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AVPLI FI ER AND COVMUNI CATI ON APPARATUS [ Techni cal
Field] 5 (0001] The present invention relates to an
anplifier and a communication apparatus which are
used for transm ssion and reception during wreless
conmuni cation, and particularly to an anplifier and a
comruni cati on apparatus which are applied 10 to, for
exanpl e, UB %ﬁ«lwﬁ ANBREOMEOANICATION ARPARATUS
performvol tage anplification of a. high frequency
conponent of a received signal. [0002] More

speci figall t he_ pr nt invention relates to an 15
anpl i ft']g?d&%jdc%fc%mfcati on appar at us whi ch

col | ectooy®ly performanplification in a w de frequency

. bandw dth used in UWB comunication, and particularly

to a Whie-peesentplivértiomnk atoesmmi matamplifier and a
ng{ us, having a fl at ﬁnp\g}‘ni fication characteristic '
over T Ui et HYRAGPIRRS YREDF LEABFEAEESON and -
Fesp iRt adrlagikerd fo $2 CRRILNhS cGR %?1' tang %ﬁ&%}?:tl.l]larly to

bei ng short in group delay tine. . aékgro

JoepRllificsl @8d 4 ANBmunécrtienvappppatestwinictaare applied
stemrs whic 2 | pase users fromthe LAN wirjng

tf&éqlﬁ%rre_c? ﬁ%&?’egjﬁt%a" Aéjcs,‘?h‘f’d'f@g IR Ao and

PeAlforntivogeadlenBipl 2EL ct {64 SRR RIghaPre ﬁeﬂﬁyté&fgféﬂbnt

wor k spaces such as offices, comunicatio termnals

ofuéh reseiateshradlgrednput ers (PCs) can be conparativel y

easi Ig[ %\éjd,. In recent years, as wireless LAN systens
have 8 i'ncreased in speed aid decreased in price,

denmangioirer spbeeke6811¢:ANKY presBnbaveveRPPoKa Mates to an

increased. In recent years, 1 consideration is
appldifdgrappg gi cenmunléation|apparaths weichnalbeaaively

p@%tf%kﬁmé%ﬁkaﬁoﬁr 91? ra tw%d%o%itefq%%tnc% bandwidth used in
UWB communication, and particularly to a wide-band amplifier
and a communication apparatus having a flat amplification
characteristic over a wide fréquency bandwidth, being
prevented from degrading due to parasitic capacitance, and
being short in group delay Eime. |

. [Background Art]

[0003]

Wireless LANs are receiving attention as systems which
release users from the LAN wiring required in wired methods.
Ac‘cordi_ng to wireless LANs; since almost all wired cables can
be omitted in work spaces such as offices, communication
terminals suchaspersonal computers (PCs) canbe comparatively
easily moved. 1In recent years, as wireless LAN systems have
increased in speed dfid decreased in price, demand for wireleés

LAN systems have remarkably increased. In recent years,
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smal | -scal e wirel ess network and perform i nformation
comruni cation anong a plurality of personal electronic
5 devices. [0004] For exanple, a nethod called
ultra-w deband (UMB) conmuni cation, which perforns

Wi rel ess comruni cation by using an extrenely w de
forcepieiras thandvisd dh rdis U 186aRE |94 VBt %ov'i'?xg;t]aqvl\ﬁt ion of
attention as a wirel ess comminication system whic

PEHISORed ag egh et wdirdtsan(PaNgl)t ia- hirglers geedtonstruct a
m.ssian, . such .nmethod is expected to be put

%E%E?ag?%&% wiZEL e ety an 8RSk Oam gD

coamunkeaktdve RSNl blﬂ&@ﬂ@%?d oF gat@onknaRiketronic

t hod based on a packet strucfture containing 15

gggéﬁﬁﬁes, as an access control nethod for

uItra-wbggggnd comuni cation. [0005] In UWB

conmuni cati on, nodul ati on nmet hods such as DS-SS and

OFDM aFercersindeepda Meenodi 891188 5t 85-RHBBEnd (UWB)
during. 20 transmi ssion, an information signal is
OFRPREFREIBY - ¥hdshdesy f egeevs sgleassaguiunddarN on by using

[ ' RS ead 0 ,.Direct .
ey Bl e Gl B RS SRR EE v
sttentide axaecwiedlspseachumit DEMeL 6@ sy t@IRkhiSh realizes

re(glgeod ced into the information signal by being

RS ﬁ;t%*b?%a‘alfbvﬂa%swdmtwwmwsgw hangNsuch
wS98q ke ) es i ossible to reali
high-speeggggtaegsgﬁggégﬂgyég r?%#?ﬁ?%#ﬂ?%%sn&ggii EE802Z.
JHnd 3 ecwpiitteel and s ebikeal lHavas @ix@l%efr{tqgﬂlg% osed a data
bandwi dth of,  for exanple, 3 GHz to 10 . [0006]

BoRCE AT D Rare ORI Gadesfor ruegiemegntaining
Botiaion, ML US04 SR, AL BT dbona
agrmimndwertyi cot.her carrier in a synbol duration, and
durinqob%%?sfer of infornmation,

In UWB communication, modulation methods such as DS-SS
and OFDM are considered. According the DS-SS method, during
transmission, an information signal is multiplied by a random
code sequence called PN (Pseudo Noise) code to directly spread
(DS: Direct Spread) the occupied bandwidth, and on a reception
side, the received spread information signal is reproduced

into the information signal by being inversely spread by being

- multiplied by the PN code. The DS-SS method makes it possible

torealizehigh-speeddatatransfer byperforming transmission

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

30

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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plural pieces of data are allocated to the respective
carriers and nodulation is perforned on the anplitude
and phase of each 5 of the carriers, and inverse FFT
is perfornmed on the plural <carriers to convert each
of the carriers into a signal on the tine axis with

Q! BRIONA A1 X fsf ‘8%389&8%' Wi Pﬁié‘sgelff’g#ﬁee}_j 28rier

and the signa on t time axiIrs is ransm
Dor angymboéptiumatlléﬁ'}' eadpdokongedrhasfenvert iblfermation,

shg i on 10 t e time axi,s into a signal on the

e e € éjrﬂ]ta( fee d ko LRe resRegkLve .carriers
§H@n%§dﬁ%ﬂfbr{j§ Al b GRS BABRORALIG A phA8k o cach

nodul ati on nethods to repro ormat i on
pfahfsﬁerictazerdlebrys,t renddinyienale FETI A ;se:gfmtmecﬂ;umce;he plural

ransnmt data are tranaq%%t dinthe state of elnf
Sf‘gﬁ?’éﬁtteod CPEVEF taepf 0§ SFEELFFF L QR BigRat an the

tiegueREs egithherthageuk 8t by 0 eagd 9£e&h§ne9f Ek€ESpbSng
narrowed narrow andbécones "resistible to frequency

Beipbalyedf anddhg @Cl@?i]al on wvhe digss scommis taanemltted
SRR AT 5P L0 P f 252 00 o

€| t InCaltDh DR esesveshBiGnalite FREGEXARP! §xilNahBCrhe
0 above-nenti oned ul tra-w deband connunlcatlon

Rﬁﬁﬁ%ﬁﬁivﬁuﬁﬁxiiQxﬁ|@#ﬁ|su¢&£¢tﬂdnxbcmemp@ughtlon

TR et acPua AP 38 DiReoe Febebdlos the

ﬁmdﬁnfatcla;tn eaahgmﬁeh;baqay ved ¥regihann®d- i aiwnde . since
frequency bandw dt h extendi ng over a 2-GHz range of 3

m}t@ﬁ@ﬂ?nﬂﬁtﬂnﬂgﬂmmﬁﬂnWM@Nia¢@OGaelngdesbwmmted

an b en raIIy structed 30 a,
%g%m na(?'{aglncC rﬁ‘%‘?ﬁﬁ’r‘?ﬁser é{}lftcfree ’g]? eQREREEY, the
HeyRivald b fead8B £LeRduat-eha E 5 @.lsqlﬁzf:@ﬁéd Hél%%'wsatrg:{ Becomes
bi polar 3 transistors or the |ike, and a band-pass

nesisdd bleefter frsquensy esedmsitd,veNdraddat@nt Document
D rooo7]

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

[0008}

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

Oxide Semiconductor-Field Effect Transistors), bipolar
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[0009] Fig. 8 shows the construction of a w de-band
anplifier 5 constructed by a conbination of an
anplifier device and a first-order band-pass filter
(BPF) (refer to, for exanple, Non-Patent Docunent 2).
[0010] As shown, the w de-band anplifier is

%mtsrl@%@g 8 ’cﬂét% ]18 aaﬁargtba%ﬂgg %)@%&&%Sg (IdAST o,

made of C paral fesonant cIr
ﬁaﬁaERQMP&eulep Pa3ena pacahkel dapacitor Cp 104 and
a reSiEQSQ L 105 is provided as a load in paralle
Wth t PAin and the source of an anplifier device

102 congt raichedsm bl MERES: ©n %'fpgl@{)dlé-ggar@ SRS fier

15 [0011] In Fig. 8, reference nunera es- an
Fﬁﬁﬁtruﬂéﬁﬁ1halaoﬁomhenatdenbaﬂdaanpmpﬂhéieraddv1ce and a

enc 108 d not es an out put term nal of
%gegl\’?\/l eg?)ﬁ#aa ﬁ‘p‘i’???e’?l tehd B ARGy doradprcexapple,
BPBFR&EEnASDEcHRLARYS) control I ed 20 current source.
Speci fical | a voltage V1 at the input termnal 101
i s applP@0 {o the gate of the anplifier device 0 102,

and t r device o current

fha ook BIBLEY ile SEe Bt RIS A 2 & Bl R L I hat
AL oWt - bﬂdEkg:aarﬁi ﬁ_il'ﬁs ¥oh tagenddo¥rdeat, 48 14t Pé&onant
termnal 108 25 at this tinme is denoted by V2. [0012]

q‘.ﬁg:qqftaﬁ@pgr of un @d Tl Ig(1s coaft Lpelw,d@r pamd 1aepl CcﬁP&Cltor
(F%g%] érg% F%ﬁ't@reﬁffi%ﬁsed g oxg:t_ %Iﬁ: gvfonagd f:L%r]g}-;f?l:allel
‘UﬂQDRUKSEQﬁEn dile source of an amplifier device 102
constructed with MOS-FETs or bipolar transistors.

f0011]

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-controlied
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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Fig. 9 shows a pole-zero map in the s-plane of the

w de- band anplifier shown in Fig. 8. In Fig. 9, the
synbol 5 "o" denotes a zero, and the synbol "x"
denotes a pole. On the s-plane, poles are |ocated at
poi nts where the denom nator of the transfer function
H(s) is O, while zeroes are located at points where

tﬁ& nuner at of - L)p megmansfer function H(s) is 0. In
)sh yn exanpre, a zZero I's | ocated at the center 10

of thess bbaGp- Rind ¢-Hep ARIber of pol es that
corresponds to the order of the band-pass filter
appear [ @y 4ne side of the s-plane. [0015] Figs. 10
and 11 respectively show a transfer 15 characteristic

exan‘pllﬁga.ncﬁ shgnua el sy~ odes acdreriirstihe of-pldiee of

m% 5? g lifier, shown in Fig. 8 Each of the
EhaNiOesPPRE Jﬂsflrﬁfr FRPFRED Eéggﬁ] x RoEdig wttiheasymbol
cg:nt nogése%u%@b oa %‘Fe tyﬁr% r (183 Se%ngfz e%t ﬁas a

on the 1magi nary axi's pass
tht%tﬁspéane h@rdetsearstlicca®ehét p@dnans where ehe dmmbmnator

r racteristic of +oo each of the poles
b R Ekafr ERE Tl g o, 5 fle wirlim p@roes 28 focated
SNYAR hELEE e LNBudLANEs P g}b' %?énsf@f P&Hét@éﬁsms)

filter in which the paraneter par al |
¥edonabn Wig chiown ekamplethe zepd drelbranetent the center

acter stlcs in Fig. 9) 25.is set to flatten
q SRS SRARhe S s oy &, Poes Ee5 Sprragprags to
theBorberef tihd 'Hatrﬁi-v ER ﬁlﬂbf PPehe’ on one side of the
characteristic is cal Ied a Buttervvorth charact er.
S[‘(Dﬂ-ﬁ@]e However, as. can al so be seen fromFigs. 10 and

rE ?5lhe wi de- band anplifier constructed using
the fllog rder band-pass filter made of the LCR
par al Fﬁbsfewnéﬂa iﬂrﬁﬁ'sgec%siv@l 0@flol0h LRandml fier

devi ce, the foll owm ng problens rise.
characteristic example and a group delay characteristic of

the wide-band amplifier shown in Fig. 8. Each of the

characteristics is normalized as gm x RL = 1 with a center
frequency of 4 GHz. A cross section obtained on the imaginary
axis when the band-pass filter has a transfer characteristic

of —w at the zero and a transfer characteristic of +« at

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

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

[0016] |

However, as can also be seen from Figs. 10 and 11, in
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5 [0017] (1) The frequency characteristic is-a single
peak characteristic and does not have fl at ness
sufficient to be wused in a w de bandw dth. This
probl em al so depends on the fact that the first-order
band-pass filter nmerely has the 10 nunber of poles

that wEQELBSRAN | ‘usi | 4 N
U106 SE0TGE 5108 OSBBEpvin e o RCCRD! il
bangapass viol ytsr mplde ordter ICR paradlshowasbnaktgeiBeuit

neveri he s the wi de-hand 15 anplifjer_h oup
%gl %yi?afﬁor [tg’ﬁlé]‘“pﬁr‘r%alﬁrs é@&‘rﬂar uEP?oﬁ‘?ﬁ‘P‘g%ﬂﬂ problems
bangwi dt h over which the flatness is to be maintai ned

is to be widened, the inductance Lp of the coil 103
must bE9IWdr eased, or the resistance val ue 20 RL of

t he res,i.stQr 5 nmust be .decreased. .However, jf the
| nduct e T TG A RS SHE o A redsmpeak
dHecienens stic -0 ddees ak! hhiver ri§tReLsSEhFabLeeher to be

operation at high frequencies. In addition, if the
yead dfapceidal kandwidsh. ddivienpewplemeadspl depends on the

| N g 020] Fig. 12..shows the
SR R ol btk industhss TN adirhe ey the
rant o HgloleR thaBrAHdIdRls §6UWHLoRA8r2 i.e., one pole,
second- grder band-pass filter (BPF). [0021] 30 As
BhSWE, SEHe-wi de-band anplifier is constructed so that

a secqﬁglgﬁder band-pass filter is provided as a | oad
in 6 paraflel wth the drain and the source of the

anpl i fieer Tieyi&epl 102 £0RSE T 4ICESAp AP MDY FEIRpOE
bi pol ar transistors. The second-order band-pass
CrPStEMcdopoAs t ¥R diftly -af ; L vert kel ess ridsomsite-band

a9k RE Gholfe dB35Y §heCol ! Lp 108

[0019]

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

[0020]

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

[0021}

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

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




5 and the parallel capacitor Cp 104, an LC series
resonant circuit nade of a series coil Ls 107 and a
series capacitor Cs 106, and the resistor RL 105.
[0022] Fig. 12, reference nuneral 101 denotes an
input termnal 10 of the w de-band anplifier, and

f e I e
T PeCbS R BB IR OF plgyice
d@ér&pegta@caedOWRageMGSHFEmbIed bipobat tismeietors. The

S eci fJ ca a volta V1l at the input termnal 101
s ailei[fo bepd- 53@ littﬁé &ﬁplqoﬂ%éinru&gﬁﬂcé’lfﬁz an LC

@%@auh%11§eéﬁﬁbhEl éirgﬁYtCﬁaeétBEt§h@ e 350191!“1, 103
times the gate voltage Vi 1n the direction indicate

5  ppddhepavallel Eagaqzorm:elofﬂl.obnd@eswmﬂ dedonéntled rcuit
denot ed by V2.

out.put .t erm nal 108 at t

PHEBLPE SFRAE S SHir b A0 cEPOne ey TST SARAGHRRY 5 d 06
aﬁﬂlthee&esiaeae RO fbg. 12 is expressed by the
follom%n fornula [0024] [Formula 2] H(s) = -s2. Lp
Cs. RL

LpLsCp p RL+s2(L +sCsRL+1 .
[0025] 31[2 PGS PR DA ET R iy Rgrpina

10 bdhehw d@déaﬁﬁndlﬁﬂlplfﬂfqrezs hawa ﬂé!fé:ﬂ&celﬁmnéﬂaﬂﬂm &3notes
the synbol "o" denotes a zero, and the synbol "x"

FenovkBul pereinalyef hiche- Tpldﬂebapdl elspéxélencaaed the
denom nator _of the tran

ST LIPS B0 o SRRPRLRE S p ot i G Lot current

mmevmﬂzr@dﬁfqdmw,aé%magf@mté@%feeinpxﬁtﬂt%tﬁnﬁmal 101

H(s) is 0. In the shown exa , a zero is |located

B anrlicttter the ﬂﬁ‘éesoﬁlm argpidi fiwr pisfwisce 102, and the

- 15 aﬁffﬁifff@f‘geggc% s pl.}q:ﬁ %rgqlerrre%ft ct) %mbf?ﬂrqeggﬁé gfall é %EJltage

appear— on Oné si
V1l in the direction indicated by an arrow in Fig. 12. The

voltage provided at the output terminal 108 at this time is
denoted by V2.
[0023]
20 The transfer function H(s) of the wide-band amplifier
shown in Fig. 12 is expressed by the following formula:
{0024]
[Formula 2]

_s%.Lp. Cs-RL-gm
s'-Lp-Ls-Cp-Cs+s - Lp- Cp- Cs- RL+ s2- (Lp- Cp-+ Ls- Cs+ Lp- Cs) + s+ Cs- RL+ 1

H(s) =

25 [0025]
Fig. 13 shows a pole-zero map in the s-plane of
'thg 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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s-plane. In this w de-band anplifier, the Butterworth
character is adopted in order to flatten the passband
(for exanple, 3 GHz to 5 GHz). [0026] 10 Figs. 14
and 15 respectively show a transfer 1 characteristic
exanpl e and a group delay characteristic of J the

WedendaRd o3yt id{LE ra oW, Egﬁl:giofllzﬂ(%aqg ?t v}}l&ﬁle a zero
characteristics is nornalized as"gmx RL'= 1I'wth a
¢enflecatkbdeqieacyobht 4witeize the[ AOREfaknrt bE whdetbandfer

PRt aaBon o't Yos n BsoSpats mRSHRRY 1 ferer b dgoated
a8 €9 Aehersegd SHAN A CAURRELSONLPLs %o%eg%n?)srﬁi%g to

14, the characteristicC flatness in the passban
Fherevder oDGHsubanHephsks| 6uiltig rpappkensomrdrse sijd@02d] the
nd anpli.fier shown_jn thi 12 is lon

1) . The wi de-.hal
PPUTBED "Gt A Y AR HAT S o P LEE 1 1ohes B B iR
Shhtabter ioradoprald age-Jrerdback Agttd eheChiSYbhnd (for
Thi s probl em 25 depends on the fact that the series

REETPLE, 197CHAdEe e Gzl es capacitor Cs 106 are
insertF@béﬁlseries bet ween the output termnal of the
anplifrer device 102 and the output termnal 108 of

the arpigdi ers ang tie ﬂ%&@&p&eq $Hdw 4 G prhd

becomes a nmain cause of delay. (1n the case of the

AMrasierishioweonle Bng aggroupcdeilhy oapatteristic of
' Jdfier device 102 rves as t

o] oL 2 d S s SRS RIE T The St pdodin

oHa e O8] idYs deesioRfh 183 ds dupgczﬁ% LZ% weh "€ center

case where a subsequent-stage circuit (such as a
Lo ettt & Ghn AGC or an A/D converter) is

conneqw%§7]

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 ampli'fier 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
108 of theamplifier andthe resonance of thisLCcircuit becomes
a main cause of delay. (In the case of the amplifier shown
in Fig. 8, since the output terminal of the amplifier device

102 serves as the output terminal 108 of the amplifier, the
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5to the output termnal 108 of the anplifier, the
circuit acts as parasitic capacitance for the
anplifier, but since a capacitance el ement does not
exi st between the output termnal of the anplifier
and G\D, the parasitic capacitance added to" the

t C bsaorbed.as part of
gg%??%ﬁtg%n?gghﬁdagﬁg&fggageﬁg§ gﬁafaé eristic
degrad€so2pp030] In the exanple shown in Fig. 12,
since the anplifier is constructed so that the series
capaci t6t Cd! £b6 GaRe vherepapabiseusepapatroarte atid (such

sonhechad o Bv%??:'e%s »an adSodi 44 /{H ct:o&ée%)geﬂ] g g?hﬁected
the influence of parasitic capam tance €  other
hartthe ontphé exanmbhel J0BWEithdiagpld rikhe Pl dilrluit acts
capaci t or CE and the parasitic_ capacitance are
%%nH%E?éat% CPRPal FeNCe nseEabhef ARE1ESALL rhEEi SANFR 2

| Shh80: L BR-E NG B‘Erdoéssnse %Eﬁcétgge{:ﬂeéﬁ rthgsod\dkﬁ& EB8minal

parasitic capacitance, 'S possi

ehdile amlpllmfnau:eamdile?NcD,obhenpatapatas|ctap;ac:ctam&m bameei to

Q% decre S|n t.he ca acitance of the paralle
eﬁ)aod'}ttpdjr T&E‘al[ﬁ @Tfta]FW%F ¢t THEFRNPL1Fopgtants

W@@agfes%y@j ash o Kani S ory and
DeS|tgn |Itﬁp%ﬂ\%¥§kﬂyba S uppan 19%§ [ Non- Pat ent

Docunelt038)] Guill erno Gonzal es, "M crowave Tr anS| st or

lif al d De
é?gnlﬁég%aﬁ anT§§ %Un[aﬁégﬂasuﬁgroﬁlFﬁ% Tt P bhfier
ilsPrei aim dihat s@%h'a%vﬁme' QB rii$ st @a gkyebr gs[gggzgmd the

An object of the present invention s to provi
p@mmtowc ampacitemcaaateamrmmctadi lonseapipar af s sbadt Af bfult
can b omruni cati on and can

té’oﬁﬁéglﬂ-wgﬁyelb(%s IJ.|Jﬁence o% parasitic capacitance. On the

other hand, in the example shown in Fig. 8, the parallel
capacitor Cp and the parasitic capacitance are connected in

parallel instead of the construction in which the capacitor

is connected in series with the parasitic capacitance, so that

it is possible to easily eliminate the problem of parasitic

.capacitance by decreasing the capacitance of the parallel

capacitor Cp 104.

[0031]

[Non-Patent Document 1]

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

[Non-Patent Document 2]

Guillermo Gonzales, “Microwave Transistor Amplifiers
Analysis and Design”, (pp. 170-172, Prentice Hall, 1984)

[Disclosure of the Invention]

[Problems that the Invention is to solve}
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5 anplification in a wi de frequency bandw dth. [0033]

Anot her object of the present invention is to provide

a superior anplifier and conmuni cati on appar at us

having a flat anplification characteristic over a

wi de frequency bandw dth, 10 being prevented from
degradk@@3§ e to parasitic capacitance, 1 and being
short in group delay tine. J [Means for Solving the

Pr obl efm] objectr esenhel pyeskhen inasnkaen Madec prvvede a
of the above-nentioned problens, and provides an .
SHBPTFPEr Bl LHieh &6k FOBBURYCRREPREARRE At wipPLhief which

deNi 158 3R 2n E:Bﬂﬁﬁnaééjcigﬁgemc?%iagleg ff‘egt:{xpé’\:% %%li:gorm

the anplifier device an avin an s-plané in
phpiaffitetdbnpdhes aidepfoviygdedcgntbanelivasithar e
provid$g053ﬁmeen the poles. [0035] 20 A cross section
obtain the i magi nary axi s when the band-pass

filterahggnart 6?@5@ro§h}?%aﬁ%ﬁrs.éﬁtti EnPln§8n s et%cggrgvide

of the_zeros and a transfer aracteri stic of 400
2avpestloxt dmep hf ber endidvensyilcatel @oappapands Havinlgea flat

%rags%er characteristic. .Fromthis fact, in .
IR ot bhRREL AR éfﬁgtfflﬁFégﬁﬁﬁﬁaaéﬁmﬂq??%ﬁu%%%ﬁpapﬁﬁldthr
BOLAG S dvRSRIEY Eﬂgﬁmégcl[bditﬁl_ﬁdu“éh@é%gﬂéiseﬂc?cgbgffﬂ{?ﬁﬁce,

in the passband is inproved by the “Interaction
Fut oeing hehert oin | grateddelay heimespective | ocations

Spoci 1YY Fo i BT - eh SR BAFSL § ¢ accor di ng 1o

the 3CrHy Wﬁe@@%é@ﬂoi%ﬁ ﬁ%hgdé O0i &} view of the
characteristic flatness obtalnable en a

it teendde gabend i laret psopidesded adpl afier
OB T O R HE SRR SPpiidn ST Hee A8 abragigpass
fiart B rowi Rl 2 8 W PHLAHBY khicChmfeYkG8 ! S TBEE 28l REving
an s-plane inwhich a plurality of poles are provided and zeros
are provided between the poles. |

[0035]

A cross section obtained on the imaginary axis when the
band-pass filter has a transfer characteristic of — 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
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5 LC parallel resonant circuit and an LCR series
resonant circuit provided in parallel with the
anplifier device. [0037] The band-pass filter in this
case does not have a capacitor provided in series
with the output termnal of the 10 anplifier, so that
e.p l.e f_ar del.a oes not arise, 1l as in
tta%eacgg)gd gr%eag %#ﬁgé%-%%{r%egegéﬁa-’pass filter is
appl i edooasja |l oad for the anplifier device. [0038]
In addition, in this case, the anplifier has a circuit
15 condPriis sienstamatdenanthadoehdnpasanti e pgeeiviog as
r t id ' er.i t he output.term nal
TR PR e P Gk B X ST (R AP, 1R B o
LO@aaryillicli pesortmeoedirogl ¥ andaart BpaESERGEr & @MY circuit
exi sts hetween the output termnal of the anplifier
Bhaverp? 4B PARELLGENWIEh stRepampliéfiest dg8io0- circuit
(such pggg7flown-converter, an AGC or an A/ D converter)
I's connected to the output termnal of the anplifier,
ift is Ttpe)slsa'ugdiepams pf Eltesnt bﬂegigai:kab@:@@eaﬁoéﬁalot I%ave a
requenc characteristic by absorbing, as part, o
R Jamg,m’;?avef@%{ iR SeEReitidic Ehaoaebprb tariaalef the
i AL, 22 [R98%nd gréggéﬁl'c‘}’f‘gfofup} Bglgggdééé Gbt arise,
according to the present 1nvention'is conbined W th &
spinmdrheabeecihere b Gindsta-cadeobandeipass filver is applied

w de-ban lifier having input matching widened in
Ebsar?dvaicbel‘ﬂ ‘%% the [ iiAdET SAF 0] Otherwise, if the
anpl i figyzggccording to the present 11 invention is

conmbi ned wth a conmopn-source circuit and a cascode

ci rcuilin additdenhain tdnid chiser, thgiagplhplér taischi aigrcuit
wi_ dened .i.n bandvv'hdt can, be realized. [Advantage of

GRS I}Rfetrﬁ?rbr}]n which an inductance and a capacitor are not

provided in series between the output terminal of the amplifier
device and the output terminal of the amplifier. Accordingly,
a capacitance element exists between the output terminal of
the amplifier and 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 of the amplifier, it is
pessible to prevent degradation of the frequency
characteristic by absorbing, as part of constants, parasitic
capacitance added to the output terminal.
 [0039]

In addition, if the amplifier according to 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 the present

11
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5 [0041] According to the present invention, since a
constant transfer characteristic can be obtai ned over
a W de bandwi dth, a wi de-band anplifier can be
constructed. [0042] 10 In addition, according to the

present invention since group delay tine is short, a
f eed

[ifier using, a_voltage
R e R TN I R e A
aaeowe RY Ao I the apl BSeAband) weRllii gl e rSh&¢Eng Ehput matching
gérallel capaci tor is provided between an out put

fanfAdl ianaeipidebefant bparasliredeapaci tance is
added 10,4 e oy by e FOBL; Lpp parasi Lic

capaci tance ca sor as part of constants, so
t hat deye4dpti on of the frequency characteristic can
be prevented 20 [0044] In addition, according to the
pr eseACTIREHRY oFP e Rresewti ﬁnﬁ@rtnlpnraseem@oﬁ gapatant

€Hicsd - BRd r% ctasqade ccéeg-gg%g)ﬁ(} e:ds?tpgrc' al tﬁcgee b etadtlr Jr.]dth ,

construct a high-gain w
& nplde et cangel 1Et ehi cgn 125 ¢dﬁﬁﬁﬂu¢me@ﬂdltion

accorgiﬂg to the present invention, by conbining with
a co urce circuit and a cascode circuit and a

vol tage, fgedback, Cé&%'f(ﬁlrrdf %o Bnd! nedﬁ:l E?xv‘éﬁ%i‘b‘hucélnce

a high-gain wi de‘b fier w n i nput
nqnaﬁ&beytﬁmamashong,ahﬁ@%ﬁbaﬁaéﬁpmﬂfD@raean£wbltage

dvant éhe present invention wll becone
tesshAs S Ran (RPSHE YRR det ai | ed
descrirplig@q of an enbodi ment of the present invention,

taken in conjunction with the acconpanyi ng draw ngs.
In addition, according to the present invention, since

a parallel 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 the frequency
characteristic can be prevented.

[0044]

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

[(0045]

In addition, according to 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 amplifier widened in input impedance
matching. |

[0046]
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5 [Best Mbde for Carrying Qut the Invention] [0047]

An enbodi nent of the present invention will be

described below in detail with reference to the
acconpanyi ng drawi ngs. [0048] 10 Fig. 1 shows the
construction of a w de-band an‘pl ifier according to

one e ventign, This

wi de- ggggégen%}%?gétgr%&sgﬁ, |gcl%al ?iL‘/ ég%% I}eusc nt 1 ventlon

woikhi hatoma appameatplfirbinethde¥bleoRBeg Q‘ErN%EETaetalled
BEEO' ar __transistors or the |ike and a band-pass,

FEIPtA8N YA SRHBPELBBRE 9T SRR RrespBt GIEEHE RN, taken
AP c r e LI el
e oaneh et Fon PREh! ther dootnhaRhiAl UEBRRES. 0 | |
103 anfBespaiatlieeforapaerybng Cput 104e andventL&R] seri es
resonap@ ﬁ{scuit which is nmade of a series 20 coil Ls
107 & s capacitor Cs 106 and a resistor RL 105

are proykbigdadnedt! OAdhLDHRAYA ﬁllv%{? éhﬁllqr@é Be@Bdiped

the source of a current "output type o frer
belde dnidetaf0080th rlerfd?negzceltortﬂfeelaemmpamrmj di8#&ings.

denot eﬁ)é)adrb i nput 25 termnal of the w de-band
anpl i f Jand reference nuneral 108 denotes an out put

term naly off theww des Rand 1Rk L Bhe{)f(ﬁ MG RRnd am lbfler

anplifier device 102 operates as a vol tage-control

Q:Qﬁqléiﬂtngs@@r cge Spboiineak| gf tala/pIrEE@mt\/lna’tentthen. This
lied to the gate of

101 th
e e 49 At e e rasetd oy a
dbitttﬁlﬂa‘?cl%rp Wi B8Rt amb1 98 Ll Sy i dd G0 %fV&bts@s:@st%blar

the direction indicated by an arrow 13 in
WEInsgd qreovinidtheaatlikee and putbaret-pasd ﬂDBteat this
tinme |?)0%%got ed by V2. [0051] The transfer function
H(s) & w de- band anplifier

More specifically, the wide-band amplifier is

constructed so that an LC p‘arallel 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 input
terminal 101 is applied to the gate of the amplifier device
102, and the amplifief device outputs a current of gm times

the gate voltage V1 in the direction indicated by an arrow
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5 shown in Fig. 1 is expressed by the follow ng

formula: [0052] [Fornmula 3]11 -(s3. Lp Ls- Cs + s2

Lp Cs. RL gms Lp gn) s4 LP* Ls Cp Cs +s3 Lp
Cs. RkL+ s2 (Lp Cp+ Ls Cs +Lp GCs) +s GCs- RL+

1 [0053] 10 Fig. 2 shows a pole-zero map in the

StPkage of t i_de- ; [ LI shown .in Fig. 1.

TIPERRE SRR Sl DIRVAER ot Ehe ) demdnar 108

aEntidlis" x'imdenst denated &y M2. this w de-band

anplifi§6 Lhe Butterworth character is adopted in

or der J ?F tten the passband (for exanple, 3 Gz to 5

Griz) . TAS Ei it e aNth & IAPRAGY | Yol o SRAUA B AN SBh 1 £1er

characteristic exanple and a group del ay

gharacter Figi clofist kepwedeetahg¢ thepFbllewiagotBrinnla:

Fig. 1 Ogggp of the characteristics is normalized as

gm X RE ="1"with a center frequency of 4 GHz. [0054]

20 On thermuphape, poles are located at points where

the .I1) denom nator of the transfer function H(s) is

% While zeroes _?g?nep.ll_g(:@gﬁg?.@{,.@ohn.té,,*}./\g_q_rpe ,{.)he

n %Erﬁ&or of the Bransfer TUngrToOm H(S) I'S %. oTthe

s- pl BrisPdifolr G5 Fi bp- O; Cor Rl - (P <Ch-oesaCedt Lat CY Hes- Cs-RL+ 1

cent erfogfs3jhe s-plane, and two pol es 25 correspondi ng

to the order of the band-pass filter appear on one

si de dH%-he sheivne mRIrtreMMEp iim tihe pr-gsente of the

hodi rQes are provided between _the two pol es
V§§§9ﬁ%%§?%gﬁéﬁgﬁﬁg}sﬁﬁgﬁ tHe b?rgfn dﬁ%ﬁ&gbozthEﬁe symbol
WoHeSicdHe Of 2Re o, LGRS e nagt gi [ f
the series gbfl f%, the%%g § r|§§ cgpagkpgge%sggﬁglghe In
widp-and amplifdss) the Rutbsrwecth chaohtaiemdd adopted
. i i.n i s.when the hand-pass filter has a
i orAPE RO ALY B o S Rs P d K ER e e, % GH2%eS's na)
Figs. 3 and 4 respectively show a transfer characteristic

example and a group delay characteristic of the wide-band

amplifier shown in Fig. 1. FEach of the characteristics is

- normalized as gm x RL = 1 with a center frequency of 4 GHz.

[0054]
On the s-plane, poles are located at points where the

denominator of the transfer function H(s) is 0, while zeroes

‘are located at points where the numerator of the transfer

function H(s) is 0. On the s-plane shown in Fig. 2, a zero
is located at the center of the suplane, 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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of the zeros and a transfer characteristic of +oo at

each of 5 the poles on the s-plane corresponds to the
transfer characteristic. Fromthis fact, the
characteristic flatness in the passband is inproved

by the interaction of each of the zeros |ocated at

the re @ﬁigive | ocati ons other than the origin and

t he nei ghbori ng poles. Specifically, a w de-band 10

char acherdostsi se@ELORBBKL10ed be PRy ia hREBtwHeN the

congarable_to a transfer characteristic (refer to Fig.
band-ppsaifidbes e hravesny-Brad@ctsnidtiaserf i ért each

j [ I Lifier device (refer

bF S LeSF oY fauptthe o PRE AR P R 46 55on of
bhpl pbles accdiai sgplanéheor pespends epdoehaentanther
outPut terminal of the anplifier device 102 serves as
thesdut Pt st ni fdombbisitadte Bhpidharectesd stitaflakgess
pﬁ%@leeghgébsl\ﬁﬂg% IO HIdBydAES DRL ACEYT §F"éé&§ of the
to the case ere a‘first-order ban -pass i Pt eri's

2ppds édc@0edataHoadspertanedridificers digvé € ehanhefles okgin
Fi g. %%. Thi fact can al so be understood from a
%‘ﬁp‘a‘r T PR BYkes- 4 Spegificaldys7p widethand
he i docd !_ 1 4 . 2

pr eseérﬁeltel%()l\g %g:nt , as can(5 b%%e%ﬁ%%m%&d % b%tﬁs
@imparalpar &bl el trapadetrorhi@dcardithecserée€srcapariyorid)
§g¥%#ﬂ€§l provided in parallel with the output | .

SRS %ﬁ‘éei?i%%qcr I—orden band-piss Eidqest laxpseyvided
detavarind e rOBhPahharmidialgdfi od Ne. A idd %Fin%.ndl D,

so that even if a sSubsequent-stage circuit {such as

a dowld@&lverter, an AGC or an A/D converter) is

connegtgglto t he gut ut termnal 108 of the anplifier,

it 157 SpG8sSPrPe H prerenandeyrrbikt 1 oh agrcqning to the

PricRAUeNmbo SRAAC Ehd §Utg>u®/t &qﬁq{aqggﬂah?%m?ﬁ_ritf YUr device
ca ed to t put

constants, parasitic acltance a e ou

10¢r semakes as the output terminal 108 of the amplifier, so

that the problem of group delay time does not occur, similar
to the case where a first-order band-pass filter is applied
as a load for an amplifier device (refer to Fig. 8). This
fact can also be understood from a comparison between Figs,
4 and 11. ‘

[0057]

In the case of the wide-band amplifier according to the

present embodiment, as can be seen from Fig. 1, both of the

'parallel capacitor 104 and the series capacitor 106 are

provided inparallel with the output 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

15
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[0058] 5 Fig. 5 shows a construction exanple in which
a common-gate cascode anplifier is applied as a
current output anplifier device in the w de-band
anplifier showmn in Fig. 1. [0059] The input term nal
101 is connected to the source of 10 a MOS-FET 201 so

-ha LRARUL _S] L_is . appli .t heret A_.capaci t or
30 PR o kOB AR g BT BToPE, ReeEERRRE 5,
ahd réNbPesdsthatbyt b sgatd ef, LBeMESoEREb@laniSs, parasitic
connegted to AC ground. A resistor 202 is connected
fePResharne gdded bp the pOSPRETt2omimada bi as

term naho2P3 so that a predeterm ned 15 gate vol tage

is supplied to the MOS-FET 201. The source of a

MOS- FER1 803} shewesannecs etdutdibhexdmnpils idfwH eh MBmbh-gate
201 so as tp_construct a cascode circuit. [0060] A
Saﬁﬁea?o?m 18T ohiRR e B e FUHENgaputput paplidier

¥oF1 EET: 80dhang; NI, 5941 ; a e - FET
301 is %:onnectn‘g%l to éA‘%dg?@E%%EE?%eggﬁ‘?é %‘F FIEESI\/ES FET
301 i s[0&Thhected to a bias terminal 303 so that a

predeterm.ned gate .voltage i,s applied to the_ gate.
[ ooel]ﬁ“‘zslfﬁé’rteﬂi@ﬁ&bl 2 451 §3nRRELed4 tPesPECEPYEFE Of

semy-emr 203" &b @lad RV LR ‘ |5
capacitor Cp whi ch - const Tt J‘t glgﬁgt‘é%%{pﬁ%%}d ngegr%r%' A
@ipaci tor Réferienconneoierchlketl@en 106 gadeldF the MOS-FET

ect L.yvel note._a series_inductor Ls, a series
%(g%%@idt Eﬁﬁcgo Sﬁuﬂtﬁ.ﬁ@s P&t oRLERMIMGY Esefluie genppcted
tEREgirbandl eSANE i $EL W2 1e3AnkELRA BELGhen the gate

resonant circuit and LCR series resonant circuit are

P olve Hed-FRT 208 gyat abliels tasnd da0z20) 3 so thhe aappedétermined
fag’%n%%gltﬁ%%ggg% SoDYIBLAL o A08 MEIEES 2T CULBY cource of
a MOS-FET 301 is connected to the‘ drain of the MOS-FET 201
50 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 parallel capacitor Cp which
constitute an LC parallel resonant circuit. Reference
numerals 107, 106 and 105 respectively denote a series inductor
Ls, a series capacitor Cs and a resistor RL which constitute

an LCR series resonant circuit. These LC parallel resonant

circuit and LCR series resonant circuit are provided in
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Since theMOS- FET 201 is gate-grounded (the source
serves 5 as an input), the input inpedance is
originally I ow and the bandw dth of i npedance natching
can be w dened, so that good antenna matching can be
obtained. In addition, since the gate w dth Wof the

ET_30 0]
LT R T RN G —
008 steowt ek anobsitputt termaxampl e is suitable for

increasing . the gate wdth -y Wof the MOS-FET 201 to
obtain! Hpgﬁ galn Furthernore, the output circuit of

the presgpL t'hré\fﬁfg J 59 @@fﬁ%gateoegszg 5\{; d?thhe Féﬁ%gf serves

const ant vol tage gal n over
45 Ehginpushpvishe iopust dopkidancexagpbeigimahighmew and the

ﬁ ngpn sgurce cascode anplifier with voltage feedback
SNAYIHNeRt dIReANGeRE LEHL PG Cal Fiepngayi g@ thpt good

bEReewhdesRanf gﬁg?llm ! S5t 8008 TNy 5?(11%.}101[1 0QG4L.¢ %Q%gate

The input term 61 7s connected e gate of t
NEStEEW 201tbe thatode-topnecsednHDSH-FEPPLLedan be set

retod Ef éﬂf rce of th MOS- FET 201 i s connect.ed
BABRBNATRELL il taS S HLhd eEFS0 105 FRE ARde (R oD

éBﬁsgfétf‘lQﬁ ekRRHYES 4 glf%ﬁ%e%ﬁ§n&£’e§9§8‘% rtlﬁ{%tgeﬁ:e width

cascode circuit. 25 [0065] The capacitor
€ onih édiee H0Setti@e 201 heo galtea DA Hiwgh ddi%: FEFud@heandr&)lDthe

So th@t the .gate of the MOS-EET 301 is connected to
uIlﬂ:e ga?lee Hrashiavest isginpkes ddnpessddple to

él@t 4 t t 0
1, s 5y ke N

capaclﬁQQGﬂbl is connected between the drain of the
resistor 402 so as to cut off dlrect

cur r e ig all%nsg‘ct“f?e HAMBIr YD IW LFTRARIE Vibkeh a

dRhSt ot i Sascode amplifier with voltage feedback is

applied as a current output amplifier device in the wide-band

amplifier shown in Fig. 1.

[0064]

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

[0065]

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

[0066]
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connected between the capacitor 401 and the gate of
the MOS-FET 5 201 so as to construct a feedback path
for voltage feedback. The resistor 202 is connected
between the resistor 402 and the bias term nal 203 so
that a predetermined gate voltage is supplied to the

MOS- FE 067, 10 Referenc uperal s .103, and 1Q4
respectlv%i}a %gﬁ%ﬂ@la nggpﬁgFe,nﬁﬁgﬁg?nLﬁp%Mﬂfagn oL the
pasaFEE| 3Chpadi 4 ees@etwh 202 £oBsttd W apf e RaBkblrent

isonant circuit. Reference nunerals 107, 106 and 105
f&eBactheePythenbt 6obtagei sephaakt orThe sresi sty 02 is

Eéﬁﬁ%b%@& et w2 &fé g?FEE%OJP?L d‘f‘!a%@é nsatg?t é&eche MB8-FET

CR serres resonan Uit O Thes8
Zéiscrmir&ts tol cans trwgd aL@Beﬂbhlc&Spéeﬁoft&ﬂRronté@lél fe8dBack.

rovided in arallel as aload for the anplifier
ﬁ‘é@.’é%ﬂﬁe%r dshgeangcteph peferrre shenregipier 402 and
I [ a h
e ohas coninaihL 40 o thet Bfeadtdihihad JBLE L8icage
wmra}g[elie@dlbractkhé aoeeFEy 20®. connection between the

capacitcg(iG%Ol and the resistor 402, the input
i npeda thn be lowered to widen the bandwi dth of

i npedapnse M Giighe LRSS § hpig '
mat ching. In 25 nadd| tion, %?I r??? tlﬁ)e‘gl\/gﬁ-gﬁé‘?‘eggil%demﬂe &
rEastolgst cmmmj:tceﬂ Lg eench raovpara:bhsl resgditdrs Guiviabtle
for decreasi n m.rrqr capacitance between the

G T EHE @ tpér@fl%% BRIt 2P gLt nc Rede& endse
ey 41ne1 69f 106W, ST'EE% e%%.v%g] djét%&{)glé'etrl%f fxlﬂcfu?tor

present i nvent i on es | possi obt ai n const an
Leol Bagerig9 Cmnac:dme:r Ca andea harulvd tcith RL[ O068h ddhstitute
Figg%;¥ﬁ the constructi,on of a wireless comruni cati on

ELPR WRTUPIhE M Get hand hasst LFi Raraklel diegenant
ctJ.Q:élﬁQ: LI s%&ffi%@' o sh @R A&H £ ) JR ML in

be described wt
parallel asaload for theamplifierdevice. Referencenumeral

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
impedance matching, thereby realizing antenna matching. 1In
addition, since theMOS-FET 301 is cascode—-connected, the shown
constructionissuitable fordecreasingthemirror capacitance
between the drain and the gate of the MOS-FET 201 to increase
the gain thereof. Furthermore, the output circuit of the
present inventionmakes it possible to obtain constant voltage
gain over a wide bandwidth.

[0069]
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reference to Fig. 7. 5 [0070] A wireless comruni cation
apparatus 10 perforns UWB comruni cation which carries
out wireless comunication by using, for exanple, an
extrenely wi de frequency bandwi dth. The shown

wi rel ess communi cation apparatus 10 is provided with

10 a transmtting/ receiving.antenna 11 agnd a band- pass.
Fi 1 ter FINRTLY, AhE CORSETHENIAN RfoR &' Tsadp GAMRRRGCAtion
appadatua8nNsmidsi & thlel REA¥LBaAdt 5APSITE $6F UVIHLERl] ¥ the

swtch 13. [0071] The reception line is constructed
Rrenent |enpatbimant 18 appdlied ep qri R Wil Whectescribed with

pOpLLLLES £heFX§It§ge of a received signal, a

down-converter 15 whi ch down-converts the
vol t agpe@ngp] i fied received signal by frequency
conversion, —an automatic gain controller (AGC) 16, an
anal og® df5F¢-HESS copivitira tiion aapparat ghal O preetsens gUWwB
i j which. perforns 20 digital signal . .
CobhLedls it G0 C8H s PpboPo Bl it fipmunication by
woisd ; utdt Gxangld hanweste rbard vammde! FeeqaBawe baRdwidth.
Fig. 1 is used as the |ow noise anplifier 14, voltage .
Lhip PherRati s eshepanerl Fakt pR appaghitae By ipprewidad with
HEQHRDEM 4 qﬁgyg e Ln.this S SLN r .
E%elay tlﬁ%gﬁgps ort%vfﬁq %gge%gggﬁb ghpoacggggrﬁ%gsa:llter
M denbaind srahdhie@rintsl BgrédepaiPhi fims add B YehiS@Ession
feedback. In addition, even if a circuit at a stage
LA ehifeit BRI HRL O/ ERFAR TN 157 HedR 13s parasitic
capaci%gﬁqg, since the parallel capacitor is 30
provi&é bet ween the output termi nal and GND, the
par asiThieC recapadidrandaecaddeddnd i td pUttH &f Midgwlnoise
19 part of constants, so that

can ,be absorbed as
a&@&%&ﬁ dhNEP Lhahicdyamrdy fierakhetwltage ofan preeived
Aleant ed dAm BV AARY: Arevhusl yc)owr{—ocggﬁ?ﬁlerts the
voltage-amplified received signal by frequency conversion,
an automatic gain controller (AGC). 16, an analog-digital
converter 17, and a signal processing circuit 18 which performs
digital signal processing of received data.

[0072] |

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

capacitance added to the output terminal can be absorbed as
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On the other hand, the transmssion line is
constructed 5 with a digital signal processing
circuit 21 which perform signal processing of
transmt data,a digital-anal og converter 22 which
converts the transmt data into an analog signal, an

-¢0 rter .23 which -converts the an transmt
S S S TR0 S R R B S
CRAYa24 eiiseh clBaanpt i fi&fed thed POYE it #d¥ed previously) .

up-converted transmt signal. (lndustrial
Appl i c&BP7Bdy) [0074] The present invention has been

d ' i.n. _det aj i th ref .
Sooc OB LRDBERLL A Athe WA TS SIS g penis copggpucted

whokeasKibliedli siyhalaptoeansmake capdivfiiccati Qﬁ&chaggrform

alternations to the above-nenti oned enbodi nent wi thout

BPRRL Bfe Fassinget sEapanbt daka, pr dsehtalneeatpgaonverter
T I.ption of_.the construction and

Eavintch c2n SRR SR Matehoriy ot doeatg, Sfimat.

amep-vbhave rtke 24 wiet daag- aopl et et hesa il 64 ¥rapphi€dignal

to voltage anplification during reception by a )

RY AHSAUE N SrORVEEEIOR - cppRraPRYehalPLAE1gEopRA) @ which

j L 0N | | i,] . .

e i e e dln SO E gt bt imat-

pr esentIndwsentian Al izadid itkew se real i zed even if

the wi o(lfp;wband anplifier according to the present

i nventi®4k applied to transm ssion in wreless

C oMU ' . l; Lif i ' | .

othor Tt an O FE Lo KRR BB b At R4 J5f#FRn actatl

vatte rcenedsn cd heo faorggod i) destsoPiment of Ithe predsdrius,

i nventi on has been %itven for illustrative purposes

BGHSY S anghas these skiddes Heddd Beg Fre Elakeapredhbicabions
S48 SUASHAL L T, 1 LSRN oTHY SE9R Bhaf gy enou
dejpe redope font theappended £t present invention.

[(0075]

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

be likewise realizedeven if the wide-band amplifier according

tothepresent inventionisapplied to transmissioninwireless

~communication or to voltage amplification in uses other than

"Wireless communication.

[0076]

In other words, the foregoing description of the present

invention has been given for illustrative purposes only, and
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[Brief Description of Drawings] 5 [0077] [Fig. 1]
Fig. 1 is a view show ng the construction
(conventional exanple) of a w de-band anplifier
according to one enbodi nent of the present invention.
10 [Fig. 2] Fig. 2 is a view showi ng a pol e-zero map

-] < n . L de:band a ifier sha in . .
e Bt e O e MR b n s TP i @
dhariaeterviesvap. extiplseopkboof thd @i giartbandeampbhf i €rto be
shown in Fig. 1. [Fig. 4] Fig. 4 is a view showing a
Yroapsgerdy 2endrhinedi By €he gicarr of ddrdanpeadsid riladms.
shown i L§. i g:.b] 20, Fi ks a view show ng

a cons{?ﬁg??oﬁéggggg éoﬁnoﬁhPcﬁgiggglnnon-gate cascode
anpl i fiee7vs applied as a current output anplifier

devi ce_|n thf wi de- band anplifier shown in Fig. 1.

[Fig. Es#l‘#'rg 16 i's a view showing a construction

exanpl g3 & n Whi Gy 52560 LE,
Wi th voﬁ] age fgggﬁggkﬁlcg&%g?ég%{rg%a Curcﬁﬁé?ﬁ}éﬁaé‘&?%mal
expp 1 é profdewicke -thartchempd. 1€i barctcanpind terorshemhotiment

0., 1. [Fig..7] Fig,.7 is a view showi ng the
5%%%1?‘?@{'?%%méflﬁvﬁﬁ?%‘?’éss 30 communi cation appar at us

in whighig hee de-band anplifier shown in Fig. 1is
applied to an LNA. 21 [Fig. 8 Fig. 8 is a view

show g a-hé@ tersiviewt showing v eotlieszairo maanpl eheos-plane

S A5 PALETBLAG! S LOPRLT USLES, Y 2 £g Y At i O

[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
a common-gate cascode amplifier is applied as a current output
amplifier device in the wide-band amplifier shown in Fig. 1.

[Fig. 6]

Fig. 6 is a view showing a construction example in which
a commbn—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

communication apparatus inwhich the wide-bandamplifier shown

in Fig. 1 is applied to an LNA.
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of an amplifier device and a first-order band-pass

filter 5 (BPF). [Fig. 9] Fig. 9 is a view show ng a

pol e-zero map in the s-plane of the w de-band

anplifier shown in Fig. 8 [Fig. 10] 10 Fig. 10 is a

view showi ng a transfer characteristic exanple of the

mﬁde-b?gd a ijfier shown in Fig. 8. [Fig. 11] Fig. 11

is a vi $howi ng a group delay characteristic of the

W de- baig . @kid keewSiWR dd thelcoBst Act 419 (cbélvehitdonal

12 is a view showi ng the construction (conventiona

exanple) off a wigedbapsmphpfidl epnebnuctadiage ppmpination
[nation..of an _anplifier device and _a, second-orde

Gananpabb® By, ASy AR ahughy EREEETafRrypaisoPEsg fHicer

\(Bew) showi ng a pol e-zero map in the s-plane of the

w de-band anplifier shown in Fig. 12. [Fig. 14] Fig.

14 is EF¥9¥ew?$Showi ng a transfer characteristic 25

| g of i -b [ifli h i Fia., 12.
PRRIPIBLOT 4 B8 MASPRRGLANE L Ko SR RER Thndl-plane

ofiathetefdstbandodmphervedeshand anpkigl es.shown in
Fig. 12. [Description of Reference Nunerals] 30 10
wi rel eE&¢onh®hi cation apparatus 11 antenna 22 12

g\?\ﬁngégﬁsgslélfiq E)% n%ﬁggé%%?q%rgn% E@%ﬁgf]éf e&ﬁé’i‘éé’@eristic
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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20

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
anplifier (PA) 101 input termnal 102 anplifier

devi ce. 103 rallel cail Lp - parallel capacitor
Cp 1540 bF§§{§F§F ﬁﬁgfﬁﬁf @%&ﬁes capacitor Cs 107

seriesigoil thank@l ssQWiMledeRtliondlswig@h 301 -
MOS- FET 20 202, 402 - resistor 203, 303 bias term na

204, 382, 4dov pgpss vowlifie® JLNR)1. An anplifier
characterjz y _conpri,sing: an anplifier device; and
a bandigassggwgtan Fovicded as a I oad for the

anpl i fier-.deviefagnd Gavnngoak rsipkangace)which a
plurality of Eoles_a(e provi ded and zeros are
provi dbl bebeérIrddgipeilesonzernaradpPChi er according

DA B T
wi th aie out piyitel rhnal ogf cbheeraapl iibaey. 3. An
anplifif{"agggéggggrggrclain11, characteri zed

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
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in that an. inductance and a capacitor are not
provided in series between an output term nal of the
anplifier device and an output term nal of the
anplifier. 4. An anplifier according to claim1,
characterized in that a conmobn-gate circuit and a
cascode circuit are conbined. 5. An anplifier
according to claim1, characterized in that a
Cleamson-source circuit, a cascode circuit and a

vol t age eedb it are G W rel ess
connunlca?lo agbﬁﬁ? %h?%ﬁ%ﬂ%ﬂﬁ%ga Egdcoﬂyréﬁﬁﬁ?r5|ng.
an aaﬁeﬁmpﬂlfuéxuuquﬁﬁs faddt er, a | ow noi se anplifier

whi ch ifies a voltage of a received signa a_ down
conver ?%n?nﬂa\h%ﬁs dofh! v R T IRE v T age- %ﬁﬂd fi the

amp@e e ¥edast 983l aRy hEGANENEY SOPVEES 0N, RN RUL Oﬁﬁsfﬁlty
gain 24 controller, an anal og-digital converter, and

ofa RlgFalarsr @é@gsdﬁ@ @indc harashi ehe perpuiasddingitivglen  the
po3kgnal processing of received data, wherein the |ow
noi se anplifier is made of an anplifier characterized
by conprising: an anplifier device; and an LC parallel

t LCR.
or ovt ded neBRESFPET BECRETLEE BT cud™ chmpl e erized

indethiae. the Aoa/mdﬁia&&s €QMBYAi GRidsONnappaiatdiSa capacitor

characterized hy co i sing: an antenna, a_ band-pass
pr?VF?%$ 37| oweAdiese gﬁﬁﬂ}fl%ﬂ ARFRRC ampPiPinaly of  the
amppifgg@ of a received signal, a down- converter which

down-converts the voltage- anplified recei ved signa

by frequency conversion, an automatic gains

Cont§9|lﬁH’aﬁﬁlfﬁf&PgégEQ£&fﬁgngv%ﬁgq&’]ﬁndcﬁﬁfﬂégg¥ized
in that an. inductance and a capacitor are not provided in
series between an output terminal of the amplifier device

and an output terminal of the amplifier.

4. An amplifier according to claim 1, characterized
in. that a common-gate circuit and a cascode circuit are

combined.

5. An amplifier according to claim 1, characterized
in that a common-source circuit, a cascode circuit and a

voltage feedback circuit are combined,

6. A wireless communication apparatus characterized
by comprising:

an antenna, a band-pass filter, a low noise ampilifier

which amplifies a voltage of a received signal, a down-

converter which down-converts the voltage—-amplified

received signal by frequency conversion, an automatic gain
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processing circuit which perforns digital signa
processing of received data, wherein the | ow noise
anplifier is made of an anplifier according to claim
1. 8. A wreless comunicati on apparatus characterized
by conprising: an antenna, a band-pass filter, a | ow
noi se anplifier which anplifies a voltage of a

recei ved signal, a down- converter which down-converts

cohBQoYQét:ﬁgeaﬁ@bhél@@‘—di@ﬁt@éyedcéﬂl@éh@tlelby fareuencysignal
conversion, an automatic gain controller, an

PrafaFsglei GiEariEonberh ePer ROBRYi L4l bkl DYINTbrREPERFS1ing

Ofwgbgglggavggg§ thansnid data to an analog signal, an
up- converter whi ch up-converts the anal og transmt

si gnal byhéréquem@}S@om@f@mr al ponerdeawpl idfri egmplifier

chg@ggpFrggegng§lg&§§% of the up-converted transmt

signa proceSS|ng circuit which

perfmnnsmpﬂ;ﬁieﬁ cvgral ; amﬂoce55|ng of
transmt/receiv dfta mherz n the Jown |se ageg i fier,
F r

i s ndde f BATANDET f iFECCNERAr BBt ET Led 2B Ayt ries

reabnanpl idiuidevbesri @t an gz panalll eésr@son@m for the
circuit and an LCR series resonant circuit provided
amphifiph| FeYieR- a 1 oad for the anplifier device. 9. A
W rel ess conmuni cati on apparatus characterized by
conprising: an antenna, a band-pass filter, a | ow
noi sé- anpl iflired esghicsmmamgicaftiien ARty ofharacterized
byrggﬁéyﬁg gnal, a down- converter which down-converts
anpllfled recei ved signal by frequency
convemsamnenmm,amtbmmm+pa§ﬁﬂfultﬁwurwll&w naise amplifier

hanﬁ %ggﬁsgtal conv rter, q%dlgltal-an og co vertq&own_
W dFs 11 ARShFEeudta Fo A oS PG
converter which down-converts the voltage amplified:
received signal by frequency conversion, an automatic gain:
controller, an analog-digitel converter, and a signal
processing circuit which performs digital signal processing
of received data,

wherein the low noise amplifier 1s made of an

amplifier according to claim 1.

8. A wireless communication apparatus characterized
by comprising:

an antenna, a band-pass filter, a low noise amplifier
which amplifies a wvoltage of a received signal, a down-
converter which down-converts the voltage-amplified
received signal by frequency conversion, an automatic gain
controller, an analocg-digital converter, a digital-analog
converter which converts transmit data to an analog signal,
an up-converter which up-converts the analog transmit

signal by frequency conversion, a power amplifier which
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an up-converter which up-converts the analog transmt
signal by frequency conversion, a power anplifier
which anplifies power of the up-converted transnit
signal, and a signal processing circuit which
perfornms digital signal processing of
transmt/recei ve data, wherein the | ow noise anplifier
is made of an anplifier according claim1. 26

amplifies power of the up-converted transmit signal, and =

signal processing c¢ircuit which performs digital signal
processing of transmit/receive data, wherein

the low noise amplifier is made of an amplifier
characterized by comprising:

an amplifier device; and

an LC parallel resonant circuit and an LCR series
resonant circuit provided in parallel as a 1load for the

~amplifier device.

9. A wireless communication apparatus characterized
by comprising:

an antenna, a band-pass filter, a low noise amplifier
which amplifies a voltage of a received signal, a down-
converter which down—-converts the voltage—-amplified -
received signal by frequency conversion, an autcmatic gain
controller, an analog-digital converter, a digital-analog
converter which converts transmit data to an analog signal,
an up-converter which up-converts the analog transmit
signal by frequency conversion, a power amplifier which
amplifies power of the up-converted transmit signal, and a
signal processing circuit which performs digital signal
processing of transmit/receive data,

wherein the low noise amplifier is made of an

amplifier according claim 1.
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