[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% t% %%;:/eltgﬁlsc gge?cﬂance, 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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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 ultra-high-speed

trapeission @ndrsuch methqd js e ted. to be put to practjcal use. Th
IEEE802. 15. 3 committee and the like have prese%l?ly prg)goggcfa WHta® %

trARSRPifethed %ﬁsé@%ﬂ%ﬁéek@i%&éztlﬂ@comaﬂfmngdﬁqmseamlas; as
cBAssess caneol mebogdar yliawileband compunication 10005 In

UWB communication, modulation metho s P8s5"aR
a@%&&%ﬁl%cémﬁw@ P38 hdthod, lurimgsRthtransmissiom ainc
irdarmation signal is multiplied by a random code sequence called PN
(Pseudo N0|se) code to directly spread (DS: Direct Spread) the occupied
bandwidtt &% dn a reception side, the received spread information

signal is ipiodiicer, o the jlorparion. 9i9nal by eng Iversel sPieRk,)

by being 25 multiplied by the PN co
p%%%}@-’f@?édlE@Ihiﬁhl%‘aé@ﬁfamm@wsfeeﬁ}eperfmmmm;iramsmsmﬂus ing

and @9@9@9{@1 ndW|dth of, f examp
3GHzt0 10 G qu[%%‘gg%f% 1gl\ctpclggilng 6 the gﬁ 6&]%0@ a3f r@CElVlng

FrHEGEECDiAsion Wivltglering) amethod cthe fraguencyof eachctarries isi zes

set 2 arri 0 onal W|th eve other carrier in a
symblilgatg?agtg%mé‘t%d %ﬁ%% tgalt?Ln er ot f%rmat%ln TGP Pieced s fgh

dreeechict trreabepetiveearierst: car;drmodlilamnus performed erES0? .

the amplityde and phase of each 5 of the carriers, and inverse FFT is
performed on the puraaslr? P s presentf&’ 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 carriér is set
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carriers to convert each of the carriers into a signal on the time axis with
orthogonality on the frequency axis being maintained, and the signal on
the time axis is transmitted. During reception, FFT is performed to convert
the signal on 10 the time axis into a signal on the frequency axis and the

regpegiive carngrs.ats subjected tq demodulation . corresponding to their .
modulation methods to reproduceg%%o%?gr?n%ﬂ% ?rlar?gr%%tbéd) gg e carrier
offgirtal BERBICSigal r8inker trapsmitiata ace trarsmifted in fhe stademdtion,
hsinadietglbuied:15 40,8 plually of carrers of different frequencies. the
bandwidth of each of the carriers is narrowed narrow ARG Becomes
ra5idtisito-Rréduenéy setettivenfading: 009 Aminwirelessacoinshurieaiibrach
esEiRmENt Auring reception ; 20 of wireless signals, it is general practic

to perform voltage amplificatllor?] §rjf feceived %%gr%??é%“?%%%rﬁﬂe? RO ural
dHOVELAERtIBARedUNYRNidebahdodo iuniaatioe yelthgecamplifinadibrois the

pey ~ igh f component by, a low noise amplifier (
e aie, 1 Qesiiot 58 Tt APl bns Sotdely Peing
peEFforiREria G wided fidtpienioyrizandwidth extending.ader 4 2-GHmrangeted.

3 Ehiz to. o GHZ which.s.used in UWB. [0008] Wide-band amplifiers
can t?ggengra? y co%\éqfru%fe&j by 304 gormL‘irC?aﬁon %?gﬁ%%pﬁ%é? Jevig L on
rrhfe 6f MO 8-HET S (Metak OxidmSEmicondhetor-Fejd&ffegt axis and the

0 Ao e
consteeiondf agvitle-tametiamplifie. ation methods to reproduce 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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5 constructed by a combination of an amplifier device and a first-order
band-pass filter (BPF) (refer to, for example, Non-Patent Document 2).
[0010] As shown, the wide-band amplifier is constructed so that 10 a
first-order band-pass filter made of an LC parallel resonant circuit made of

a el coi +8. parale] capacifor 104 and a resistor RL 105 is
p%gég gg %ﬁfga%i)qiﬁ tp?é%all% Ev%iih %?égd%ig%nlg he ggur%cleio 4n ARipiifigr £
dEgiEe PR dRstrited BateMO S FETsan bigolar transistors. 15 [0011]

In Fig. 8, {@fgﬁeﬂce numeral 101 denotes an input terminal of the

wide-band amplifier, and reference numeral 108 denotes an output

terminal dtitfie Widgbasdtdraptifiers tardcthe amplifier diesiceskitoprralesier
as sn\altagescontralled 20 current.source, Specifically, a.voltage Vl.at the

input terminal 10&93?5 applci)ed to ?}iwglg%{tleg thaenarfﬁ%“ﬁ%telr e%}:cegﬁﬁﬁ?gn&nd a
tHe Afptificegavibe putmas a dUrigre of gRPlimesrthesgateaolttge \kiBmple,

t}pﬁ,gu@%@h@dggggmgx@nﬁrrow in Fig. 8. The voltage provided at the
output terminal 108 25 at this time is denoted by V2. [0012] The transfer

function HE&) B the wide-band amplifier shown in Fig. 8 is expressed by

e loo O L ORI S L e
a first-order band-pass filter 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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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 zero is located at the

cqqégf 10 of the-splape Rindgtre number of poles that corresponds to the

order’of the band-pass filter appear on one side of the s-plane. [0015]

Figs. 10 &nd 48 rEdphedRlvelg show fkansfer 15 characteristic example

and a group delay characteristic of the wide-band amplifier shown in Fig.

8. Each df0hé4 tharacteristics is normalized as gm x RL = 1 with a center

frequency:qf 4 0SS SeGtjor ined on the, imaginary _axis when

the band%cgs's gtl_elazrh h%é%ra tﬁralrglg‘:iaér3 c%%%%té‘?%ﬁc el &H]eoosalz)t e7ers gnd

dharstslechaastansticict hecositowachrof the pdles dn thiss-planehe symbol

GOLLeS, the frapsfer _characteristic of the bgnd-pass filter. The

ba{%\d-é)géqsg El%gr I%n \%v%fc%'th%npcgrgé%tesry&%ﬁg] Ldf?a?npg%ﬂ%][?e%oﬁaﬁf’ le. On

dieif (pd 2tive $plbpe aranstereHaeattdriptic shewrhinf€gt 98 2B isesetnator

flagt I Hz to 5 GHz) is called a

g{%ﬁﬁ%ﬁ%ﬂ%ﬁ&ﬁfﬁéﬁ#ﬁ?&%ﬁ “¢harac éri&%;cll%ecaﬁleéaoaeﬁuﬁg?w%)r ﬁated

cHargeter L 0ds} ridolesen asscat alsodie séen from: Fitysr 10anck 1brind (s)
wide- amplifier constructed using the first-order band-pass filter

%g}% of %‘f%%% %ﬁ% G B n 1Gad 67 8‘grﬁﬁlif}%§’re center

dvicdahe-follewing problérhs arisgker 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
frequency 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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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 fact that the first-order band-pass filter
merely has the 10 number of poles that corresponds to the order, i.e., one

poles an gaasside [0AL3]; ()Ihe.amplifie/ hasa somparalively simple
construction as shown in Fig. 8; nevertheless the wide-band 15 amp ifiep TdeT
H3_TYGRE teldy fifner [Deds] mihidheodsiRicliomail el bardwidtnover reuit
wdich the flat | intained j widened, inductance. .

Lp of the coil 19683?8 m{ﬁqs%b%g?ggiergggée, cﬁ%ﬁ%%s’is’?agn%e%\?a ufeo Bo'RL BF ﬁ1belemS
ré@%i4fo¥ 105 must be decreased. However, if the inductance Lp is
increasedpginge theself -resonant frequency is low, the amplifier is not
suitable for operation at high frequencies. In addition, if the resistance

value RL &) débrrabEs Ihenmplitier decreasés ini gains 25 [6020] Fégpk2 k

sERwsthesonstructian of 3 wide: lifier. constructe a,
combination of an amplifier degicﬁﬂj%mgec%%%r%se? ban %%%%?ﬁ)tgrto be
(BPRY. 021 38eadaReia dtib widBHanamiplifier islcomstiestarkizo dhatt he
arseeond:grderhangspass filtes is provided as a load,in_ 6 paralle] with the

drain and the sourcelof the am%%%e%o (%e}?/iéj 102 c%rc:ls rGcted with ¥ E’las the
MEFREE PE diipsldrinsistors: St dedond:bederband-pass filters pole,

canstycted with an LC -
(00181}

{(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
inductance Lp is increased, since the self-resonant frequency
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



parallel resonant circuit made of the parallel coil Lp 103 5 and the parallel
capacitor Cp 104, an LC series resonant circuit made of a series coil Ls
107 and a series capacitor Cs 106, and the resistor RL 105. [0022] Fig.
12, reference numeral 101 denotes an input terminal 10 of the wide-band

\e;\}%n]!i ien, ﬁafg”’ 3rheff rence uan:geral 108 denotes an output terminal of the .
ide-band amplifier, ahd the "afifiet A F62 Ppbitedgsta fier device
vékage-controliet evrrent:somae- Spesifically; sovaltage: Vit the put  The

terminal 101 _is applied.to the gate of the amplifier device 102, and the 15
am%i i%?dldgl\ﬁ(gsg%u%&qg (?usfrsgn of G timEs BRRGEEATIRGe" Vi in e LC

divectidrl mbicatedhyrean atrewin Figakes The vakage psavided abthe 1p 103
0 erminal 108 at this time is denaoted by V2. [0023] 20 The transfer

; ﬁé@%@%@f&% @F&&S&%&%ﬁ]ﬁﬁﬁ% %8@&%%35%?@ SSqhesde bycuit
tva fisHowling fermilas [6024] formuta 2hEKS) seB2ebPe&bsaRLAR s 106,

S Cs+.s3.Lp.Cp.Cs-RL+s2 (Lp. Cp+Ls.Cs+Lp Cs) +s.

IC_:%H%?LH%% §§fdosza%ﬁ’1‘-i§‘.?131§r$ow$, a pole-zero map in the s-plane of the
wide-banf@i&raglifier shown in Fig. 12. In Fig. 13, the symbol "0" denotes a
zero, and.the st¥§1borle"%" denotes a pole. On the s-plane, poles are

located at paints Where T 7 FeROMator bf thetrpsfer fntne g rinal
10 Oy vhiteaviere-Isalndadec 2l 8 peint where e pumesaterel the tanst®inotes

RO ER 12 2 e O AT A2 S
plifier, 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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at the center of the s-plane, and two poles corresponding to 5 the order of
the band-pass filter appear on one side of the s-plane. In this wide-band
amplifier, the Butterworth character is adopted in order to flatten the
passband (for example, 3 GHz to 5 GHz). [0026) 10 Figs. 14 and 15

reapeskvelyshew, a transter epstic example and.a group. dela
characteristic of the wide-baar%%%%lliﬁeﬁ]s%%\}v%qn i%?l .%gacﬁgf‘(lnga Zeroe
charatsristied ighomnBipdettasemerLizl withareenter dfeduency oids fer

G d5:[9927] i the wide-ban lifier constructed using the .
second-order t}frj]d-lpass filter agrgég%ﬂ§gﬁh%x§%fﬁef ge%%’é?agsscaghocated
afso bB a6 & Edmisarsor shRigsa i ando I The characiefislitding to

flafness.indhe passhand.is improved. 20, but the following problems arise.
[0028) (1) The wide-b;%%ﬁgrnn%%ﬂéé%s %@?ﬁr‘f Fgr iz s %%gmi]ﬁg? $'SF the

der: & compareite Figdetmtds mopiuitable ,for nevaltage deedhack
apmpRlifigkeiscuit. JThig problgm 25 e nds on the fact that the series coll

Ls 107 and the seriesﬁpl%:apargtor gs%% :trg inys;leargtoe i g«i}?espﬁgtﬁ%%ﬂqhéf or
RASRAP P miral G thé amplifiBzdevice 102 and the output terminal 108 of

the amplifigp agg the resonance of this LC circuit becomes a main cause

of delay. (In the case of the amplifier shown 30 in Fig. 8, since the output

terminal 8fi@he-arhplifisrdieMicer dSpsehicsabithetomput terminat 48 of
the applifiet. 1he ;8 pé%%'ﬁ{ﬁ af groy pad%%g%e“?ig? é?”?:%‘ r[ggg g]r istic 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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(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
output terminal 108 of the amplifier, the circuit acts as parasitic
capacitance for the amplifier, but since a capacitance element does not

existhetyeent r%LE}BUEtgi ina o%f Sthe aEanifier and GND, the parasitic

capacitance added to the output terminal cannot be absorbed as part of
constantsl A92&dd the frequency characteristic degrades. [0030] In the

example shownyin Fg. 12, sl the amplifier_is constructed so, that the
series capagitor Cs 106 ansc? ;ﬁger?éaraasié)&:l %gﬁgé}%%%es‘%g%%ﬁﬂer&@&% (such
Sefied, s niffieniv 4 5tte eliminai€the infine A of patasitie eapasitepsae cted

Qn,the, other hand, in.the example shown in Fig. 8, the parallel capacitor
Cp and the pfggr‘zgitic capac%%n@a?egcgéﬁeam in fﬁéarlérleﬁh%tgéa St tfedcts
cdRstrdctivhiihiwhich tae tapacitor fis conhhectenil seties withithes ince a

Rakasitic ¢ it o.that 20 it is possible to easily eliminate the .
problem ofg glg%gg%%é%ﬁ)%g%a%%g %5 gg&%gs?l)negtfh%e b pAGiIfARCE Yt fifgrminal
pafalidlecapaéitdriCp ¥04d [0081] {NengRatest Documanid] 25enadded to

' iyashi Kamiya, ;' Theory and Design of Filter", (Akiba
) TN aa ator DAdimant of GUerc oRgaec | Constants
"Michoawe fhransistorAmplifiers tAmalysis and Rasignd's (op. 170-172,
Prentice Hall; 1984) 30 [Disclosure of the Invention] [Problems that the
Invention'is to solve] 9 [0032]

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 1]

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]



Embodiments of the present invention provide a superior amplifier and

communication apparatus both of which can be used in UWB

communication and can collectively perform amplification in a wide

frﬁg}gg@cy bandwidth. [0033] Embodiments of the present invention

provide a superior amplifier and communication apparatus having a flat

aFiphREAISALEhAfactBeistiiesvel a WigBHrequErRdatdwidrsTiBeinguplifier and
commRERVENIR BRI ARIRAING Ui PRIASHIC GaRpGiiaNeeRABARGINESNBH Hhd can

group delay time. [Means for Solving the Problems] In a first aspect of the
collecfixnisHote AR heiaB dnah e hiffar eprir hetedivsibby  comprising: an

amaplifier device; 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

afphfidinaavite tAndhvhereianthelibasidipassiteidods rforheve apRlifier and
commPAIBIhIESORANLCHENRY OV R AR VI B SRR 18800 kquency

circuit and LCR series resonant circuit as the load for the amplifier .
bandwidilicbe{npdsivanmd sse diarndivided torptesititaginasiiande. whéhahig short in
group%p&{}-a@&s_ filter has a transfer characteristic of - oc at each of the zeros

and a transfer characteristic of + ac at each of the poles on the s-plane

chiMespoidsSed ting thandfeblentdacteristic. From this fact, in accordance

Wi IhaideAend AP IR ARGR NG RIERAL NGO, Wharacierized by

characteristic flatness in the passband is improved by the interaction ofe
compyisioh: intvenpbiiey [dednsd athial rpapettive niedationsnotiie perakiclhe origin circuit

and m‘?'ﬂ%fbﬁeﬁ%%@gﬁm &%ﬁrﬁ%%%%& %%g%ﬂéq%gbﬁ %d%?rtagt%ﬁtlﬁer device, and

according to the present e iment fs comparable to a characteristic
whercflatihesbabizismabliéewHees anse dond-andBr ibandpalsifittspisgrovidat wovided in

parall%lsv%dt@%gef?f. na%'ﬁ&“ﬁeesg)ggr\x/ﬁi S 1%9103% éﬂetrﬂéﬁos%§1tﬁr:gcf‘ggor}i t?ecir uit as the load
anda-pass filtér serving as a oaé: OI’%’PIG current output amp?ll ier device Is

for theracigibeaddv@parallel resonant circuit and an LCR series resonant circuit
pr@yﬁjﬁd in parallel with the amplifier device. [0037]

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



The band-pass filter in this case does not have a capacitor provided in
series with the output terminal of the amplifier, so that the problem of
group delay does not arise, as in the case where a first-order band-pass

as a IJQEFfoi;Sa?lpaHﬂﬁﬂch? ge\qad for the amplifier device. [0038] In addition, in this

case, the amplifier has a circuit construction in which an inductance and a
cap@ditbr are not provided in series between the output terminal of the

arﬂpkﬂgr gﬁ%@ﬁﬁcﬁ%ﬂ t'ﬂ&%ﬂ&?&s’mﬁi?&%éﬁﬁ “féefoéic?ﬁ H@lguﬁent output

capacitance element exists between the outpuf termina e amplitier

amplifiadeNes, i§aneds evenliCapsudédqesmanitageudireudts béiRaseres resonant circuit
pmm(ge@/y H@f‘i%hatﬂe%% Iﬁﬁe?'&é% .converter) is connected to the output

terminal of the ampllfler It IS possi Ie to prevent degradation of the
frééfiietcy characteristic by absorbing, as part of constants, parasitic

C%Cmcﬁﬁg%g}?nt%soﬁgéjho@ WILl\[Q &ké&%@%}&ﬁdy t[hes rles dwii'h the

amplifier according to embodlments the present inverition Is com ine
outpuiviehaidmhiba-gardiGircuie Ak dheauobbencirtyivep wideybdmd anpiifier as in the

case vﬂ%‘ﬂé‘g AR i’i‘{%@ Wdehgddn I_Fgﬂtﬂ%"%éjéhl aﬁi"f&%ﬁ%%#ﬁﬁﬁ@%o

Otherwise, If the amplifier according to embodiments o present
inM8EEaN i |s combined with a common-source circuit and a cascode circuit,

aﬂ\{'da‘?f F%ll ler avi ﬂé”% t|on héi%% A ]c?{b%%'%c?r?s?d‘é"t'%%‘ 8 "Which an

_ be rea |ze antage of e Inv ccording to
1ndUCQMmM@®pﬁm preseat imeendioh psisogea bonstantitransfgmt terminal of the

amph?té?cr%%%nsﬂl%gﬁgo%? up@meg?g 833‘? ngagﬁrr]d)%%g}dzaﬁjg tea Qe?pa%ltance element

ifier can be constructed tion, accor
ex1st5dmbmhmér¢t$)mpméqmmhbmﬂmamp isimcangréipltelayhiimeds shersphsequent-

stage cndc,uip suo mplif rlengn Q¥ Ita e §x ack ampfgfler Caefrter ﬁ connected to the
constru na dlthﬂ accor INg 10 em odlmen S of the present

0u’€puthrmuai sxﬁcthmqminhlﬂ‘@k_ it is possible to prevent degradation of the frequency
characteristic by absorbing, as part of constants, parasitic capacitance added to the output
terminal.

f0039]

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



capacitor is provided between an output terminal and GND, even if
parasitic capacitance is added to the output terminal, the parasitic
capacitance can be absorbed as part of constants, so that degradation of

invenfidf TEQUENEN LN ATRCIE IHAHBR-BRREVEUSY- AP 4R AR, a wide-band

according to embodiments of the present invention, by combining with a
ampliggrhsdncgamrciralshiigdradeasdcadaibuidth repbssiézas construct a

hi '%’lﬁg@igﬁfﬂ@m&m&ﬁer widened in input impedance matching.

[0045] In addition, according to embodiments of the present invention, by

cdfihing with a common-source circuit and a cascode circuit and a

V%%?dfﬁgd?@céﬁr&ﬂlﬁe'ﬁ@ B‘?Sﬁi@lep}gséiﬁn%r\%%ﬁ)@'ggl?&@'rbw&gﬁ'spﬂﬂdtransfer

amplifier widened in input impedance matching. [0046] 12 Other aspects
charageaisé pregerhanobiadiend wif e somalapprnénidibmatheifstbavic gatapliierecan be
constdelailed description of an embodiment of the present invention, taken in

conjunction with the accompanying drawings. [Best Mode for Carrying

OO Invention] [0047] An embodiment of the present invention will be

Ecéﬁ%ﬁﬁo*ﬁe'%&h%%‘%ﬂ ‘@%o@fﬁéﬁ&%ft% %l%g&qmge’&}ﬁ%g,dﬁl\%nggl%% delay

d
[O§048] Fig. 1 shows the construction of a wide-band amplifier accordi
time iphoshboiindandofmind iressntinvetign fRhibagideviplifidramp ifigoisstructed.
S(ﬂj@&r} tically constructed by a combination of an amplifier device made
of MOSFETS, bipolar transistors or the like and a band-pass filter. [0049]
Mireadpigisificalbyorimgitie drabetlameplificrtisbonstttednsention.asita@ a parallel
; jrcui ich ] f | coil Lp 103 and . :
e L P, R ERRS, SO R it i
addedrhatie obipseresiceil Us: 10Hsdisarpscapaciton Gs abg8 mddia rasisfaoRitants, so

o ARSI TN0 e B b apd e souce of e

[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



[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

amgplaeg&&omﬂéegrsw%ﬁe%%@9%@8@!@ x%l»&meég 6%5 tgagépmg far

input terminal 101 is applied to the gate of the am

more iaded pﬂ#r@rl@éme)ﬁatpm@acbmehpﬁﬁmm tiney qditeny ddlegye iV Iconjunction

ith tﬁéeagér&ﬁ QR A igated, hy an arrow 13 in Fig. 1. The voltage provided at
. the outpl?t termgi’nal 108&; this time is denoted by V2. [0051] The transfer

fubgtioiviads) fof (hewide Bandamptifiéens shown in Fig. 1 is expressed by

th ()fé’Jf ing formula: [0052] [Formula 3]//'s3 Lp Ls-Cs+s2 Lp Cs.

RL gm+s-Lp g4 Ids) _s4 Lp LsmCp Cs+s3Lp-Cp Cs.RL +s2
(LHnCpabpdinat- of @s pressnCsnRutidn [@GH3pa tlFigriBeshbelsva in detail with

mfereggéqozﬁ{g ygngﬁn% B%g,(-; f the wide-band amplifier shown in Fig. 1.

In Fig. 2, the s es a zero, and the symbol "x" denotes a
pdil@‘ﬂ&] this wide-band amplifier, the Butterworth character is adopted in

EOS l%%n[ﬁgss ?RB% g gfor eX% Ie 381%}% I%CI)‘ gcg; &[ﬁjjfo ong Gll:'?bOdln’l@Ht

and™4 respectively Show a transfer charact example a
of thelefagsehtarantenistic of bire wide-tradd aatpbﬁ@ershemnmﬁctgﬂi Eaxsltrmfted by a

com T SR 51 8 S S LR R T e
band-pessdittierator of the transfer function H(s) is 0, while zeroes

[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 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
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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 25 corresponding to the order of the band-pass
filter appear on one side of the s-plane. Furthermore, in the present
embediment, zetges rovi t$ two paoles at  locations
other th?j;n ?ﬁe origin c?‘v%%ét)g{%%g#g{/{%% 0 %h&%ﬁuééwe% rgees%rﬁ%lﬁ? 1108
crEuitridde dfthelserideneiias, e 3¢ series capacitor Cs and the
resistor Rlg44{0055] A cross section obtained on the imaginary axis
when the band-pass filter has a transfer characteristic of -co at each of
the zerod BRderaasdfer churstdnstidiofsicedt ehehwof & Hiepalesm thei e r
Ssblgng correspgnds q thetransfec charagterigtic from this fact the
characteristic flatness in the passband is mprovedoby the'interacion‘of*
each of th802&rbs located at the respective locations other than the origin
and the neighboring pgles. Specifically, a wide-band 10 characteristic
according to the present embodiment is comparable to a transfer

%rgcteristic (refer tokd). Mlsobgajrﬁblg}v@gemg gﬁgogl_q_-@rgﬁ)r
band-gas pf| ter is .QESX'QB‘{??éa load for an amplifier device (refer 1o Fig-

12) [0056]" 15 in'the cade of the widebard dhRpfiRer Selsrthty &9 the- Cs-RL+1

present éRbodiment, the output terminal of the amplifier device 102

serves agithe outpytlermin gﬁ% of the amplifier, sq .that the problem. of
group dela;? time does not occur, similar to the églsgcv%ﬁel% RHfftoradr the
Hartphsgiterlapplied 201awn lbad Fagan amplifier Kigyice (referdosigbo

8)...This_f an also be understood from a comparison between Figs.
% @éné%@g a Zerao, ang t%e sygbol “£L 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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4 and 11. [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 outpu%%rggigal of the amplifier and GND, so that even if a
subsequent-stage 30 circuit (such as a down-converter, an AGC or an A/D
converter) ds-osmneeteditorthecadputdtarainahto8md ihe amplifier dtulaiSthe

ible to_prevent degradation of the frequency characteristic by
a %gr ier)ﬁ)gtya,Sa%s%r)%le'}rtlcc():‘\fTC c%'ﬁsstfn?s]f%%f:ﬁ?& DPEEFLcEE §8dEd5 theDbtpuach

teriniat: [0068% BuRkih 5 shewsa:eonstruciion exasle iBwhich ast each of

C n-gate cascpde amplifier is applied as a current output amplifier
d%%;%ﬁ%% wide- %{reldsaﬁg%ﬁ‘fé? showh P RS [dbdiThé s fer

teimainak1@l issconnected do the isoree of 0@ MQSFEE 204 spihataness

input signal is lied thereto. A capacitor 204 is connected between the
e ST AT DO HRA 0 Sb T (hE (I8 OF HEPMGSSPED 51 the

is eomselbtenh te AEtgraentk fpkesister 2023 dseannectad,petwegn thedste gin
og‘nglgie %S-FI%T %8' and a bias terminal 203 so that a predetermined 15

gate voltage is SUpphiedts the MiSs-FEP281 FEr& Sblircefol AdtOamET

301zis ponaedtedito the dsainiof dhe MOSEET-20L 50 as:i0,6qnsinict as
cagcodc‘eﬁ%guit. [0060] A capacitor 302 is connected between the gate of
the 26 FET F017878 SONR&ARE Gals b the OIS FEO3EL & 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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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
parallel inductor Lp and a parallel capacitor. Cp which constitute an LC

parallel resgnant circuit. Reference numerals 107, 106 and 105
res???ellg'El}\?eslig3 dfl hote att Lj%?&r pEat LeRe O Lafdiof Tasgy

enote arSeree id
resistor Rtawhichiconstitaites 3@ N R ies-Hesanank circyte Theseddls i 1o
pgg?lg!:rqisé)ﬂlggt ac%ré:fgg atnd L%R series resonant circuit are provided in

16 Parallel as a load for the ampfiiet Hevite. RefdieRed numeral 108

denotes dr¥BGfput terminal. [0062] Since the MOS-FET 201 is

gate-grOL%n:{jed tq(ahc)source seryes 5 as an input), the input impedance is
originally 10w and the' éan%ovﬂ&tﬁrdf%ﬁ@&eﬁfé@r‘fﬁgﬁﬁi‘ﬁﬁf&ﬁ}b@WH@}%U‘,gate

sodbargbocrariterfia matshingicande abtained; o agdition: sincedhg1 s fier
93 qny\(/:idthiw Q thewca nge-{cr:%gnnected MOS-FET 301 can be set
independeitly 6f the' gate widtPWABRhe MES-BEPP011 thd'dhowrt 10
constructidiégample is suitable for increasing the gate width W of the
MOS-FET,201 to ohtajn high gain. Furthermore, the output circuit of the

present invention hakes sk bid tt obtaifi YomeHrt Yoltagé yrirreveiae of

vedeanidiid e 109634 HkE-Figh 6 shaves aiconstruciopgxampledphich, .
common-soyrce cascode amplifier with voltage feedback is applied as

a
a current outpt AmphficPERREE RS HtE Bankh anthifier Showhen M - FET
1200064]d 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 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. 25

[ The,capacitor is connected hetween the gate of the MOS-FET
%O‘i%%f KD s%cjtﬁft%géoéa{%é%ia%‘iﬁlgﬁ?@?%bﬁs cietiEd t6 Remeral
gtéindi et gatesof theM@S-REFRQT IS, connected to the bias terminal

303 soth P determined 30 gate voltage is applied to the gate. [0066]
17 A capacitor 401 is connected between the drain of the MOS-FET 301

and a resistor 4@ sias tarEQt DIl diregt-clurent alaneg therpatk of velkagerves
f%%dl%%clg. Thuecresigrs,t r 402 is_connected between the capacitor 401 and
the gate o MOSTFET BB 4528 16 R6Rsthscts fébdbatkpatRfopnd the

vioitage feidbadk.1fihe desistom202-is tognesiethbefwaen thg resisterA03cod
he bias terminal 203 so that a predetermined gate voltage is

2%‘%5 .é"él?o‘%ﬁei%%%aﬁ‘z%iﬂ%%é%i RefbReAad HohBralS TeR%aRhe gate

1oadespdctively Henate sc pasaltebinductord pvul-aparalle] capacitor G«

vgol-ll)l] h corp&tainfg;n %%gl)arallel resonant circuit. Reference numerals

107, 106 and 105 redpectivan delottd bhds et FETaillied e shown

capasitanuCs and axesistos RE wichxeanstityte k- LEM sai@S gate width

resgnan gr% ;I@bg,?e%Lo parallel resonant circuit and LCR series

resonanbcwcw%are provided h PArAIER R Balddrthe SHINE BGEe. the
Referericenimetal d08 tenptes QUM EIMIRA]. 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 ocutput amplifier device in the wide~band
amplifier shown in Fig. 1.

[GO64]

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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[0068] 20 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 impedance matching, thereby

realizing ﬁng%!mg ind. In 25 addition, since the MOS-FET 301 is
cascode-connecte%]%?g g%%wlhs CORSHiCHioR s %ﬁ t451E ok YB creasify e the
rifittor E&Padiidnsa chatweenthe drafiband the gateafther MOS-EET 20k rent

tq ingreass, dhe gaj reof, Furthermore, the outpyt circuit of the ,
preser%ﬁnve%t%%érr}?atlge%(i%t’%%)ggi%‘lae trgga SDIRn Chhst MSoftgeSs8gatf2 is
dveraswde bandwictn {00650k 18 Eirally, 406 congtetclion ©f a Wirales®s—FET

commupicatiqn, aRpAL in which the wide-band amplifier according to
the present embodlmgr%j]?sc%paplg%et(ggaan %\IR% é%eageg(?&lg@@ﬁ/ifﬂeedba(:k'
réfttedics iskigr 728400 E0Awiretessicaramuainationappasatisskd 402 and

pesforms UWB, nication which carries out wireless communication
by using. for exlg%r?nprg,"‘ﬂ ar%céz%drse%e §&\3vtfd§fr%ﬁﬁ SPBERARRILE A Fhevoltage

shdwplapPpéless comntilisicHition Bpparans. 10 is provided with 10 a
transmittif\@gggtfiving antenna 11 and a band-pass filter 12, and is

branched into a’reception line and a transmission line via a
transmisSiefiseceptiomswitetz 138. [00F 1 rkheleeeptiendne isye0pstiusiede a

i oise, 15 amplifier (LNA) 14 which amplifies the voltage of a
S LRt 1o R HoneeBR T S he D, vicn

received signal, a down-conver
vosttage-dmplifieairetived:signial by-ftegueasy: Cenversion, Reference

numeralle?,106and105respectivelydenoteaseriesinductor
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
impedahce matching, thereby realizing antenna matching. In
addition,sincetheMOS—FETBOiiscascode~connected,theshown
constructionissuitablefordecr@asingthemirrorcapacitance
between the drain and the gate of the MOS-FET 201 to increase
the gain thereof. Furthermore, the output circuit of the

presentinventionn@kesitpossibbatoobtainconstantvoltage
gain over a wide bandwidth.

[0069]
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an automatic gain controller (AGC) 16, an analog-digital converter 17,
and a signal processing circuit 18 which performs 20 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

amplificaty e collectively, effected in a wide frequency 25 , ‘
bandwidt%g?ﬁgt%%?éaggl,esiﬁgg %IJF&F 5 de1sy tff’n\f\é i Eﬁé%, ?ts’lé/ podgBE tFation
ceRstrutt wider bahd @mplifemisieg baramplifieriitke voliage ferdhadke the
I ition, if.a_circuit at a stage subsequent to.the downp-converter
B et s B e o A CAp A E S0P =d wi
pradidettbetvean thecoutput terminal and GND, the parasitic capacitance
added to t?% %t}out terminal can be absorbed as 19 part of constants, so

that degradation of the frequency characteristic can be prevented (as

mentioned previolslyy. fGOF8]:Ar-the otherdrand; the trapsmissiaslings isuws
capstrcte ith a digital signal.processing circujt 21 which perform |
signal %%Ec%%%%%bofv%ra%%%i ggt%f’%%ig?‘fé’f—a%&lﬁﬁ %%%%F“&?%\ivﬁ%}amn by
converts theotransmitdata into axanaiog Signal,dan fipsepmverter2ahdwidth,

vxil}jj%hslfpd%%n‘y%rrts_ Q% analog transmit.signal by frequency conversion, = |
and a power amplifier fP%Snﬁ%luvr\}ﬁf(::%]ﬁboghﬁﬁ)lﬁgsrﬁ'ute Sotvet Dithgvided with
Up-toresteditttansniit sigaal i hndustrialirApplicabiing [Q0B4hdheuesent cer
iri\é%nt'qjl’]dhgg een %%Sé:éib.e above in detai] with reference to a specific
emBodiment. It 0bvious, Tb RoeVar, thatthlse sRMeH the &t eaftssion
rdkeemotiiicatioms rend altdroatiers-topthe ahove-mentioned embodiment
without [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
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

19



16

15

20

26

30

departing from the scope of the present invention. [0075] The above
description of the construction and advantages 20 of the present
invention focuses on the case where the wide-band amplifier is mainly
applied to voltage amplification during reception by a wireless

comwnuRieation apparatus, but the scope of the presentinvention is not
limited to the above-mention%d Egie. £ 86‘5‘551%&%8& 3\ intgj;ﬁa‘la fifetuency
présent diventiohicarr2s bedikendse reatided evendhtheoside-bartriously) .
amplifier ?ggqrﬂ'ng to the present invention is applied to transmission in
wireless communication or to voltage amplification in uses other than

wireless edntimaricadtion H8076] t3¢: I otrermicrds othel fotegbingonst ructed

desegiptio re invention has been gjven for illustrative
purposgs rgr%%qfr?g 2%%%21?%m%ﬁ?sc &cribdd lerrgi‘ﬁjaffe% t{gipeh perform

corsraddrradimiatve ivayatise stopetaf theqirgsentinventionistaberter
st S JSE PG Sl oot ane DNl o
éﬁ%§ﬁmﬁﬁﬁﬂ%@hﬂaﬁ@w@ﬁehmppb¢nﬁaMﬂkﬁh@ﬂdﬁﬂp@@&i@ﬁgﬁ&ﬂ@l@hal
G PO rSrt e R HU sehiang BP B Wb Siol dhbutf
iATng. 1L {RRy. BhFigGisa viéwtshowing adtanster chatacierdsiicexarmplel .
15 of the widg:band ampjifier, shown in Fig, 1.

(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]

Theabovedescriptionoftheconstructionandadvantages
ofthepresentinventionfocusesonthecasewherethewidehband
amplifier is mainly applied to voltage amplification during
receptionbya&wirelesscommunicationapparatus,butthescope
ofthepresentinventrmuisnot1imited1x>theabOve—mentioned
case. It goes without saying that the present invention can
belikewiserealizedevenifthewide~bandamp1ifieraccording
tothepresent inventionisapplied totransmissioninwireless
communication or to voltage amplification.in uses other than

wireless communication.

[0076]

Inotherwords,theforegoingdescriptionofthepresent

invention has been given for illustrative purposes only, and

20



10

15

20

25

30

[Fig. 4] Fig. 4 is a view showing a group delay characteristic of the
wide-band amplifier shown in Fig. 1. [Fig. 5] 20 Fig. 5 is 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

shawn [Fig-BL.Ei i$. a view showing a construction example
in w%llc%&g%%gl]ggmc}r%or?; s%l%r%% Sla%%%&e amp?lflgq%ntﬁ%&ﬁ%g‘é%éaﬁéﬂa@sln a

applidd as aveurent- outpue araplifierateviceinstheswide-band ramplifiers to be
sh i sa v ew showing the construction ofa
gwgﬂg@)%dl dShd i bk d 5 us iR WHich ﬁ?e Fltfe-BRR& AGsifet aims -

wireless 30 communication ap

shown inl Pigtdafs @@ph@dmanmm 21r{figi B} Fig. 8 is a view showing

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

constructed by & combination of an amplifier device and a first-order
band-pasdtiter 3 IBPF). [Fig. 9) Fig. 9 is a view showing a pole-zero map

in the s- ng inge W{dle -ba d amp I|f|% shown in Fig. 8, [Fig. 10] 10 Fig.

10 is a view showmg a transfser CHARL teNSHE CREIE o the FiOBUSIH onal

apiipiifiet showndnRigeBHFigl abbEigF12 isacdewshewing aigsasmdriahent
qggrqq;grif)tjtce géglce vi/}g‘(;e%%nd ampllfler shown in Fig. 8.

[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.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. 5 is a view showing a construction example in which
acommonmgatecascodeamplifierjj;appliedaseacurrentoutput
ampliifier device in the wide~band amplifier shown in Fig. 1.

[Fig. 6]

Fig. 6iseaviewshowingEaconstructionexample:U}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

communicationapparatusinwhichth@widewbandamplifiershown

in Fig. 1 is applied to an LNA.

21



10

15

20

25

30

15 [Fig. 12] Fig. 12 is a view showing the construction (conventional
example) of a wide-band amplifier constructed by a combination of an
amplifier device and a second-order 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
amplifier shown in Fig. 12. [Fig. 14) Fig. 14 is a view showing a transfer
charactefiEtig 25dxample of the wide-band amplifier shown in Fig. 12,

[Fig. 15] Fig, 1 i.saé/ig shawing.a gr delay characteristic of the .
wide-band %Jr'n g Iif? er shovi\veanwi n \ﬁ?g‘gjlrég [%%%c?i%ﬂygrgl or %%%é)r% n(c%oﬂﬁ%ré%@fal
3xieoplwiraldss wonenuricatismappaisus-disantenna?Bya combination

-pass filter F) 13 transmission/reception switch. 14 . low noise,
T N L o e e e
1B R’inalog-digital converter (ADC) 18, 21 . signal processing circuit (DSP)
22 digitglzar .Iogﬁonverter (DAC) 23 up-converter 10 24 power amplifier
(PA) 101 inputterminal 102 amplifier device 103 parallel coil Lp

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)

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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104 parallel capacitor Cp 15 105 resistor RL 106 series capacitor Cs
107 series coil Ls 108 output terminal 201, 301 MOS-FET 20 202, 402 .
resistor 203, 303 bias terminal 204, 302, 401 capacitor 23 Claims 1. An
amplifier characterized by comprising: an amplifier device; a band-pass
filter made of an LC parallel resonant circuit and an LCR series resonant
circuit providedhinshrane astd foaifol BRFAmplifier device, and wherein

the bandrpass filtes,dogs not 5‘1@)’?@&3‘%@1 arpargllel resonant circuit

provided in parallel with the LC parallel resonant circuit and the LCR
series resbnantl BifciiPAS theloRd F6i g arhpifier device. 24

[Designation.of Rogument],Abstract [Abstract] There is provided a
wide-band amplifier having a flat amplification characteristic over a wide

frequendyPbandindemas beingapreverstat frohl degrediisy due to parasitic
capacitaize,.. agg beig shoyt ingroup delay time 8-{58 yvide-band

amplifier includes a band-pass filtermade of an LC parallel resonant
circuit and andlCR séfe@rdsopBaRE el and providéd iDp&mallel as a

load for aocurregt guipst 19 ampiifier dgvice The bpd-pass filter has a
thaMyég - 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



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 15 does not occur. A capacitance element

between the output terminal of the amplifier and GNDabsorbs parasitic

capacitance as part of constants, thereby preventing degradation of the
CHregiency characteristic. 20 25

1. An amplifier characterized by comprising:

an amplifier devics;

a band-pass filter made of an LC 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 devic





