireless LAN systems have
increased in speed afid decreased in price, demand for wireless

LAN systems have remarkably increased. In recent years,
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personal area networks (PANS) in order to construct a small-scale
wireless network and perform information communication among a
plurality of personal electronic 5 devices. (0004] For example, a method
called ultra-wideband (UWB) communication, which performs wireless
communication by using an extremglli}; wide frequency bandwidth, is

FERRR FEEIRG 16 AtidAtion S8 irdlegs ¥oRmntihidativrrsystdrhavhier

reatizes shostrdistanee wittachighegpeed transgyission cand-swch ethod
is eﬁgcted to be put to practical use. The IEEEB02. 15. 3 committee and

8ike Have e et [51opolEd Wtiata aNshsRS OB d Hakedrerta on

packel st uatlie a0RAIIRY d5Preambles, as,an gaceess,cantaldpethod;
for ultra-wideband communication. [0005] In UWB communication,
oubfatidn methods such as DS-SS and OFDM are considered.
Accordingihed)S-SS method, during 20 transmission, an information
signal is multiplied b)ﬁsg random code sequence called PN (Pseudo

Noise) cbé (G HRBEN eprdalic@SDifdct Spreath the otdsseand (UWB)

banewidihs and-an ateception: sidey theiresaived %@%@M@Q@@@%y using
%i{?;nal is reproduced into the information signal by being inversely spread

(58t SEHItHHEE By REUSR CHRATHEISHISS hetRernakesieceiving
pessiblei tnrealize highsspeed daadransierbyRerfgrming LansaUSSIoN: ; e

and reception in a spread ultra-high frequency bandwidth of, for example,

3T 16116 BRE 00861 30 KB ERG f6 tHe OB (Orifogoraild such
eeqiencysDivigien: tMultiplexjng) methgd, thefrequencyQf eagh, carriardis oo |

%%t.ZS committee and the like have presently proposed a data
transfer method based on a packeﬁ structure containing
preambles, as an access control method for ultra-wideband
communication.

[0005]

In UWB communication, modulation methods such as DS~8S
and OFDM are considered. According the DS-SS method, during
transmission, an information signal is multiplied by a random
code sequence called PN (Pseudo Noise) code to directly spread
{DS: Direct Spread) the occupied bandwidth, andon a reception
side, the received spread information signal is reproduced
into the information signal by being inversely spread by being
multiplied by the PN code. The D5-SS method makes it possible
torealizehigh-speeddata transfer byperformingtransmission
and r@ception.in a spread ultra-high freguency bandwidth of,
for example, 3 GHz to 10 GHz.

[00G6]

According to the OFDM {Orthogonal Frequency Division

Multiplexing} method, the frequency of each carrier is set
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so that each carrier is orthogonal with every other carrier in a symbol
duration, and during transfer of information, plural pieces of data are
allocated to the respective carriers and modulation is performed on the
amplitude and phase of each 5 of the carriers, and inverse FFT is
gedormed onthe plural carriers (o converteach,of the cariersino 8, s o
S|gnalaon the time axis with or%ogongﬁ)ty on the requency axis being
imaintaéiped cdnditheasigoal orethe time aris i< transmittede Dunmgprmation,
JPGeRUoD: EELs performed to converl he sianalien 10.0e ime,axisinta o
a signal’on the frequency axis an the' & respectivé carriers are sugjecte
atodmpodutdtionn cosresponuimg:td dreit imodmiafidrt nvbthedd tohreproddceach

the, information transmitted by the ori | serial signal. Since_trapsmit
e ae TNSr o 1 Tho SIaS oF Berrey oGt 5758 evaturop Luzel
cearrersref differentfeequencies pthe: Hrandwidtheof edohtef thes¢amieisds the

narrowed narro\évhanodrtg%comes }rg%lstlt%!% tQ rgq%%%c%/uselectlve fadi

t[f)%?fﬁ\?vir‘é ess communication e?fuipmen , during eggﬁ%na‘?’ﬂ)%?gémg

nwiteless sighalsyritistgenerabprattioe ta perfoimecitage amplificationiont:ed.
Dreceived si%naI%.For emple inthe. U ab%vec-(rjnentionedéjlgcrf%-wideban

Urlng rece 10 15, r¥forme anvery. & 531didl On
communication, vol?a{ge ampl%ﬂ(’:ja%on & performed On'a high frequency

tdompamentdyi a lownwise amphfer (ENAY L thisscpsen itys dediredtivit the
r%SSVOIé%eV%mggﬁ%a%ggés gollectivgrli eoggfeorm%%_:%a ﬂ\{Vigé fg% uency

banawi exten&ing over 8 2-GHz nge 0?3 715 Illz which is
cuseckisddWBL 16008] Widébandarhplifiess cae begenetallyregnstrdicted the
15330 pombinaion ot an amplfes device made o MOSIFETS (Metal .

xide Semiconducior-Fisld Efect ranS|thgrs51, iporar g ’

transmit dataare transmitted inthe state of beingdistributed
to a plurality of carriers of different frequencies, the
bandwidthof eachof thecarriers isnarrowed narrowandbecomes
resistible to frequency selective fading.

[0007)

In wireless communication eguipment, during reception
of wireless signals, it is general practice to performvoltage
amplification on received signals. For example, in the
above-mentioned ultra-wideband cdmmunication, voltage
amplification is performed on a high fregquency component by
a2 lownoise amplifier {LNA). In this case, it is desired that
voltage amplification is collectively performed in a wide
frequency bandwidth extending over a 2~GHz range of 3 GHz to
5 GHz which is used in UWB.

10008]

Wide-band amplifiers can be generally constructed by
a combination of an amplifier device made of MOS~FETs {(Metal

Oxide Semiconductor-Field Effect Transistors), bipolar
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3 transistors or the like, and a band-pass filter (refer to, for example,
Non-Patent Document 1). [0009] Fig. 8 shows the construction of a
wide-band amplifier 5 constructed by a combination of an amplifier device
and a first-order band-pass filter (BPF) (refer to, for example, Non-Patent

Hogument 2)5[Q010] s §@%‘@?1_@§<¥V'9‘35%§Q§L%%92“¥"%E@QSW yeted so. o,
that 10 a first-order band-pass filter made of an'LC parallel resonant

Treuie veaniel 6f a ParatiBeésintp 208 wpatallél capacitor Cp 104 and a
resistor ﬁjﬂé% is provided as a load in parallel with the drain and the
source of an amplifier device 102 constructed with MOS-FETSs or bipolar
transistdisy 1560199 $n Hig. 8orefdrence hameral 4 0didendtesdramplt fier

demuipal ofthg _%gegja@éénﬁ?ﬁ?{gi@&o%dorﬁ%ﬁ”%ﬁaé‘“Eﬁ?{%' 108 denates, 4 4
an output terminal of the ' wide-band amplifier, and‘thé amplflfler device
hopperarsadanditagecofitroted2d BBFent sedree. Specificallygxample,

ngg%yéﬂtq%)i RYL ter 'r)mal 101 is applied to the gate of the amplifier
: ¢ .

device 102, and the amplifier device outputs a current of gm times the
gate voltége. ¥1 in the direction indicated by an arrow in Fig. 8. The

V2. 0019) The B Hoetton T SHAS Sh B Sevorhar SPas et
i 898 expriessédby thefoloving formatée {0028] 30 frormll® 1) resonant
circuit made of a parallel coil Lp 103, a parallel capacitor
Cp 104 and a resistor RL 105 is provided as a load in parallel
with the drain and the source of an amplifier device 102
constructed with MOS-FETs or bipolar transistors.

100117

In Fig. 8, reference numeral 101 denotes an input
terminal of the wide-band amplifier, and reference numeral
108 denotes an output terminal of the wide-band amplifier,
and the amplifier device 102 operates as a voltage-controlled
current source. Specifically, a voltage V1 at the input
terminal 101 is applied to the gate of the amplifier device
102, and the amplifier device outputs a current of gm times
the gate voltage V1 in the direction indicated by an arrow
in Fig. 8. The voltage provided at the output terminal 108
at this time is denoted by V2.

{0012]

The transfer function H(s) of the wide-band amplifier
shown in Fig. 8 is expressed by the following formula:

[0013} |

fFormula 11}
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4 H(s) _-s LpRLgm s2.LpCpRL+sLp+RL [0014] Fig. 9 shows a
pole-zero map in the s-plane of the wide-band amplifier shown in Fig. 8. In
Fig. 9, the symbol 5 "0" denotes a zero, and the symbol "X" denotes a
pole. On the s-plane, poles are located at points where the denominator
of the transfer function H(s) is 0, while zeroes are located at points where
the numerator of the transfer function H(s) is 0. In the shown example, a
is located th® c&te 910 of the s-plane, and the number of poles
that ‘corresppnds.to the order of tfﬁ band-pass filter appear on one side
of the sSplanB; Bi‘ﬁkﬁﬁf i@d’n ly respectively show a transfer 15
characteristic example and a group delay characteristic of the wide-band
amplifieF%%%% in Fig. 8. Each of the characteristics is normalized as gm
X RL = Ewgth 8 centgsfraquency-of drigHzap crass sectionobiaiped on
the im_%%inary axis when the band-pass filter has a transfer characteristic

Sfor 1de aP ANy did heraRbRY R datstisfic of Hed B -eSehtdrarymbol
‘Rotfean dhe s-plane £oIregpeNds o thetransfer, shaactaristic ofthe . oy

and-pass filter. The band-pass filter in which the parameter of the LCR

fFaliePrelthaRThedit trel ARa S5l Rahefer MhaaashgideRomARRtor

dfige B 2brisset éa-flatian the pagskand Loy examnle. 3&He 10 2&HR) dsted
called a Butterworth filter, and such transfer characteristic is called a

BUREWYrh BREER iGN fodt B HBRRY P Tad Bén biayisd seef wort £R. H (s)

i¥)@and Ih ifhe shown example, a zero is located at the center

of the s-plane, and the number of poles that corresponds to
the order of the band-pass filter appear on one side of the
s—plane.

[0015]

Figs. 10 and 11 respectively show a transfer
characteristic example and a group delay characteristic of
the wide-band amplifier shown in Fig. 8. Each of the
characteristics is normalized as gm x RL = 1 with a center
frequency of 4 GHz. A cross section obtained on the imaginary
axis when the band-pass filter has a transfer characteristic

of - at the zero and a transfer characteristic of +o at

‘each of the poles on the s-plane corresponds to the transfer

characteristic of the band-pass filter. The band-pass filter
in which the parameter of the LCR parallel resonant circuit
(i.e., the s-plane transfer characteristic shown in Fig. 9)
is set to flatten the passband (for example, 3 GHz to 5 GHz)
is called a Butterworth filter, and such transfer
characteristic is called a Butterworth character.

[0016]

However, as can also be seen from Figs. 10 and 11, in
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5 the wide-band amplifier constructed using the first-order band-pass filter
made of the LCR parallel resonant circuit as a load for the amplifier
device, the following problems arise. 5 [0017] (1) The frequency
characteristic is a single peak characteristic and does not have flatness
sufficient to be used in a wide bandwidth. This problem also depends on

the factihab thelfiesthorderkandpassdites meatelyfastherlO number of - ge

oles that corresponds to the order, i. e., one pole, on one side. [0018)
%ﬁlﬁfﬁ %Sfﬁplﬁ?ef %%E Le6FpafathRfy Litfhie Tonsiaétss a8RABIWNGA teuit
g a8 Loevbrieless theanisier pard- 18 amplifier bas group d9/a%4Me-ob1 ems

9%%] In this construction, if the bandwidth over which the flatness is to

€ maintained is to be widened, the inductance Lp of the coil 103 must be

increas¢dparthe resistance value 20 RL of the resistor 105 must be
decreaieﬂa. H%Wever, if the inductance Lp is increased, since the
self-resonant HEqUETTP R oW, The ARphfdrS hbEsditakie fokpbeatioprdt
dhigh sleequensids: lareddilions irbe rasisange yajueBLds decrgased. 28 pe

rgglifier-decre ses in gain. 25 [0020] Fig. 12 shows the construction of a

a )
Uvide-Band afoifidraBshisttiched by coMbRBaLEA ot baardgiRRdevive the
fand atsedoncherder bandgass filtk (BRR. [0024] 13045 ghewn thgas the

nVL\{}n eét]):ag go elzigetgtilzgoggggggggr?c}gaéo the order, i.e., one pole,
on one side.

[0018]

(2) The amplifier has a comparatively simple
construction as shown in Fig. 8; nevertheless the wide-band
amplifier has group delay time.

[0019]

In this construction, if the bandwidth over which the
flatness is to be maintained is to be widened, the inductance
Lp of the coil 103 must be increased, or the resistance value
RL of the resistor 105 must be decreased. However, if the
inductance14>isincreased,sincetﬂuaselfwresonant:frequency
is low, the amplifier is not suitable for operation at high
frequencies. In addition, if the resistance value RIL is
decreased, the amplifier decreases in gain.

{0020]

Fig. 12 shows the construction of a wide-band amplifier
constructed by a combination of an amplifier device and a
second-order band-pass filter {BPF).

[0021]

As shown, the wide-band amplifier is constructed so that

a second-order band-pass filter is provided as a load in



a second-order band-pass filter is provided as a load in 6 parallel with the
drain and the source of the amplifier device 102 constructed with
MOS-FETs or bipolar transistors. The second-order band-pass filter is
constructed with an LC parallel resonant circuit made of the parallel coil
Lp 103 5 and the parallel capacitor Cp 104, an LC series resonant circuit

mpaadd 0ba sarigs chi i-10 A andasasiescapacitar G5<106,, ane {he- device
{giistor RL 105. [0022) Fig. 12, reference numeral 101 denotes an input
e

fminal 70" S¥HhE Witle BaddCamptitie?, Sd RerBrifte MfiRemt 168rs-  The
stenotes-ar gutpub dermipalef the wide-band applifien anddhg ;amplifier.c
devi 1%\2/0 erates as a, voltage-controlled current source. Specifically,
ol L Y HHE Tput Ihiidl TR A3plIdecThERE b i L 1B 103
5 amplifierdevda $02; anddhe db@pplitier e vicesewputs & eWrantobgPcuit

tingies the gate vqltage V1 in the direction indicated by an arrow in Fig. 12.
3 Ofa%esp?rsez%%f&%ﬁe%t&&%eﬁﬂm PR IRSHHE S ok By e

e Vo
Al [@623]r 26 fheotramafen fumction H(s) of the wide-band amplifier
shownlp Fig. 12 is expressed by the following formula: [0024] [Formula 2]
H(s) = s2 1% /Cs- RLgm 4 Lp-Ls-Cp Cs+s3-Lp Cp Cs-RL+SZS
(Lp Cprils. €8+ dr £33 rics fsmBLA 11123 [90RBLEE a13:SOWS e rminal
pole-zerg ma in tge s-plane of the wide-band amplifier shown in Fig. 12.
10 9 Ige q]ﬁm and amplifier, and reference numeral 108 denotes
{> an output terminal of the wide-band amplifier, and the
amplifier device 102 operates as a voltage-controlled current
source. Specifically, a voltage V1 at the input terminal 101
is applied to the gate of the amplifier device 102, and the
15  amplifier device outputs a current of gmtimes the gate voltage
V1l in the direction indicated by an arrow in ¥Fig. 12. The
voltage provided at the output terminal 108 at this time is
denoted by V2.
[0023]
20 The transfer function H(s) of the wide-band amplifier
shown in Fig. 12 is expressed by the following formula:
5:) [0024)

[Formula 2]

Ag-Lp-Cs-RL-gm
4
s'-Lp-Ls-Cp-Cs+5 - Lp- Cp- Cs- RL+ 82~ (Lp- Cp+ Ls- Cs+ Lp- Cs) + s+ Cs- RL+ 1

H(s) =

25 [0025]
Fig. 13 shows a pole-zerc map in the s-plane of
the wide-band amplifier shown in Fig. 12. In Fig. 13, the

symbol “o” denotes a zero, and the symbol “x” denotes a pole.

On the s-plane, poles are located at points where the
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symbol "0" denotes a zero, and the symbol "x" denotes a pole. On the
s-plane, poles are located at points where the 7 denominator of the

transfer function H(s) is 0, while a zero is located at a point where the
numerator of the transfer function H(s) is 0. In the shown example , a

zero is located at the center of the s-plane, and two poles corresponding
debdhe wnderrobthe-handpass fider appeariamoneside ofdhe aplane. Wero
this wide-band amplifier, the Butterworth character is adopted in order to

¥arteh the pdsibartl {Sr Rkaltpid 3 GRS (58K 9605¢] THFijEanster

famalctS respectivelyssbhow a transées icbaracietsticiexamplgsansl agroypated
c}%el%ﬁharagcteristic oit_ the wide-band amplifier shown in Fig. 12. Each of

e “CRafatterfsticdlis ﬁb‘?n?él&%ﬁ’é%’grﬁwRi@lﬁﬁi}ﬁﬁ CERERTRORERBY o
wid GHie 15{H0RREImthedvide rant amplifiergensirustedbHsingithe of the
secgnd-orde&ﬁt})anggfass filter as a load for the amplifier device, as can

A EoRpafisotr BFFiGRPLo-drid s, Hh cRakfargag th

al$0BE Seen'fio
dlatnesstia the passband s improved 20 Hut the-fodawing preblems @dise for

0028], (1) The wide-band amplifier shown in Fig. 12 is long in group
Jd{e?gl}; tllrsﬁé c%n?é\(gfea?o @%i ), and is not suitable for a voltage-feedback

amplifief @@rzeil. This problem 25 depends on the fact that the series coil

Ls 107 ﬁnd the f%ries capacitor Cs 106 are inserted in series between the
output terffinal'or tREAmplifitF ABGEE 155 ¥ d TR Bufbut T8RTAST 108 of

chexmplfies aoddhe xasgiienceref thisd:o GICWEDEEOMRE racteristic of
the wide-band amplifier shown in Fig. 12. Each of the
characteristics is normalized as gm x RL = 1 with a center
frequency of 4 GHz.

[0027]

In the wide-band amplifier constructed using the
second-order band-pass filter as a load for the amplifier
device, as can also be seen from a comparison of Figs. 10 and
14, the characteristic flatness in the passband is improved,
but the following problems arise.

[0028]

(1) The wide-band amplifier shown in Fig. 12 is long
in group delay time compared to Fig. 11, and is not suitable
for a voltage-feedback amplifier circuit. This problem
depends on the fact that the series coil Ls 107 and the series
capacitor Cs 106 are inserted in series between the output
terminal of the amplifier device 102 and the output terminal
10Boftheamplifierandthe resonanceof thisLCcircuit becomes
a main cause of delay. (In the case of the amplifier shown
in Fig. 8, since the output terminal of the amplifier device

102 serves as the output terminal 108 of the amplifier, the
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a main cause of delay. (In the case of the amplifier shown 30 in Fig. 8,
since the output terminal of the amplifier device 102 serves as the output
terminal 108 of the amplifier, the 8 problem of group delay does not
arise.) [0029] (2) In the case where a subsequent-stage circuit (such as a
down-converter, an AGC or an A/D converter) is connected 5 to the
outputderminabieRpf thelamplifier sthedircait agts.as parasitic
capaciti&%@{ the amplifier, but since a capacitance element does not
exist between the output terminal of the amplifier and GND, the parasitic

capacitdrige aridehte dheouiput teaningh carieirhe-abserbed aspak Afsuch
acgrgstgnts 10 and the frequency characteristjc degrades. [0030] In the
exampre ShWh 1t Fig: 12, 4ce th8 arfipiifiériS BR&tHIGEd sotvarthgcted
tserigscapacitor €e 1Q6rard 1B payasitic eapacitanee arereoiaded inacts
seriesrit is.difficult 15 to eliminate the influence of parasitic capacitance.

O e Binertant 55 e 8R4 RpEChohin 8. 11 & hardigh Gifackor
@pand the parasiiacapaienes arecosnastad. e Raalal ingieadefithe nal

Octoq:sﬁructionlin t\1[\/.hich the caﬁacitor is connected in series with the
arasnic tapacitance 88 tRAP20 11§ Rsssibie-fotéaSipaimhiriie thadded to
tprebtem of patasitid rcapaciianes: by slegreasingthexeapacitance ebthetants

p%{ag%l cgpacitor C 101#0031] [Non-Patent Document 1] 25 Ken
a?anagléaawé%ﬁaﬁ’o%g/o% KAmbyAE *Pirdsty AREBESS of Filter", (Akiba

ShuppdrB8H) [Non-Patent Document 2]

In the example shown in Fig. 12, since the amplifier
is constructed so that the series capacitor Cs 106 and the
parasiticcapacitance are connected in series, it isdifficult
to eliminate the influence of parasitic capacitance. On the
other hand, in the example shown in Fig. 8, the parallel
capacitor Cp and the parasitic capacitance are connected in
parallel instead of the construction in which the capacitor
is connected in series with the parasitic capacitance, so that
it is possible to easily eliminate the problem of parasitic
capacitance by decreasing the capacitance of the parallel
capacitor Cp 104.

[0031)]

[Non-Patent Document 1]

Ken Yanagisawa and Noriyoshi Kamiya, “Theory and Design
of Filter”, (Akiba Shuppan, 1986)

[Non~Patent Document 2]

Guillermo Gonzéles, “Microwave Transistor Bmplifiers
Analysis and Design”, {(pp. 170-172, Prentice Hall, 1984)

[Disclosure of the Invention]

[Problems that the Invention is to solve]



Guillermo Gonzales, "Microwave Transistor Amplifiers Analysis and
Design", (pp. 170-172, Prentice Hall, 1984) 30 [Disclosure of the
Invention] [Problems that the Invention is to solve] 9 [0032] Embodiments
of the present invention provide a superior amplifier and communication
apparatosjoth of which can be used in UWB communication and can

collectively,sperform anplificafjon i’b%‘é@%{req‘i%%t&%%wmg&99§§19 a

Embodiments of the present invention provide a superior amplifier and
sUeBmrAtnicalion apparatud Havidg B Hatamphfication ehaF actefistic over a®*
whivide frequency. bandwidthybeingrprevientediftom degrading dugitectively

arasitic_capacitance, and being short in group delay time. ans for
e BBty 1AL DL Sbleg 10 aLTrot ALt o hG e tiont o e provided
an amplifiericharacterized by comprising: an amplifier device; and a
band=passfilterprovided as aread fordhenamplifier devicerandhavingan a
s-plane in which a plurality of poles are provided and zeros are provided
*U"Batwéen thEH oﬂé%,eéhar%%fieriz%%rfﬂ%a the and-pass fifter doeshot ©
£ 1 havearpapdditor providedtin series witit an outpetterminali ofthg requency
o Aplifier; [0033], A cross,section abtained.on the imaginaty axis when. the

band-pass filter has a transfer characteristic of -00 at each of the zeros
C2BAd e fFahSter Bharatiefisticcoro- at” e4ER OF the poiés 'or'the s-plane
corréspands torthes transfer dhiaractetistienferom this fact, in accordance

In a first aspect of the invention, there is provided
an amplifier characterized by comprising: an amplifier
device; and a band-pass filter provided as a load for the
amplifier device and having an s-plane in which a plurality
of poles are provided and zeros are provided betwesn the
poles, characterized in that the band-pass filter does not
have a capacitor provided in series with an ocutput terminal
of the amplifier.

[0035]

& cross section obtained on the imaginary axis when

he band-pass filter has a transier characteristic cf —9 at
each of the zeros and a transfer characteristic of +% at
sach of the poles on the s-plane corresponds to the
transfer characteristic. From this fact, 1in accordance
with the wide~band amplifier according to the present
invention, the characteristic flatness 1in the passhand 1s
improved by the interaction of each of the zeros located at
the respective lcocations other than the origin and the
neighboring poles. Specifically, a wide-band
characteristic acceording to the present embodiment is
comparable to a characteristic flatness obtainabie when &
second-order band-pasgss filter is provided

10



with the wide-band amplifier according to the present invention, the
characteristic flatness in the passband is improved by the interaction of
each of the zeros located at the respective locations other than the origin
and the neighboring poles. Specifically, a wide-band characteristic

as agcording {0 thepresant emisodiment is2 comparable to a characteristic
flatnessoalainable when a second-order band-pass filter is provided 10

as a lpad for an, amplifierdevics, (00361 dn an.embodiment, the.bangd-pass

filter serving as a load for the current output amplifier device may be
Loftade’st ahLE pardiiet rédonant citéit and an LER S&TieS tésérarftace ot
an cikduitoprogideslin pasallel withcthe amplifien device JJOB3 e I anotheponant
c 1 embodipents; 4hg band-pass filter may not :have.g capacitorprovided in

serie M\@%the output terminal of the amplifier, so that the problem of

group delay may not arise, as in the case where a first-order band-pass

filter iSTapplied as7a [GARTOr #ig armplifiet devics To638] M-andther@y 7Ot
haegmbodiment, the amplifier has @sgircuitnconstruction imwhich &he output
c elRductance and g.capagitor are hot providegin series bebween, theoutprbup

terminal of the amplifier device and ttgg output termgqnal of the %mpln‘tler.
de az H@. not  arise, aﬁ 111 e 256 wWilere ?, 1TSS —qr?er

Accor mﬁly, a capacitance element exists between the ou put terminal o
3 — . 1 1 . 3 Te)e . T3 3
DatE amplifier ahtEGND SsoREt-eféh if stibsketiéntistage cifcuit-Such: +©
deasadown-converter, an AGC or an A/D converter) is connected to the

output terminal of

In another embodiment, the amplifier has a circuilt

construction in which an inductance and a capacitor are not
provided in series between the output terminal of the
amplifier device and the output terminal of the amplifier.
Accordingly, a capacitance element exists between the
output terminal of the amplifier and GNI, so that even if 3
subgequent-stage circult (such as & down-converter, an AGC
or an A/D converter) is connected to tThe output terminal of
the amplifier, it is pcssible to prevent degradation of the
frequency characteristic by absorbing, as part of

constants, parasitic capacitance added to the output

terminal.
[G039]
In addition, 1if the amplifier ccording  to  above

embodiments of the present invention is combined with a
common-gate circuit and & cascode c¢ilrcult, a wide-band
amplifier having input matching widened in bandwidth can be
realized.

[0040]

Otherwise, 1f the amplifier according to embodiments

-of the present



the amplifier, it is possible to prevent degradation of the frequency
characteristic by absorbing, as part of constants, parasitic capacitance
added to the output terminal. [0039] In addition, if the amplifier according
to above embodiments of the present invention is combined with a

intemmon-gate circuit anda cascodexcircuityrewide-band ampiifierthaving &

= NPyt matching widened.in bandwidsh can be ealized. [004Q],, Otherwisgy .«
if the amplifier according to embodiments of the present invention is

ma kG bited" With S Eonfi -8 UrcE-Girdiit'al§ a* E4scode circuit, a
wide-pand=aroplifierdraving inputemaiching widened in bandwidth can be

realinglo %qvantage of the Invention] [0041] According to embodiments

of the present invention, since a constant transfer characteristic can be
obtaif€d cGVvEr®wide bathwdimarwide-band-amplFIEF 84k be Lnvention,

s1geastructedn[00421 In-additienracearding teembedimenis ofithe presented

OV!%nventlon, since ggoaup,del y time is short, a wide-band a,my%llfler using a

Voltage feétback amplifier can be™ constricted. [0043] Tn addition.,” "~ °°
coaecording:tb- embodiments of the present invention, since a parallel

capagitqyds provided between an output terminal and GND, even if

parasitic capacitance { , ‘ _
In acdition, according to embodiments of the present

invention, since group delay tTime 1is short, a wide-band
amplifier using a voltage feedback ampiifier can be
constructed.

(0043

In addition, cocording to embodim@nts of the present
invention, since a parallel capacitor 1s provided between
an output terminal and GND, even 1f parasitic capacitance
is added to the output terminal, the parasitic capacitance
can be absorbed as part of constants, so that degradation
of the freguency characteristic can be prevented.

100441

In addition, according to embodiments of the present
invention, by combining with a common-gate circuit and a
cascode ¢lrcult, 1t is possible to construct a high-gain
wide-band amplifier widened in input impedance matching.

[0045]

In addition, according to embodiments of the present
invention, by combining with a common-source circuilt and a
cascode circuit and a voltage feedback circuit, 1t 1s
possible to construct a high-gain wide-band amplifier
widened in input lmpedance matching.

ro04de]

12



is added to the output terminal, the parasitic capacitance can be
absorbed as part of constants, so that degradation of the frequency
characteristic can be prevented. [0044] In addition, according to
embodiments of the present invention, by combining with a common-gate
circuit @nelra wageode cirodit, dtisgossibie toéonstruck adfigh-gainvention
wiwidesband amplifier-widened da inpytimpedassce mpatehing m{0045kN. a1 1 ed
. 20dition, according to embodiments of the. present invention, Y . ep.¢ ;o
conmbining with a cdmmon-source circuit. and a cascode circuitanda =~
takpitage fesdbatkdirctiit, s pddsiola 36 YBRSHUATA hitryaimaFide-band
amplifies swidened indaputd mpedanceumatching: :0046] 12Qther aspects
and adyamages of the present invention will become apparent from the
following far more detailed description of an embodiment of the present
inverftion, TAKET ITESRjunCion WA the® A8SSHpanyifg trdawitlys. [Best  °©
de Moderfort CatrgihgvOut the inveatien]: [0047]tAn embddimentof theo  the
acPresetinventionwill-be; described below in detail with reference to the
accorggﬁggéng drawings. [0048] Fig. 1 shows the construction of a
wide-band amplifier according to one embodiment of the present-
invention - Thisside-bahe amplifieris seremafically’corstirited byt 1fier
aceembinationof an-amplifier device maderef MOSRETES, bipalar transistans: s

w1 QLN and, g,0and:pass filter

schematically constructed by &
compination of an amplifier device made of MOSFETs, bipolar
transistors or the like and a band-pass filter.

100497

More specifically, the wide-band amplifier is
constructed so that an LC parallel resonant circuilt which
1is made of a parallel coill Lp 103 and a parallel capacitor
Cp 104 and an LCR series resconant circult which 1is made of
a series colil Ls 107, a series capacitcr Cs 106 and a
resistor RL 105 arerprovided as a load in parallel with the
drain and the source of a current cutput type of amplifier
device 102.

[0050]

in Fig. 1, reference numeral 101 denctes an 1lnput
terminal of the wide-band amplifier, and reference numeral
108 denctes an output terminal of the wide-band amplifier,
and the amplifier device 102 operates as a voltage-
controlled current source. Specifically, a voltage V1 at
the dinput terminal 101 is applied {c the gate of the
amplifier device 102, and the amplifier device outputs a
current of gm times the gate voltage V1 in the direction

indicated by an arrow
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[0049] More specifically, the wide band amplifier is constructed so that
an LC parallel resonant circuit which is made of a parallel coil Lp 103 and
a parallel capacitor Cp 104 and an LCR series resonant circuit which is
made of a series coil is 107, a series capacitor Cs 106 and a resistor RL
1.05 are provided as a load in parallel with the drain and the source of a
Toriehg output thipe of aplifier pdevidei202a00504 lodit bige 1t sefeience 108
angn%%@gl(g]ﬁggnotses n ig ut,t rmi@ | of the wide-band amplifier, and
teference numeral” 1 engt%s output terminal of the wide-band
amplifief 0 @xd the amplifier device 102 operates as a voltage- controlled
current gur%er.as e ifica%l ,avoltage V1 at the input,tern:inal 101 is £
applied 10 thé gate of the" anprifisPdavice P2, X5 tHEGmipfsr d8Wdd tier
Shutputs n CEirgnt af gra tmgsrthegate voltage Vidn Iherditgctiosrmula :
indicateFI %ﬁn arrow 13 in Fig. 1. The voltage provided at the output
terminal JD. alt this time is denoted by V2. [0051] The transfer function
H(s) of theowigletbari) amplifier 5 shown in Fig. 1 is expressed by the
following formula: [0052] [Formula B]ZFE?
B By~ L

yaS-Bph g~ BEM -CS-RL+82

<

D - =1 NCSK y z
Fgﬁﬁén.'bLEQW—@@$)§3SQ§%b+és[5%¥ -(Lp-Cp+Ls-Cs+Lp-Cs) +s-Cs-RL+ 1

[0053]

Fig. 2 shows a pole~zero map in the s-plane of the
wide-band amplifier shown in Fig. 1. 1In Fig. 2, the symbol
“o” denotes a zero, and the symbol “x” denotes a pole. In
thiswide-bandamplifier, the Butterworthcharacter is adopted
in order to flatten the passband (for example, 3 GHz to 5 GHz) .
Figs. 3 and 4 respectively show a transfer characteristic
example and a group delay characteristic of the wide-band
amplifier shown in Fig. 1. Each of the characteristics is
normalized as gm x RL = 1 with a center frequency of 4 GHz.

[0054]

On the s-plane, poles are located at points where the
denominator of the transfer function H(s) is 0, while zeroes
are located at points where the numerator of the transfer
function H(s) is 0. On the s-plane shown in Fig. 2, a zero
is located at the center of the s-plane, and two poles
corresponding to the order of the band-pass filter appear on
one side of the s-plane. Furthermore, in the present
embodiment, zeroes are provided between the two poles at
locations other than the origin owing to the provision of the
LCR series resonant circuit made of the series coil Ls, the

series capacitor Cs and the resistor RL.

14



10

15

20

25

30

10 Fig. 2 shows a pole-zero map in the s-plane of the wide-band amplifier
shown in Fig. 1. In Fig. 2, the symbol "o0" denotes a zero, and the symbol

"X" denotes a pole. In this wide-band amplifier, the Butterworth character

is adopted in order to flatten the passband (for example, 3 GHz to 5 GHz)

. 15 Figs. 3 and 4 respectively show a transfer characteristic example and

a group deley characteristic of the wide-band amplifier shown in Fig. 1.

Each of the characteristics is normalized as gm x RL = 1 with a center
frequedtF6P2 BESC {OCBU RS ORRE &plahe pBfes Hhe Iocard atpuintd he

vahergthesdenpminatorotthe yaaser fupetion d(s) is 01 while zerpegate cn
located at points where the numerator of the transfer function H(s) is 0.

Bnithe £pkie SR6WA iR gL arzekn Ik aietisdtifedenteP ofthesach of
t3:01ane1 85d dwo peless25,garrespandingsiothe order efifhe band:pass

filter appear on one side of the s-plane. Furthermore, in the present

HabBdiRtentSidrbes dré Provitied batieeh e tiadsuiés &t fcktidnsa tness
igthardhan dbe Qrigin wing i thePrayision afihe [LCRSSHESHRSOMRN £ the

circuit made of the series coil Ls, the 30 series capacitor Cs and the
Zrekistol T t 24! pbdR)eA BRI Setlion ivtaintarvhahb fhddinanF agierigin

awherthe handpass filter hasia ransigrchagacigrstic of;oq ayeagh of
the zeros and a transfer characteristic of +00 at each of 5 the poles on

RIS BlPE IS pBREL I eI drsfdlhdraanstic. ErRdRRTadt, the
cehprastesistic flgtness-inhepasshand is- impraygd.by the-inferagtipn of 14,

each of the zeros located at the respective locations other than the origin

Ol iHERdig HPBARgDH S1ES Dsksicdfly, havidedang filter is provided

as a load for an amplifier device {refer to Fig. 12).

[0056]

In the case of the wide-band amplifier according to the
present embodiment, theoutput terminal of theamplifierdevice
102 serves as the output terminal 108 of the amplifier, so
that the problem of group delay time does not occur, similar
to the case where a first-order band-pass filter is applied
as a load for an amplifier device (refer to Fig. 8). This
fact can also be understood from a comparison between Figs.
4 and 11.

[0057]

In the case of the wide-band amplifier according to the
present embodiment, as can be seen from Fig. 1, both of the
parallel capacitor 104 and the series capacitor 106 are
provided inparallel with the cutput terminal. Specifically,
a capacitance element exists between the output terminal of
the amplifier and GND, so that even if a subsequent-stage
circuit (such as a down-converter, an AGC or an A/D converter)

is connected to the output terminal 108 of the amplifier, it
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10 characteristic according to the present embodiment is comparable to a
transfer characteristic (refer to Fig. 14) obtainable when a second-order
band-pass filter is provided as a load for an amplifier device (refer to Fig.
12). [0056] 15 In the case of the wide-band amplifier according to the
present embodiment, the output terminal of the amplifier device 102

iseryessas the outpus terpuinal 1084 the amplifies sonthat the;pnablem of
%roup delay time does not occur, similar to the case where a first-order

FLETRIREIS Appider st ad BdoaiSdtHntafiplfih Hedrb ek Y6 Big 1©

Bpd Bis: At canalsibe yndatstend-from & eemparson between Figs. 4
and 11. [0057] In the case of the wide-band amplifier according to the 25

present[ hbBéiment, as can be seen from Fig. 1, both of the parallel

capacitpy 04 andihe-5eH8s CaRRAIS 188 466 1UQV{das vrpadghwith gate
the output terminal. Specifically, a capacitance element exists between

SRHETURGUCEBRhNGT 8T the apkpliliéPdnd SRDCYS eatteviittpyt amplifier
grupsegueRt-stagederovit{auchas adaown-cenygiter ,Lar AGC or an A/D

converter) is connected to the output terminal 108 of the amplifier, it 15 is
possibléqg?}%vent degradation of the frequency characteristic by

absorbings asarkokeansianis, Raresiis eapariapes addedie theuipitor

terminal. %0058 5 Fig. 5 shows a construction example in which a
AcHmidegatd taRddeadmplifidriBahphibanala barp bt Bhgimer - A
capves ththepwulerhand, amplitershovn KLFO R[50 of the Mos-FET

201 and GND so that the gate of the MOS-FET 201 is connected
to AC ground. A resistor 202 is connected between the gate
of theMOS-FET 20l andabias terminal 203 sothat apredetermined
gate voltage is supplied to the MOS-FET 201. The source of
a MOS~FET 301 is connected to the drain of the MOS-FET 201
s0 as to construct a cascode circuit.

[0060]

A capacitor 302 is connected between the gate of the
MOS~FET 301 and GND so that the gate of the MOS-FET 301 1is
connected to AC ground. The gate of the MOS-FET 301 is
connected to a bias terminal 303 so that a predetermined gate
voltage is applied to the gate.

{0061}

Reference numerals 103 and 104 respectively denote a
parallel inductor Lp and a parallel capacitor Cp which
constitute an LC parallel resonant circuit. Reference
numeralle?,106and105respectiﬁelydenoteaseriesinductor
Ls, a series capacitor Cs and a resistor RL which constitute
an LCR series resonant circuit. These LC parallel resonant

circuit and LCR series resonant circuit are provided in

16
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The input terminal 101 is connected to the source of 10 a MOS-FET 201

so that an input signal is applied thereto. A capacitor 204 is connected
between the gate of the MOS-FET 201 and GND so that the gate of the
MOS-FET 201 is connected to AC ground. A resistor 202 is connected
between the gate of the MOS-FET 201 andabias terminal 203 so that a
preddieamniaed: 1 gate voltagedampupiiesitoithe MOS-FleF20&nthenumeral
f(%r%?e%f MOS-FETt301 is connected to the drain of the MOS-FET 201

50 as fo construata CasEste SFdiit: 0] A capacitor 302 is connected
between @& gate of the 20 MOS-FET 301 and GND so that the gate of

the MOS-FET 301 js.connected to AC ground. The gate of the MOS-FET
oL e B e e I B e e rves
amltageiingpplied théhd gaie: [00Gld Jan Refdrence wireralsyl Qb andrdd4t he

respecti denote a parallel inductor Lp and a parallel capacitor
R e R TR RSB ErhiP RS n it 3000

@7eA06 and dA05rgspectivelyitendiceal serigs inddator dis, & sadesthe gate
&fg@ﬁit C% a‘?gﬁ\] resistor RL which constjtute 30 an LCR series .
reSonant dircuit. Thé& 8 %raﬁf&?%%%ﬁ% lgl(?guf gﬁd @:JR g(?ﬁ’esb € s€
iredensntdinctil prefprovidedtin &6 Paialel Ahdond sonnm aoplifiehe shown
device. Reference numeral 108 denotes an output termjnal. [0062] Since
BRI R S O TTS ghB R ot KEH S S GRARRAE Haceh
Wnpiit irhjgetiarcerE Driginalydovband thenbayidwidimof inmedansemore, the
tchin(%can be wid rﬁ% so that good antenna matching ¢an be

4§§8ﬁ% .ﬁ{gaaﬁdﬁ’s ‘%Eﬁﬁﬁiﬁ t invention makes it possible to

obtain constant voltage gain over a wide bandwidth.

[0063]

Fig. 6 shows a construction example in which a
common-~source cascode amplifier with voltage feedback is
applied as a current output amplifier device in the wide-band
amplifier shown in Fig. 1.

[0064]

The input terminal 101 is connected to the gate of the
MOS-FET 201 so that an input signal is applied thereto. The
source of the MOS-FET 201 is connected to GND. The source
of the MOS-FET 301 is connected to the drain of the MOS-FET
201 so as to construct a cascode circuit.

[0065]

The capacitor 302 is connected between the gate of the
MOS-FET 301 and GND so that the gate of the MOS~FET 301 is
connected to AC ground. The gate of the MOS-FET 301 is
connected to the bias terminal 303 so that a predetermined
gate voltage is applied to the gate.

{0066]
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width W of the cascode-connected MOS-FET 301 can be set
independently of the gate width W of the MOS-FET 201, the shown 10
construction example is suitable for increasing the gate width W of the
MOS-FET 201 to obtain high gain. Furthermore, the output circuit of the
present invention makes it possible to obtain constant voltage gain over a

wide bandwioks: {0063k 45 Fig. 6shewstaeonsiiugtion exampledn whigh the
B Lcommo -?ourc cascode amplifier with voltage feedback is applied as
a

Rurréint Stp G ShibIfier tabike ihtReRidebbR S amplifier Sh&w i Eid et
al.dag64Jn20gaeninput teominald 0% ésconreeted tathe-gatesafdhe 402 is
MOS-FET 201 so that an input signal is a%?ﬁed thereto. The source of

RO S ST & dohnédta td BRID! TheBouteE gffte MAS e EPS—FET
2801 isscasnectesbtosthewdrain of MQS R 20dos0 aslte £gastisictidack .
. ascode circuit. éS EJQGS] The capacitor 302 is connected between the
Sie'ot tHe TOSPET S0 ARBENG SoHhatREYHtE Bf T MOSFEFP 3021

tiseconnected tanAagrapmsl. Fhetgate of the-MQS-EETi iy geBneded age
.to the bias terminal 303 so that a predetermined 30 gate voltage is applied
o tﬁg%% .efbo%%] §9% @QE’&T&%ﬁﬁ? Is connected between the drain of

the MQ$<+ET 301 and a resistor 402 so as to cut off direct current along

the path(%voltage feedback. The resistor 402 is connected between the

capacitor 481 HRGGhBYSEE ot thet MO SRE TS S01 TIPSt dSHsindggote @
pteedbaek pativier veltaggfeadhagk piha 18930 2p2 is eennegtedihich

cg%t:\slvtefgutgg rg%isg)crlélgazlrae{]flel resonant circuit. Reference
numerals 107, 106 and 105 respectivelydenote a series inductor
Ls, a series capacitor Cs and a resistor RL which constitute
an LCR series resonant circuit. These LC parallel resonant
circuit and LCR series resonant circuit are provided in
parallel asaload fortheamplifierdevice. Referencenumeral
108 denotes an output terminal.

[0068]

In this case, since the gate is an input, impedance
becomes high, but owing to thé voltage feedback formed by the
connection between the capacitor 401 and the resistor 402,
the input impedance can be lowered to widen the bandwidth of
impedarice matching, thereby realizing antenna matching. In
addition, since theMOS~FET 301 is cascode~connected, the shown
constructionissuitable fordecreasingthemirror capacitance
between the drain and the gate of the MOS-FET 201 to increase
the gain thereof. Furthermore, the output circuit of the
present inventionmakes it possible toobtain constant voltage
gain over a wide bandwidth.

[0069]
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the bias terminal 203 so that a predetermined gate voltage is supplied to
the MOS-FET 201. [0067] 10 Reference numerals 103 and 104
respectively denote a parallel inductor Lp and a parallel capacitor Cp
which constitute an LC parallel resonant circuit. Reference numerals
107, 106 and10Srespectively denote aseries inductor Ls, a series

capaciteriqs Bng,a fesistasdik: whishieangiifute 43 A8l s&i8unication
resonant circuit. These LC parallel resonant circuit and LCR series

TREGTAH & clit afRisrbvidid vt PardiRres a8ad forthe3Rgitt device. the
prefeancenymelale 108 denotesi amoptpahtemingl. (0068]42a 43 s d with

case, since the gate is an input, impedance becomes high, but owing to
1fid YBRAGE fdelibaER formed by the connection between the capacitor
401 and therepistor 402, the input impedance can be lowered to widen
the bandwidth of impedance matching, thereby realizing antenna

matchidy. 1t B8 R ftigO et ha WMOB-rPPast i sadd deeddrieredVWB

dbrshawsa eaRSHIWAIDRHS syitalle JorAacreasing thesmikarRapasHaneh by
between the drain and the gate of the MOS-FET 201 to increase the gain
YRR, EGh&TRATR! frre 8Ost tREMEdttne 1 pre sERE BRI PRaKEHATh.

TRRsShlei0 Phiain £epstanivalitgs: 36 SAUP HYeL2 WECEobas wAgH . dRREIL th

18 Finally, the construction of a wireless communication apparatus in

AWhEARRE Widd-BAABSFRATR AcRBchi D the pRebehtiepisbanagnt §ilter
1appligcto andNA vk Beidrseribadwith treforence 0 Higy 4 2 100 ission

line via a transmission/reception switch 13.

[0071]

The reception line is constructed with a low noise
amplifier (LNA) 14 which amplifies the voltage of a received
signal, a down-converter 15 which down-converts the
voltage-amplified received signal by frequency conversion,
an automatic gain controller (AGC) 16, an analog-digital
converter 17, andasignal processingcircuit 18 which performs
digital signal processing of received data.

[0072)

In this construction, if the wide-band amplifier shown
in Fig. 1 is used as the low noise amplifier 14, voltage
amplification canbe collectively effected in a wide frequency
bandwidth. In this case, since group delay time is short,
it is possible to construct a wide-band amplifier using an
amplifier with voltage feedback. In addition, even if a
circuit at a stage subsequent to the down-converter 15 acts
as parasitic capacitance, since the parallel capacitor is
provided between the cutput terminal and GND, the parasitic

capacitance added to the output terminal can be absorbed as
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A wireless communication apparatus 10 performs UWB communication
which carries out wireless communication by using, for example, an
extremely wide frequency bandwidth. The shown wireless communication
apparatus 10 is provided with 10 a transmitting/receiving antenna 11 and
a band-pass filter 12, and is branched into a reception line and a

fEansmMission dineada @ transmigsienfiecantign sydtehds. {007 14 rEk@ency
reception line is constructed with a low noise 15 amplifier (LNA) 14 which
Arrgities te Foiisy& BPatecERed SaGRA), AdvRe fft BFHRiERUS 1Y) -
down-cqnnertsithe voltage-amplified received signal by frequency
conversion, an automatic gain controller (AGC) 16, an analog-digital

convert&P1 71 &R $ighaTtt o kRS- ERct ABS AR pérformsS 2odigitar t ed

wignal precessingiofdegaiyed glak:d@QA2] gIndhiscenstragtiqn dfthepe r form
wide-band amplifier shown in Fig. 1 is used as the low noise amplifier 14,

S/oftage RESHFE It SntoeEsethivil erce @b taticR e R RGPS T ter

dangidih. bothissease whece: giviprdalay img is shertadt ishossble inal,
construct a wide-band amplifier using an amplifier with voltage feedback.

3N YHaHER YSETAE & Saehr AR stV IbsEdisn tRAthe bbb eépnal
blb Aelsgas Ralasitie capasitance sinee thekarallgheanaciier {929 24 which

provided between the output terminal and GND, the parasitic capacitance

ARYeltH He bR R teiRTinQifcdr e UBsEIBBY a8 LY phriat eBhstafigRal -

that degragdation ef e fieqHencyLsharacteristic can be prevented (as
mentioned grgiliously) [0073] On the other hand, the transmission line is

COI’]SUU&%

The present invention has been described above indetail
with reference to a specific embodiment. It is obvious,
however, that those skilled in the art can make modifications
and alternations to the above~mentioned embodiment without
departing from the scope of the present invention.

[0075]

The above descriptionof the. construction andadvantages
of thepresent invention focuses on the case where the wide-band
amplifier is mainly applied to voltage amplification during
receptionbyawireless communication apparatus, but the scope
of the present invention is not limited to the above-mentioned
case. It goes without saying that the present invention can
be likewise realizedeven if the wide-band amplifier according

to the present invention is applied totransmissioninwireless

~communication or to voltage amplification in uses other than

"wireless communication.

[0076]
In other words, the foregoing description of the present

invention has been given for illustrative purposes only, and
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5 with a digital signal processing circuit 21 which perform signal
processing of transmit data, a digital-analog converter 22 which converts
the transmit data into an analog signal, an up-converter 23 which
up-converts the analog transmit signal by frequency conversion, and a
power amplifier (PA) 24 which 10 amplifies the power of the up-converted

trassmitrsignal s [ndustriabAppheakility] [0044} Jheresentiyeptionfasy o
feen described above in detail with reference to a specific embodiment. It

<-BBViBls, 1S KoWevel tRat At St BeartanimERat ion is to be
meikficationa ard aliematignsJodthe abeygsaentioprd emppedimantiains.
without departing from the scope of the present invention. [0075] The

above dEREAFHorP6RHE EhEficidn Braduévshidges 20 of the present
inventiondoguses on the case where the wide-band amplifier is mainly
applied to voltage amplification during reception by a wireless
commurﬁi%éﬁongééparatus, but the scope of the present invention is not

limited Withe aboveamantioredwass- thgoes witheul-saying thatthentional
gres%r;t invention can 25 be likewise realized even if the wide-band

P h2braitg 46 the PRt b RfoA ReaFsibadd R ARMAERRARment

ofiraless seawawrticatinnatibypltage amplification in uses other than
wireless communication. [0076] 30 In other words, the foregoing

descriptﬁgﬁ%f th%]present invention has been given for illustrative

purposes. gnlyz and 20.thewcemsntsdeacrednereiare ROl 10 s-plane

construed in a limitative way. The scope of the present invention is to be
UndeiStotd 38 defined Birhe Stope DhtdlaggenBid cldims.
[Fig. 3]

Fig. 3isaviewshowingatransfercharacteristicexample
of the wide-band amplifier shown in Fig. 1.

[Fig. 4]

Fig. 4 is a view showing a group delay characteristic
of the wide-band amplifier shown in Fig. 1.

[Fig. 5]

Fig. 51is a view showing a construction example in which
a common-gate cascode amplifier is applied as a current output
amplifier device in the wide-band amplifier shown in Fig. 1.

[Fig. 6]

Fig. 6 is a view showing a construction example in which
a common-source cascode amplifier with voltage feedback is
applied as a current output amplifier device in the wide-band
amplifier shown in Fig. 1.

| [Fig. 7]

Fig. 7 is a view showing the construction of a wireless

communicationapparatus inwhich the wide-bandamplifier shown

in Fig. 1 is applied to an LNA.
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[Brief Description of Drawings] 5 [0077] [Fig. 1] Fig. 1 is a view showing

the construction (conventional example) of a wide-band amplifier

according to one embodiment of the present invention. 10 [Fig. 2] Fig. 2 is

a view showing a pole-zero map in the s-plane of the wide-band amplifier
shown in Fig. 1. [Fig. 3] Fig. 3 is a view showing a transfer characteristic
exampI@F;% of the wide-band amplifier shown in Fig. 1. [Fig. 4] Fig. 4 is a
view showing a group delay characteristic of the wide-band amplifier

shown iBig. & [Fig. %} 28 ECBied tew srewihgEctdstriaigiventional

amnle )'rb“)imc@ié&oﬂ%%%ﬁﬁtficﬁ?é?d@oq{g@g@ét%@@?#%d&ﬁrl%ination
current output amplifier device in the wide-band amplifier shown in Fig. 1.
IFi 6] TP blis BevieWehbifing B EoRstrictivh wxadfie Itficpa s afilter
GaFpon-source cascode amplifier with voltage feedback is applied as a
current output amplifier device in the wide-band amplifier shown in Fig. 1.
[Fig. 7] Fig.97-is%lview showing the construction of a wireless 30

commupication aRParatls InwkiGh the widehand armplifies EQOWHei%E&ane

1 is applied to an LNA. 21 [Fig. 8] Fig. 8 is a view showing the
dorfdttictidhfcdpobrtigigplifier shown in Fig. 8.

[Fig. 10]

Fig. 10 is a view showing a transfer characteristic
example of the wide-band amplifier shown in Fig. 8.

[Fig. 11]

Fig. 11 is a view showing a group delay characteristic
of the wide-~band amplifier shown in Fig. 8.

[Fig. 12]

Fig. 12 is a view showing the construction (conventional
example) of awide~bandamplifier constructedbya combination
of an amplifier device and a second-order band-pass filter
(BPF) .

[Fig. 13]

Fig. 13 is a view showing a pole-zero map in the s-plane
of the wide-band amplifier shown in Fig. 12.

[Fig. 14]

Fig. 14 is a view showing a transfer characteristic
example of the wide-band amplifier shown in Fig. 12.

[Fig. 15]

- Fig. 15 is a view showing a group delay characteristic

of the wide-band amplifier shown in Fig. 12.

[Descriptioh of Reference Numerals]
10 -+ wireless communication apparatus

11 - antenna
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example) of a wide-band amplifier constructed by a combination of an
amplifier device and a first-order band-pass filter 5 (BPF). [Fig. 9] Fig. 9 is
a view showing a pole-zero map in the s-plane of the wide-band amplifier
shown in Fig. 8. [Fig. 10] 10 Fig. 10 is a view showing a transfer
characteristic 1 example of the wide-band amplifier shown in Fig. 8. [Fig.

11] Fig.1H is ade shawingra preyp delay characteristic of the
wide-band amplifier shown in Fig. 8. 15 [Fig. 12] Fig. 12 is a view showing

the condtiuctioh {BSTehtiBhan EXS&MPRY WA wikdahd amplifier

construgted. by asgcombination gf anramplifiangeyice and a second-order
band-pass filter (BPF). 20 [Fig. 13] Fig. 13 is a view showing a pole-zero

map in the §:pRAENGIIRE VAdEBENd amplifier shown in Fig. 12. [Fig. 14]
Fig. 14 issa view shawirg & teansferchieradienstic Zagxample of the

wide-band amplifier shown in Fig. 12. [Fig. 15] Fig. 15 is a view showing a
group defay chabdcterstiél ot frlwisetysHdtasp fPShown in Fig. 12.

[Description ofiReference Nupetaisls304Q wireless compapycation
apparatus 11 antenna 22 12 band-pass filter (BPF)

22 - digital-analog converter (DAC)

23 -+ up-converter

24 - power amplifier (PA)

101 -+ input terminal

102 - amplifier device

103 - parallel coil Lp

104 - parallel capacitor Cp

105 -~ resistor RL

106 -+ series capacitor Cs

107 - series ceoil Ls

108 - output terminal

201, 301 -+ MOS-FET

202, 402 -+ resistor

203, 303 -- bias terminal

204, 302, 401 - capacitor

23



13 transmission/reception switch 14 . low noise amplifier (LNA) 15
down-converter 5 16 automatic gain controller (AGC) 17 -- analog-digital
converter (ADC) 18, 21 . signal processing circuit (DSP) 22 digital-analog
converter (DAC) 23 up-converter 10 24 power amplifier (PA) 101 input
terminal 102 amplifier device 103 - parallel coil Lp 104 parallel capacitor
Cp 15 105 .. resistor RL 106 .- series capacitor Cs 107 . series coil Ls
c1a2EQes. output terminal 201, 301 MOS-FET 20 202, 402 resistor 203, 303
bias terminal 2041 302, éOlhca}pacjtoL .23§Iaims An amplifier
chare’l(':teri%darfnyp Comprding: En amphifiér evice; and" é‘b%iﬁ%gpass filter
providedzasp aldad fordbel ampliierdevice and having an s-plane in which
a pIu?[aIit¥a%1‘cipm%g§ éare praovided aﬁg Zeras are %rgvidgd betweenthe .,
poles, characterized in that thé bahd-pass filter does not have a capacitor
ampprovited iAseties wittCarkoutpud termifalbane 1in which a plurality
of poles are provided and zercs are provided between the
poles,
characterized in that the band-pass filter does not

have a capacitor provided in series with an output terminal

of the amplifier.

2. An amplifier according to claim 1, characterized
in that an inductance and a capacitor are not provided in
series between an output terminal of the amplifier device

and an output terminal of the amplifier.

3. An amplifier according to claim 1, characterized
in that a common-gate c¢ircuit and a casccede circuit are

combined.

4, An amplifier according to claim 1, characterized
in that a common-source circuit, a cascede circuit and z

voltage feedback circuit are combined.

5, 2 wireless communication apparatus characterized
by comprising:

an antenna, a band-pass filter, a low noise amplifier
which amplifiez a voltage of a received signal, a down-
converter which down-ceonverts The voltage-amplified

received signzl by freguency conversicn, an automatic gain



of the amplifier. 2. An amplifier according to claim 1, characterized in that
an inductance and a capacitor are not provided in series between an
output terminal of the amplifier device and an output terminal of the
amplifier. 3. An amplifier according to claim 1, characterized in that a
common-gate circuit and a cascode circuit are combined. 4. An amplifier
according to claim I, characterized in that a common-source circuit, a
cascode circuit and a voltage feedback circuit are combined. 5. A
wireless communication_apparatus characterized by comprising: an .
CORhtéma & barid-pads fitéf a 0@ iéise afpiifier Which amflified a St9mal
pryolage of adeeeived signata dewne enpverterwhith dowmaconvettsthe:ing

Ofvgg% e-aen&pllflekd rec%l\éed ﬂgnal by frequency conversion, an automatic

ved Cata, WHer . ) .
gain 24 contrglfer, an anafog-dlgltal converter, and a signal- processing
circuitwhieh perfoimas digital signakprocessihgiofreceived detdswherkin an
am%‘lef?@rth&@ﬁ’r'&iﬁ% amplifier is made of an amplifier according to claim

1. 6. A wireless communication apparatus characterized by comprising:
an antenna, a band-pass filter, a low noise amplifier which amplifies a

voltage of & regeived signalsaflown-Gonverteruich-down-govedsdhe ; - 4
voltage-amplified received signal by frequency conversion, an automatic
RY g8ftontrol€r, an analog-digital converter, and a signal processing

circuis which perferms digiabsigpakprocessing = low noise amplifier
which amplifies a voltage of a received signal, a down-
converter which down~converts the voltage-amplified
recelved signal by frequency conversion, an automatic gain
controller, an analocg-digital converter, and a signsl
processing circuit which performs digital signal procsssing
oI received data,
wnerein the low noise am lifier is made of an

amplifier according to claim 1.

7. L wireless communication apparatus characterized
by comprising:

an antenna, a bkand-pass filter, a low nolise amplifier
which amplifies a wvoltage o©of a reaceived signal, a down-
converter which down-converts the voltage-amplified
recelved signal by freguency conversion, an automatic gain
controller, an analog-digital converter, a digital-analog
converter which converts transmit datz to an analog signal,
an up-converter which up-converts the analog transmit

signal by freguency conversion, a power amplifisr which

b2
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of received data, wherein the low noise ampl=ifier is made 0" an amplifier
according to claim I. 7. A wireless communication apparatus characterized
by comprising: an antenna, a band-pass filter, a low noise amplifier which
amplifies a voltage of a received signal, a down- converter which
down-converts the voltage-amplified received signal by frequency
conversion., an automatic gain controller, an analog-digital converter, a
digital-analog converter which converts transmit. data to an analog signal,
an up-converter which up-converts the analog transmit signal by _

amfrelfiefity Rotversion, aipowsr anpiifet Witlch-25-afplifies patter of fHed 2

sidEconyered fransmit signal; and ahsignal proeessiing Cikguf whith signal
%formsﬂdigiiaLsignal %%o essingvgf transmit/r%ceive data, wherein

P iere the fow fioise amplifier T m“ad%ea(%fa an warﬁﬁl?ff‘e? according to claim
1. 8.Wwireless commuhnization apparatasicharacterizeds by mwengrising: an

am a[‘a%QtSQnS‘CQObP&dﬁ%a%SOf”E%ra ovlv_noise amplifier which amplifies a
1‘Q/OTtage of a received signal, a down- converter which down-converts the
voltage-amplified received signal by frequency conversion, an automatic
gain, controller; ap analog-digital-converter, adigital-analog-£anwerer.  z=q
which converts transmit data to an analog signal, an up-converter which

LY ypREdivetidithe analog transmit signal by frequency conversion, a power

amplifier svhieRramplifies:panes-ofdhe tip-eonvested dransmitsignal and e r
.mSignal processing circult which performs digal 19080 ¢ cna1, & down-
converter which down-converts the voltage-amplified
received signal by Ifrequency conversion, an automatic gain
controliler, an analog-digital cenverter, a digital-analog
converter which converts transmit data to an analog signal,
an up-converter which up-converts the amnalog transmit
signal by Ifrequency conversion, a power amplifier which
amplifies power of the up-converted tTransmit signal, and a
signal processing circuit which performs digital signal
processing of transmit/receive dats,

wherein the low noise amplifier 1s made ocf an

ier according claim 1.
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processing of transmit/receive data, wherein the low noise amplifier is
made of an amplifier according claim 1. 26 AMPLIFIER AND :
COMMUNICATION APPARATUS ABSTRACT There is provided a
wide-band afidliffeiFhBR g G0 AyiiCRTian hisradBARIE TVEr a wide
frequency bandwidth, being prevented from degrading due to parasitic
capacitance, and being short in group delay time. The wide-band
amplifier includes a band-pass filtePmEd4CoF an LC parallel resonant -
circuit gnd an LCR series resonant, circuit and provided in parallel as a

load fof ATXfrert SRpIRIRNiferteifeP The PRt dShdaEe a flat

appIdlity ob fiolesasmwelt a8 zewws raudadiRerebatwegdn theissplanedtn,
th,erebé [ rovir%%;l characteristic flatness in a passband. The output

im
DR RIS R i if Tl S\ d 85BY slign PRt d8hingl fRAE 1 tance,
aftpitemgosdhatthe poblenuef araup delaygloes not occur. A

capacitance element between the output terminal of the amplifier and

GND abB6risFarkafd it tdnicer 4962t dresrkaifs RASR A 1 ter made
opraventingdegradationr sbihentregyeacy eharagteristier HewWeed resonant

circuit and provided in parallel as a load for a current output

' amplifier device. The band-pass filter has a plurality of

~poles as well as zeros provided therebetween in the s~plane,

thereby improving a characteristic flatness in a passband.

The output terminal of the amplifier device serves as an output

terminal for the amplifier, so that the problem of group delay
does not occur. A capacitance element between the output
terminal of theamplifier andGNDabsorbsparasiticcapacitance
as part of constants, thereby preventing degradation of the

frequency characteristic.

Figure. 1
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