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[ Desi gnation of Docunent] Description [Title of

I nvention] AMPLI FI ER AND COMMUNI CATI ON  APPARATUS

[ Technical Field] 5 [0001] The present invention
relates to an anplifier and a conmunicati on apparat us
whi ch are used for transm ssion and reception during

W rel ess comunicatiogn, and particularly to an
anpl i f it BFSagR2hieBnRiinPeavent hp Rasauiptitinch are

appl i egri01§0p¢f - e w
connun?cationoangﬁvgé?¥gbﬁ1vo tgggéﬁéaﬁﬂica |oncb IgN
AP§ARRTEBHuency conponent of a received signal. [0002]

More specifically,. the present invention relates to an
15 anpff??%?l %% Eiedthuni cati on apparatus which

col lectpyely performanplification in a w de frequency

bandwi dth used in UWB conmmuni cation, and particularly
to a wWhe-boesernplnfértiomnt bataymimiaatdnplifier and a

apparatus_having a flat anplification _characteristic
8‘5‘3‘?“%1%?%?? Pé%i?e‘?‘?ct;}lso&’%dﬁhdfﬁ? rchg oFot praveRsayon and
FEOSpHESH AUrAA gErd Do PALRRILNG cGRRAG! tmggrﬁt@flarly to

being short in"group delay tinme. [Backgrou
FDEOP Mieal esd 4 ANBmaNd crdenvappe vt enthdchasre applied

st whi ¢ 2 I e users fromthe LAN wiring
‘?%au.ﬁ%n%ﬁa S et ﬁza;]Z%Fa"WAéfﬁe&Pd} g GBS and
pfNSorms v e adlemBmp1 2FE WL L8 sak ﬁ§gﬁafre&l§e19@}técﬁr§)ldsrfént

wor k spaces such as offices, conmunication term

ahich zecgierasbridilgredmput ers (PCs) canbe conparati vel y

easilgéﬂﬂﬁgd. In recent years, as wirel ess LAN systens
have I'ncreased in speed and decreased in price,

demandidrey speeekess1 1 AN Y prestnbamey & oF B kahMtes to an
i ncreased. I n recent year S, consi deration is

Fpkifdaraang gi oermudliation| appaoreis which collectively

perform amplification in a wide frequency bandwidth used in

UWB communication, and particularly to a wide-band amplifier

~and a communication apparatus having a flat amplification

characteristic over a wide frequency bandwidth, being
prevented from degrading due to parasitic capacitance, and
being short in group delay time.

[Background Art}

{00031

Wireless LANs are receiving attention as systems which
release users from the LAN wiring required in wired methods.
According to wireless LANs, since almost all wired cables can
be omitted in work spaces such as offices, communication
terminals suchaspersonal computers (PCs) canbe comparatively
easily moved. In recent years, 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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personal area networks (PANs) in order to construct a
smal | -scale wirel ess network and perform i nformation
comuni cation anong a plurality of personal electronic
5 devices. [00041 For exanple, a nethod called
ultra-w deband (UWB) conmuni cation, which perforns

W rel.ess cqonmuni cation by using an extrenely_ w de
FPRGIERER tHRRAWSIPRE LS UL agd it Py veBcEPViLR§t 2@ lation of
Bl 80HL0N 232 AnBLLELRSS GANEYNG ALlAL YS! BBLUPLER: o
realizes short-distance ultra-high-spee
smaddmissgilenwiardesschetmetrkodnidspexpeetednforhet poh
to practical use. The | EEE802. 15. 3 commttee and .
FREMPgatd08 AReBEnt! §IBFabob¥dok BAFAONELapdPetronic
pet/hedsbased on a packet structure containing 15
preanbl es, as an access control nethod for

ul tra-bWdeband communication. [0005] In UWB

Lcatj dul ati th h as PS-SS and
CFDM o & cORETBEF et TAECOPd ol 198 BECES HedHeoend (UWE)

‘duiingi 28t bANSMiTH P8 £ ¥hd B PETBLS %nﬁuglﬁgtlatii%n by using
multiplied by a random code sequence called PN
PPLIdEINGI B ) deddeeque iy benfyidpheatls rePSntDivr eeteiving

he qccupi ed bandw dth, and on a receptjion )

SPLEREoh R By B TP S D o Pt prh Tealizes
$b@f©dwﬁ§ﬂan¢@t@1tb§-mﬁ1@rs;@éé&nt]§ém_ sHVoPE ¥ such
i nversely spread by being 25 nmultiplied by the PN
pRfefeod Tife cpBesSeret dte PRltetoiRrpuiskidl eise.0 Thal TERES02.

i g ee ta_trapsfer.b erformn ransm ssi gn

%drg; g%eo 1|to%'a| gng g%?ggldc%l}{)arvaq w1t é@u@ﬁ@?oseg a data
heanevf it Mneofhod figds x| £,pati@¥ $10-dOFE P0G ling
30 According to the OFDNI(aithogonal Frequency

HFSATR kS MF t3plasqerp grsttind, ndtddd efprencht of-veiatdband

[.er.i,S: set 2 so that each carrier is orthogona
cg\n&%r%dlglvceért;l%fher carrier
[0005]

In UWB communication, modulation methods such as DS-3S
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,
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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~trans

in a synbol duration, and during transfer of

information, plural pieces of data are allocated to
the respective carriers and nodul ation is perforned
on the anplitude and phase of each 5 of the carriers,
and inverse FFT is perforned on the plural «carriers
to convert each of the carriers into a signal on the

EPnehakidach R o denarthguomal Heith epeencythgrscarrier
' Lt aj . .and_1 he . sj l.on tipe, axis I.S.
PR 20ay BT BR80T, ARE 0, LBE L) B0 s,

ponvel tpitduessogridit aoird @1 beat e AXhs Hd¥pet iSie0f@triers
on the frequengy axis and the respective carriers are

SHBEER e TR RRAN TR O SheeaBBhél Hee e Plase of each
gpdul atdnn y@thods, 4 Qn(rggggdf"ﬁf. f%w%effgﬁ%é‘ggitohgghe plural

transmtted by the original serial “sigha
tannsters tdatanageettcacisnift thd dartherstiate afsigialgon the

gistributed_15 to a glurajity of carriers of different
FRGURNET ¥ tR nRr tRoyRRA H Y o0 e BYeqprnewratist £9ing

ﬂ@{ﬁ@éoﬁqe@ﬁrérﬁvwségﬁgﬂe?n ﬂr?éhfﬁdeb'a%i%oiér%%hﬁytted.
sel ective fading. [00071 n W reless comuni cation
lewped prrerstGepiuiramg FIFSC & pt pemnt o 2e dft svicoslvest shgnadgnal on

i.t 1s. . general practice to performvoltage )
%}?Fpﬁlr’?%aﬁlo% ¢ &t et VAR lsighdine fpﬁq'g%m@ésl% fnchdhe
ﬁggﬁ@hﬁﬁﬁg!éﬁf¥&é&§réYéMéﬁﬂ%ﬁB%éq¥H§¥§éﬁHd&Mgtﬂ&ﬂtage
anplification is perforned™on a hig requency
comrarEmdhy t@ Itheimonsdudaplvhi sethbMs) to teptddigce the

S P A A SRR L ST
R0 tNGa O @ e ar{3i ttaR0En Phedt@¥e L el nGd MY iHhited

is used in WMB. [00081 Wde-band anplifiers~”can be
tgerrerdlunp ldgistaluctastipyrs 3¢ aliddriandt i foregferaries, the

R R B 2L Tl ial SL e spopecones
HIARIHIY T PEAdRfudke scardtd veandags. filter (refer
te [0007]

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 communication, voltage
amplification is performed on a high frequency component by
a low noise 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




10

15

20

25

30

for exanple, Non-Patent Docunent 1). [0009] Fig. 8

shows the construction of a wide-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 constructed so that

T02RSESTP5S - 9F dere Paee paul 8 bendrparadefditan [=fer to,
a S t,Ci it nede of parallel coil Lp

?gg,égg%%%giﬁg c%%%%ﬁ?oroc%$eﬁﬁ4lahd a resistor RL

105 i s[pd@y] ded as a load in parallel wth the drain

and the source of an anplifier device 102 constructed

wi t h NOSI FBTshevs ik lcanstrassiionoes a widefbandlanplifier

j nce . 101 denot n-J npug__ .

rerar Rt o HF o e A A P Rt il derie ana =

filnet abrdd O aenqiass @i lndrPUBPFgr fre@krofo} heor example,

wi de-band anplifier, and the anplifier device 102

Borr R e Loyt age- cont rol 1 ed 20 current source

Specifngﬁdy, a voltage VI at the input termnal 101

is applied to the gate of the anplifier device 102,

and t lfes ahpinf itdie wislk-denrcdibppl § faee Uy entstofugted soehat

t?e te golta e, VI in the direction indicated by an

HF FERE-PRIRF PaTsl-PRsS Tbl tag@adet aed-@parpélelirfonant

1 8 t. -t hi LER 4 0 V., .
diHF A B haki@8o £ 29 p%.rallie Ebg? %iéﬁ]dé?@ag%llgl éa&%&l (citor

The transfer function H(s) a anpl

- Gthd0d amd Bi gesB8ster Ripiléssesd thyvikled akloowoad fopadaalel

v\[i %1%]&33% a':i%r rgunlda tjfl]é L.lso_usrl?:peRlB manHamplifier 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:

1 [0013] |

[Formula 1]
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(s) s2 . Lp Cp RL+ s- Lp+ RL [0014] Fig. 9 shows a
pol e-zero map in the s-plane of the w de-band
anplifier showmn in Fig. 8. In Fig. 9, the synbol 5
"0" denotes a zero, and the synbol "x" denotes a pole.
On the s-plane, poles are |ocated at points where the
denom nator of the transfer function H(s) is 0, while

zeroes are | pgégéL.a%1points where the nunerator of

tH) = ¢ | is 0. In the shown

exanpl g @A, zgrods, l.ogat at the center 10 of the

s- pl ang, g%déphgl'h-brﬁagﬁj'g%"pol es that corresponds to

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

of thel0&l4d| ane. [0015] Figs. 10 and 11 respectively
show gty ansfgr C cterj st anpl.e _al gr.qup

del ay char gcs:tszlﬂw;stsiactb(;%rflae t{ee Ovmgngg)- g[énnﬁgnpsl irﬂ)ﬂlag‘re gﬁgwn
time Wi ge-Ban&aadp 10ff idreshehariackLfJ 811 CBn F3gNo¥ mehezpmhbol
as,gnmx RL =1 with a center frequency of 4 Giz. A
C?'osINHAS G 26810 REd diet RembmhglNar genakes ahpple he On
fand-passef bl Has 1%&%:%‘&?51?50%%5 L&rd ?flé%eﬁj%rr&fnator
-00 at the zero and a transfer characteristic of +00

@ff theathams fehef \potteisoom (sheis-(l ahe leopeespansse timcated
t he Lr%nsfer characteristic of the band-pass filter.

ath PRS- PatLe e iU LRtRY of the weansdeRTWICtiRn H(s)
1CR patRldiR] shesanaRbmBhECUl tzedd 4§ 10%?@ é'Q\l;aEP?e center
transfer characteristic shown in Fi g. 58 75 set to
dfl &treea-phenpassibdncthd fnombexanfl gol8s Gzat acdr Kadpondss to
alled a Butterworth filter,. and such transfer |
aPEEEEr PELTRE RANAIRARF & BlerePRBPER BRaPARtEIde Of the
Jd-9Ake . However, as can al so be seen fromFigs. 10 and
11, in 5 the wi de-band anplifier constructed using the
first{6pded

Figs. 10 and 11 respectively show a transfer

characteristic example and a group delay characteristic of

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

characteristics is normalized as gm x RL = 1 with a center
frequency of 4 GHz. A cross section obtained on the imaginary
axis when the band~pass filter has a transfer characteristic
of —w at the zero and a transfer characteristic of +w 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 alsc be seen from Figs. 10 and 11, in
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band-pass filter made of the LCR parallel resonant
circuit as a load for the anplifier device, the
following problenms arise. 5 [0017] (1) The frequency
characteristic is a single peak characteristic and
does not have flatness sufficient to be wused in a
| de _bandw dt h. This probl em al so depends on the fact
that vEAe Prpdt 2BPHEF L DBNEOPRSELE T i S IRT et e habratheorder
u r.r 0 h rder . .

PERALBREE SLrESt St T IER0BER 2ody FapliEhe circuie
aaphiIoadt fas thec ampdridtievrebyvscgpl €he COHBL dWThd Ofr &#Slems
shown in Fig. 8; nevertheless the w de-band 15

AhpPFfier has group delay tinme. [0019] In this
constryggipn, if the bandw dth over which the

flatness is to be maintained is to be w dened, the

i nduct @ncérhe £ mfqudresyc ailarldd enistc e disner edsede @eak

the resistance value 20 RL of the_resistor 105 must be
HeeresCet MR evet e e Prrutaboest poustiolent o be
m@&iqgﬁégwiaén$§n&ﬁ§d§ﬁ!f13ﬁ%§?&%%&e&f§ﬂgsn&¥ eh?a#@“the

the anplifier is not suitable for operation a

Fadguemdi e 1ficaidiandey, band-pa ssedidttanc eneradlye Hals the
' decreased he anplifier decreases . in gain. 25
’{%%Ffd]‘ giipgi%%tﬁﬁgﬁsor?ﬁ%ﬁ&m FodtiSORTSPT o nite- BRAPOLE,
@arid isgrde .constructed by a combi nation of an

anplifier device and a second-order band-pass filter
(BPF) .[003621] 30 As shown, the wide-band anplifier is

constructed. so_t hat ., a second-order band-pass.filter
i's prééﬁdegh%sa%P?%SHanh%sp%r%?meﬁr@W%YF he3UPBHH and

doe tyeistd@nohst SigodAmild fHif. g¢Vi&fertheless 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

inductancelm)isincreased,sincetheself—resonantfrequency

is low, the amplifier is not suitable for operation at high
frequencies. In addition, if the resistance value RIL is
decreased, the amplifier decreases in gain.

[0020]

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

[0021]

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

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




102 constructed with MOS-FETs or bipolar transistors.
" The second-order band-pass filter is constructed with
an LC parallel resonant circuit nmade of the paralle
coil Lp 103 5 and the parallel capacitor Cp 104, anLC
series resonant circuit nmade of a series coil Ls 107
and a_series capacitor Cs 106, and the resistor RL
Posaligdreith phy dredn aafldtenseungrerfathe Ginpddfdteasdanice
hRpU j f , de- band lifier, and
10PerehEETLE FRBpoRrathE S TR cerfastohp: e
tkeondderbapdbanptphker £iandrt he canptihtesd devieeard OLc
operates as a voltage-controlled current _source,
BpEeiltrdaFpyonant of tagel vimagde 1afe hepwaredimilngpilolp 103
i i Q. 1t t fJer | .G . .
SRR I PR 2t ol e AR L SR SRR e vroui e
nadesof he sgatiesvabtidges W7iand he sdiriest capachdbeated1oe,
by ,an. arrow,in Fig. 12. The voltage provided at the
Gﬁgpﬁpetﬁ?ﬁ?ﬁg?rl ¥5this time is denoted by V2.
[00231[g@fojThe transfer function H(s) of the w de-band
anplifrer shown in Fig. 12 is expressed by the
f ol | owhg. fldy mdferdnd@02uddral AONmerotd]s an VQput tsriRinal
-.LP. Cs. R.- gm s~- .Lp- Ls. CP. CS + S3 - Lp. -
10 %%%W#d%%a?@empiﬁﬁlegr T rgferesyrenue sl g ignotes

25 $uO9261c EighndB SHOMse 8 RAl S5 2R1 ngB%Lpifiréf h&nd the
s-plane of the wi de-band anplifier shown in Fig. 12.
ampH fien deviihe 1 ynpetratel adenobdsagerevatraidethmurrent

{006y BPoOTACE Titer & PR b AtaE bF GthgeEninal 101

ig afpeled WoCthengds)of b MY1i 1278691 cES169CaL8E the
at a point where the nunerator of the transfer

16 amplifier device outputs a current of gmtimes the gate voltage
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:

[0024]

[Formula 2]

—sz-Lp-Cs-RL- gm
4
s -Lp-Ls-Cp-Cs+ s3- Lp-Cp-Cs-RL+ 52_ (Lp-Cp+Eks-Cs+Lp-Cs)+s-Cs-RL+ 1

H(s) =

25 [0025]
Fig. 13 shows a pole-zero map in the s-plane of
the wide-band amplifier shown in Fig. 12. 1In 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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function H (s) is 0. In the shown exanple , a zero is
| ocated at the center of the s-plane, and two pol es
corresponding to 5 the order of the band-pass filter
appear on one side of the s-plane. In this w de-band
anplifier, the Butterworth character is adopted in
grder_to flatten the passband (for exanple, 3 Giz to
CEPRYNatpp %] theot rrpsfexsDypet don HdspetsieMpidifon zero
LEanstetea ChAr AChES e £YATRL Cn AL & O AP 8l Vranster
characteristic of the w de-band anpfl I'er ‘shown in
Fugctién HHahief0t hdn charshbenistdngsd § Neeial izelbasted

g1 RL = 1 mﬁ%ﬁ a center frequency of 4 GHz. 15

? o% PR e hi i BaRd 2&%p| PRAkWE GideruEPEECERPREING to
the oseLoNk Qﬁgeﬁagénﬂégésf%itége&f&aﬁ 08l 8t abNEf the
anplifier device, as can also be 'seen from a

soppané sorfrofthRisgwidedbamdl aih] itherchahacBeatitetriworth

T A T RN EIE R T e

anRhpid er3 shppwned 5 k) 12 is long in group del ay
time conpared to Fig. 11, and is not suitable for a

vol t agel§aedback anmplifier circuit. This problem 25
depends, on the f that the serjies coil Ls 107 and
t he sggl’rsjigess' lgaﬁﬁﬁ r r@fpﬁ%tjavreelfi’l’ e éd t!rﬁm§é€relr.es
d1ed meere e il eRlhnp 1ke BRUNE! g8hubhge PAP!dHd Bl eV S€ic of

102 and the output termnal ~108 of the anplifier and
Ghee Wigkorkansk o lifiien Ghowrcuin Mepol®s Baohi nfcabse

éH delgyu I.n the case of the anmplifier shown 30 in

A 3G SN HEE S AE BBFB‘GTOthZ@HﬁaﬁaHmoF Rhe dhptith & center
fiejimcyl @F sieicwes as the output termnal 108 of the
anplifier, the 8 problem of group delay does not

ari se.[f02[/3029]

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
108 of theamplifier andthe resonance of thisLC circuit 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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(2) I'n 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 term nal 108 of the
anplifier, the circuit acts as parasitic capacitance
for the anplifier, but since a capacitance el enent
does not exist between the output termnal of the
aEpbilenepfagiioanNDielne goeashot cachpaci t ance added to
t he oung& gern1nal cannot be absorbed as part of
consta 0 and the frequency characteristic

degrades) [I008RE cals? Wher&%asbSe GhOM- ¢ Hadd @irkdit (such
since the anplifier 1is constructed so that the serles

%%ﬁaéPW@rc@V%BeanoﬁT; REC parpash{Pcrupatiarnie eomnected
e InFE Le & fﬁ%l.ib?'équfflcuilfler Iﬁ%égkgﬁ%g acts

nce O parasiti c capacitance

dilanplarasllfthe €@l arsdWot NeHd GamBL i ther panad Iglnce a
acjtor Cp_and the parasitic capacitance are
% et aRre ﬁleﬁﬁpslqoas To% PEAE LT iReTCBhS PRiErtdre yRinal

Shirgh LhB1$apaci 1,08 oNDS Eﬁgﬁ?@az%e{e 2eLLeS ¢ 2 g z%{i])ged to

paraS|t|c capaC|tance I STPOSSI
@asldu)tpeitl trenat aal heapnobl lsmaifs qreas aki partaphcidradicmts

q§§r§$S|ng t he capacitance of the parallel
%gfb TPt JroEateiNgd- PR dseuent 1] 25

Ken Yamagipgawa and Noriyoshi Kaniya, "Theory and

Design of "Filter", (Akiba Shuppan, 1986) [ Non-Patent

Docunémtthp éﬂhmpéennhéhnzﬁhEBlg"hAZIQMBMﬁaFﬂﬁﬂﬁmﬁlﬂfler
fiers ysi s and Desig (pp..170-172,

ISy &msatélﬁ%% 3?952?’6 8B B?gé%s@ﬁ%a%%t%ecfr nvhtanshthe

darehlenmscdhat i thecd A¥etdidisd On $QY %ﬂ£19%§%¥£®ﬁlt

obj ect of the present inventionis to prov
to eliminate the influence of parasitic capacitance. On the

other hand, in the example shown in Fig. 8, the parallel
capacitor Cp and the parasitic capacitance are connected in
parallel instead of the construction in which the capacitor
is connected in series with the parasitic capacitance, so that
it is possible to easily eliminate the problem of parasitic
capacitance by decreasing the capacitance of the parallel
capacitor Cp 104.

[0031]

[Non-Patent Document 1]

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

[Non~-Patent Document 2]

Guillermo 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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superior anplifier and conmmuni cation apparatus both of
whi ch can be used in UAB conmuni cati on and can

-collectively perform 5 anplification in a w de

frequency bandw dth. [00331 Another object of the

present invention is to provide a superior anmplifier

and conmmuni cation apparatus having a fl at

anpl i fil@882dn characteristic over a wide frequency

bandwi dt.h ei.pg,.prevented. from degrading, due to,

parasig%cogigggi gngg? pa%ﬁeggiﬁavgﬂgg?niﬁng%u%r%%+%® a

superipkbansl { f e Send dehiei &5 0Dbe Hlpale R BSERof which

i nvention has been made in view of the

SBBRE WeRG b diBrreBrenkca bihen @nsh tae el epivieliyepe 160rm
: e Lngl ydi lifier.deyice and a

%g%%?g%gékigﬁl?érEpﬁgggdgge§§e§g§ogan§g%gﬁﬁé anplifier

devi cel[@fd3having an s-plane in which a plurality of

poles are provided and zeros are provided between the,

pol es.A{’@ng.’{ ot GfoshesREesOnt ot e ckPA st ke provide

L RRYRATN &b B PSP y fl -
tr a%lsf er c%gﬂr) ajf:t eri g%l??og&%?lggégﬁ%enaé g%?g?%gggéng flat
anpll af L cahsbrchelracaetréstdticorenf a wddeaireepmnh@fbatdeidth,

ﬁoles on the | ane corresponds to the transfer

P sTETaed PEPB fadTad inso fus) P Redardinec I Fance
Zi2d b &en bangh, APl &, Rceor A "G the present

i nvention, the characteristic athess in the
passbalitedrss i fmpr Beeldrimg tihee Hrtberaaet)i on of each of
the zeros located at the respective |ocatjons, other

than tHE G and 18 Jiisoriery giade in view of the
apeed fn&dt { ned MsiSrdand 4 l?rg;ﬂ%@fc'i | dn fding to
the 30 present embodinment I's Conparable to

Arrracterized byfiratingd s g abtaphaliie rwtesn @ and a band-pass
éﬁ %%pd-order gand-pgss fgl teB is provided 10 as a | oad,

S a]i’lpgfﬁgllfjﬁ 35 FaiPad o g litier device and having
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 —w 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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In this construction, the band-pass filter serving as
a load for the current output anplifier device is made
of an 5 LC parallel resonant circuit and an LCR
series resonant circuit provided in parallel with the
anplifier device. [00371 The band-pass filter in this
case does not have a capacitor provided in series
@t B LRadofippuent ampi hbienfdenecd0 anplifier, so that

t he p&ﬁ@b§ggof group del ay does not arise, as in the
case ere first-order band-pass filter is applied

as a | padcHis ddmetampltibngr tHeVbE&Rd-hadPI8 12 elNserving as
addition, in this case, the anplifier has a circuit
3ol eaph AU ENRORUF FeRhi it PatE PR fascedantica icapadet of an

t r-QVd i 0. | et t.he out put . .
B PR g Rt DL AL T ECE 1528 58 Wil o1 mouie
peovidadl bh pheanngl idieh . Hecansi dElyr devicapaci t ance
elenenf exi sts between the output terminal of the
anplif QY355 G\D, so that even if a subsequent-stage

20 cirpput ﬁﬂ“ﬁ% ; -4 rfe I
conver% )bé(i S cog;gne%tle tolq?hnc\gﬁo%t({)au ea{hed%%cr?at %%ﬁgl
capatiter priaviided possithiles wd thr eMendutleg adahiaalodf the
t.h f%ﬁ uency, . characterjstic by absorbing, as part of
Pt Eh « SeaFBRT e PEgBhen o B& oxgdeel 2 dors Beot RRise,
£ R i . it 5 ol fi .
accor%%ga%%‘%he p%eﬂslgnt i%dv%??gﬁ Fggggﬂ%ﬂrgefdf%mwlaled
aomorcaht®cittheuiandnd izrxcakodde . circuit, a

W de- E@n’plifier havi ng i nput matching wi dened in
bandw an be realized. 30 [00401 O herwise, if the

anp! | frPedaEEob) Nt k01N8aBLESEL b1 MR ha8 d Tircuit
conbi ned with a common-source circuit and a cascode
qansfuct imnvigewband amplnducrardwyiangt enpapacht ehiawe not
provided in seriesbetween 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
possible to prevent degradation of the frequency
characteristic by absorbing, as part of constants, parasitic
capacitance added to the output terminal.

[0039]

In addition, if the amplifier according to 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
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wi dened in bandwi dth can be realized. [Advantage of

the Invention] 5 [0041] According to the present

i nvention, since a constant transfer characteristic

can be obtained over a wi de bandwi dth, a w de-band

anplifier can be constructed. [00421 10 In addition,

according to the present invention, since

HRPEPEEPAYES n%omb,lmr‘fltfa i @mmmfmmqer iekrasihgra a
ac e nst.ruct ed.

FASLOE i RIS AT s R ESeh MR e i billing

ﬁﬁdmmrﬁhlj@nd}mﬁﬂ@nllﬁe preyvi dedy bet ween an out put

term nal and GND, even if parasitic capacitance is

added tAF¥aEadR i therkivantiamte parasitic

capam[( can be absorbed as part of constants, so

t hat degradati on of the frequency characteristic can

be prevenimiin®dd @044preseaddihvontiessosthog 4 Q:drhﬁ:ant

resent invention, by conbining with a common-g
FANIAGE %ﬁaraCEﬁgé%Héc crncR Pbtaitflewvgfés% Whre ttealdmdth
£ YN R i ah gtﬂ%g figr wdened in
i nput |nﬁédanég'§g%! i ng. §§£QF> %ﬁw addi ti on,
accordiddd2tlo t he present invention, conbining with
urce circuit and a cascode circuit and a

a Co
vol t 2"&21 ?éaﬂBéER AGQRDLNG £oih pEsEENE 1RVeRhieRyGince
A N R G R (R i

| npedance mat
famﬁénat%g@@lpdflfum prees drt domsemuicted.wi | | becone

appar%réto4 romthe following far nore detail ed

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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description of an enbodi nent of the present invention,

taken in conjunction with the acconpanyi ng draw ngs.

5 [Best Mbde for Carrying Qut the Invention] [00471

An enbodi nent of the present invention will be

described below in detail with reference to the

acconpanyi ng drawi ngs. [00481 10 Fig. 1 shows the

constr Qégﬁérpl@fe%tﬁviami bdvdnaapeef ¢ Brthagoesgintginvention
e | ren f _the_present Lnyention. _This .

RS A BRI abr R eh® e oRh i, FELEPYLE8 St F uioEn fgtalled

cesbirnption of adNeAPPHihERE dFe¥he e Fdsken ofi MpltETs, taken

bi polar transistors or the |ike and a band-pass

P Fep)unstion4githvrbespeepmpenayiyg dhewinde- band

anplifi j n u that an ralle

resona ?é%# ?%?Jéli? %?cﬁgfgyfﬁ% e@%fé}ﬁe lr;g?g%?g or(]l:Joi I Lp

103 anfload4paral l el capacitor Cp 104 and an LCR series

resonant circuit which is nmade of a series 20 coil Ls,

107, PREFPPESINERAE bheCyeron taiventben il R dapsribed

BE ol Qv HAed 1 85 A h 9Rd-d 1L par @{Jl e \éﬂcklfgmgg?ﬁ]ﬁ%%l @rgﬁ{r]ﬂlgs .
the source of a current output type o nprifrer
devi ce[®IB] [00501 In Fig. 1, reference nuneral 101

denotes, an_input 25 termnal of the w de-band o
anpl i f5¥F- laRBOVEf e OB shineLaPn108 awAseaband ywbliier

LeEohdalg o Lhe %ga?ﬁeﬂt%@lﬂl{é rrtese%[&dihggntiopl.ed‘l‘his

anplifier device operates as voltage-contro
wide-erand camekl f Specid | sathdnyatiacaldl agenMradtédey a
input termnal 101 is applied to the gate of the .
MOH& 68 3P105ICAMP IR MRsla PilelOgEFTEe Pipolar
OIS A £ W Ale Of 1 AN IAATES pdlie pale Hpldage Vi n
the direction indicated by an arrow 13 in Fig. 1. The
vol t agedPrQvi ded at the output termnal 108 at this
time il\? denot ed, tbJ}/ Vfl' ) . ,

ore 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 souzxce
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 amplifier device outputs a current of gm times

the gate voltage V1 in the direction indicated by an arrow
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[00511 The transfer function H(s) of the w de-band
anplifier 5 shown in Fig. 1 is expressed by the
following formula: [00521 [Forrmula 3] -(s'. Lp. Ls -

Cs+ S. Lp. C. R.. gmt s - Lp. g~ Lp. Ls. Cp- CS+ S

3 - Lp. Cp- Cs. RL +s 2 _ (Lp. Cp+ Ls. Cs+ Lp. Cs) +

s - Cs. RL+ | 00531 10 Fig. 2 shows a pole-zero nmap

in Fhe éLplﬁhé vblthge miaieldethdtample putpushosmimal 108

in t he "0o" denotes a zero, and

%thhl ;‘_35 03%% fed ?{3?%—. In this
w de- banﬂanpllfler, the Butterworth character is
adopted in order to flatten the passband (for
exanpl Ble Frgmsfieg Sukgjon HGSFwygthg whdesgband ampllfler

cild Vv fe ract 1.Sti.C a
SRR O ol o SN O e e AR
anmpl i fi®sxhown in Fig. 1. Each of the characterlstics
is normalized as gmx RL = 1 with a center frequency
of 4 GHRT™YlaGEHA1 20 On the s-plane, poles are

| ocat ed at p0|nt 3mhere the2 denom nat or of E
Hi(E) * eRly @Mdcse Lp- | ocated

- at pdips 1sv@zerca+tsha_m@msahen s%)f(us %JL@a@@ie& C9+5 CsRL+1

function H S) 0. he s-plane shown in Fig. 2,
zero L0933 cated at the center of the s-plane, and tmo

pol es cor ndi 0 n© h pass
PO oiR s IS D (leLrotyls BIPEs cne
wmdaﬂmmnbampluﬁlbheshoeseﬁm FﬁmbddlnEﬁtFlgerbﬁSj&fﬁymbol
Jrovided between the two poles at |ocations other

thaflened e6r fgzRrew agdt shenaypbeli sxonderotes a wre. In

e Snshen £ BRI SR ERL shopted
i09B8ér to flatten the passband (for example, 3 GHz to 5 GHz).
Figs. 3 and 4 respectively show a transfer characteristic
example and a group delay characteristic of the wide-band
amplifier shown in Fig. 1. Each of the characteristics is
normalized as gm x RL = 1 with a center frequency of 4 GHz.

[0054]

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

LCR series resonant circuit made of the series coil Ls, the

series capacitor Cs and the resistor RL.
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A cross section obtained on the imginary axis when
the band-pass filter has a transfer characteristic of
-00 at each 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
passba@is i nproved by the interaction of each of the
zeros Jocated at. the respectjve |l ocations other, than

the orf GERSSERFTHR RELGHBGH Y TH61 EB295pREY AiXda Vhenghe
M lg- fl,@t%?a}{a-’@ﬁa%fa%{éfeﬁ‘&ﬁ%gb'egr&Qt%E%ﬂOL%.eHE.each

enbodi ment Is conparable to a transfer characteristic
¢ ¥ défher zeooFiand B4y ranbfairnalhd eaebeni st seodnd-or déreach of

and- pass filter is provided as a |load for an
OIS dbvine. i (P esborls T4 GO0 LRRSEe he

St @fediha W derbapd Plebbierqiac E%Q%Bg?i?ﬁgh@ flatness

resent embodi ment, the outpuf termna
iamyhief passhiewvd de imp2oserdvey tds i heepatplen tar miawhl of the

108 of the lifier, so ,that the prohlemof group . .
T ot Ree b e sRESr Ve Thepdi oo g Lt R ot
#nd 111 Tidgband RRYe . | BBbci$iappl eda 2Qia8-Bahaad
for an anplifier device (refer to Fig.”8) . This fact
e aftey isd igndecsirddaof tomtaec pmeaendo enbetigentrigs .

.. [.0057 In.the case of the.w de-ban .
kabte 5808 brantre Pt B Sebhr LG CR i s 1)
dkafa ipebIeeRhéh ainddcbndho RN pahdt-BesRar 8l t&F is provided
capacitor 104 and the series capacitor 106 are

a5 dvilged iferpanaprelidiier deyicet doefesr fondlig. 12) .
Specifb%%%Hy, a capacitance el ement exists between
t he thput termnal of the anplifier and G\D, so that

even Th théghseqsetteShage-Bangidngdlitfileghcagdang to the
down-converter, an AGC or an A/ D converter) is

PEEsradtabadi med , i por tPEE repaingd® fothe hepdipiieridevice
1}0§2€%§ék§§p8§5ﬂ% eoﬁi?pl% eygprgiggﬁrf&@tgf%h%f atmlfne_Lifier, S0
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 capacit_.oﬁ 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
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characteristic by absorbing, as part of constants,

parasitic capacitance added to the output termnal.

(00581 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 shown in Fig. 1. [00591 The input term na

i91rpssibhhett epreverhedsguadet bén dD hdFeddEie?Ol so
ihput signal is.applied thereto. A capacitor , .,

biatalPeb iRt By B aeBiibhe S hes (G PhushoR RE S0t tic

aagaENEasOe t hdded Neo 0Bk E Shthhe MR 201 is

connected to AC ground. A resistor 202 is connected

bet weel0@H&! gate of theMOS-FET 201 and a bi as

term 2 so_that_.a predeterm ned, 15 gate vol tage

i's suBFSJf?'e%gg SWS R W Jﬁi?xarrﬁ%nf%bﬁ}”@gcbfa C(g“mog_gate

b b8d L1 S onnecipd i@l theadedt Pef dhepMOSmElifier

201 so as to construct a cascode circuit. (00601 A

caphest bt B Widedmnrd tanb bef igershidwn gat &igf- the 20

MOS- FET, and G\ND so that the gate of the MOS-FET

301 is connected to AC ground. The gate of the MOS-FET

301 i Thecdmpedt eedrindnalbild@y ter sbnAbcB83 66 thd@tsdurce of

SFTFET 50 ReT @ idvide apuBPEE sS 1R ¢ 2DR1iespBRereepy A
& rall el . 0 d p | e _
capacJ?Ct or 2@ \%ﬁi %ﬁnhggﬁgdl S{tg’egﬁ E%e p(g‘{rtg%% trhees(%\?1Oasnt]?ET
AT amict GNRed @ rsdvate theugetal 6f Hhe MbB6FaMd2005 s connected
respectively denote a series inductor Ls, a series

pacPEBHEs dhd P IEA%82 RE GARRRCERASRFEYREN Jthamate
éf%ﬁéﬁbseﬁEf9%9%ﬂ&a%i%%&b&mi£g§§%§§%gﬁéegﬁﬁed termined

resonant circuit an series resonant CIrcul are

gateyvivdddaige 16 papplied s tthd o@I-FET phe . anphé fd®irce of

dﬁyice. R%ference nuner a
a MOS-FET 301 is connected to the drain of the MOS-FET 201

;Fredeterrri ned gate voltage is applied to the gate.

s0 as to construct a cascode circuit.

[0060]

A capacitor 302 is connected between the gate of the
MOS-FET 301 and GND so that the gate of the MOS-FET 301 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 rescnant 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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108 denotes an output termnal. [00621 Since the

MOS- FET 201 is gate-grounded (the source serves 5 as

an input) , the input inpedance is originally |Iow and

t he bandw dt h of inpedance matching can be w dened, so
that good antenna matching can be obtained. In

addition, since the gate wdth Wof the
pageddelcomméctdd ovdd-Eip B0iiendebécset Referencenumeral

end ntI he te wwdth Wof the MOS-FET 201,
9@2 g R (0hass oﬂ&%?ﬂ&??ﬁﬁméQQ le is suitable f or

|ncrea§ooggghe gate width Wof the MOS-FET 201 to
obtain high gain. Furthernore, the output circuit of
t he préseﬂ@th@MQﬁﬂEﬁT2&&@&gﬁtepgsgubuewﬂihaﬂnumqeserves

ant o tage gain. over ndw dt h. 0631
58" S o, SR Y ibe et et st o4 and the
bammdﬁnwﬁqm@% AEREhihgrcM e wohbase, faedhaekgood
is applied as a current output anplifier device in

pRECANG dahd napph PEi drtasinadh | AnRdditgiof.oesnge th@ gate
N i e

i heepéndedbey oFotl€ gatk vﬁi‘tﬂ:meﬁem-iﬂ'IC@@D?(tﬂ'ﬁdshown
to GND. The source of the MOS-FET 301 is connected to

tARs BF arhior cxpBPles TETitable foranereaning Fhegage width

o< 0 T or
R FOREHE T 2800 ey il o 08 S eng e
tswtptliratcﬂﬂmngﬁbé olfie tph:%sim- EEVed@lohsmakesnechedstiple to
C ground. The gate of the MOS-FET 301 is connected

%t%h% FrRstark rﬁ%ta%sg@dl tPNRT @ predr tieandniedt 180

gat e vgjfggp is applied to the gate. [0066] 17 A
capaci 01 is connected between the drain of the

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

[0064]

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

[0065]

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

[0066]
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MOS- FET 301 and a resistor 402 so as to cut off direct
current along the path of voltage feedback. The

resistor 402 is 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

t er m rAlcaos-idgen KAl &s preniee et adl neet wesre thel dagén ¢€ the

e MOS- FET 2 00 ,67 10. Referepc
SRR rkF o dioahld o83 SFae s 5oy alAbE &S ShEpar e ent
a4Deigt Ohe LpatRdo W@d@'f@@ﬂ@&éﬁ:or TR \Mélsﬁlgtor 402 is
constitute an LC parallel resonant circuit. Reference

%@%@?@t@drﬁiwefoaﬂﬁh@aﬂ@%ltegd%hhaw@tyedﬁﬁﬁq@fﬁhgé%$%x£ET

SS9 1o L4 PRBEL S, R R0, EELT) By P

ﬂM@SEeéibtﬁHEﬂdZﬂisre&ﬁﬁéﬁte@lb@ﬁmbeﬁnﬂhbcfé§££t£§ 402 and
resonant circuit are provided in parallel as a |oad
e hirs difmimadr 286vreethréf ar predeherpiatd gUs voltage

t 0681 20 In thi
S|nce§?¥th‘¥gr%He Mﬂgnﬁﬁﬁ 24 n is case,

e gate is an 1n I '"Mpedance becones hi gh,
but owid@pilo the voltage feedback formed by the
connecti on between the cagacitor 401 and the resistor

402, Refeqsisin numsEdace OdanBel PAvkrerr el Vi Heflanrte a
Hanov ot hy of ceam%ar@ gﬂ aﬁg_Leltn:eJ xﬁfo%awggzyégch

ant enna mat ch i ng tion, SiTice
GOiststwize soodes pmeﬁﬁﬂedeﬁdnammawmcuxuwtRaﬁérences

SU|ta%§?%Bor decreasing the mrror capacitance between

indVorRaGHl R T 8PPERE IVESYIIENOXIa FB L RE Al tor
ﬂ§ea9§é915996£;9§c1ﬂ:df Egeiﬂar§’retﬂ%t%lit Rﬂtwl‘fi £ Wdn i tute

he present invention es It possible to obtain
acoﬁéEaEErmeBtE@mnnéﬁ&:@ammuamer &Hmséequ&ﬁmaIﬂéﬂ resonant

% (J?S}(f I&P?aRI ls%rltege r%%%%tarnl{:(:tc!l?cr(]:uolft %rvm\e/l rp?!o?ri%ied in
parallel asaloadfortheamplifierdevice. 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. In
addition, sincetheMOS-FET 301 is cascode-connected, the shown
constructionis suitable for decreasingthemirror 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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apparatus in which the w de-band anplifier according

to the present enbodinent is applied to an LNA wi ||

be described with reference to Fig. 7. 5 [0070] A

wi rel ess comruni cati on apparatus 10 perfornms UW\B

comuni cation which carries out wireless comruni cation

by wusing, for exanple, an extrenely w de frequency

bandwi Bt lliThetshomnshirnekéss cHmmmiredesencenpan btartsion

10 .is_provided with 10 a transmtting/receiving,

IRpeRARng T b i aa plee PrRd e & Gt hingchactne

pPEBedt RRLImRA 1 91 A £6 APSTNANIAN bé IR AH{Bed with

transm ssion/reception switch 13. [0071] The

retepenod tenBigs Constructed with a | ow noise 15

anplifL§676 NA) 14 which anplifies the voltage of a

receiv signal, a down-converter 15 which

down- conyerd Seddaconbiraigeraimy i fppd-deei Me e iHas B

frequency conversion, an automatic gain controller

TREYN G2t bR dilad Oy -ch i ies owbriverekess omminication by
' I o ' ci_rcuit 18 ich.perforns. 2 -

T 0 L0 SRR L i raR et BB s S ot

T shoanstiriedid Bncomtut hea v sleapaadagapllid i eprafhawed with
in Fig. 1 is used as the [ow noise anplifier 14, .

& e gl Arecadivdma antisangoLleanflve | hard fRasedf i Her

P2 MO £ LAGANH I AN L e | 8n IR GARCy SldEShission
group delay tinme 1s short, 71 18 possible to

kionstyikcta a perdenitaicb ot ddpteionisswigan 13anpl i fier

wi th vol tage feedback. In addition, even if a <circuit

at a éﬁﬁﬁ@-subsequent to the down-converter 15 acts

as pargs ti it e, Si Jel _c citar

S B0 oS Bt et S SOt T SAtasd Teprot =

dnipel infEreas i (LiNa) tapacidiaaepladded the e W a received
term nal can be absorbed as 19 part of constants, so

e e At wierorentss e qiifdy down-converts 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 in awide 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. 1In addition, even if a
circuit at a stage subsequent to the down-converter 15 acts
as parasitic capacitance, since the parallel capacitor is
provided between the output terminal and GND, the parasitic

capacitance added to the output terminal can be absorbed as
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characteristic can be prevented (as nentioned

previously) [00731 On the other hand, the

transmission line is constructed 5 with a digital

signal processing circuit 21 which perform signa

processing of transmt data, a digital-anal og

converter 22 which converts the transmt data into an

BAdFogfstgnarantan ap- thaved¢eradst ivm chf uphe ofimsyuency
nal o ransmt._signal by frequency conversion,

bhe- 20BL BT LA ST o R ens 2 S DY pR R p e s 1Y) -

power pfotHe up-converted transmt signal.

[ ndustrial Applicability) (00741 The present
i nventPwihraetiprehadgds ckhidédaabovesiiondbime lis epngtructed

ifi nmbodj ment. It,.is. obvi ., 15
RELE 0550 o SRE Lbr PO s L 5 A oo
sbgin &l pabessingkd tdresinal 4908, hQidie APOMEIRNLIBAeter

enbodj rent without departing fromthe scope of the

Pt D GRS ton tHeoGrensmikedabayéntiessni prabeg ofignal,
c ' vant age 0 of the .present .

PR RRRRLEYEL 23 A A AT Pl Bha KB BARR t siamat

yriirieluen dys conirekyiappldredl at powel tage am + fiipaat 2oRvhich

durhqgt reception by a wireless communication .

AL R thsutbawRr sdopdie of-1ase visrtdsshtt yanastt eignal.

ot i el Ao phaveyentigned case. It goes

wi t hout saying t € prése i nvention can 25 be
i kew[9®@7Mdal i zed even if the w de-band anplifier
according to the present invention is applied to

transMiSFHBIE TR MAVENELSN hegrvesi sasiaibed Al valnagsall
WA Ilfé.féa-’té.% alet %S%e@:}gqrc S %d%{e%ltesslt is obvious,
[ 00761 I'n "0

conmmuni cat i on. her words, "the
hfcoreargai, nghdesdra g skh1dEdtire theesenican nyketici fHasitions

iven for illustrative purposes only, and 20 the

been | _
%Pég% ngtdorshta e ctr i aneist i ered ereenmiiiend it heut

departing from the scope of the present invention.

[0075]

The above descriptionof the construction and advantages
of thepresent invention focuses on the case where the wide-band
amplifier is mainly applied to voltage amplification during
receptionby awireless communication apparatus, but the scope
of the present invention is not limited to the abéve-mentioned
case. It goes without saying that the present invention can
be likewise realizedeven if the wide-band amplifier according
tothepresent invention is appliedtotransmissioninwireless
communication or to voltage afnplification 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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l[imtative way. The scope of the present invention is

to be wunderstood as defined by the scope of the

appended clains. [Brief Description of Drawi ngs] 5
[0077] [Fig. 1] Fig. 1 is a view show ng the
construction (conventional exanple) of a w de-band
anmplifier according to one enbodi nent of the present
CRGeRPREANtS16eprrgbed 1hergin Ale notyitewbshowhsgraed in a

d in e.s-pla of the w de-band. .
DA ELPe iy s SoBe U e o8 altfion i, o be
shderagoadt aandé eineddspaitey issidge @ MPkeappen@édtPBaims.
w de-band, applifier shown in Fig. 1. [Fig. 4 Fig. 4
is a viehrehoRergriPhtoupradimgwerasheteristic of the
w de- bpiglyapl i fier shown in Fig. 1. [Fig. 5] 20 Fig.
5is a view show ng a construction exanple in which a
conmmontfiag e thscode anplifier is applied as a current
out put ljfier device. n the wide-band anplifier

shown Ejrg gﬁgls B VITPESGOVENIFIRE consE raoklon sHowT R konal
s, SRR b £lor Bo RS S fiboniment
of cihe eptesenpuinweptidner device in the w de-band
anplifier shown in Fig. 1. [Fig. 7] Fig. 7 is a view
showi %qﬁa onstruction of a wireless 30
CoMTTSGAT ot SRLHU AU BAL0E M JFP T gy p1ane
gJiFitgie gjide-band amplifier shown in Fig. 1.

[Fig. 3]

Fig. 3isaviewshowingatransfercharacteristic example
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 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

communication apparatus inwhich the wide-bandamplifier shown

in Filg. 1 is applied to an LNA.
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Fig. 8 is a view show ng the construction

(conventional exanple) of a w de-band anplifier

constructed by a conbination of an anplifier device

and a first-order band-pass filter 5 (BPF). [Fig. 9]

Fig. 9 is a view showng a pole-zero map in the

s-plane of the w de-band anplifier shown in Fig. 8.

[Fig. 1681g108Fig. 10 is a view showi ng a transfer

characteristic _exanpl.e of the w de-band anplifier

shown FRIFiIGHS& Vf-ewg?hol"ﬂnﬁ:ﬁ? PPFEUCTAR (SRBRFRGTgRaL

@5aHp16¢|ya Gharashar Sid L £ Qfr £88s W08 £3RY £BBhbEhEEion

shown in Fig. 8. 15 [Fig. 12] Fig. 12 is a View

Shoanngmphaicensdeviceoanficanfeénstonafler exangtedssf falter
5 g%g%-band anplifier constructed by a conbination of

n-anmplifier device and a second-order band-pass

filter [r(BPFY] 20 [Fig. 13] Fig. 13 is a view show ng

a pole-zero map in the s-plane of the w de-band

anpl i f Féd- shéwna iiiem ghowing| Finplet4jerl gap lih itheas-plane

e how,ng r er.characteristic exanpl e of

Phe el b AP SF 1 SRR ROH R 1™ [ g 15

Fig. 1Prig. ai®]j ew show ng a group delay characteristic

of the w de-band anplifier shown in Fig. 12. o
10 [ Descriifdi ol ofs RefEravhcE MRS &t SjrarsiferD charadtasistic

ERITIL C8L N APPRE AR o) PREEM oS 't PRP P2

[Fig. 11]

Fig. 11 is a view showing a group delay characteristic

of the wide-band amplifier shown in Fig. 8.
15 [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) .

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 characteristic

25 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]

30 10 - wireless communication apparatus

11 -~ antenna
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15

20

13 transm ssion/reception switch 14 |ow noise
anplifier (LNA) 15 down-converter 5 16 autonmatic
gain controller (AGC) 17 analog-digital converter
(ADC) 18, 21 signal processing circuit (DSP) 22

di gi tal -anal og converter (DAC) 23 wup-converter 10 24
power anplifier (PA) 101 input term nal 102

anpl i fler-deghdepas63fipaeal (BPFLoil Lp 104 paralle
capacl%gnnggra15 105, rzsist0£.RL 106 series

capaci Tor Re71S85PPEECEEPTLR 9BB CBut put termina
201, 304 --MSwFEZ120 20R1i402r (g@hstor 203, 303 bias
termnal 204, 302, 401 capacitor 23 [Designation of

Docuneht | Glawmscopeeaterl] An anplifier characterized
by SO 5L Uk 0, RLLLT PRl 08 BCE N LC
circyi17pFO&ﬁQE@gLﬂ%?ﬂt@l|@bnﬁérﬁbi@?@DéPr t he _
anplifier device. [Claim2] An anplifier characterized
by comti Aihgr signah pRPFE3SERY deldeett ahBISP)

22 - digital-analog converter ({(DAC)

23 - up-converter

24 - power amplifier (PA)

101 - input terminal

102 - amplifier device

103 -~ parallel coil Ip

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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a band-pass filter provided as a load for the
anplifier device and having an s-plane in which a
plurality of poles are provided and zeros are

provi ded between the poles. [Caim3] 15 An anplifier
according to claim?2, characterized in that the

band- pass filter does not have a capacitor provided in
seri es! s hgreat Dot pof Derumerdl] ofClehesanplifier.

[Caim4] An lifier according to claim 2,
charagt%i?g%dffﬁ that 20 an inductance and a
capaci AT a@s Bi F r REIVF A Y SEUE AR MRS g AN

output term nal of the anplifier device and an out put
term ren aiptieienpiefies: g aim5] An anplifier
accordin o either. of clai 1L or . 2 .
char acPErS RFTH L Hatr o COtTo g e LA R gories
£856R8e Eireuit P& LI NeGhadd @ iMB A awlddd ehe
according to either of clains 1 or 2, characterized
arplhbten dwirmm- source circuit, a cascode 30 circuit
and a W’Igi & feedback circuit are conbined. [Caim

7] 24 MAreIéss comuni cati on apparatus characterized
by  comprangilngi e @nreiitar iz any RRepfiditer:, a | ow
noi se anplifier which anplifies a voltage of a

r ecei \Péd agiRgrddlie s I vden- @@verter which

down- co t vl t -amli.fied ecel ve [ [y o
by 1 conanoyPab RS B TR AR 1OG Tt M e
dxoniideolarer had&i ngnahnog-gilghtal n CRRNVEN t £rp Ll Bt $igMaoles
processing circuit which perforns digital signa

| P FEsEIpd md &&dife @ IfaPa o vidsece e tMeerhd oW sisse

anpliﬁbq&ih§3qade of an amplifier according

An amplifier according to claim?2, characterized in that
the band-pass filter does not have a capacitor provided in
series with an output terminal of the amplifier.

[Claim 4]

Anamplifier according toclaim2, characterized in that
aninducténceandacmpacitorarenotprovidedinseriesbetween
an output terminal of the amplifier device and an output
terminal of the amplifier.

[Claim 5]

An amplifier according to either of claims 1 or 2,
characterized in that a common-gate circuit and a cascode
circuit are combined.

[Claim 6]

An amplifier according to either of claims 1 or 2,
characterized in that a common-source circuit, a cascode
circuit and a voltage feedback circuit are combined.

[Claim 7]
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to either offclains 1 or 2. [Caim8 A wreless

comruni cati on apparatus characterized by conprising:

15 an antenna, a band-pass filter, a | ow noise

anplifier which anplifies a voltage of a received

signal, a down-converter which down-converts the

vol tage-anplified received signal by frequency

conver®j ¢hrebgsawtomun tcagaion appdratdercharacterized by
log-digital converter, a digital-analog 20

ggﬁ g??g?thich converts transmt data to an anal og

si gnal an aHtdireGOBVBAHQLpYBECHi VP £0YV 8blSnbse i POfier
transmt signal by frequency conversion, a power
whprifamplivhlieh anteltaes obonerectiverd wiprednver t ed
ans lnand a signal rocessing circuit . _.

%I chg%lré‘@%%ngg gt &1t gnat” %%e@%‘? ng 25 %t am]?ll.fled
teanbved /denel vV eydEFraqueherecBni/Be sk 8w, noh se et & &fain
is made of an anplifier according to either of clains
qoprollemr, an analog-digital converter, and a signal
processing circuit which performs digital signal processing
of received data, wherein

the lownoise amplifier ismade of anamplifier according
to either of claims 1 or 2.

[Claim 8]

A wireless communication apparatus characterized by
comprising:

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

which amplifies a voltage of a received signal, a

down-converter which down-converts the voltage-amplified

- received signal by frequency conversion, an automatic gain

controller, an analog-digital converter, a digital-analog
converter which converts transmit data to an analog signal,
an up-converter which up~converts the analog transmit signal
by 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 lownoise amplifier ismade of an amplifier according

to either of claims 1 or 2.

25




