[Designation of Document] Description [Title of Invention] AMPLIFIER
AND COMMUNICATION APPARATUS [Technical Field] [0001]
Embodiments of the present invention relate to an amplifier and a

C?@%ﬂlﬁ?&?%f%@@ﬁﬂéﬁﬂﬂ&&ﬁ%%ﬁed for transmission and reception

during wireless communication, and particularly to an amplifier and a
cdiiueicabivarispdr atyEAivHiER Rurshep STIety s o GBI ABIWERATUS
(uﬂt{]@c-mggp@@glhfommunication and perform voltage amplification of a
igh frequency component of a received signal. [0002] More specifically,
el¥8diments of the present invention relate to an amplifier and a
COMMURIEEHRNAARRANS WNEDSRISIYEY perlorm, amUIiSaton 10,8 micasion
wide frequency bandwi th used in UWB commumcat?on, an partlcﬁgrlly
appartoua wideh Bamdsadnlifiearsnd ssiccomrhiasigiion hppar atis bsvieganflatcation, and
. ificatign teristic over a wide frequency bandwidth, being .
parte e e S SR, B il o for
exampjio GpVdB| oyl tizrei JBaokiy roumowrida{ea0sHiWmndless toAlgeanmpblieiving of a high
tlention as systems which release users from the LAN wiring required in
frew@vﬁigr%%&r%l& 1}%}5{? &corc HS@&SW&&;%S LANS, since almost all wired cables
cdhl®e omitted in work spaces such as offices, communication terminals
U0 A3RERNRL, SOBUIRIS(CORNEARDe Sompaal el 228, MAYSHAL and o
recent years, as wire ess L. sys emd have increased s spee%iqar%p '
comnuegreasecdipprics, ddnchndolbranirele setiahhsysiphisdi@ve iremankablyrequency

ingreased..Inrecent years, 1 consideration.is tigularly given t .
b R S R R oPRl SRR eh S pitier and o

comnsmakisoaleppiretes humatvgonk fan chpelitatinforinaticnristmownnieaitde frequency
bandv%%?x?%e?n%l%ggggfat%%pﬁg%)%lgreﬁ%éogé% o parasitic capacitance, and being short in
group delay time.

[Background Art]

[0003]

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

have remarkably increased. In recent years,
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5 devices. [0004] For example, a method called ultra-wideband (UWB)
communication, which performs wireless communication by using an
extremely wide frequency bandwidth, is recently receiving 10 attention as
a wireless communication system which realizes short-distance

ultienRigh-speeddransmission, ang sue! thod is expected 1 be.put to
practical use. The IEEE802. 115. 3 com%irtggevaer?d %1% Ifkrésk%é—jvig SFejS%Iﬁtly? £
pRSpo%Rl Bt datac fraRsfer aidthod PAled ohra packet stroctare: somtaining

154eamhb S t or ultra-wideband .
communi Qa%i%? [ﬁ)%l%cﬁﬁ%%gg r!?:%l% r%%%%oh,gr%g%ﬂﬁtférﬁ?rﬁ 5%%%150n
sGOFRY HSES @ daOPDY areéanzidared. Adcqrdingthe D$EStronic
methad,during 20 transmission, an information signal is multiplied by a
random code sequence called PN (Pseudo Noise) code to directly spread
(DS: Direépgﬁf’e]ad) the occupied bandwidth, and on a reception side, the

received ggreadhinfarmation sﬂg_qg! issrepraduced into the information
signal by being invfgésely spread yé?aieir%gzi%%ulﬁgh:eraa b)v/" ﬁ‘ndeebﬁp ode?"E)
THDSISS #fetRad maked i poésibies toircallzeskigivapead data tansfarsing
byrpexferraing transmiss :ﬁQQ r tion in read ultra-hi .
frequency bandgvavidth o:ﬂ&o} exam Ig,p ' ﬁ%% 0 GRiZ 566 ]}i}\éomce;‘vmg
AEebrdifG 86 the GFPM (@rRsgonalteduerncycRivisien eMuliplexingdalizes

naglhed thedregpency Af gach caprienis set 2 5o that each carieris  en

orthogonal with every other carrier
method is expected to be put to practical use. The IEEES02.

15. 3 committee and the like have presently proposed a data
transfer method based on a packet structure containing

preambles, as an access control method for ultra-wideband

communication.

[0005]

In UWB communication, modulation methods such as bs-S8S
and OFDM are considered. According the DS-SS method, during
transmission, an information signal ismultiplied by a randomn
code sequence called PN (Pseudo Noi se) code todirectly spread
(DS: Direct Spread) the occupied bandwidth, and on a reception
side, the received sSpread information signal is reproduced
into the information signal by being inversely spread by being
multipliedby the PN code. The DS~SS method makes it possible
torealizehigh-speeddatatransfer byperforming transmission
and reception in a spread ultra-high frequency bandwidth of,
for example, 3 GHz to 10 GHz.

[0006]

According to the OFDM (Orthogonal Frequency Division

Multiplexing) method, the frequency of each carrier is set
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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
performed on the plural carriers to convert each of the carriers into a

signalionthe, time.axis with orth ality on the frequency axis bein ,
maintained, and the sigyﬁal ongthggfrﬁg %é%ellsf tf‘gtﬁgerklnit?g&¥ uor%nger g:armer
réfeptiohy FETls PeHatrhed to Todvdn the sighalzors @ the imeraxisiaioion,
%%JQQ%IJ.OQJ'FQ%Q§QHE€HQEQ)§§:§ nd Q()ac =y Cf:tl\{ecﬁ%rgerss aéretsiu‘ip egterdriers
to demodulation corresponding to their modu ation methoas 10 reproduce
tR&AMeAHaRoHL pansmiped inyrihedotigindlseriab Sijnal Since gransmitf each
dagagre transmitted in the s fbeingdistributed 15 to a plurality of
carriers of different fr'eq%}e‘?ﬁcti%?%{‘eg%andwi&tﬁ St erac%rcr)rfetﬁ%o@ar%?s ]ijslurai
Ao Rakrowanddetomed wSistitlede frefluency setectiva fadingon the

(0990 I, wireless,co, ication eguipment, during reception 20, of = .
wireless signals, it is ggr?g%?%%lagclt%:g% DerfSi vg aegqeugﬁc ifie&toh 8779
régantd Sifiids aFet dreampliey i the ralidve-mentioned siltta-widehand £ ted.

GOy RIcAL ltage plification_is perfgrmed on a high frequenc
compor?e%?ét)%él%\él%\%?foi%%ﬁglif?e@rr(éﬁlﬁlfl?ﬁ] s %853,%& 35‘&5&9%{1 en
IBgoltaigecamplificatiohds golectively perfarmed i eqmidecireguercyand the

handyidihedending pvet a 2:GHz fange of 3 GHz lo S Ghiz which s

used in UWB. [0 098% Wide-band amﬂl%ers nBe GRSy Tohttucted

[P 130° ombinegionofareamptitiendevice manetof MO S:-GEFsH{Metake the
information transmitted by the original serial signal. Since
transmit dataare transmitted inthe state of beingdistributed
to a plurality of carriers of different frequencies, the
bandwidth of eachof thecarriers is narrowednarrow and becomes
resistible to frequency selective fading.

[0007]

In wireless communication equipment, during reception
of wireless signals, it is general practice to performvoltage
amplification on received signals. For example, in the
above-mentioned ultra-wideband communication, voltage
amplification is performed on a high fregquency component by
a lownoise amplifier (LNA). Inthis 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.

[0008]

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

Oxide Semiconductor-Field Effect Transistors), bipolar
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Oxide Semiconductor-Field Effect Transistors), bipolar 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- i (BRF far.tp, for mple, Non-Patent Document 2).
[angl%r]pgfs'g‘ gqh)tgvévn?ﬁe)cv%%g%gﬁd a??l;)%fitgor %aéloﬁé?r%%%d% slof thea]i 1% %%er to,
fifstorésesaiEpadofitdahads obamw@eparallel.resonant circuit made of -

a parallel [qgﬁld@ 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 Conbtriteer itreMOS sRETs-oriipotei tramsistonsaht [@AD1L fier

In-Eigk 8 reference I nates an input termipal of the .
Wio_le-baﬁd amplifief%ndgﬁgégr%%ggln%%e?g .aLé)SE(lfne%ﬁe%”aenr oﬁ?p‘fftce and a
tdrifindroipe witlermpanplifiert and (the Bmplifief device, 12 ppesaiep le,

aﬁ@}ﬂ(@l%c&orﬁg&lgﬂé&c {ent source. Specifically, a voltage VI at the

input terminal 101 is applied to the gate of the amplifier device 102, and

the amplifieP déVice outputs a current of gm times the gate voltage VI in
output i 108 2 SN e T TR U2 OGT FHE bt chat
fancliss H(syofthduidb-band dmplifer made of an LC parallel 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.

[0011]

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]

[Formula 1]
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shown in Fig. 8 is expressed by the following formula: (0013] 30 [Formula
1] 4 H(s)= -sLpRLgm s2 . Lp. Cp RL+ s- Lp+ 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'qc]g)tg__,ansfer fuisctiop -HRE) igrd, while zeroes are located at points where
the numerator of the transfer function H(s) is 0. In the shown example, a
zero is lodatdePatie Ednte18-brtHRLs-plane, and the number of poles
that corresponds to the order of the band-pass filter appear on one side
of the s-pfHed [0015] Figs. 10 and 11 respectively show a transfer 15
charactegistic exa n p haracteristic of_the wide-band
amplifierﬁs%%WnéingI}:%%% %2%%5 gfg thggc%lga%ﬁ(a:a%r?éﬁcﬁlsenoSrn'Ir)ZJﬁ%Ielg a%%gm
XRE ¥idgithancentarl fddgenshovd GHELA cdss Jectitrpobiaingteosymbol

the imagi axis when the band-pass filter hags g,transfer characteristic
20 of - oéﬁg‘t{ %hse éerzoearr?d aatlrnacril‘s (je}lrechsé}’énég isticof ¥ 2B% Each Bforlh%‘ on
polesorrthns-planeé eorresponds: tostie tramsiert sharacteristie dbtheninator
hand-passfilercLhe P]?Hgtpfg‘hﬁ thFsr)'niVé’hd)Ch the. %arameter of the Lf:oF({:a ted

| re
parallel resonant circuit (l.e., t

piile 2eloss
) e s-plane trarisfer characteristic shownin
Fg. Dpints 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 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. FEach of the
characteristics is normalized as gm x RL = 1 with a center
freguency of 4 GHz. A cross section obtained on the imaginary
axis when the band-pass filter has a transfer characteristic
of ‘—ow at the zero and a transfer characteristic of +w at
each of the poles on the s-plane corresponds to the transfer
characteristicof theband-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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25 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
5 the wide-band amplifier constructed using the first-order band-pass filter

made ofithe LGRpatallel 4 ircuit as.a load for the amplifier
device, iLLhe following p%ﬁ%ﬁ%@%ﬁ%&sﬂﬁ% lfﬁéx}%&%%q% irst-order
cRaPEIBAStTR &id- Singlanpeisk charheteliSi and abis hothave dlatnessrcui t

sufficientd9p j gﬁ i This prablem also depends on -
the fact that %Sﬁres%{c?r(?é}?( an?%%dg\sl %I%ne?rl r(g%fel%/ %s%ﬁa% wr%l?lr%bgrr gpienms
polesSthat corresponds to the order, i.e., one pole, on one side. [0018] (2)
The amplifigr;has a comparatively simple construction as shown in Fig. 8;
nevertheless the wide-band 15 amplifier has group delay time. [0019] In

this constriictibheif freaedwidttcdveravtielr fhe: flatriessds sahgle peak

reaigtaiped s to-he widen e ce f the coil 103.must be
increased, or the resistangg’ é%ugr&)z%cé%qé? th%fﬁe%srlls 6r 105 %%s‘flb%nt% to be
dEeFeaden HoWs P antiel Hductadel Epiis rcleased, sincistheself on the

-resanapt requgncy #s lqw. fhe amplifieris not S“i}a‘_?F'fooro grafion,at
high frequencies. In addition, if the reS|star?caeS\§alué s m%rgiy has the
numbezofpolesthatcorrespondstxbtheorder,i.e.,onepole,

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
inductancel¢>isincreased,sincetjuaselfwresonantfrequency
is low, the amplifier is not suitable for operation at high
frequencies. 1In addition, if the resistance value RL is
decreased, the amplifier decreases in gain.

(00203

Fig. 12 shows the construction of a wide-band anmplifier
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



decreased, the amplifier decreases in gain. 25 [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] 30 As
shown, the wide-band amplifier is constructed so that a second-order

band- ilter.is provided as a load in 6 parallel with the drain and the
D REY SR S0 R PR MBS FETS oG oo
tréfigistors s The csesodneiaidetbandmppssdilter iseanstructes with@ykC  The

parallel resonant circuit. made of the parallel coil Lp 103 5 and the parallel
cgr%g%‘ogf(%: ?8& z&fr? Pt Esis ré%?j#frﬁ chrEuit HEEE F asskriestdyias LC

1o7zmblz $eries capatitariGs: 106, maddhe resistor Rl- 020028k Figp 103
12. reference numeral 101 denotes an input terminal 10 of the wide-band
> a%nnpﬁ?f{%rggﬁg ?eﬁfe?engg%%%écrﬁf: o8 &t Shtpt fermiitdf thel rouit

widelban amplific; anddhe amplifier device 102rapeyatesasdtor Cs 106,

vgg ge-controlled current. source. Specifically, a voltage V1 at the input

terrr%n% To1 58 ;é”lﬁpl?erd %o th%Hg%'te of the amplifier device 102, and the 15

amplifier §@éviee Joutputs a current of gm times the gate voltage V1 in the
arrow in Fig. 12, The voltage provided at the

direction %r}_dic d bLy %n ! .
output tefmimal TU8 8t this TS I8 Heroted i \BE 16625 0 FRifrarrarinal
10 forictibe M(s)ofthendidagiantiampliield reference numeral 108 denotes
an output terminal of the wide-band amplifier, and the
amplifierdevice102operatesas51voltagewcontroliedcurrent
source. Specifically, a voltage V1 at the input terminal 101
is applied to the gate of the amplifier device 102, and the
15 amplifierdeviceoutpubsacurrentcﬂfgmtimesthegatevoltage

V1 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:

f0024)]
[Formula 2]

2
Hs) = - 3 -5 -Lp-Cs-RL - gm
s -Lp-Ls-Cp-Cs+8 -Lp-Cp-Cs- RL+ s>+ (Lp- Cp+ Ls- Cs+ Lp- Cs) + s- Cs- RL+ 1

25 [0025]
Fig. 13 shows a pole-zero 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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shown in Fig. 12 is expressed by the following formula: [0024] [Formula 2]
EKs) =-s2. Lp.Cs.RLgms4 Lp Ls Cp Cs+s3.Lp.Cp.Cs-RL+s2
(Lp. Cp+Ls.Cs+Lp Cs) +s. Cs- RL+1 25[0025] Fig. 13 shows a
pole-zero map in the s-plane of the wide-band amplifier shown in Fig. 12.

IRiEigork 3nthes Y5k 9" deno ro, and the symbol "X" depogtes a
pole. On the s-plane, poles areé%%gté%ugltcg%}rﬁg%v 8re ﬁe@’dgﬁ&rﬁ%ﬁo?em
of theltrarisieAfaietion PHEN s Olwhile atreronistocatedmatarpaintwhett s fer

th:Remeratas of the transfer funetio is 0._In the shown example , a
zero is located at the center gf the s-gp ané and two %o1e§ COTres %;ﬁﬁated
t6'5 thB%eeR b the harepasy likereappeat orwonp sides of the esplandibly to

this avide-hand, ifie E warth . character is adopted in qrder to
flatten the pass%g}%%f(?ratgga%%ﬁ% B%éﬁlg?g SBC?PI%?.IEOB%?% BigdS 19t the

anaPER R pechivelyshovra demstordcmmnadte fsticrexampleRantt a e h
defay-characteristic of fhe wide-band amplifier shown inEl?l?' 12. Each of
' ent

the characteristics is normalized as gm x RL = T-ith a tBRter Gty (£or
dt438@A2 15 Jo6HA 1k ehd widiezband amplifier constructed using the
second-ordenland-pass filter as a load for the amplifier device, as can
also be seen from a comparison of Figs. 10 and

Figs. 14 and 15 respectively show a transfer

characteristic example and a group delay characteristic 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.

(06027)

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
108oftheamplifierandtheresonanceofthisLCcixcuitbecomes
a main cause of delay. (In the case of the amplifier shown
in Fig. 8, since the cutput terminal of the amplifier device

102 serves as the output terminal 108 of the amplifier, the
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14, the characteristic flatness in the passband is improved, 20 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 25 depends

op.the fact that tgjlgoqﬁgieg ea:,%%ll s 407 and the series ?apacitor Cs 106 are

inserted in serieS between output terminal of the amplifier device 102
and the olg®%%érminal 108 of the amplifier and the resonance of this LC

circuit beggmeshg{l?@nc% S elay. (In the case of the amplifier ,
shown 30 in}Fig. 8, since the %l}?[%%tetgr%lr%a?%gfh%ngm% iffct device152 ( such
sefvés HRMtheGrp et ainal1 6&:6f the amplifier: ther &rproblemsof groldrted

d@@)&ﬁge&&cg i ] n the case where_a subsequent-stage
circuit (such aga%%\%vlég&%%vefge%, %lﬁj ,&Eeé or' g WHConvettef i cult acts
CORNEEEESS 16 the aptpul teminal k08 dftthe amplifiet, dhe chrauit actsas a

RaLasitic ¢ it amplifier, but since a capacitance element
doe%%lnot e%?é%%gfgv%eﬁé%ﬁﬁgf outp %tot%é (R glg SPERY %ﬁﬁgﬁ%éer ARG SR nal
pafasitie cakitihee adud b the natputrterinatcanpaidie ahserbetias to

RatkOLeRRIaN and the frequency characteristic degrades. [0030] In
the ex%mple%h%%v%%ﬁ |§L. f%né}%%e é(/a‘:é‘lkrjnsp(ﬁﬁ F%%gngﬁﬁ&e sGoRgtants

tAB defils chpagitaTCy 106 andthe rpasasitic apacitange are connected
in series,{ibbsjgifficult 15 to eliminate the influence of parasitic capacitance.
On the
In the example shown in Fig. 12, since the amplifier

is constructed so that the series capacitor Cs 106 and the
parasiticcapacitanceaunaconnectedjjlseries,ji: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
isconnectedinserieswiththegmrasiticcapacitance,sothat
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 11

KenYanagisawaexxiNoriyoshi.Kamiya,“TheoryaﬂKiDesign
of Filter”, ({(Akiba Shuppan, 1986)

[Non-Patent Document 2]

Guillermo Gonzales, “Microwave Transistor Amplifiers
Analysis and Design”, (pp. 176-172, Prentice Hall, 1984)

[Disclosure of the Invention]

[Problems that the Invention is to solve]



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

pﬁg@ﬁjc capacitance, so that 20 it is possible to easily eliminate the

problem of parasitic capacitance by decreasing the capacitance of the
pSrahefieypititof CH0 0031 ] IINTHI PhtePDsEUnie Nt IR K einplifier  and

commgﬁfagﬂéﬁﬁw:%%%@%&ﬂs@f Kamiyaead iRonsandPesian Al fliehicdAPand can

Shuppan, 1986) [Non-Patent Document 2] Guillermo Gonzales,
collectivibyrweverTraRdiSoiamplifieridereaysie siaredidih: | (pp. 170-172,

P[gmig]e Hall, 1984) 30 [Disclosure of the Invention] [Problems that the

Invention is to solve] 9 [0032] Embodiments of the present invention

plovidsiansuperiof athplifigicssd comptnicativdpparatusIbointof sidiicr and

comm%ﬁkg’t?oﬂsgﬂng?a%\évﬁagﬂ{g rgumﬁaﬂﬁﬁiﬁ'{@tﬁ?ﬁ holectvel: REIEPMNyide frequency

amplification in a wide frequency bandwidth. [0033] Embodiments of the
bandvidskebeiny ericnipfoliels deipeingrdiapifferantc congitaieationl being short in
oroup W atys having a flat amplification characteristic over a wide frequency

bandwidth, being prevented from degrading due to parasitic capacitance,

abdieminipshotving grodipoddtastime. [Means for Solving the Problems] In

a first asneql Aldhsinye T%HQ A5 etﬁ%:gr?é’ iﬂ?&@f%'ﬁg&%@ ANzt ved by
by comprising: an amplifier device; a band-pass ftilter made of an LC
compyisirgliedresopléiticiievite; a band-pass filter made of an LC parallel resonant circuit
and an LCR series resonant circuit provided in parallel as a load for the amplifier device, and
wherein the band-pass filter does not have an R in a parallel resonant circuit provided in
parallel with the LC parallel resonant circuit and the LCR series resonant circuit as the load

for the amplifier device.

[0035]

A cross section obtained on the imaginary axis when the band-pass filter has a transfer
characteristic of - oo at each of the zeros and a transfer characteristic of + « at each of the
poles on the s-plane corresponds to the transfer characteristic. From this fact, in accordance
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 according to the present embodiment is comparable to a characteristic flatness

obtainable when a second-order band-pass filter is provided

10



and an LCR series resonant circuit provided in parallel as a load for the
amplifier device, and wherein the band-pass filter does not have an R in a
parallel resonant circuit provided in parallel with the LC parallel resonant
as a 1RIECRE and thetGResesies resonant circuit as the load for the amplifier
device. [0035] A cross section obtained on the imaginary axis when the
baPeRphss filter has a transfer characteristic of - oc at each of the zeros
A iAOSIRGORACHHISHE AL 1.8 AhEACHOMiD%sPO!ER A SR PARR A output
_corresponds to the transfer characteristic. Fron'this fact, in accordance
amplifigthdgidopidenodn @z plffiectd b rgirgaotthieqpie sedhrinlemtiserighecsonant circuit
provifPRAEIRICIANGSSiNy HheRAssband is improved by the interaction of
each of the zeros located at the respective locations other than the origin
an@th8 neighboring poles. Specifically, a wide-band characteristic
acgpreingip e SEnhRRAmEntd ﬁ%pﬂ%&{%{ RREBEGIS s wit
flatness o tginalblg when a secon%—orjer band- ass1 ﬁft%ﬁs é?gv%gé}?fa with the
outpubteemioad fbribm anppiifeer tetioe hopRdlémthiserowsakiodothaot arise, as in the
JDand-pass filt rvin r Hier device is
cnse e I R e
pl®¥iRd in parallel with the amplifier device. [0037] The band-pass filter
inythi does ' ided in. series with. the output - .

i : L -
USSR R L A AR U DRSSP i o
inductinise, aslin trpacise wherel pfosidorer band pasy fittertlis apphedtasranal of the
ampli &ddg%gg' %mélf(')%%qﬁ\féggnl%? %ﬂhlena%éjﬁ{%pf K‘C(Eg%‘ f%% eé*&% an e!f]lcclz%relemem

as a circuit construction in which an” inductance and a ayp}acn(})r are not
existsprotvided thesevigsthetwes tHeloutpoptidanimal 6the aniifievaeificesahskquent-

- the autput terminal of the amplifier, Accordingly, a.capacitance.element_
sage e Aot 10 Sy S SN G h s (0 the
outpuif &esubsequiethe stageifincuit (suchabb dowproemvedteradatidi Glothanfrequency

charaé%%s%%mb/)e( rg, Qoir%zcn%pgg%%dt t(%tcr:](?nstants, parasitic capacitance added to the output
terminal.

[0039]

In addition, if the amplifier according to embodiments of the present invention is
combined with a common-gate circuit and a cascode circuit, a wide-band amplifier having
input matching widened in bandwidth can be realized.

[0040]

Otherwise, if the amplifier according to embodiments of the present

11



output terminal of 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

inven@PIfIRLARHLAING P STRRRIMENIE:CL BeREESHAt INVERURR 18 CAMRINGthe-band

‘with a common-gate circuit and a cascode circuit, a wide-band amplifier
ampligh Ay ingpup whateling Swddenad in bandiidth carbbsasdiivged. [0040]
Ofﬁg%ggéfgp&@mpgﬁ%ﬁccording to embodiments of the present 11

invention iS5 combined with a common-source circuit and a cascode circuit,
alWifd-band amplifier having input matching widened in bandwidth can

b%E%@P&%Q- %dgﬁ%@ﬂﬁl%‘@%fni{%qtirﬂ@leﬁqoﬂll\]eﬁ‘%&rdm%éoa constant transfer

embodiments of the present invention, since a constant transfer
charagpeirbictetistideanhbisttairied aveide whdedyadtwidthyslovidedamaplifier can be
consuamplifier can be constructed. [0042] In addition, according to

embodiments of the present invention, since group delay time is short, a

wifle48and amplifier using a voltage feedback amplifier can be

ngsﬁﬁfﬂﬁﬂ, &QQ&%M ?(9%&88&&19&9[@ gfgtﬂ% ngﬂq}ﬁ&ﬁgm%n%egﬁéﬂp delay

invention, since a parallel capacitor is provided between an output
time ifevininat andcOND, avehlitparasitc otpacifesBuds aaplebero theoutmatructed.
teringl, the parasitic capacitance can be absorbed as part of constants,
so that degradation of the frequency characteristic can be prevented.
[0l 4fiditi e d tfenTdisg oreling todmbidimerits: aftrenresemtioveniiss, byparallel

o PRI OIS AFATIOS CSERde S L e
addednhatbhipgtput 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 and a cascode circuit, it is possible o 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 circuit and a cascode circuit and a voltage feedback circuit, 1t 1s possible to
construct a high-gain wide-band amplifier widened in input impedance matching.

[0046]

12



[0045] In addition, according to embodiments of the present invention, by
combining with a common-source circuit and a cascode circuit and a
voltage feedback circuit, it is possible to construct a high-gain wide-band

ampiifieryidansd dn.inputimpsdance %ﬁ}%&@gﬂ@%ﬁ%ﬁ?ﬁ}&% t?x%pf%(ﬂtgwing far

of the present invention will become apparent from owing far more

more getalled desserpivoncdfanecsthbdighersnelofhersreseminvatioraktaken ¢onjunction
ith FRAIYRGHON, 4 &% ompanying drawings. [Best Mode for Carrying
wi P dReans

Out the Invention | An embodiment of the present invention will be
déBesb¥pdelonartas| Wvithhedfaianismlo the accompanying drawings.
[0?6@417?9- | shows the construction of a wide-band amplifier according to

one embodiment of the present invention. This wide-band amplifier is
scheraaficaliyenh oif ubtedisyeat dombinationibf bn denplified delice madigail with

. OSE ' istors or the like and a band-pass filter. [0049]
rcferelf\{/lI:MQ B %I&Jlﬂé%%@élgv%?ﬁgoﬁss

ore specifica d amplifier is constructed so that an LC
pab&H&ll resonant circuit which is made of a parallel coil Lp 103 and a

P I'Iql MI&% gﬂ?}S]an%t dofa A \Iif%ggz?x{l amp 16‘13‘10t Cc'ﬁ’%li“trvyg I(c):rrll I%l odiment
made of a series coll Ls 107/, a series capac?tl(l)lp S 106 3nd'a Fesi&or
of thq Ofresenprovicetibas dhiadviniphralielavithifie draischodtieBpucoaoiimted by a
t f lifier devi 50] In Fig. 1, reference ..
con S e e P e and
band-pefsréliee numeral 108 denotes an output terminal of the wide-band
Ero%f r, and the amplifier device 102 operates as a voltage-controlled
current'source. Specifically, a voltage VI at the input terminal 101 is
apytied spahégdlte dhthevaimplifidr deyiciet 02, endtibeted 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 Ls 107, a series capacitor Cs
106 and a resistor RL 105 are provided as a load in parallel with the drain and the source of a
current output type of amplifier device 102.

[0050]

In Fig. 1, 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 imput 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

I3



10

15

20

25

30

amplifier device outputs a current of gm times the gate voltage VI in the

direction indicated by an arrow 13 in Fig. 1. The voltage provided at the

output terminal 108 at this time is denoted by V2. [0051] The transfer

function H(s) of the wide-band amplifier 5 shown in Fig. 1 is expressed by

the, feltowing for ; m Far. Il Ls-Cs +s2 Lp Cs.

RL gm(-%Ns- Lp Q;Afmyél?jg) _s4 %pﬁ@%ﬁé’%ﬁéﬁr Lg%(?_po-u %:%‘JES% %{mi:%il 108

(Bp Cp+isterer Lp Espoe@HRIVA-[0053] 10 Fig. 2 shows a

pole-zerqg gap;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 figebahararhplifidr] the Butérwdrthicharacter isaadbptegl infier

cselsiite fialten the nassband (iox examnls, S @HZ 10 5 Ghiz) 12 1igs: 3

and 4 respectively show a transfer characteristic example arid a group

delay chafdtberistic of the wide-band amplifier shown in Fig. 1. Each of

the charagigrigfics.is ;normalized as gm x RL = 1 with a center frequency

of 4 GHz. [0054] 20 On the s-plane, poles are located at points where the
gozminator of the tra:{s?emungm%)ﬁ @SWIQJ,%QrQe&,%r,ﬁ located at

points wi eg_q_gh%pr]%gersatp[ Qf(:th%transferz function H(S) 1S 0. On the

s-plane shown iR Eig, 2°a 2Br6PisTocéd atdive Cehtsr 6F thPs Plans; GHdRL + !

two pole§C053]

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. 1In
thiswide~bandamplifier,theButterworthcharacterisadopted
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 g 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.
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25 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 30 se i@g ]oacitor Cs and the resistor RL. 14 [0055] A cross section
obtained on the‘imaginary axis when the band-pass filter has a transfer

charactedistic of scoateach obtheizetesand-adransier shamaGieRStiGREn the
+69,8{ each of SIthEﬁgles on the s-plane corresponds to the transfer

charactéristic. From this 1ad, HE BRArG& St 3Rk s fri the hasshadd each

isimpreverkby sheintezattiom sfeach phtheczerosdecatedkatitbe a+ each of
r%%ecéig éoscaotir?n oether_thfm the origin and the neighboring poles.
Specifically, a Mide-BEnd T GHAFa &R i SRLBAfing to Hie p pfer

ehiisotient iss compareblede aitransfer characteristis feferntolig. A tness
oPIt\amble é’\éhs na econd-order band-pass filter is provided as a load for
an ampliffer dewceg(réferlftolpﬁa.vf% 0561151 BiE Ehd@Bf ffecach of the

wide-paic anelifieraceerdiiplodbe vierasen embodinerl- QUM origin
tﬁg’&ing of %1§iamlglifier device. 102 serves as the output terminal 108 of
the amplifiet, so° that ths prEfEfFof gratipTelriheitoes rbidrchand

siinilana ¢ ¢hel case-where aditsi-order band-passstiliar isapplied.20@sa
I%%d forra%ﬁmptlzifier device (refer to Fig. 8) . This fact can also be
understood from a CornbaRSSH betheerfEigs T 4dnigf1irefer 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]

In the case of the wide—band amplifier according to the
present embodiment, theoutputterminal of the amplifierdevice
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
providedinparallel 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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[0057] In the case of the wide-band amplifier according to the 25 present
embodiment, as can be seen from Fig. 1, both of the parallel capacitor
104 and the series capacitor 106 are provided in parallel with the output
terminal. Specifically, a capacitance element exists between the output
teirgqi | of .the amplifier and %N , SO that even if a subsequent-stage 30
circui?) SnESTR Siverel S AGE Grodh AfD ERversyusnCY

such as a down-conve
cohretted ¢o the butpuyt tésming 108 oftbe-amplifier cibr L isrpossiBlertos 1 + i

p radation of the frequency characteristic by absorbing, as part
o?éﬁ%gﬁt%?ggrfs{?ﬁ% Ccgza%%)lci e QiR %o HE Bttt terminal. [0058] 5

Fig. 5 shdws$ a8donstruction example in which a common-gate cascode
amplifier %ppgiggl as a_current output amplifier device in the wide-band

amplifier gﬁ Wi in Fige T (0050 T PRE PR EERmm 10 RicdhReaBRS -gate
tivssourde ainbQ BfMOS-FE 21 se thataninpyt signal isappliedanp1 i fier
tkclferggoc éA cap%ﬂtor ZOé is con%fected between the gate of the MOS-FET

201 and GND S0 Tharthe JaTe o HERMOELEET PR chRnEdted tb-AC
ground. A B&sistpr 202 is connected between the gate of the MOS-FET

20l and l%ias terminal 203 so that a predetermined 15 gate voltage is

supplied to the MOS-FETF 3012 hd Sdurke SFoRMOseET R0 source of
confREteTED thEl draintifdhe MOSIEET 201559185 10 S9PSMEUGY & 6R3CAdS.

e A R e S e e R e ga e e os-rer
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
oftheMOS-FETzolandabiastermina1203sothatapredetermined
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
SO0 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 is
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 paralilel capacitor Cp which
constitute an LC parallel resonant circuit. Reference
numeralle?,106and105respectivelydenoteaseriesinductor
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
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20 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 a
bias terminal 303 so that a predetermined gate voltage is applied to the
gate. [0061] 25 Reference numerals 103 and 104 respectively denote a

p gorlpa d.a patallel capacitor. Cp which constitute an LC
]Sg%l%aejf L.L 5 ﬁP%rh af %} ?é-léjfb\i\;éfOG a}ﬁ%f_:ﬁl%ence numeral

paralle resonant circuit. Referernca

rédjfectivslytdencie acsetpaundlmm hs]a series capacitor Cs and a
resistor WE'&C{] constitute 30 an LCR series resonant circuit. These LC
parallel resonant circuit and LCR series resonant circuit are provided in

16paﬁMéEﬁEakhdmmﬂhé&mﬁmﬁ@thté~Bﬁﬁﬁﬁﬂ@aﬂ@ﬂ@@%dﬁ&éServes

ofes an.o utt minal. [0062] Since the MOS-FET 201 is
ggtge-ég?rlo?ﬁ} é%?thees{burce L(‘elrvesJu%e FXE Thpt®), e St imhBetiaicans the
dp@myd@w arfd the baindwisithof i pedases matching:6ar peswidenad.good
sgntgg ;Enna mat h|n can be obtained. In addition, since the

gate wi hé tastode: on%ae%fé%ldlwoé[%é?%btl% pelgste the gate

mdebéndendy oune gateawidih-Woahibe MQSHEET 201, Hieishawndd set
suitable for increasi ate width W of the

tructio the
géelgﬁ?cg 0100 % }Hg?l ACIN EEHH&WSQ g’%‘fﬁ@?c%galt SftReshown
presevitinvenition enakeslitpossibiedtenobtain ﬁ@%@@b&&@@k@@@&i@ Wadth

ide ndw [0063 . 6. shows a construction example in which
by cofr?%non géu%rcg%%s]é§§e &ﬁ%‘?‘ Wit SR e eBdbaEkig hermore, the

output circuit of the present 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
appliedasaacuirentoutputan@lifierdevicejjlthewidewband
amplifier shown in Fig. 1.

[CGOB4]

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 MGS-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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applied as a current output amplifier device in the wide-band amplifier
shown in Fig. 1. [0064] 20 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-FEJ i cied tq the drain of the MOS-FET 201 so as to
construct aﬁggﬁil?gfcé@zg [0065] Ef%%gc%%a%%l’@ﬁ?ﬁ&?n%@téﬁ of the
DéRVedr the Gate of ther MOSEEET2801 snchGND smthatrtheigate-af ther rent

M@&@E{}Z}ng%t%onggcgeodltcoaﬁ% ogéouré%.aTch]? gaégaof the MOS-FET 301

is connected to the bias termin o thard preddBrhfetts0 gaf ¢ 15
vehage s gsblied we thetdate:a[966} b7 A capaciarddd ds symestetos—FET

e rai e MOS-FET 301 and a resistor 402 so as to cut off
(t:ihﬁéé\ﬁét %Ertr%%tqgo%gﬁt h(E:-rpl)lact(rb?oaf \%%%%%Sgds’fc } TR r&Gidior gp e dback.

chhfettedlisstwe e tRe capacitor4@kand thavgate afitbeMOSEET %801 and
SOHAS §9;cQnstr feedback path for voltage feedback., The resistor 202

is connectedﬁiécj‘t%ggr% ?h(? ?g’sigt%rh: Z}(ﬁtanad %?e%ﬁ%‘é?é%ﬁﬁ%ﬁjz@é%% fhat&ase
prédétennineelydte voltageois-stippliedito, the MOS-FET 201. [0067] 10
Referenc rals 103 and 104 respectively denote a parallel inductor

Lp and a parall€l capacitor Cp which constitute an LC parallel resonant
circuit. REfefenceqrumerads 407, 108 andd0brespesively €98 denote a

%@gliﬂ%lid%dductor Lp and a parallel capacitor Cp which
constitute an LC parallel resonant circuit. Reference
numerals 107, 106 and 105 respectivelydencte a series inductor
Ls, a series capacitor Cs and a resistor RL which constitute
an LCR series resonant circuit. These LC paralliel resonant
circuit and LCR series resonant circuit are provided in
parallel asaloadfortheamplifier device. Reference numeral
108 denotes an output terminal.

[0068]

In this case, since the gate is an input, impedance
becomes high, but owing to the 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, sincetheMOS-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
bresent inventionmakes it possible to obtain constant voltage
gain over a wide bandwidth.

[0069]

18



10

15

20

25

30

Ls, a series capacitor Cs and a resistor RL which constitute 15 an LCR

series resonant circuit. These LC parallel resonant circuit and LCR series
resonant circuit are provided in parallel as a load for the amplifier device.
Reference numeral 108 denotes an output terminal. [0068] 20 In this

case, sin e gate is,an input, impedance hecomes high, but owing.to .
the v‘oltag(]%:-:'::)L &%%?ék Sg%m%(cjiorbsyttﬁgcgoln%%c(ﬁonab(‘é“’t%/\;:eeghgﬁ% CABEEHAFcation
49prRmdathe sesistond02, the imputéimpedancengdn bédewered taiwitdero the

the bandwidth, of jmpedance matching, thereby realizi ntenna ,
rr?ﬁrtching. In 25 ad%ogséﬁc?@%ﬁgstﬁﬁ %‘lsw égégcg ec-i&ﬁﬁﬁlck@&i, with
theeglsaven csoristruEtign is/suitable for decreasing the mirror capacitance
between q@j” and the gate of the MOS-FET 201 to increase the gain
thereof. Furthermore, the output circuit of the present invention makes it
possible fo ohitaimiesrstantwoltagea8A gainsgves aawide Handvédthe {69 wa
1§0Fniﬁ%lllyi£ e eanstr ction of a wireless communication apparatys in .

which the w%e-t%glna" lérln% ifier according 1o the* ﬁ?@&eeﬁ e ehffston by
apphedito ant NAawilh be desctribed methe isferende torkiguénz 08 dwidth,
V\iili?éegﬁ mmunigcation apparatus 10 performs UWB communication ,
which caﬁ?gsw&lﬁev%?e Sscsgcr%nrﬁr%ﬂ%%% IO BYPRRTYL Yot EXarmpie ot ded with
extrensalpmide: frequiercyebaricuyidtin t Bie: shownawice|less LomvpuRisation ter
api;)grg%jé 1Q.i 95%}’(':%%%"‘:{'”}10 a transmitting/receiving antenna 11 and

15, nto 1ss1
aban-pas§%ler a recepticn line and a transmission
line via a transmission/reception switch 13.

[00671]

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 contreller (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
amplificationcanbecwllectivelyeffectedexawidefrequency
bandwidth. In this case, since group delay time is short,
it is possible to construct a wide-band amplifier using an
ampiifier with voltage feedback. 1In 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 output terminal and GND, the parasitic

capacitance added to the output terminal can be absorbed as
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12, and is branched into a reception line and a transmission line via a
transmission/reception switch 13. [0071] The reception line is constructed
with a low noise 15 amplifier (LNA) 14 which amplifies the voltage of a
received signal, a down-converter 15 which down-converts the

vghtage-amplified.received signal by frequency canversign, an automatic
ggin controller (AGC) 1¥6', a%%n%géé-d%%%%g%%éﬁ& f?g a%*aeaaéu@%%?ency

EircUitl 18 whictpperforms r2G:digitaksigaatprocessingefiously) .
received Ejg@ay.ﬁ)O?Z] In this construction, if the wide-band amplifier

shown in Fig. 1'is used as the low noise amplifier 14, voltage
amplificafibntéen decutléctivély effected: insanividel faqueneyi2beonstructed

hapawidth 4 ln this ease, since group delay time js shart, it js possible to
cogg'z?,u%t 5 %%%n%%ﬁhpﬁ?ﬁe% Gsi igla an athphitidFwits vé#tagél fedtigaRkform
|A HeaRibR revssit dnoirchit st nstagecsulispaueny ia the-down-corverieirter
15acks: asp iti itance, since the, parallel capacitor is 30 ,
oo bt ThS BUTCE e AHA i D, (1R o AB0E e gaa L

Sed 16ty sutpat tePmindtbarpbeahserbed ase Ehpar @feensiants sSqnal
th tggg@gggi e frequency_characteristic can be prevented (as )
mgntiqned prg\go%fg%que[ﬁ%ﬁcé?o& the RS HandtRe trahEmidsidhn Ime 1 ich
corRirbiéteds Stwith paligital signahprasessing eireuit @1 avhisk pedforgnal .
signal processing of trangmit data, a digital-analog converter 22 which
conve rtsﬁhgéti?a%?sir:nﬁta at%gfﬁt”gﬁ'acnagﬁ 21 g& %}g nal,

(0074}

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 and advantages
of thepresent invention focuseson 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 abédve-mentioned
case. It goes without saying that the present invention can
belikewiserealizedeven if the wide-band amplifier accoxrding
tothepresent inventionisapplied totransmissioninwireless
communication or to voltage ainplification in uses other than
wireless communication.

[0076]

Inother words, the foregoing description of the present

invention has been given for illustrative purposes only, and
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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 transmit signal. [Industrial Applicability]
[0074] The present invention has been described above in detail with

referenceto e odiment, It.is obvious, 15 however, that those
skilled in thgzlﬁgt:a%gr%aglg&b?nodl iCatione And altSinationto thestrued in a

abbé radrifithethembobiment writhauf depanting feam the seppe of the to be

Present ivention. [QO75 bo descrlptlon of the construction and
advantages 20 of the prle%eeqrﬁﬁ )é onSfOCLPses oﬁz HEARPRRER el 2 ms -

wide- banBBa?ﬁplﬁléMssmameap:plled tovakageqgmplification during
reception l@;@g—y\jlreless communication apparatus, but the scope of the
present |nvent|on Is not limited to the above-mentioned case. It goes
without s&¥ikhg-thatlthe present invention can 25 be likewise realized even

if the widg;hand erAﬁ r accqrding to the present invention is applied to
transmlssfé%am w%frelessiggm%un%é onp'or 5§ fbTtag R MR skenal

dthr@mihda ) vifeke ssicEmimamitatior. i{ 60 26] %dﬁﬁﬂ@rg\/\t%dsmﬁ’]@mbodlment

faregping description of the present invention has been given for
|Ilustrat|ve%urposes orﬂv,eaﬂndl 90 the contents described herein are not to

be constill&idin & limitative way. The scope of the present invention is to

be undegstgo efined by the scope of the appended claims. [Brief
Descrlptlli)irl8ofd[2)?§v%mgs] ew s p)owux a pole~zero map in the s-plane

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

[Fig. 3}

Fig.3isaviewshowinga transfer characteristic exanmpls
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. 5 is a view showing a construction example in which
& common-gate cascode amplifier is applied as a current cutput
ampliifier 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—~band amplifier shown

in Fig. 1 is applied to an LNA.
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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. 3is a
view showing a transfer characteristic example 15 of the wide-band
amplifier Sowwn idFig. 1. [Fig. 4] Fig. 4 is a view showing a group delay

charactegistic gf{@e wide-band amplifier shown in Fig. 1. [Fig. 5] 20 Fig, 5
is a view showing a go{r%?r‘dc%ﬁ%&%ﬂ]gf@%ncv?/ﬂﬁﬁrggf:%%nén%cﬂwqga\é@n tonal
casenHe ahpiifierisceppieddsadurfard ouiput tanilified devicedmithimat ion
wide:hand amplifier shown in Fig. 1. [Fig. 6] Fig. 6 is a view showing a .
constructiog exarjhpe flgl)e\fvfﬁi%ﬁ g %éongﬁ%]ﬁﬁsoﬂlfg:é Ea?cao é)rﬁﬁ' ie?rllter
Wi ¥oltage feedback is applied as a current output amplifier device in

the Wide}bfaﬂt? plifier shown in Fig. 1. [Fig. 7] Fig. 7 is a view showing
the construction of a wireless 30 communication apparatus in which the

wide-badd amlifier showawirsBigy ing applectozanbNi 21 fFigh8]s-plane
of the wide-band amplifier 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-band amplifier constructedby a 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.

[Description of Reference Numerals]

10 -+ wireless communication apparatus

11 + antenna
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Fig. 8 is a view showing the construction (conventional 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 example of
the wideltfarid &fpftarashowhiih g, 8HB-) 11] Fig. 11 is a view showing
a group dslay. charagigristic; g, thewidsehand %’HEU{&%{ shown in Fig. 8. 15

[Fig. 12] Fig. 12 is a view showing the construction (conventional
example} bf & wWhed-bapdisengitiet E6astructédiby a combination of an

amplifier;devicesang, 2 s6¢0ndsorder band-pass filter (BPF). 20 [Fig. 13]
Fig. 13 is a view showing a pole-zero map in the s-plane of the wide-band

amplifiet$howrtittigat2 s 14) o tiod beviewZshowing a transfer
characteristic. 25.@xyple;ofithe wide:hand amplifigrshown in Fig. 12.

[Fig. 15] Fig. 15 is a view showing a group delay characteristic of the
wide-band antglifier sHaima in P22 SfpiesgriptiorcofiRefépsde Numerals]

30 10 .. yjreless COMYNICAUQR, 8PRAANNS ter (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 coil Ls
108 - output terminal
201, 301 .- MOS-FET
202, 402 - resistor
203, 303 -~ bias terminal
204, 302, 401 - capacitor

23



11 antenna 22 12 . band-pass filter (BPF) 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
CYesieor RL 106 series capacitor Cs 107 series coil Ls 108 output

terminal 204y, 301 MQSHET.20,202, 402, tesistor 203, 303: bias

terminal 204, 302 401 capacitor 23 Claims 1. An amplifier characterlzed
by corAprisifgL ahi&mphifieiidévice; a band-pass filter made of an LC

paﬁﬂkﬂrﬁﬁm&ﬂﬂass filter made ¢f an 1LC parallel rescnant
circuit and an LCR series resonant circuit provided in
parallel as a load for the amplifier device, and
wherein the band-pass filter does not have an R in a
parallel rescnant circuit provided in parallel with the LC
parallel resonant circuit and the LCR series resonant

circuilt as the load for the amplifier device.
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circuit and an LCR series resonant circuit provided in parallel as a load

for the amplifier device, and wherein the band-pass filter does not have an

R in a parallel resonant circuit provided in parallel with the LC parallel
resonant circuit and the LCR series resonant circuit as the load for the
amplifier device. 24 [Designation of Document] Abstract [Abstract] There

is providd@aswidedidrehamplifisrchawing:a flastarmplification characteristic
over a Wiszgt;‘get%eélg}/ bandwidth, 5 being prevented from degrading due

to parasitic capacitance, and being short in group delay time. The
wide-bardhamplitier inchvdebeal bandipasiiltedmane] of ant Gpaiallela flat
r -Glrcuit R series resonant_circyit and provided in )
R e e AR A A g h,
et hasa prusraliyhf polesiagwelliasyzémes propided dherebetwmees it ance,

tgﬁ&s-glggg? thereby ;qt]ﬁé% ing & characteristic flatness in a passband.

The output terminal o mplifier devite s&ives as an output terminal
for the aiipifidrdso tratcdizenpriobicna of groupdietay Hindogs:Bet DLTHE Amade

e R TS Do
preventiigpdebratitibhent the plreguichey abarattesistio 20 2mrrent 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 cutput 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
t@rminaloftheamplifierandGNDabsorbsparasiticcayacitance
as part of constants, thereby preventing degradation of the

frequency characteristic.
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