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on Two- WAy Pagi ng System nctl

4 5- Background of the Invention The present invention relates

to a two-way pagi ng systemw th an ansmﬁmeﬁacﬁyﬁunction \
partlcularly, to a two-way paging system usi ng an : orthoggﬂgpgyﬁﬁa

det ecti on/reception schene. Wth recent advances in data
comuni cat i ahgs oY [ y
agi ng. syst SPYER BT B0l Ope?jﬂ’%"f;‘”%?ﬁ%g?*'fﬁra%%%eﬁmﬂ*i%ﬁﬂ%ﬁﬁﬁﬁn
system which can transmor ap IRSEERdHE IN cMOS§arEcENGMSY Pack signal,
nessage, and the like froma 15 paging:receiver side.

t wo-way pagi ng receiver used for a private branch pagi ng service

i nevitably has a | ow power transm ssion circuit. For services in a
narrow ar ea, e.g., a BAFCHEROUND LR ITHEagNMENTEON| ce, the paging 20
receiver is only required to perform short-di stance transm ssi on.
Therefore, the realization of such a two-way paging systemis

relatively

sone two-way pagi ng systens, the

e
transnission?QXdFrecep |5%efF %$&?%5 are set to be 25 equal to each

other in consideration of iphg §£$é5%idﬁ3re1ate§5€ooé HeMESa dg1 such a case,

contention

bet ween reception and transm ssion is avoi ded by

transm tti ngforming an inductor in the fabrication of integrated

answer - back signals for acknow edgi ng reception at
circuits, and morg pantionlemlypageng wmetkdd cf faxmingr ehogonal

i nterval s.

._detectlon/recqggléggﬁﬁgﬁqﬁdLEQU|r|n no RF and

| F
or using air as a barrier in the

manufacture of integrated circuits.

{2) Description of the Prior Art

| The integratiqn of radio frequency (RF)
integfated circuits on silicon is one of the greatest
challenges for the growing markets of wireless
communications. The incorporation of RF inductors on Silicon-
without sacrificing the quality factor (Q) due to substrate
losses has been researched heavily in recent years; Some of
the techniques include: (i) selectively etching out silicon
under the inductor by micro-machining, {ii) employing multi-

metal layer of aluminum interconnects or copper damascene

interconnects, (iii) using a high resistivity silicon

substrate, (iv)} employing biased wells underneath a spiral

inductor, (v) inserting various types of patterned ground

predeterm ned tine



$5 filters has recently been used to achieve a reduction in size. In

the orthogonal detection/reception schenme, the line frequency and the
local oscillation frequency are set to be equal to each other, and
3beats of the -- reception frequency and the | ocal oscillation frequency
10 are extracted by a m xer. The beats are input to a | ow pass filter
to obtain only a baseband signal. The baseband signal is
anplitude-1imi b | mt.er c i ant
signal is gh&g d ﬁ?w%éﬂn he s ra% iﬁ é%%ﬁ&#étegg Eifq#oﬁigﬁyg%§gkh

In the ort hoaﬁaa'(vsisft f&éié&bﬁ@h%ﬁ’é tﬁi@ﬁ?eésh%f the hﬁ’ééﬂé&ﬁé&' I'lation
frequency and the |line frequency coincide with each other, the IF

becomes zeroddededtric. Thisgdsf nequancexhaugtioecltistIhgr efthee, .commioar NoNi ¢
anplifier and an |F anplifier do not require any 20 high-selectivity
filters for szbnenﬁaveﬁgOi r‘r?elli efgshese teehnjmesy aren dddte iephangenddethe | F

is zero, a channel lter for attenuatin a acen interfering
waves can be%c3AIPPLt Bfeﬁh%ylr‘gulcmf ABGUehP se t ef?afgrreaﬁ?d‘a(%’ﬁ be
formed on an C i ) _CONye way
pagi ng systerﬁr ?ﬁgn% %i?n 1!;1{;-.} yﬁ%‘e uggl)’/% r%‘%“sé’nca’?ﬁi?% ggpﬁ#’e;&e tt\é%t

Lai d- Open No.jg641idéf8&@> i S known.
-3- In the above-described conventional two-way pagi hg system

since an answer-back operation nust be perfornmed w thout using radio -
frequencies, a great change in an existing transni ssion systemis

i nevitably required, resultTheg sleAfdresqm,@mey causesohyt thetParpsithrst em
Furthernore, since portjgbl e radio. upit in k]:e conyentional two-way paging

system r equi Fé?aﬁlf:?ﬁﬁn‘? SR SPRFRY; $RARCTRA 1T528 F9Pc ABRET P rttﬂu t, the
size of the t'ix@dbﬁtgﬂttpéft mé“shwkai‘igﬁé £83hd hat Q%n sgﬂégﬂtep

receiver. ThiS pose€S a Sseri’ous pr obllemin porta radir o units I Ch are

required to ﬁ&mﬁ@dﬁﬁéduséldiiﬁheéedlﬂﬁtéﬂérs at high frequencies. The _
Summary of the Invention It is an object of the present invention

to provide a1hmeaayn9a§¢rﬁgpss)s@readinhin¢siﬂaqm widd degradevcrhehdqr k
operation by radio. i s_-anot her_ obj ect_ of the Eresent i_ nvention

to provide afPfSofay Hatf ng“Pa§§;§t EHFV\B?%?PHHW%M‘*EB% ¢ BRI of the

Pyt o OB ERL Y OBy B S ARREES OEE o, .

l'i ghtwei ght  14R- YeYoPeskdlie SHSEBE area under the inductor is made to
appear locally insulating by selectively removing the
underlying silicon resulting in inductofs "hanging" in air.
Air, which has the lowest dielectric constant, is the most
ideal barrier. However, micro-machining, used to etch away
the silicon under the inductor, is complex and is not
compatible with any normal process flow. It is desired to
utilize air as a barrier in a process that is implemented
easily and is compatible with any process flow with minimal

changes.



't is an object of the present invention to aneliorate one or nore

di sadvant ages of the prior art. ' According to one aspect of the
present ,invention there is provided a two-way paging system characterized
sby conpri si ng: R a radio transm ssion office for transmtting a call

signal in accordance with a predeterm ned transm ssion format, and
recei ving an answer-back signal transmtted in accordance with a

predeterm ned transm ssi onuf%r n@ét d5 792 . 706 t&. ﬂléﬁﬁ% e{ %C_I_I %&%nht for

receiving a call signal fromsai | o' tTdnsm sSi on
transmit{ing,aHefisuchs RAKninG0RSE ggpec‘»ﬁpraqla%%em&@ai f@lﬂ&dﬁw mi ned
transm ssion format when an signal contained in the received call signal
coi nci des wWikBed) férmiile DlcappifigUbkide over the air gaps, and forming

-4 - wherein the transm ssion format of the call signal in said
radi o transmassebal biyeroviex tbascappimgl duide.fr Ehves syetthad divadms

transmi ssi on period. (SCT) during which a frame sync signal_is transm tted,

a data si gnaRnFRAREHPR ShHTesEy éaEBTF mRFahg iReSchr 3 AU Y| IHY:

containing a n d. af t he,.frane s and a
transm ssi onBSFOp pgrri%%)oé %F?O%ﬁ% ﬁb i eéijaﬁtl tB tRe® %/‘%‘ é%g

transni ssion Egmﬁe ok gt dufiaki 8R 1 ANLUY e s1Gi Gliod | sisinn ©

data is stoppe he transm ssion format o e ansvver-back
signal in sagdsporabéhe 5,&3!!90055! to Cﬁax@lwdlatlu'ftedchﬁsaafxﬁm«ﬁﬂic si gnal
reception period (SRXT) during which the frane sync signal is received
during the fe&sbingneway gndlielleghxitstayer hmtween metalrhimes, then
synchroni zation is_established, a data signal reception period (DRXT

during whi chPaFREALLY £ Y1 1 BResRIRE d‘l.?rai"r’r@gt ﬁerd‘é?hd%lﬁ?"dieen the

t I
period ( TxT) "RRPbnt s S SXPprBRE 5 ANFARI o BREL P 0E .r%*”%%‘o%fc'r? Yin

duration, angdrdeesdoiEdinindeadbsytps h@&éﬁqeﬂrm%asswhéﬁad%m diethd B
correspondence with the transm ssion stop period when an code cont ai ned
in the data 3egenl swethaEsiapin-bh-ghess D abde Fhteatdspsdd, 299 to

Brief Description of the Draw ngs Figs. 1A to 1D are timng charts
showi ng a si §ﬁ§F1¥br%talu§é’@WFnaa inguGkgr fp&gieﬁgw?sterwa'emrmmm an
enbodi nent of . rese 1S_a, view ShOWI g a

nt
signal formaf? |?1x:\ g &7 gﬁﬁ? n‘rb'%%ﬁytlg% %8f gf”ﬁ%a AERH RS 2
Fig. 3is a W £0 t stem
of i he enbod}‘%éwp e Wﬁh FISEI249% babligobifi VoY PEUARRL S
of fice in thant WRduetyorpadiotgsssyst em of the enbodi nent; Fig. 5is
a circuit diagramshowi ng an FSK nodul ation circuit in Fig. 4;

Fig. 6 is a graph show ng an oscillation frequency characterlstlc wth

respect to the control vol taguquRY OF THE INVENTION

A principal objective of the present invention
is to provide an effective and very manufacturable method of
| forming a high gquality inductor in the fabrication of devices .

for integrated circuits.



"Fig. 7is a

Figs. BA to 8D are timng charts show ng an operation of the denodul ation
Fig. 9 is a block diagram showi ng a transm ssion office

circuit;

bl ock di agram showi ng a denodul ation circuit in Fig. 4;

“in the two-way paging systemof the present invention; and

6

Fig. 10 is a block di agram show ng anot her :

enbodi nent of the present invention. Description of the Preferred

Enbodi nent s

Enbodi I f th t i t.i i1l b
described bel ow with refer @HgggFIB _?n escatotfé’&*q? n%ﬁéfg‘_’eﬁt%\h!sﬁggw _ ©
?9%3?%‘{%@ | Ll b‘feféﬂrf‘cét#?i % indu?gt%f rlﬁ;is%iszgi%?ngﬁ‘foég' ng to

Fig. 4 shows
an enbodi nen

e present I nven A por e radi It as a

5

reception of fhcenddPiydRae¢iby (8fEhE&nGRuFdeRu2e SP0imSegratedl e in Fig. 4

conprises an antenna 201, an RF anplifier 202, m xer
and 203b, |ovipesstdilters 204a and 204b, limter circuits 205a and

205b, a denodul ation circuit 206, a waveshaping circuit 207, a
90- degree phase 15 shifter 208, a local oscillation circuit 209, a ROV

(Read Only Menory) 210, a decoder 211, an .alarmdriver 212

213, an FSK

(Frequency Shi REGPRggnCe wit | 8P BRtLYSS A% BF  and

swi t ches 2156}19%%%17on a new method of Eﬂ%c‘&ﬁ:&b@?%ﬁoﬁﬂ&w!&iﬂﬁ%ﬁgﬁf

detection -2

ording to the orthogon reception sc

circuits 203a

a speaker

The switch 237rOis tdie ViHraphifgl B Pidiin the mah@PAEEESe Id¥ iMtegRARed0l tO
a contact (terminal) a or b In response to an output signal SWfrom

t he decoder @ifcuits is Huhiegpflacts ameifal Henewiscpréivded wmomigdngdat o the
25 input termnal of the RF anplifier 202 and to a contact b of the

switch 215. -

dihe et fiolaneke OBoAt semigeniuctps substrate. An intermetal

dielectric layer is deposited overlying the mefal line and
the dielectric layer. The intermetal dielegtric layer is
patterned whereby a plurality of openings afe made through
the intermetal dielectric layer to the ﬁnderlying dielectric
layer. Thereafter, an oxide layer is deposited overlying the
intermetal dielectric layer and capping the plurality 6f
openings thereby forming air gaps within the intermetal
dielectric layer. A metal plug is forméd through the oxide
layer and the intermetal dielectric layer to the metal line.
A second metai layer is deposited overlying the oxide layer
and patterned to form an inductor wherein a portion of the
inductor contacts the first metal line through the metal plug
to complete formation of an inductor utilizing air as an
underlying barrier in the fabrication of an integrated

circuit device.



»

7 switch 217 is connected to a contact b of the switch 216.
The RF anplifier 202 perfornms RF anplification of an out put signal
fromthe switch 215 or 217. 5 The switch 216 connects the

=out put term nal of the RF anplifier 202 to a contact a or b'in

response to the output signal SWfromthe decoder 211. The contact

a of- the swtch 216 is connected to the mxer circuits 203a and 203b.
In addition, the contact bBﬂ&EFhﬁEMmeNlQJF @ﬁﬁ pRawRREected to the
contact b of the switch 217. m xer circuit 203a
generates beats by m Xi ng an out put si gnal, supplied fromthe RF
anplifier 202 through the contact a of the swtch 216, with an

out put signal fromthe 90-degtbe pbesmpatyingedra®@8ngantormingwpplies the
beats to the |owpass filter 204a. The  mxer circuit 203b generates
beats by ni xmakeRiabR3FR of this|descTinkinn,i dderpokft HEOEE anplifier 202
t hrough the contact a of the switch 216, with an out put signal from
t he 90-degree phase shifter 208, and supplies the beats to the

| ow- pass filter 204b. throiéh | éﬁh%ﬁétgb%if% gpﬂ?s@gtreac&s a

baseband si gnal from t ﬁe beat S suppl1 romt xer crrcuit
203a, and suppbigssédreidmickapdeseftatic® d frdfiefirb@r embodiméntt @ ttnel5a.
At the sanme time, the lowpass filter 25 204a perforns a band limting
operati on onpnesemt inMention. | ow pass filter 204b extracts a baseband

signal fromthe beats supplied fromthe mixer circuit 203b, and
suppl i es 8 t he
baseband signal to the I|i ireuit. 208b. At the <sajme time,_ the
| ow- pass filter 204b perfg]rFt "a bgﬁﬁphlcgﬁx iSRRG 5B ef P TN Br b e |

an inductor having air gaps thereunder according to the
process of the invention in comparison with an inductor

without air gaps thereunder.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention fofms air
gaps underlying an inductor. It is expected:that the
presence of the air gaps will reduce substantially the

parasitic capacitance and series resistance.

Referring now to Fig. 1, there is shown a
portion of a semiconductor substrate 10, preferably composed
of monocrystalline silicon. Semiconductor dévice structures,

including gate electrodes and associated source and drain



The linmiter circuit 205a generates a binary 5 signal I fromthe
baseband. si gnal supplied fromthe | ow- pass filter 204a, and supplies
the signal | to the denodul ation circuit 206. The limter circuit
205b generates-a binary signal Q fromthe baseband signal
supplied fromthe | owpass filter 204b, and supplies the 10 signal Qto
t he denodul ation circuit 206. : The denodul ation circuit 206
is constitut i e f , in.Fig 7. . The_signal |
%#%ns and i‘epé{% %gle%%ll@%a%?lgﬁgn%}g bae %or&eﬁaﬁnDa%ﬁl on

from thelimter circul a 1s-supp term

the D-flip-flap sédiilcenbliets: Widlst@atedM hheihididdial dle1ekbeibt1200P is

supplied to a termnal C of .the - D-flip-flop. The denodul ati on
circuit 206 gerarlitess these struchnmdill aned of gtindsd duvildec shaatbtupés| hese
two signals | and Q and supplies the denodul ated signal L to the

waveshapi ng @9t ghowpg7areogncluded in theThayernviaked®dnd2ci r 8umetad7
renoves noi s dﬁm)dul ation circuit L supplied fromthe

fr th . .
denodul at i one]c’ir{e(c)[ﬂﬁ thas Hﬁﬁls ithe prdecsf ot planned dpgugloroisne

decoder 211. Rg_\/l tores sel.ectiye.calling nunber
25 in advanderrerned and forr;m?ﬁve rdé%‘%dgéyi llzzlbn‘glé’reeg‘et\éﬁ‘& géﬂﬁdul at ed
signal L fropddieramiosbaRbrisdd (LinfintRlc¥bbdr & ing a thi

9 sel ective cal ?i ngﬁr’mnber storlgd i ﬁ e RC]\/I12n O.é1 | 1tc reless Oftwo

si gnal s coi nGEmtnisS000eAngstidnes, Havdndeandend@dllying batufielki ayep &f ar m

signal to the alarmdriver 212 to informreception of an incom ng
call. At the Efpmiympitride hlaype d@bout] 60 udngstroms) andwen- back signal
AB, associ arled wi 1 h_acknow edgenent of reception of _the i ncom ng
call, to the FE¥54 ??’Ghe%ﬁ"é‘ﬁi *"éIE?fgﬁ‘atwe caatdpe d8¥eRe®ti gnal SwW
associ at ed wig; :S\W L eh) ' to the swtches 215 to 217. 10
The FSK rmduléalthllaglr}%}g‘: %gﬁ#%lgsgoe%’%?ggﬂga' control voltage V[err] on
t he basis of the answer-back signal fromthe decoder 211, and applies
the control voltage Vferr] to the local oscillation circuit 209. Fig.
5 shows an _ An intermetal dielectric layer 16 is deposited

over the layer 12 and the metal line 14. For example, the
intermetal diélectric layer (IMD) may comprise
tet:aethoxysilane (TEOS) oxide and may be deposited to'a
thickness of between about 16,500 and 19,500 Angstroms. The
TEOS layer 16 is polished, for example by chemical mechanical
polishing (CMP). A layer of photoresist is coated over the
surface of the IMD layer 16. A photoresist mask 25 is
patterned with a plurality of holes over the surface of the
IMD layer except fof the area of a planned via region 25A

overlying the metal line 14.



“exanpl e of
FSK nmodul at
R err] -and

-di spl acenen
predeterm n

the FSK nodul ation circuit 214. As shown in 15 Fig. 5, this

ion circuit 214 is constituted by resistors Rerr] to
a capacitor (CJerr] and is designed to supply a DC

t to the local oscillation circuit 209 to set a-

ed nodul ati on degree. The | ocal oscillation

circuit 209 generates an 20 output signal having a frequency

correspondi

cirout 2100 and supfPEREEfhe S TRERYGT AL LIl SRt FBOYE ™ "

Fig. 5 showseg@hék afi¥cugh tbhehk OgideSAing aky &P fz'b,r Gidt is to eHE- This

| ocal osci

capacitors
constituted
vol t age- con

lation circuit 209 is constituted 25 y a vari abl e capacitance
di ode D1, a topwdst datidrdmettaldl dielectdiad Nlaye@ within SYafexl[12r,r], and

Clerr] and CJerr]. The |ocal oscillation circuit. 209
nqtashown, where it is not covered by the photoresistQmask

trolled quartz gscillation circuit in this manner and

desi gned to ¢hand®EHANGESY Paveheen made dg the 1My LR¥SH dnce with a

change in c
vari abl e
t he out put

contact a or b in response to the output signal SWfromthe
211. The conAmgdétronaf, tthe aspechb Pdihic DICaheeccpefings il aHdwe 20- degree
er 208. In addition, the contact b of the switch 215 is
connect ed t oThigken M lavers wilbfhavee opsniogs 29f highetha@asecinpl ifier

phase shift

e swtc

Safd Prdfedfibly 0.40Ctb 08 M2 MTrohdl | Ofof! & gt &3 Ts@oghe

S

S

ecoder

STOPSLLRIE B0 eacy'hhledy WAL bibEX L2 iRlC 105 ARBTRE, 1, | 02

202, as descri bed Sbgve. . e The 90-degree phase shifter 208

- shifts the ¥&iCpp BRotREesifh Rass graks SHHHPP fehdMPocal
oscillation girehid é& 9nklrough the switch 215, by +45[err] and
-45[err], respectively, to generate output signals, and supplies the
output signhals to the mxer circuits 203a and 203b, respectively. 20
An operation of this portable radio unit wll be described next. A

receiving operation will b2 thin oxlecnliayet BZris.deposited over theA
recepti on wave frequeg%%-nndulated wth a

patterned layer 16, as shown in Fig. 3. This thin oxide
layer is deposited by plasma enhanced chemical vapor
deposition (PECVD) to a thickness of between about 1000 and
1500 Angstroms. The layer 32 provides a cap over the ‘
openings 30. The openings are sealed by the capping layer to

form air gaps 30.

Now, referring to Fig. 4, a via opening is

lithographically defined and etched through to the metal line

14. The via opening is filled with metal, such as tungsten

plug 36.
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binary digital signal constituted by a mark and a space 25 is input

t hrough the antenna 201 and passes through the contact a of the
swttch 217 to be anplified by the RF anplifier 202. The anplified
wave passes through the contact a of the switch 216 to be
divided into two conponents. The two conponents are then input to the
m xer circuits 203a and 203b, respectively. A signal havi ng the | ocal

oscillation frequency is lied from .5 _the Jocal _oscillation circuit
209 and passes through ch’yg‘P' 3% §HPHB: 1] T¥91 ?\Mlﬁgﬁrﬁg PHe i nput to

t he 90- degr e i e dh i ghal s then
shifted by %%S[dg P]splggg ﬁ@[é%ﬁ?ggﬁetgeg% tgﬁf‘*g}‘é’%&?ﬂaﬁg‘ lhﬂ?ethen i nput
to the m xemmetaliC walS b08Puitthn? @¥pper 18nd NESPEGIdIGReY a ulléP1¥iNg &g cui t
arrangenment, the m xer circuits 203a and 203b frequency-convert two
signal s oviex\liyiggabphater dbff fteirtandemohi®Oide s | Thet mebad ebback smagnal s

and outputs the signals. Since the |ine frequency and t he | ocal

osci | | at i on Haveg@e ) ckpese e hhtmeenaahout 58107 [and 9PR8 BrgsbeemE si gnal s
have beat fr The | ow nd 204b

el £l 204
serve to T?’%:én :’i%?mﬁnf?/ ‘b%f@xffrt?&yspaﬁa?f a];s)}ihlalé’re%e;ibﬁﬂﬂge&mn
limting Opglrsg%{g‘&%()ggtﬂgéﬁeong 153 Qﬁﬁegﬁﬁgﬁébﬂn}%}?% ra?x@n the nbPE1 | PMRPaSS

y |
mter circuits

filters 204 are respectivel ot

205a and 2031y tthirelbhi he tunddved p1gHoUsels | and Q The waveforns of
signals in this case are shown in, e.g., Figs. 8Ato 8D. The data
shown in Fig. 8A represents a nodul ated signal. Wen the signals | and

Q shown in Figs. 8B and 8C are input 25 to the denodul ation circuit 206,
frequency detection is The grasessdof otBepprseent dovsatisngpapvidesys
indicated b

ig. 8D. . . . , . 12
oS ¢ hat & MEthog, 2pE FomNipT,AlF, 93P undeEkiAg P8 JRSHEEPT od THS ne

clock input {lo23d @8k8 not involve micro-machining and is simple and

compatible with existing processes.

Fig. 6 graphically shows the guality factor of
the_inductor at increasing fregquencies for a simulatioﬁ of
the inductor having thereunder the air gaps of the present
invention. Line 61 illustrates the condition in which the
thickness A of the air gap layer, shown in Fig. 5, is 4.5
microns and the thickness B is 0. Line 62 illustrates the
condition in which the thickness A of the air gap layer is
2.6 microns and the thickness B of the oxide layer underlying
the node 14 is 1.9 microns. In line 63, the air gap
thickness A is 1.3 microns and the underlying oxide thickness

B is 3.2 microns. In line 64, oxide thickness A without air



’input D of the D-flip-flop constituting the denodul ation circuit 206.
In this.case, if data is counted at the 5 |l eadi ng edge of a clock, an

out'put .signal L has a wavef orm shown in Fig. 8D. It is apparent that
“when the phases of the signals I and Q are changed by 90, the
out put signal L changes in the same manner, and the data IS

denodul at ed. The denodul at ed signal denodulated in 1 this manner is

0
bi i zed by the, hapi i it 207 . i nel udi | filt
for renovi ng9RR 45 Lo bBerchs a5 yadsslving, omide sPYckIPSE Bk Shis

denodul ated . bi nary.gi g i L 5aC i t ctive

cal ling nuntx)nelrcrsmtngr'edil?:nc?l?]g&%?g\?l@l89913;l t’ﬁ% e odzc?lagll%he afﬁ}?t hey

coi nci de W tfhaarh iakcheises LfdiS fARlRERCHEd §P@dter thandiGHECHHE NGLLadE S
recei ved. The decoder 211 then supplies an alarmsignal to the alarm
driver 212 tihe simuleidenstdémnitspisdogr ai8 fappef(GloraBlaovenf thei ng operation.
Fig. 9 shows an arrangenent of a transm ssion 20 office in the two-way

pagi ng syst erAmdaigrnyithouhair gapgr §64n: | TRerhighestTAualitvisiaekenn
of fi ce denoted reference n ral. 100 as a whol e copprises pagi ng
centor 31 FaRnlen 55p £bF ) GHSEFREAGPRE: PL-ATT AR =SBV SRcEb: on
sections 35 and 36 connected to an antenna 25 37, and a data termnal 33
connected to the paging center 31. The paging center 31 includes a

transferring/ processing unthe $xdcdlss of the present invention provides
13 processing/transferring a data signal, and a connecting

unit 301. The netdwsi dori figpingr edsi ggpenuthd8€Plydng an indumtort utkd by a
transm ssi on data processing section 302 for processing a |arge
nunber of i RAATeFFe] $hghatle oxjde daypr: rantRining thienairagapndhay®® ying

the resul tant, . Si |s to the bagse_radio,office 34, a_detection
processing rs}é&qk&?s%ﬁgf ?é%%‘atnefﬁoﬁg §'Pe33 tto "&aﬁrgns'. gﬂbﬁa‘l’?#fomthe
base radi o ofdd3& 3f, a28HaBitPERMGNof the HRAGHYL GRS, HIL86§16 0Bos03 for
processing/transferring” 10 ‘the detected data fromthe detection
processi ng sedideRfiency of 3D4o 3 GHz. Air gaps with a depth of about

4.0 microns can be achieved by stacking two layers of

intermetal dielectric 16 patterned with air gaps 30 on top of

each other, as shown in Fig. 7. The process can be repeated

to achieve even deeper air gaps.

While the invention has been particﬁlarly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled

. in the art that various changes in form and details may be
. made without departing from the spirit and scope of the

invention.



Referring to Fig. 9, the data termnal 33 is a stationary termna

i ncludi ng a keyboard, a displ ay section, a printer, and the like. In
this arrangenent, 15 transmission is perfornmed as follows. An operator
*inputs a selective calling nunber of a callee and a nmessage by using
t he keyboard. The input data calls the connecting unit 301 of the
pagi ng cent eCLSIMS The connectinng unit 301 supplies the input data to
the 20 trangnetingd dat fabF QGAST g”'ﬁnsﬁﬁ&ixéfbﬁ% Ghet he _
transferring/processing unit 32 and is output fromthe base radio

of fice 34. fabrication of aMitddratiedc eprtait ofongrdsingem ng call is
acknow edged, the receiver shown in Fig. 4 transmts an 25 answer-back
signal to the baxewiddng afmeétml Mine gvemlying a etigdeickmricf t he answer - back

signal through the base radio office 34, the paging center 31 perforns
error layer on a semiconductor substrate; correction of a

receptjon code Is he detectl ce T e] 304, and
checksgthe callléﬁfgilt g teﬁqé% dle e?ernlﬁéi h Hglnglllng

number is Cﬁi@%etal 11net&?dp§’£id“%1%%k%hélla§§w' i es an answer - back
signal to the reception data processing section 303, and

acknow edges trupaﬁm@&ntngns@idtiﬁtéﬁﬁﬂmma haekestgivlldyer wherebie data
term nal 33 through the connecting unit 301. Signal formats wl |
be descri beal paimadity of openings are gade thoomgh saighsni ssion signal from

the 10 transm ssiqgn office.  Basically, the exj sting POCSAG ( Post
O fice deelﬁi%ﬁﬂﬁ%%&lQAFFSﬁt¢M%|¥R¥%f &0 aptdsdielertric layerggeq.

A preaghle sl 0nAndsclok ot 4 abld SO0 il Lxsge 130 AALARL 8050 SYNC

signal “SC for e sync roni ion Sélective
calling si gfﬁ’éeﬂnl%t%rl &electf‘f‘é%é%éﬁaﬂﬁ%a%ﬁﬁ& S PAdrahligyt ransmtted

in the order naned One group is constltuted by two
code words.of Oper@msmmnelrelsydmsurtgﬂa&d bppa W¥hirmBkaidl) code shown in
20 Fig. 3. More specifically, the first bit represents

the contentintgrmesad dieheckric "RYe%ipresents the

forming a metal plug through said oxide layer and
15 said intermetal dielectric layer to said metal line;
and
depositing a metal layer overlying said oxide layer
and patterning said metal layer to form said inductor
wherein a portion of said inductor contacts said métal
20 line through said metal plug to complete formation of
said inductor in the fab:ication of said integrated

circuit.

2. The method according to Claim 1 wherein said metal

line comprises aluminum copper having an underlying

10
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“sel ective calli ng nunber 1D and "1" represents the message signal M
The second bit to the 21st are data 25 representing the signal ID or M

The 22nd bit to the 31st bit are check bits CB. The 32nd bit is a
*parity bit PB. 15

Fig. 1A shows the transm ssion timng of the transm ssion offi ce.
Figs. 1B to 1D show the transm ssion and reception timngs of the

portable ragdi@snium n .fqg Balr@E bk Nfad & Rk aﬁongff?{EE(¥Efghfﬁm

transm ssi on 5 signa romthe - transm ssion office consists of a period
SCT of the aypeigeoati-Yeflacdava toarmig Iuyer Reving dlcombined
corresponding to signals of eight groups, and a transm ssi on stop
peri od TXOFtbdckeeps mli ptweeni ghbut 5400 Gngup600 Thagstsomene batch is
constituted by 33 code 10 words. Note that the selective calling signal ID
IS al ways set at the first code word to avoid repetition of an
answer - back _si gpal . . As_sho in Fig. 1B, .the
transni ssi or?f/'rgg'ép'f'?ghoq SSRXIFPY: KR 5%?%’%\@1 é’ﬂfﬁagﬁ fAre ai% 93ms
constituted a nfeéﬂ:‘i: [ ept1an i RXT during which
a frame synggﬁflgﬁéféir% recel ?/’IgggtaISWEEﬁ %dég?asgppsﬁg?r%?’réqginchr oni zation, a
dat a si gnal ahgsepbi®N _ peri od during which a data signal is received
“to determ ne whether an I D code contained in the data 20 signal
coincides with the ID code of the portable radio unit, and an
answer - back si gnal. transm ssi on period during which an answer - back

signal is tAanShetrethed apcording; ke fgladmilgwberednt faigraim P he
t abl di it . t | D t gi.ned i i ved dat
ol 25 egPnirtae widf A PRrese Sreftnd a0 2581 - hai oouni 1o

A transm ttBgisggei ving operation will be descri bed bel ow. Upon
establishing bit synchronization
16

5. The method according to Claim 1 wherein said
intermetal dielectric layer comprises tefraethoxysilane
(TEOS) oxide having a thickness of between about 16,500

and 19,500 Angstroms.

6. The method accordiﬁg to Claim 1 wherein said steps of
depositing said intermetal dielectric layer and |
patterning said intermetal dielectric layer to form
openings are repeated whereby said openings have a depth
equal to the combinéd thickness of said intermetal

dielectric layers.

11
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and frame synchronization using the preanble signal P and the sync
signal SC fromthe transm ssion office, the portable radio unit stops
reception RX until a reception timng assigned to the group of the
*unit cones. The -~ 5 portable radio unit perforns a receiving operation
again at a reception timng assigned to the group of the unit

during the data transm ssion period DT constituted by a plurality of

conti nuous gr N ' | R:code of the
received si ghg?ﬂ%olﬁ%%% es W \?ﬁl{lﬁe& %blajiﬁ I?) gPefﬁgﬁuém ed %ﬁ(e&portabl e radio
unit perforigyér is degtadited tBf 87 Ph{ckiRR' 8l BBtwedd MRk AYOLOr M5

transm ssion TX of an answer-back signal at a timng assigned to the
group of thandni50€ Angetrcmsy transm ssi on stop period TXOF, as
descri bed above. 15 Figs. 1B and 1C respectively show I D reception
Bl[err] and ID reception Cferr], answer-back processing Blerr] and
answer - back - ptEl)rocessi n C[_err%q,) and erroneous ID reception Blerr] and

erroneous | B r TR EEHIP digg t¢ e dswpgreqnigatddetal  groups 2

and 4. Fig. _ID.s 1DJ ion D2 and 20 answer - back processing D3 at
timngs assP%‘ﬁ%d&?ﬁgg?h%s et%%%!ég%ijp 4 of a portable radio unit after

erroneous 1D reception Dierr] is perforned. : As shown
in Figs. 1A to 1D, even if the transm ssion timngs of portable radio
units corre9porbe @Sthod addeediagetgrdigim Ur shekessi said smetail per f or ned

si mul taneously and no radio interference occurs as |ong as they have
di fferent | br¥efecomprises aluminum copper having an underlying 17

When the decoder. 211 shown |n Fi_g. 4 acknow e?d_ es reception of an

i nconmi ng caFtt3gipppitride %BBVé-ﬁe}ﬂﬁfne”d‘dt BRi YT Y2 PE Fort%h
answer - back_ ;.. at | .ack i ; incomng 5
call to then%tr:xé%%%g%glo#egp £ %géaﬁhgén)ﬂfﬁ‘ 'Si ra ngmhgg?%% g%&&bo%k?ce conpl etes

the transm ¢hifkness of between abélit BIVEENBA0H08! BRgstAShd F ansmtted from
t he decoder 211 is input to the FSK nodulation circuit 214. As a
result, a DC displacenent for setting a 10 predeterm ned nodul ati on degree
is supplied to the | ocal _ _

10. The method according to Claim 1 wherein said

inductor has a spiral shape.

11. A method of fabricating an inductor in the
fabrication of an integrated circuit comprising:
providing a metal line overlying a dielectric layer

on a semiconduétor substrate;

5 depositing an intermetal dielectric layer overlying
said metal line and said semiconductor substrate;
- patterning said intermetal dielectric layer whereby
a plurality of openings are made through said intermetal

dielectric layer to said dielectric layer;

12
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“oscillation circuit 209. Assunme that the output buffer of the
decoder 211 is constituted by a three-state buffer. During a
reception period, the output of the decoder 211 is set 15 at a high

«i npedance, and the control voltage V[err] of the vol t age-control | ed
quartz oscillation circuit is biased to a central value V[err]. During
a transm ssion peri od, when a transmi ssion signal is set at  HHGH the

WPUGT o BRSSO, 2

VT is age SST 0 ignal is set
at LOW t he; il e amseéefpeiel ayekl ah@ cappif@isdila bPhkadigyt he control
voltage VT Is set at t he char ac?erl stic Oof an osCillation
frequency fcﬁﬁrdﬂewn‘dis therebji‘SﬂﬁﬁﬁlﬁgOahh’egaﬁétﬂ’li)i:him|§aa.@e V[err] of the 25
vol tage-control l ed quartz oscillation circuit is linear, as shown in
Fig. 6, an me;meﬁarlold\leheCtmllaam |l ation
18 circuit_ 209 is nodulated with an out put fromthe decoder 211.
In this case, hfé’ré‘}l@’ﬁaﬁ SungseRn Hadidbsgueh said oxidesdayerhe switches
215, 2 and 217 he o a op this, sw.tchi operati on,
(he ouffgut RGN eEpEH WE as3inDasvRobe S MR 388 P00 T e
arrpl ifier 202 and is input to the antenna 201 t hr ough
the svmtches 216 and 217 to be transmitted to t he transm ssion
office. Note thaiegdidtinpedaneesl Afayekl ovelbeyihg asgid foxdiae?Qdyand t he
antenna 201 match because the reception frequency and transm ssion
frequency oamd pattemmingssaid metmleflever ko fmdamémdt-@hiangdci rcuit is
required durin transm_ ssi on peri od. Fig. 10 shows anot her

embodi ment B¢ ‘?‘H"é’r 1ersin g pertign af spid W?sc%ﬁmtscan be appli ed

to a Xmgr ely h m.Ji. hj r nge.

Si nce ?Pn S sys‘?em requ?‘?ésg%n osﬁl(?u#pu?swfé bﬂl d’C’?“\Q‘le%fm used in
the enbodi NEHEmBHOM ofN sl E- lﬁd&@ehbqn the fQﬂl‘ié&E’léfpo’!‘ gligfy the _
circuit. Oher arrangenents are the sane as those of the enbodi nment in
Fig. 4. |Inidtegrated ciechbtl rrent, a basi c operation is the sane as that of
t he '

12. The method according to Claim 11 wherein said metal
" line has a thickness of between about 5400 and 6600

Angstroms.

13. The method according to Claim 11 wherein said air
gaps each have a depth of between about 0.6 and 40.0
microns and a width of between about 0.4 and 0.52

microns.

14. The method according to Claim 11 wherein said

intermetal dielectric layer comprises tetraethoxysilane

13



“enbodi nent shown in Fig. 1. As has been descri bed above,
according to the present invention, there is provided a two-way
paging 25 systemwhich can be easily realized without requiring a

.great change in the existing POCSAG system '

19 According to the present invention, since the
vol tage-control l ed oscillation section of the reception system f or

recei ving gre@Sploxdde hbeihgNa Stkitindst BECHetweerfaHdi® N€GEPbI ON circuit
of the transm ssion system a 5 .reduction in size and weight of the

overal | ci&asdli19,500 Angsheomghi eved. - 20 -
CLAI V5 1. A two-way pagi ng system characterized by
conpri si ng: a radio transm ssion office for transmtting a cal

signal in accordance wi_th a redeterm ned_transm ssion fornmat, and

recei vi ng an- anRSwteihod ASFGRAING it hdifed ] PREZRUD SAALERPEN a
predet er m pgd 1.SSI f . d .- . L& le radio unit for
recei vi ng 3fc%§§&%§§£? |83?8n$é§§4 ?éﬁ%<§LF}§ﬁ§ﬁ%%s}%¥?gg$¥fce, and
transm tti pgtfdriitRy WaiBRshtarieed] | di AteRrdantydy t#b tfygmdr edet er m ned
transm ssion format when an I D signal contained in the received call signa
coi nci des opéiiings dré vepeatédswhelrabit isaid openingsieava a deethr ansm ssi on
format of the call signal in said radio transm ssion office is constituted
by a franeegyat o gihel comhined sthicknras of e88T)inteymetadhich a frame sync
signal is t[ansniLteﬂ?Ha data signal transm ssion period (DT) during which
a data si gHifledis §*8n ID signal is transnitted after the frame sync
signal, and a transm ssion stop period (TXOF) which is equal to the data

" signal transm ssion period (DT) in duration, and during which transm ssion
of data isi16{oppethetddd according ¥ diaamsAiSehere{®rdmia Axildee answer - back
signal in said portable radio unit is constituted by a frane sync signal
recepti on payendisg Sepbpitied hg ahtlkicknessf pfinbetwgerw abautallGio® recei ved
during the franme sync signal transm ssion period, and frane :
synchr oni z&rd obP Q% AngsEBPMShed, a data signal reception period (DRXT)
during which the data signal transmtted during the data signa
transm ssion period is received, and an answer-back signal transni ssion
period (TXT}, WM& mdthoRllBbot@iddeddR il 908knef ELENA QN miF10d (DRXT) in
duration, and during which the answer-back signal i1s

layer is deposited to a thickness of between about 8100

and 9900 Angstroms.

18. A method of fabricating an inductor in the
fabrication of an integrated circuit comprising:
providing a metal line overlying a dielectric layer
on a semiconductor substrate;
5 ' depositing'an intermetal dielectric layer overlying
said metal line and said dielectric layer;

patterning said intermetal dielectric layer whereby

14
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‘transnmitted in correspondence with the transm ssion stop period when an | D
code contained in the data signal coincides with the ID code of said unit.
2. A systemaccording to claim1, wherein the data signal transni ssion
«period (DT) is constituted by a plurality of continuous calling side group
transm ssion periods to which a plurality of data signals are respectively
assigned to be transmtted, and the answer-back signal transm ssion period

(TXT) is cgn b i o} =22 = :QHQS answer i ng
side gr oupgt g{r}g%isg’{ognf péﬁl é‘ggd%#n%a%it(%ouﬁha%g\ﬁgr 1@9& signal is
transm tt ed;ieledtfiOUbagd@RYTsa3 H0BeREESRFLADY Qﬁﬁgttatéor respondence with
the transm ssion period of the data signal. A system

according to cl aheréaf wdwermipeatiagdassd séige dfraapasltmlg ghiid ng the
plurality of continuous calling side group transmi ssion periods is
constitut edmyrmﬁbabmmgcpéﬁygroem patdermdngpDsadde is arranged at the
first code {Stem accor di ng to claim 1, wherein

during the %ﬁmgf:@ﬁa‘flle]r%ﬂﬁ &ﬁYﬁEr DAEQEREPENINGS; Unfil or i ned whet her
the 1D cod n % I es with the ID
code of sales go%?éﬁf’ggéf ;hdéo undt%(iss?"i1 89 ﬂl@é&f% 3 3\;‘8 @egn according to
claiml1, whgebRssai d portable radio unit conprises: - a detecting
section for generatl ng an answer - back signal for acknow edgi ng reception
of an ismcom ng theéreafitéhaidpamiting anrexixie/ dayeadooesliging sail a | ocal
oscillation signal, a voltage-controlled oscillation section for
generating intespatabsdieleqtinde laygrapnd LARRENE SlaééuEh‘éyal:th esponding to

an applied voltage a nodul atin tion f nodul ating a
vol tgge to%eogﬁgﬁh%%l %bersﬁﬁyd f\%f“f‘ﬁgeal‘ $d‘111 % 2,88¢ I ation sect |gon on

the basi's Futla?ﬁ PLSWR! e RAGK 13 Qﬁghrf&fi’&%fﬂ dsgsléﬁ?%r@c };Qﬁ sS&gdh on, and

sai d portable |o unit transmts the signal from said
vol t age- coMavel hedi@sikidt af.i40N t2e0l 52Mmisrohss iGidla aeeAVGLdgieg reception
of the incomng call. 6. A system according to claim 5,
wher ei20 saite dot@cmiemprssction conprises a denodul ating section for

obtai ning a dempdul ated signal froma received signal by an orthogonal

det ecti on/ recep?PB‘Hl%%k%ri%m%ngEﬁEgaF%Eo‘%% saishexifgckayefgnal depending

on whet her _a of t.h enpdul at e n coi.nci des th the 1D code
of said pOPP b e §a cFﬁﬂﬁ 3 %1g9ec ric yé%i%o salg me almilne,
22 and

depositing a metal layer overlying said oxide layef
25 and patterning said metal layér to form a spiral-shaped
inductor wherein a portion of said inductor contacts
said metal line through said tungsten plug to cbmpléte
formation of said inductor in the fabrication of said

integrated circuit.

19. The method according to Claim 18 wherein said

intermetal dielectric layer comprises tetraethoxysilane

15
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3 continuous calling side group transm ssion periods is 4

constituted by two code words per group, and the ID code 5 is arranged
at the first code word. 4, A system according to claim1l
swherein during 2 the data signal reception period (DRXT), it is 3
determ ned whether the I D code contained in the received dat a si gnal
coincides with the ID code of said portable 5 radio unit (200).

5. A(‘Fﬂééﬁ%ﬁ%é)m‘ib&ﬂgtg eﬂﬁmﬁe},s W@%S{:ﬁeéﬁ'éimutz 16,50@r t abl e radio
unit conpri ses a detecting section (211) f'or generatlng an
4 answesind ark, siocgmlgsfmbmacknovw edgi ng reception of an 5 i ncom ng
call on the basis of a received, radio signal 6 and a local oscillation
si gnal , a vol tage-controlled oscillation section (209) 8
for generatanYa | ocal oscillation signal having a 9 frequency

corr espondffiy TRE BEHH PEgoTdirade m 1§gwherein said oxidgpdul ating

2 f nndul 1 b d
Vol tage- coht¥e 4t BeepsivelOed, o el pROReb 98] P dbRd S of e
13 answer q bagdo AriPrdbrolsom sai d detecting section (211), 14 and 15

said portable radio unit transmts the local 16 oscillation signal from
sai d voltage-controlled ' 23
17 oscillation section (209) as a signal acknow edging 18 reception
of the incomng call. 6. A system according to claimS5,
wherein said 2 detecting section (211) conprises a denodul ating section
3 for obtaining a denodul ated signal froma received 4 signal by an
ort hogonal detection/reception schene, and 5 generates the answer-back
si gnal dependi ng on whether an 6 | D code of the denodul ated signal
coincides with the ID 7 code of said portable radio unit (200).
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