., PQRSe3e#P | db6TP&eL Repl acenent Sheet 16 October 2002 DESCRI PTI ON METHOD
FOR DESI GNI NG POAER SUPPLY CI RCUI T AND SEM CONDUCTOR CHI P 5 TECHNI CAL FI ELD
The present invention relates to a nethod for designing a power supply
cCircuit and a semconductor integrated circuit (a sem copdpgéeenCded) . 10
BACKGROUND ART Recently, there has been an increasing needidiotceddo2i Ng t he
power consunption of a sem conductor integrated circuit ( a sem conductor
chip) . In order to reduce the power 15 consunption, it I@Hﬂl m\,f i

I

to
reduce the voltage. An approach tor e only the voltag mmg’u&m&r nal
circuit has been enpl oyed, rather ttpidtﬁuqc%tpr'%@%e the volta l tire
semi conductor integrated circuit, in order to maintain the cof§da®srbility of
the external interface. This 20 requires a plurality of power sources : one
for the external int¥ETEOR AR IS HNINGOPAHR | SHRPINGI CERCEITt . However,
enploying a plurality of power ANDUrSEMIJONDUEARRS CHEP cost . I n order to
reduce the cost, it is effective to enploy an on-chip power supply where a

power supply circuit 25 (hereinafter, referred to as a DC DC converter
circuit) whosBECHWIEAL SFIEBDvol tage for the external interface and whose

output is the voltag r It e i Leuit, 4, jch is buyi Lnto _a
sem conduct or int egrgltltfla% g%?.%lﬁn{’ct .iﬁgégﬁ%ﬁﬁagﬁ&a%ycoﬁeer er?é%:}itl(r)%uif%,r a
three-term naflestgiagord RoWeIswERPlYig digpyidt oandarml sskemilciokeucdrog

known. 1f a DCLRCEQPNET LEEChh Ykt sieﬁi%ﬂﬁh%céoﬁl”c%r%ﬁm conductor chip, a
user (a_designer) does not need to Repl acenent et 16 Cctober 2002 _ 2

__ provi a dedicated line on the board for providing an extra power supply
vol t age: Thi spatoereeNp BR® two problens as follows 5 1) To produce a high
performance DC/ DC conﬁerte i ch does not  depend on the designing

circuit .
ability of a designer .e%‘éﬁlﬁnuﬁgﬁﬁﬁm&aﬁdﬁﬁr&o‘?ﬁe??‘égeEFFEEi pegA £o10
sem conduct or refuping fthe peseyrem newvd i adest gnsemi Een@ector integrated

circuit (a semiconductorchip). In order to reduce the power
15 consumption, it is effective to reduce the voltage. An
approach to reduce only the voltage of the internal circuit
has been employed, rather than to reduce the voltage of the
entire semiconductor integrated circuit, in order to
maintain the compatibility of the external interface. This
20 requires a plurality of power sources: one for the external
interface and another for the internal circuit. However,
employing a plurality of power sources increases the cost.
In order to reduce the cost, it is effective to employ an
on-chip power supply where a power supply circuit
25 (hereinafter, referred to as a DC/DC converter circuit)
whose input is the voltage for the external interface and
whose output is the voltage for the internal circuit, which
is built into a semiconductor integrated circuit. As such
a DC/DC converter circuit, a three-terminal regulator, a

30 switching regulator, and the like, are known.

If a DC/DC converter circuit is mounted on a

semiconductor chip, a user (a designer) does not need to

WAV
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.converter circuit, the line resistance in the sem conductor integrated
circuit is high and it is difficult to increase the power conversion

ef ficiency. Mdreover, with a switching regulator, it is not always possible
t:o produce 15 a high performance DO/ DC converter circuit R&plack@wiSheet he
conversion efficiency and noise resulting froma sw tchi ng igegithati?an2 whi ch
has substantial sw tching noise due to jtg configuration, and which may
affect the internal circuit of the chip. 20 Wien using a macro cell of a

DC/ DC converter circuit_, even when a hi}g@ Berfor mance macro cell is used,
if the DO/ DC BERVéFee? dadiGated 4ipeoon AaEf ERePrevHaingan exear ea

where vari ouspb&@rcghbmgr QoRtayededThi s €. hoRdvaf Canibef fo PrdiEehdt £ Nal
circuit is pravided) , the distance between the DC DC converter circuit and
t he power supSP}lﬁ @i ncreases, thereby increasing the line resistance
accordingly. Therefore, the DC DC converter circuit will have a | ow
conversign efficiency., .30 In_a case, .mpunti of a high performance DC/ DC
converteg circuit on &)C&PpPFQ%CghPyT’&%erP&E%WW% @ﬁ%rﬁ%"%’f?’?ty of
a designer. Thkarefxntewhich godisf hbtulitpenBeph atleaedés Sheehg lHb{Xiopesr 2002
- 3 to ensurg 8{?% %tiron of a DC/DC converter circuit with a high
performance, W 1] ('ia’ep'endi ng on the designing ability of a designer (e.g.
regardl ess of whether a designer has know edge on on-chip power supplies).
5 2) To produce a fleynhhe n 'Ig@iggrfapr BE?B@ D e FPaverd &l .igscg'ht ich
"meets the requirenents of the rntérnal structure of a ssttem | “wi t hout
pl aci ngl& bur §emigengugdsingmdrip .1 oifwendasianengnevwby Oesiansera CHPE cui t
on a chip, a toaieherdestani whiale &a%srwfsfsﬂeérig{@gtess&ﬁi@mpéw@ém#y of

functional blocks formng the systemLSl is required. For exanple , en a
plurality of f#t&gr&t&ad piscKdt(ipprighrand 3HasyAdEficghik ba Yperemse pover
managenent Corhesp@atiery conilesaper alirgnaliesicit.us Ofloeashef Uncyigral a bl ock

by using a power, nagenent .circuit PMC (Power Management Circuit t he
same nunber ofswﬁélr}%én%’or’f\?gﬁl&tod:i'r&dﬁ tlsn§8g ?%wﬁgsngﬁﬁféﬁlﬁnt‘é I&’Fl%‘%u‘é% t he
nunber GH funet hdighl pelrdokmanice DRi/PCcaseyveZienhelecaibCibCvionvert e

circuits is prayi W { i | ock. . As_nentioned
above, positi (S:(r%)l\ﬁr}{]él 0 Vgan %&%ﬁ)%gggltﬁy[efgflgrﬁﬁééuFtrE;loln&crh(f%rr?glyarsew uJ(::% the
conversi on ef eguwemiiprowhiled DEFDSdhsREiel Bittehing Inoise divkf toultsto
det erm ne appreRReidhi-L0%9d | U [HidiGndd D SONVELL € norfh i CY| FSu Y t hout
i ncreasing the nunber of designing steps.” The present iInventors have

addr essed t he %fbhde @+t -oned problens as follows . A DO/ DC power supply
circuit 20ell having a DO DC conversion function is produced as one 30 type
of 1/Ocell, so that DC/ DC. power suppl y ci fculi |1 can be treated in a
manner sinilar to that &u?hgg&'ﬂﬁ?r%’:@)ﬂ&?%?u'\sl\‘ﬁslé'ﬁgﬂ’é’f‘é(ﬁﬁtrﬁrn‘@llf‘ﬁlélt'

posi ti on on tkyegewhenralbdybrpeht prmiece ntadverdDEE DL jpowseds upp lthecD ¢DCt
cell is to be

converter circuit is provided in an area other than the area
where various I1/0 cells are provided (i.e., an area where
25 the internal circuit is provided), the distance between the
DC/DC converter circuit and the power supply pad increases,
thereby increasing the 1line resistance accordingly.
Therefore, the DC/DC converter circuit will have a low
conversion efficiency.
30
In any case, mounting of a high performance DC/DC
converter circuit on a chip is highly dependent on the

designing ability of a designer. Therefore, it isdifficult



.Repl acenent Sheet 16 October 2002 - 4 provided. An I/O cell as used herein
refers to a cell which is provided as an internal circuit of the

sem conductor chip for giving/receiving a signal to/froma functional

bl ock. In view of the conversion efficiency and noise, itgpis B.0f8f&fable
to produce beforehand a DC/ DC power supply circuit cell ha gl&toger%ogjw
performance DC/ DC conversion function. After determ ning the position on

t he sem conductor chip where the DC/ DC power supply circuit cells are to be
provided in a manner simlar to that for the other 10 I/O cells, various

|/ O cells inclipdiangutite IGINC Hewerofs I/ RE reenvexeet schreust rahtedaon

t he sem condug{; i LNQ, i ; ol - .

Thi s sol ves T B D e oS A e 5 ¥ e
present inventdfor? idesignnitd a TRIFrEEeFEi hcyhEhex 2 odwetgeerchasuit .
Anot her obj ectkf¥witdiyddrdts et - SHME P dvidr | SupP1pEQyl de a nethod for

desi gni ngssa sem conduct or chip which 20 neets the requirenents of the

i nternal Structure of the sem conductor chip, w thout unnecessarily giving

a burden a designer. B})S@OPRETe BHE 1NENTE OV P5h ApPEFEFmERER| Y ghECUi t
according to the present inven'L_i on%%tf.or rTEd on a sem conductor chip, the
& etfan

power supply CITEHT FncPubiFHY] plie St BPALLERMERtSufut fhfg a
power supply volteagesl atduetert 66|a eystidnt LEdrwithbadlgliaginde vut@es’ '/
t ransi st or sec&{ oép.de'l'sh]}egr&)e% put transistor 30 section is arranged in the

er na

vicinity of anex i Aput/output term nal of the sem conductor chip, so
t hat t hel@®bove-nenti oned objects will be achieved. Repl acenment Sheet 16
Cctober 2002 - 5 The g4, I | StRF /5€CL Ve, a. _ ection
function. 5 The out put traﬁguglttg?lﬂsect?ég myg?%g?%ﬁ?ia&n&i%rggegﬁ%’

transi stor. Thefperéblensionwhightnents beediedingeaneditthgf 2 peurphiéty of
the sem conducdore@ti ¥ el Uush sek § ot rkPhgetfe 19vERERERET- 1dhBegQBEaSUPP! Y
circuit incl ugFieHS , as the external input/output ?erm nal ,_ an oufpu

[ put
termnal for GEETRY S-h BREBvR P I X Ot SgRCS T 1oRRhe LI (B derBENal

for 15 provided with an optimal power management corresponding to
the operational status of each functional block by using

a power managdement circuit PMC (Power Management Circuit),

the same number of DC/DC converter circuit need to be mounted

on a chip as the number of functional blocks. In this case,

20 where a DC/DC converter circuits is provided with respect

to a functional block. As mentioned above, positioning of

a DC/DC converter circuit on chip may reduce the conversion

efficiency of the DC/DC converter circuit. It is difficult

to determine appropriate positions for the DC/DC converter

25 circuits without increasing the number of designing steps.

The present inventors have addressed the above
mentioned problems as follows. A DC/DC power supplycircuit
cell having a DC/DC conversion function is produced as one

30 type of I/0 cell, so that a DC/DC power supply circuit cell
can be treated in a manner similar to that for the other
I/0 cells when determining the position on the semiconductor

chip where the DC/DC power supply circuit cell is to be



15 inputting a power supply voltage to the output transistor section, and a
ground termnal for inputting a ground voltage to the output transistor
section . The power supply term nal and the ground term nal nay be arranged
im the vicinity of the output termnal. 20 The power suppgy, lé‘deﬁ]&ll{lsiheet
include, as the external input/output termnal, a plurali tyl6qjct ?‘t
termnals for outputting the power supply, voltage a plurality of power
supply termnals far inputting a povver supply voltage to 25 the output

transi stor section, ty_of nd termnals for inputtin
ground vol t ag@ Y ou?Bu}E}j{) Eﬁd?g%‘gg]ﬁr&}n *Fﬁge’p”ﬁu?‘alai F?Réfw%h‘% ut
term gal s, t h&lsp;bnoaidégl af aﬂOiéMeﬁwpby.rbelrlm aflthe aéﬁhbbﬁdﬁblﬂb@' ¢ 1 ¥p of
ground termn e covered with a co con uctor
chip may be a%r anggi(flng/trhactelwﬂlgnal ﬁbgwm86ﬁﬁ8@t?n’g RS l%’&? Jt’ oc
transi stor sedn oniewt bfa thec kageveihs tdn seﬁtfaculaacyemmd)nduﬁ:tser Gl pi&s
hortests o BRUrRIAIY boSiolf Ot bes 208" 0 ndifc ol sl ste

section and t he contr be arrange ment
area. 5 A netleddcgit dwsslilgrianging s@rrha:Ghdnenf@lorm@maachb’raﬂ ngpnetdicon

pr esent Inventﬂmﬂlw udg%twea%tt@%ﬁ&n %%r g}dy’i&aolw% QNS Qi

sem conduct or chip where a plural ItB/ |'s are to be arrange the
plurality of BHetea P§li9nb’h@§?n§h‘at q/%tpcwer SUPPl v gaacio eellshavéng 10

a power suppl yo'®el FHOVHABES A rldHifdr WhrdOFark oy SFRAN0: G f RS PRUET
suppl y voltage into a second power supply voltage and at | east one second

type 1/&%el I HRSFHYLS- Fomasnt /@ GrddiSohnafi 16 4hed?C { BE poviest SYpriXel |
and arrangi ng diteyiltueéal 1§ rf atréhged loh H18s edmakdnad ARIeERL POY &e‘?m?
S

positions on the sem cqnd so that the, ab vemsntl oned obj ec
will be achie&d® "?‘r?é“ag‘t 41212/()‘5 %e?iefs%W%m 1 FePtel ITHIR SREVES FRPuL
power supply pEdregidntfiomedprtdblgns (@owerndu@P) y vol tage. 20 The second
power supply voltage output fromthe first 1/O cell may be snoothed by a

smoot hing circuit provided outside the sem conductor chip. The power supply
vol tage 1g"ener ated by teodigsithpgtiee rrugsemnmylrbeerntiimn itso tohprovide a

sem conduct or i3y ddF UG &P ¢ SR ARNEFt SHPR Yoppd, cel | . 25 The input
power supply pad cell may bé arranged in the V|C|n|ty of a functional block

to which the power supply voltage generated by the snoothing circuit is

provi ded. 30 The firstanddt@ezel bbyaythave ah@ontﬂe@entterﬁwghtiaﬁ IiRputsing a
control signal__whi.c |nd| t es onesgower Fslgpg é voIta e to be generated
a

fronlanong a a “% % Fogu F§996 emicon uctor chip which
20 meets the requlrements of the internal structure of the

semiconductor chip, without unnecessarily giving a burden

a designer.

DISCLOSURE OF THE INVENTION

25 A power supply circuit according to the present
invention is formed on a semiconductor chip, the power supply
circuit including: an output transistor section outputting
a povwer supply voltage; and a control circuit for controlling
the output transistor section. The output transistor

30 section is arranged in the vicinity of an external in-
put/output terminal of the semiconductor chip, so that the

above-mentioned objects will be achieved.



.Repl acenent Sheet 16 Cctober 2002 The first I/O cell may have a control
termnal for inputting a control signal which controls whether to perform
or stop the power supply voltage conversion function. 5 The nethod for
designing a seni conductor chip further includes the step ff,aLrana,0g at
| east one functional block as an internal circuit of the se@iaRdsHP" chip
The at | east one functional block may ipclude a power 10 managenent
circuit, the power managenent circuit cﬁaﬁgrng a node of the power supply
vol t age conversion function of the first 1/Ocell corresponding to a
predeterm ned functional block according to an operational state of the

predeterm ned functiopgl md¥3ﬁt1§rghg%gk5§tgéggf3glm yhggglgpqﬂﬂgﬁgutput

transi stor section for converting the first power supply voltage 1nto the
second power PFOHEOFLION: &¥RCAH®Pe control section for controlling the

out put transistor section. 20 The out put transistor section of the first
/O cell may have a surge protection function. The output transistor

section of the first PO CMtPWs thRapsifliQreertisdh naipelnehids A dresBRI EF
DESCRI PTI ON ChyhidE thRAWiNGFi gure 1 is a di agram showi ng a configuration
of a system LSl on which DC/ DC power supply circuit cells 30 according to
the present invention are nounted. Figure 2 is a diagram showi ng a

configuration of circtihe pooeks safpdXy RG movier maguBQIaﬁﬁfngédmzﬂdﬁg a
di Repl 02.. 1 {
scoording R aSaIRY (BeAL Ay CELRNGE 200 sn B AR BEESE g

i nvention. agram-show ng an arrange
of DC/ D@ Qowerthengsifys circuit cells according 5 to the present invention.

The power supply circuit includes, as the external
input/output terminal, an output terminal for outputting
the power supply voltage, a power supply terminal for

15 inputting a power supply voltage to the output transistor
section, and a ground terminal for inputting a ground voltage
to the output transistor section. The power supply terminal
and the ground terminal may be arranged in the vicinity of
the output terminal.

20

The power supply circuit include, as the external
input/output terminal, a plurality of output terminals for
outputting the power supply voltage, a plurality of power
supply terminals for inputting a power supply voltage to

25 the output transistor section, and a plurality of ground
terminals for inputting a ground voltage to the output
transistor section. The plurality of output terminals, the
plurality of power supply terminals, and the plurality of
ground terminals may be covered with a common metal.

30

The semiconductor chip may be arranged so that a
bonding wire connecting the output transistor section with

a package which seals the semiconductor chip is shortest.



.Figure 4 is a diagram showi ng a recommended exanple of an LSI |ayout on

whi ch DC/ DC power supply circuit cells according to the present invention
are mounted. 10 Figure 5 is a circuit block diagram showi ng DC/ DC power
-supply circuit cells according to the present invention ag, E‘de& t%]ﬂpétl ed to
a PRM. read channel LSI. 15 Figure 6 shows a flow of a proge 2002
determ ning where various |I/Ocells are to be provided. Fi ure
di agram showi ng the internal circuit artahgenent area and the I/O ceI I
arrangenment area. 20 Figure 8Ais a circuit diagramshowing an | /O cell of
a first type. Figure 8Bis a circuit diagramshowing an | /Ocell 25 of a

S anR®: L pare, DThe, ok 20 IR BEP LSkt L SUP LiE i rar o,

resi stance in the flrst t own in gure ure

di agr am showi B&reliéx ey gﬁy arré:‘yl@medoﬂnarﬁlnodt/@ﬂcethla@mrmenmm iareda.n the
second type I /Ocell . Figure 11 is a diagram show ng anot her exenpl ary
Repl acenent Sheet 16 COctober 2002 - 9 |ayout of an output transistor
section Bn the secondAt ypetho® cedt. deshgmingi ga,urmnﬂ:%rﬁmbﬂd&B ichidp

Sp OEam, S ho B Y 8 kAR BLoLDf: SPEORICIXRR L ELSEL L RDNE LD F Our o

8B. Each of Figureés 4 di agr ans. Show ng ano T &i%n of
t he second tyé@tleml@élnlg et ionsi gureEISIemlOOﬁdguﬂ:erlébhlsp awbeagr a&an

showi ng a net hod whers %fsqmoc%qli%t rd ritoeq;eata%gmqi]gefdl;tctka gal@ﬁa@td{”e 15

arranged at a position shif romt e center

is a di agram koM hgedheE Jﬁﬁ‘é]s‘é‘?‘ﬂnﬁi Arekravhone %&%‘gtapsli/éacpélabavmg
three- te.lom nala pegerakQpplyPeoltagdi éofrve s Doh Kuk@VER L EEr Wdfitidting

a first power supply voltage into a second power supply
voltage and at least one second type I/O cell having a
different function from that of the first I/0 cell: and
arranging the plurality of I/0 cells based on the determined
15 positions on the semiconductor chip, so that the above-

mentioned objects will be achieved.

The at least one second type I/0cell include an input

power supply pad cell for inputting a power supply voltage.

20 The second power supply voltage output from the first I/0
cell may be smoothed by a smoothing circuit provided outside

the semiconductor chip. The power supply voltage generated

by the smoothing circuit may be input to the semiconductor

chip through the input power supply pad cell.

25
The input power supply pad cell may be arranged in
the vicinity of a functional block to which the power supply
voltage generated by the smoothing circuit is provided.
30 The first I/0 cell may have a control terminal for

inputting a control signal which indicates one power supply
voltage to be generated from among a plurality of power
supply voltages.



,BEST, MODE FOR CARRYI NG QUT THE | NVENTI ON 20 A net hod for arranging, on a
sem conduct or chip, DC/ DC power supply circuit cells each having a power

supply vol tage conversion function will now be described. A DC DC power
supply circuit cell is a type of I/Ocell. An I/Ocell as r&l
refers to a cell which is provided as an 25 internal ci rc&?}?g(é%n%{tﬁ%e&

sem conductor chip for giving/receiving a signal to/from a unctl ona

bl ock. The position on the senm conductor éhrp where a DC/ DC power supply
circuit cell is to be provided is determned in a manner simlar to that
for the other | /Ocells . Therefore ) it is 30 possible to arrange the
DC/ DC power supply circuit cells on a sem conductor chip by using a
commer ci al | y- avai | abl éPgufdratel/ ?/eekimavhayifgeneantredl termfppl dtament

Sheet 16 Cct Ob_@ﬂpu%&@.%g'al}Q)ntElcg.Uéﬁgﬂaimkﬁcﬁﬁﬂﬁrbgﬁrﬁ{é%@i:o?eﬁy & LS
1. The system LSl 1 is fornmed on a single sem conductor chi

system LSl 1 OfclSi@®s TBE BEWSTwWS BRIgh %P i d9q TorEsrsian - ﬁ@cme DC/ DC
power supply circuit cells 11 5 14 are errbodl ments of the power supply
circuit of the presenLl[, [ nvenﬁ og I n ure each of .t he DC/ DC power
supply circuit cells IT®14"gHR0 e§°§na ﬁlgﬁH’E)Ca FTRELCORABRLPE) G_LhJFerther
includes a povertmenagénehtdés ctheuisttePMCof Romeanddmggatenie&btcuie) 21
and IPs ( Int P ter cu The. PMC. 21 is a
functional bl g(r:ulrgl faronaclog)g?%k%js §§ ét]{}loaﬁl g?kggh‘%ro }tlgﬁ Set“llfecoprb fror
consunpt i on i hilpe sg?bﬁefnt LlSIaSI Orrﬁéurmstmn%bdm@kelach imdlunit agyawebl ock

for perfigrmn L%%ﬂ 15 n u

provi de(%Q{o t%lea%P 21 thFﬂo tantltrﬂrtll %)h%gmgéhgg 9§p§ s f %ﬁ[ﬁ/uﬁt he
out si de of thé §‘¢9ﬁ3|ecGﬁdGB?OPOUﬁFpSIIBpth‘éOPWQ1C@aﬁe§éll°a Peovetion elipply
vol tage out puttHe OFgsPC/ %C%@It@or@ers(ﬂﬂr{dﬂ‘;&mtt%d an &@é&b{érm&
power supply circuit cells 11-13 to 2.53 V or 1.65 V. The power sup

vol tage out putt FhANE BAOSE AGRPEAIRT &Or ap; PPP§a§|18\9‘P&eﬁt?Bee‘a5h“éﬁ t he
functional bl gredeRs:r3ilindA thimutgloriapwlqewer supply pad cells 42-44) 25
respectively. The PMC 21 outputs a control signal Dcon, a control signal
VOoREQ and a control signal SYNC to each of the DC/ DC power supply circuit
cells 11-13. The cont Thle Sigaal I SYNE130may ot lgdevan bUltthhe’t]S&tk:El@hfor

sinplicity of éé'c%ﬂd% For BSnGQE‘cEHb fh&”@ir&@%;}ﬁ%Jé%%%&éﬁ;S?Péé rgg&‘t her

to perform or stop power supply %('; con eet 16
Oct ober 2002 -thEl sesaxdhPoner] ﬁUPlﬁ’éYDEP aﬁ@wérldsépspptl-fpiicwt@tt@mlfOIf t he
llevel of the euHur1sighalnd@get Ht&vel stdPes&H Ponpover supply circuit
cel | |S|nastateto performa DC operation (active state) . If the

| evel of*%he control si gnal Dcon is
The output transistor section of the first I/0 cell

may have a surge protection function.

The output transistor section of the first I/0 cell

25 may include a mesh type transistor.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram showing a configuration of a
system LSI on which DC/DC power supply circuit cells

30 according to the present invention are mounted.

Figure 2 is a diagram showing a configuration of

circuit blocks of DC/DC power supply circuit cells according



5 L level, the DC/ DC power supply circuit cell is in a state to stop a

DC/ DC operation (inactive state). The control signal VOREQ is used to

sel ect a power supply voltage to be output fromthe DC/ DC converter circuit
I0 nounted on the DC/ DC power supply circuit cell, froma NG & nugber (
two in this case ) of types of power supply voltages . If Ctet}/ee Oéf t he
control signal VOREQis L level, the output voltage is 2.53 V. Py ?’n | evel
of the control signal VOREQis H level, -t¥e -output voltage is 1.65 V. 15
The PMC 21 outputs the control signal Dcon ( Hlevel ) and the control
signal VoREQ (to | &v&lprégehhei DeéPEigawer supply circuit cell 11. This is
for instructing the DC/ DC power supply circuit cell 11 to output a power
supply voltage 20 of 2.53 V to the functional block IP 31. The PMC 21

Iout prgs the Cﬁnt][ol hsiwhr@cgnié H |d@;&%ira}n aﬂfbviihﬁtlg f&ﬁltgﬁfaﬁbggéhtx%@EQ (H
evel) to each of the r,su circuit cells 12 and 13. This is
for 25 i nstruc?+5@u%ﬂg%£gmpcsﬁgﬁg§ YRR FLEERLt 2Rt s 86EpEEIR 9poner
supply vobt agetoftte Ghréséntt brvénoebhonal bl ock P 32, and for instructing
the DC/ DC power supply circuit cell 13 to output a power supply voltage of

1.65 V to the functional block IP 33. 30 The PMC 21 changes the | ogi cal
val ue of the control sipmate MoREG adegrimghbtwinbea trempenesindel ardmphe

operational fr f } %53 | .31-
Repl acenent Sh‘ggﬁg%gtlgggﬁ%géiﬂﬁﬁu@g%b€ﬁgdtw% po rl:‘JsDz:ﬁp QJS‘L\?COFF &&es
adapt ed to t he2¢eepéiRguke the PrResepér anvenaionr ageemornted.be provided to

each of {he functional block IPs 31-33. This is because a power supply

vol tage corresponding to the |logical value of the 5 control signal VOREQ s
output from each of tHELTRFOS cohvertidicwt bliack fdawram shomiag BEFE: i ve

DC/ DC power sup@kyr Cigupply Clireulik=13eh0 sf €88686+8YRgONEs OftHee piidRehironal
bl ock I Ps 31-33. Folé, exa e, .when the qperatignal freguency of "the
functional bl otRVEP f%nhgghPef'ﬂg #prpRedotocantRYPEs tere BerbRedpdSdti on so

that the power supply voltage output fromthe DC/ DC converter circuit is

hi gh; whep the operati fr ency of..the functional ock P is l.ow, the
PMC 21 cggt rol's the D(ﬁ%%’ll%%eﬁfg-‘[lﬁoé"nggofg‘ Rat °t he pﬁroom%ersss%lﬁ)ﬁ-l ée\ygﬁnéﬁéngut put
fromthe DC/ DOVeengevariogsr EdPt céBlssakewtol het brovided.it is possible to

m ni m ze the operational voltage of each functional block IP by optimzing

the operational voltage of the functional block IP in accordance with the
per f ormance of the funtt¥ehal7 Hoakdiparam gfoving thargartannael sidoudd

operational fregdeng¥hen20afsadah@stht, 1vbecBoWeh ré¢angemanitoORn @ the entire
system L b can be reduced. Wen the function of a particular functional

bl ock 1P°I's not used (e.g., in a sleep node), the PMC 21 can cut
Figure 8A is a circuit diagram showing an I/0 cell

of a first type.

Figure 8B is a circuit diagram showing an I/0 cell

25 of a second type.

Figure 9 is a diagram which explicitly shows the line

resistance in the first type I/0 cell shown in Figure 8A.

30 Figure 10 is a diagram showing an exemplary layout

of an output transistor section in the second type I/0 cell.

Figure 11 is a diagram showing another exemplary



.25 off the power supply for the particular functional block IP by bringing
the level of the control signal Dcon to L level. Such a control is
particularly effective when the threshold value of the MOS transistor used
i'n the particular functional block IPis low This is becguse. .t iSeet

possi ble, 30 by cutting off the power supply, to cut off a@g@cébgr Bk
current which is likely to be generated in a MOS transi stor having a | ow

t hreshol d val ue. Repl acenent Sheet 16~ (Rtober 2002 - 13 The functi onal

bl ock IPs 34 and 35 shown in Figure 1 are not controlled by the PMC 21. The
DC/ DC power SupRloyitCbECHAht 0&ehlit 1érkfsPEO8EI8dct 90R01 £ CERONL LSO NEype
functional black IPs_34 and 35. 5 A power supply voltage of 1.65 Vs

provi ded fr om'YRe “BEADC converter circuit' mounted on the DC/ DC power
supply circuit cell 14 to the functional block IP 34 through the power
supply vol tage pad cel | 45. ower s I ol.tage 10_of 1.65 V is provided
fromthe DC/ DC conver#glchcfjfﬁhg?uﬁ%ﬁnf@g %‘hgt]r?@a%@ BCAHBAEATSTRBY IR Ei 2 cui t
cell 14 t50 theardattiiconalf bhheckebBnd5Stybeobgb t&21 pohewn S gwed temge pad
cell 46. Thus, when providing a conmon power supply voltage to a plurality
of functional blocks, the DC DC power supply 15 circuit cell can be

commonl y provi ded anobBgchhefpFagakety18A audclBBnas &l ditkgranidesHXw1Xg power

supply circui 1Y, sicmil i ti th t he
DC/ DC power s&ﬁ%ﬁtlfeféék’cl Feul Igeﬁslt%- ?fc(ﬁ?g{v\e%? g?ﬁcét"%tl%eas?‘tfncnt i%'rﬁal
bl ock I P 34 add®Beard8.not put under the control of the PMC 21, the |evel

of the ggntrol signal Dcon, the |evel of the control signal VoREQ and the
| evel of the control signal SYNC can be fixed to respectively predeterm ned

level s. 25 In the exafpi®I&hdh 5 #iglReram shpripg gowmsthashpiiers rauit

ﬁolnt VO: i ngdC@dgé@Séiﬁdmd ircddratde ¢ﬁ\v’<ﬂhi@f(él:ﬂ.ﬂ: P%{f&g&%ﬁ@@@' aDan at
evel, an a ower . supp clrcult contro | N ce | S uUuse to

fix the |evel P&S%ﬂé’fﬁéﬁﬁf&e"gi% RIS h S ‘P%v@’l‘g B2CKAGE - t he DO/ DC

power 30 supply circuit controlling cells 51 and 52 is a type of 1/O cell.

The 1/0 Il's, each of..whi.ch,Ls proyided as,an. | acement Sheet. 16
Qct ober 2002 - 14 i nternal’ ]C%;rlcsglatd/lo gert%nésggﬁv‘llggrﬁ%g% &P SRty Byn tion

gi vi ng/ r ecei viasgbgisggmerp 11ed facom thfemct ¢ ondhabloakyla et ayeet erOTL OC

power supply ¢id lige 4R |Sonkledider thE-dpput power supply pad cells 41-46,
the DC/ DC power supply circuit 5 controlling cells 51 and 52 as well as

other cells such as an input signal pad cell 61 and an output signal pad
cell 71. The iBESR MQQE R GARRSING OUD TRE| IRGENTAPNtting a signal to a

functio bl ock. The .out put cell 71 js an I/O cel| for outputting a
signal f¥om a functioﬁmm%ﬁ%%iigm'arranging, on a semiconductoP chipg

DC/DC power supply circuit cells each having a power supply
voltage conversion function will now be described. A DC/DC
power supply circuit cell is a type of I/0cell. An I/0 cell
as used herein refers to a cell which is provided as an
25 internal circuit of the semiconductor chip for giv-
ing/receiving a signal to/from a functional block. The
position on the semiconductor chip where a DC/DC power supply
circuit cell is to be provided is determined in a manner
similar to that for the other I/O cells. Therefore, it is
30 possible to arrange the DC/DC power supply circuit cells
on a semiconductor chip by using a commercially-available

automated I/0 cell arrangement tool.



.20 According to the present invention, DC/ DC converter circuits are nounted
on respective DC/ DC power supply circuit cells. Wen the DC/ DC power supply
circuit cells are arranged on a sem conductor chip, each DC DC power supply
I5 circuit cells is treated as an 1/ O cell. Therefore, th(R h%e&f t he
DC/ DC power supply circuit cell on the sem conductor chip |%§§e ;f@oaed |n
a manner simlar to that for the various other I /Ocells ( a

i nput power supply pad cells 41-46, the i]n(bu”t signal pad cell 61 t he

out put 20 signal pad cell 71 ) . This allows for one to arrange DC/ DC power
supply circuit cells gngmmsemnm @Qm&gctao&oﬁ'fligukht@ahl okNaasy@ndRILSimlar to

that for 1/Oc¢glls b r | abl e automated |1/ O cell
arrangenent tool® Sfé§¥ﬁrﬂi1§}%]céfl N %Ib nﬁ’ﬁjarh U SPRISARANELOE PP nldn 1/ 0
cel | arrangendite asgatemc| LSl ny tinelfudiers cDCABCS wdwsyy thepper i phecyiof the

sem conduct or gl Ry DC Quer =i rcu is aly
cell . Theref or(rall, tlﬁl q&] baosv(\a/er s/lg%p%y&ﬁrr csuégpﬂc%l?l%%ﬁl%eg%]'f%ni;%d in
an 30 appgroprild erpewmibadiment s bé tHOpowkelr supphgeiecuidref the peesenhe

requirenment on fthe opgrati {’;Qiz\%r su I e t] bl ock
i ncluded in thr'}Le i nt er na1 c]iq??'{} theggas{t ér?h It_tg% [{we ?PJ% ér“g]gﬁ‘:bferrent
on the opera CiReplidcagmhts Shkel4 1@@0@%@@“@@@@ "D@EDCY i onal power supply

vol tage froma functional block nay be a requirement to provide the optimal
operational power supply voltage in accordance with the operation state of

the functional block dhteasye§endeierdt fubtiesinflules phoyerapanagement

operati orel pEfcEUPPMC YDbirasManiitfsnddie clrﬂﬁl&ql z@larcduﬂpsotxﬁhérﬁﬁt em
LSl incl-udes %Pol ural i yBEf functional bl ocks, tgﬁ{ urality of DC/ DC power

suppl y circui ticefPse 33 REndoderhath £HTY Y M¥mett at®aso as

to respecti velﬁumi@&m)rtdld@{ ther plexfalrniinfa ffun@:h:llaﬁabf1@0@t@6k$1n§\hen
varlousI/Oc hasa DC paower supl CII’ t, ce o] n

power supply pachpL{f orbsrlg\‘ﬁtd]f?fgje{h%bersgﬁ HNEETAES agkkfao&g Eih Bgonal
bl ock ( IP bl ctke )eamte alﬁungtbenpﬁ.obltd@d fqme)emﬁomntlng)ht pgedétemmihedDC/ DC
power supply cigeuifogell is once output to the outside of the

sem conductor chip, passes through an LC circuit (a smothing circuit)

provi ded outside the sem conductor chip, and is then input again from an

i nput power supply paolzxt;;bv?@rtshﬁ;mﬂdzomd@t\prlsc@r@vmﬂapt@uttaet rMmel bage
fromthe DC DC ower supply circuit cell is spoothed the LC circuit ( a

snoot hi ng ci r cCUFTOYID 31 IERYy BOYEerAUPRLY| PR Ge Xl 4]srﬁ}'(9c"h|tll?6 EREEHAL) s
desi gnated "LGf @be Hesel dondilictSr i s t Bo t'rmarpmgﬂ iche sepuk pewelr

supply p cell in the. vicinit funct bl oc whi ch provide

oper at i o%gl vo??%%ley vortgge Ougpug fa E%dﬁ@ CRINF %5 cilfFec'%rFDﬂﬁPngF power
| ost by the mmledqtnefrlé@/@(JarmeereuWéw checunpute pbwekl supploy2p&d el |
and the 30 COLEESPALI D MICLLANA SBbOTY vE1 GUGE fu SN Aye thld geradl on

of a circuit block of the ower cifcult shown in
Figure 1. Re“b?%%%ﬁ’éﬁ? O%Té“é’tltl’as @éPUB@ﬁdzb@EaCh of the functional block

IPs 31-33 through input power supply pad cells 42-44,
25 respectively.

The PMC 21 outputs a control signal Dcon, a control
signal VoREQ and a control signal SYNC to each of the DC/DC
power supply circuit cells 11-13. The control signal SYNC

30 is not shown for the sake of simplicity of Figure 1.

The control signal Dcon is used to control whether

to perform or stop a power supply voltage conversion



.-» 16, Each of the DC/ DC power supply circuit cells 12-14 shown in Figure 1
has a configuration simlar to that of the DC/ DC power supply circuit cell
11. 5 The DC/ DC power supply circuit cell 11 has a power supply voltage
conversion function to convert a power supply voltage to ReghOfleniXME"
supply voltage. In the exanple shown in Figure 2, a PWM cl ofOoctober 2002
synchroni zati on type self-oscillation r_re#ﬁoq IS errpl oyed as a nethod for

t he power 10 supply voltage conversion. e present invention is, however,
not limted by the method for the power supply voltage conversion. The

DC/ DC power sapprgtipncint tibel PCADC npgwhrveupp ppvwetrsuppl gelbl t dde the
conversion fu r dj Pl ta eC i

rethod. 15 Thoo BT pover Banoty b et R LR SR aENS) popler
conversi on se8UPBAY 1CH Gt Geggl-’-}’ﬁﬂlﬁ@ gtetedi? peforna D@VP@@@G@M\;&@TE on
section 110 i gaeenpecéestlp. i nierpal 1@&91@6& RS cohtrdids & Topads 116.

20 The voltage conversion section 110 includes a reference voltage

generati Ag ci PcheYel Bdfe R Gaewesr samde) clrcaityceddt isl inaxSitafel10b

for controllimrg thepmadecobcPewei-aupl Y ivldtadR: mes)si on, and an out put
25 transistor section 110a having a surge (ESD;, El ectrostatic D scharge)

protection function. The reference voltage (Vref, Vref out) output fromthe

BCR 110a is likely toThe abhecbedshyndhevaRBO!id eisHH ploesese68 & Pdwdrt on of
the process varia

s.th refer nevolta Vr ef Vref .out
kel y to 1 uePBRe Vot dds s e G Foat e BE RGP heart BE IR the
f 1 uct uatlioon ofnouheeldebarened)@,d.b(t z:g:eve(r\/rserfp,pl‘yr eﬁ.rautL)t celRe pf aae rmenindSheet
16 Cctober 20Q; t i i Hg%@r
supply circui %Ic?faf%ﬁcmégi?%) §¥2%%$b§%é§;ﬁggiﬁgzﬁt r Otrh si gnal
Dcon, a pin 114b r lieygdt to eB tgwnt rulgng REQ, pithel4c
for inputting ohh&%u‘%omdlcﬂagié gpal 25¥NCV As rextidal e PaUS oF1Gn el NEIHEIC

power supply circuit cel includes a pad 116a for_outputting a power

suppl y 10 vol Sigaalx VaREs dishdl tieveHe Itétﬂ AR vee btaghel £ohtdd1V si gnal
VOREQ, aspad 116b for inputting a DO/ DC switch power supply Vvdd_dc (3.3 V),

and a pad 116c¢c for in uttln r.Qun wer supply Vss de (O
These pads are connect&§ ¥'0 tzﬁeo‘éﬁi’ﬁﬁgt??ea ‘QEF&EL %’e%?‘—i‘%rpcﬂrﬁgﬂ leﬂ’séghe
ext ernal pads absl the, cbherbd/ BCgpaleNoREPPIY teweli)t toethe IICIRC thwver

i ncludes a pad HI6¢ LOLARULL: 013N R 0G J was: RAMRL SUARLY e NId o3

V) . This pa nnecte as a power supp y pI or the
BGR 110a. 20 PFe¥eBGRuNDDE diravgdscehd 1ifter@ptuy@ payer vu@b Ly pLitade om

the BGRybl0a agcoy g 1tQ, thee A caloal Up &k the gpntrol signal VOoREQ In
response to the reference signal Vref , the control section 110b changes

the value of F-_
The PMC 21 outputs the control signal Dcon (H level)

and the control signal VoREQ (H level) to each of the DC/DC
power supply circuit cells 12 and 13. This is for
25 instructing the DC/DC power supply circuit cell 12 to output
a power supply voltage of 1.65 V to the functional block
IP 32, and for instructing the DC/DC power supply circuit
cell 13 to output a power supply voltage of 1.65 V to the
functional block IP 33.
30
The PMC 21 changes the logical value of the control
signal VoREQ according to the temperature and the opera-
tional frequency of each of the functional blocks IPs 31-33



- the power supply voltage LX output fromthe output 25 transistor section
110c The power supply voltage LX is output to the outside of the DC/ DC
power supply circuit cell 11 through the external pad 116. Figure 3 shows
an arrangenent of a circuit block of 30 the DC/ DC power s it cell
11. Three pads are used as the pads 116a for outputting tmiaé%n%%ﬁ%@%
voltage LX. Simlarly, three pads are used Repl acenent Shee ober
2002 - 18 as the pads 116b, and three paH% are used as the pads 116c.
Three pads used for the sane voltage are covered with a common netal. Thus,
it is possibled Qrmtl’llanbbeletrhéubgilysb@ﬂ%@g@oﬁﬁaﬁeaﬁ b the tohgerpedseused
for the sane vol a(gbq SlmJar efgects are obt%\‘ged b u5| nﬁ two or nore
pads for the saéﬁt tRfe” -TEIY B 4°%h Frehtet2eRafbl e of
a | ayout of amﬁ;ﬁlfxﬁxmmrmlm DXP O3 poser smmﬁym:lusmms@eélﬁo&érm
are nount ed. &% sho i.n ure_4 p p
circuit cells Jllhﬁﬁlﬁ% ar ;Q;Aré %%@%S%en“?%% dﬁ%t%trle ?%u?%a V%A’ﬁ‘éepBgefL'Mguppl y
vol t age LX outqantdobnsigraDCVOREQoViey supply Emoguidaate! bf1tHer baghct he
pad 116a passgg,i 5’ﬂ-‘~l‘glﬁ r 7.10 bus 118 as
a power supply vo‘lna{ age \out : rﬁ%&{l:?%%u?{l l?% g%%ﬂ%%?ﬂ% Déggéape
pI’OVI ed out si R uceanschilp atoTheegaetiveip ryevotagheVout

ded rplie sdmcydiid dilscRlplB0atoThee r O] i
IS input agai ned-{{bhSEB LOAdUESOr3 £ha R 168,25 VET FHAP! ¥ é] g-Vin

t hrough i nput povver supply pad cells 121-124." 20 There are two rral f easons
why the pover 'Sty SZRquRRewIof i 5he nharctborak BEackoRBuEsohighi pthea

through the plpu@bitt do@frbnﬁlﬂhd?DWDCSé'ﬁ@J:HtP@ﬁ s£that e %%erzéugﬁﬁyf irst
reason is to shcglrten as much egf?fﬁo ssi bl e the di stance between the |n‘p1
f to

pover supply pad-t@9s AHPYH cHRONRY/Bf oCRMBETERE FHFERALI 18 hig
which the powsrheupey opadasgendln firedqiendyded. tmefna&mibaaqebqaﬁnompnt of

t he net al I|ne r.co C nput we u ad cel
functional bl g€ q‘ofwct Egl%l %‘%‘g%%lcoﬁtr%& ?lncfrs%ggg I’F‘%%T’ Porid &h?att I':Bﬁ'e
di stance from ncmelr SpRP lyowel t age plat pyadf cen [thieoD € HRC quum/texrmaa} chtoaktof

the inteyaal c%gzto ffg cRiLhe, élg,gweﬁsqulﬁ( Ao E-Ts IRV qnlnslmlJEer#g%errent

Sheet 16 Cct ober provi the Tesi stance conponen
metal |ine i ncREEELIonAk \I\tﬂltfa@ae dradp eafed fpatiienadr r ddockas$Pngby

through the medwdihi Nend NHLB %iatlbﬂagrd@it&@e&ﬁpﬁﬁﬁ§§uhEQl%ﬂlﬁagﬁogkOp
it is preferable. to arrange t g?hqﬁgomer el| as closely as

possi bl e to thef FHRIFTUEARH Hc‘;ﬁh rFﬁF‘@PHSF ‘%ﬁ ¥EE|§UQ@W%bﬂ-ﬁ§prV\er
supply vol t agerwi (nans primd dethperatiurtdhianhd easobpedaplivhalli fyeahehbpyt

power s ly re, rqvi ded. As _caonpared th the voltage d
caused ll')%/)&t hepl%gt L Iis,l%g folgné)d)wenr cr?émsump%on ofwf:he enqzlre sysgcem EER
can be reduced.

When the function of a particular functional block

IP is not used (e.g., in a sleep mode), the PMC 21 can cut

25 off the power supply for the particular functional block
IP by bringing the level of the control signal Dcon to L
level. Such a control is particularly effective when the
threshold value of the MOS transistor used in the particular
functional block IP is low. This is becausg it is possible,

30 by cutting off the power supply, to cut off a static leak
current which is likely to be generated in a MOS transistor

having a low threshold value.



.10 sem conductor chip 10a, the voltage drop caused by the bus 118 is
negligible. Therefore, in order to mnimize the voltage drop of the power
supply voltage Vin, it is preferable to nmninize the length of the netal
Iine forned in the sem conductor chip 10a. 15 The second rg ﬁ?éﬁqehtssﬁe&
prevent the upper |imt value of the output current of the UL SN
supply pad cell from being exceeded. The upper limt value of an 1 nput

power supply pad cell is predeterninedfd? the input power supply 20 pad
cell inviewof the reliability, e.g., to prevent the life of the line from
bei ng shortened due t gheMitecénal Migokt IP8) 34 Faia ssadnﬁvm ihhe axadpl e
shown in Figure 4 a sume% tqj_ age )@Eerg ach of the ‘Ef in ut power
supply pad cef§ P2t FRHES &%a Yet8f BYEpatei ngha Rorbermo u'iFPle}fo 80
M\, and wher e dilredfiunceLonak 18 pelovaideidheol dhereddornd meuthe tundt dhauower
supply vol tag%l\cf)cr}lcl Py 91‘” deag 3rsfeqw res a current of, for exanple, 300 mA.
Figure 5 shows™a Con |gurat| 0 a PRML read channel 30 LSI 3 where DC/DC
power supply circuit cells 211-215 according to an enbodi ment of the
present invention arej,a d e haangl . h RI\/L read
channel LSI 3 is for rrengnweg glhﬁaﬁg gg% %dggtgrggh? J‘ig%rgvl%?gl dcenent
Sheet 16 Cct offére DOORC copyerties O BT bawen teden hei meme poublrsclmnl}QlS
shown in Fi gur&&dﬁveeqlhuqh% Eﬁéf?ﬁﬁéﬂi‘énhﬁ‘a 158@191‘3&@% Jﬁe

supply circuit cells 11-14 shown I n gure 1. means
power supply EF SUPRLYs V?iIﬁEPSPﬁévge&lf éﬁct i BrPeves Lt pRRtY ﬁ@b‘h@%f

thirteencdiffesent. pwer i suppbyivelt adesm aegdr densct Q:o%vfecﬂt'é‘rb'élﬁgﬁif ol
si gnal VoREQ For e%npl e, the th| rteen di fferent power s ﬁg i/‘bvoltages may

range from 1. §PREE R VhE OF/PCL PSR HBRYY Al et 0 gthe 5,
the flow of afirgralonal bheckPi waduahﬁgmeheL&wérwdﬂplb,evdeﬁagbt;wld A
r epr oduced vvaveflel_r THGSI g oht.ai ned fr%m a 15 recordin

s a
magneti c di sc 157 nput ?‘%UFH % &P@raEWOMOY‘?BﬁuQRliIYn‘ﬁ#t%?%naI
pad cel | 261. % ¥GAL¢Natlltplef @nntAn&pIallfbép):k381tta¢nﬂd/fncesow1ae swppbyluced

wavef or mssi gnal; M 1Gh de i R btehSE)ﬁInt& %8€1ﬁegwa.ﬁgﬁ§/£ﬁét8§idﬁgfﬁm S

off a high frequency conponent in 't ut o

(Anal og Di gi t &7 domark@rgl 8> dehwerts the output of the LPF 282 (an

anal og signal) into a digital signal. A PREQ (Partl aI Response Equal i zer)
284 equalizes the output of the ADC 283 tq 1, , A_VI TERBI 285
perforns a maxi mum | i ket§ Il?gd(?cdé’é’a’&irnﬁu?@lé'pé’rl&ﬁ”&ﬁ Sﬁltlhé4o{ﬂt"‘§u]f’a8? he
PREQ 284 . The::draitlean amﬂ@lﬁchbﬂimrml thhs Wi ttihen D(IthIL‘ apdmprﬂmmlyrem um

such as magnet i Cq(fj)’E 86 decodes t he f t he V| TER
285 for 2raoestorcfelng ecc?rlllgsl ﬁ HoReVEVRL SSRFETERS g‘?n% ﬁvg?is i?fgkl evel
of the signal IButPutand Gh 3det h@tDEQGDERdQSGthil?hpgnltsomeoau’sbetIhhéCszynal
OUtpUt to theﬂﬂgSig@effo%h%hﬁe@é§¥¥3$t9{%ﬁgipDéQH '%P@ %é%é%“é@ ﬁ

signal output fromthe DECCDE The si whose 1 evel
been convertedMtite $EVRL HPRAER 28¢ ithe level of the control sig-

nal SYNC can be fixed to respectively predetermined levels.

25 In the example shown in Figure 1, a DC/DC power supply
circuit controlling cell 51 is used to fix the level of the
control signal Dcon at H level, and a DC/DC power supply
circuit controlling cell 52 is used to fix the level of the
control signal VoREQ at H level. Each of the DC/DC power

30 supply circuit controlling cells 51 and 52 is a type of I/0
cell.

The I/0 cells, each of which is provided as an



.Repl acenent Sheet 16 October 2002 - 21 output to the outside of the

sem conduct or chip 10b as reproduced data through the output signal pad
cell 271. A PLL ( Phase Lock Loop ) 288 extracts a clock signal 5 fromthe
out put signal of the ADC 283 or the output signal of the Qc%@e‘ht hn L
( Least Mean Square ) 289 adaptively updates the tap coeffi ? FI R
filter included in the PREQ 284. 10 Next how to control the povver supply
vol tage of the PRWML read channel LSI ]ﬁ now be described. The VGA 281,
the LPF 282 and the ADC 283 are anal og bl ocks (functional blocks) for
processi ng andndgriiaggnakrdrcuitanoppeihe i Gediomsduyenf cBio VEPs pabvi ded
to these anal legg’lr%vigbeao@f%}ﬁélof@)fﬁ/&ﬁtéigﬁn(:%lgng)_l. bEo 8R! & fieth, By

converting the power supply vol rovi fromthe outside of

t he sem condud®ér DEAPE HW%W%WQCFHGUD\QW—%%\AH L4ppihe énputinover|
21'1. The powersugHig} Yp¥@! EéQIQSZQIWQBChﬂFﬁéS Beavc cawett athp vt hei F64 PE

converter_ circuit nmounted on .the wer su Py circuit _cell 211 is
once output tEIHE D diHEedist ﬁel §é‘ﬂ1 e n‘Elﬁc‘f'?ﬂ' A pthes SRALEnERCENBBt hed
by thﬁ EC ciran inﬁﬂﬁasargm ged dﬂ!ﬁlsldﬁahheaﬁemt@(mdﬁi@ﬁl @hﬂp%elﬂb 71 hﬁ
snoot hed power_ sup a 5 ] s, aqgai n to the s conduct or ip
10b through t H&'S ﬁ%@%ﬁtpgﬂé g%{épﬁ/ gr’b ‘g?ljtll fHd RS &P@\/Fd%ﬂg?%ft he
VGA 281, the UeFa8Airaoidi drieel AI])GCRSS Tﬁhmd:ﬂ.ﬁu’rZﬁadlcseB]ls’m as @mdl/egcélbek (

an functional bI i rovided to the
PLL 288. The ofggrra ta eagzréaqga’{ﬁ r{?é ac?%lé %y t(’:jc‘)%v]grtl ng the
power sughly voltage (3 3 V) provi ded fromthe out si de of the sem conduct or
chip 1 by using the dXddXasng BBAIALBERALATNA o s Gl HRODCE0D

power supply circuit cell 212ng The PR Q 2851 and ??11‘@1 T%Qg %5%5‘?5%&?
functional bl sEECWHiEhareqmawntedi gh Wt‘dﬁé’reat%ﬁ%mwem hawpBly

digital bl ocksf@duif Qsesisd NY wiie@i ttﬁle scgnel §owéﬂ Qﬁﬁfﬁﬁrl engbuyel tageswhi ch
is variable in the range of 2.0 Vto provided to the PREQ 284

and the VI TERBIF©85ragfed q%amqch%r GE%Pré‘(qubD?éBG@é’%SUBBMr
consunpti®n i rcitwiPRER PB4 agdttdet i TERBAn2830asenuch Bre pOSSHHl ethé0 The
operational vaoltage. provid t PREQ 284 and the VI TERB| .285 V-2.5
V) is obtai ned® B %cgnD%%D%g‘So&eér/}bgcurﬁﬂvg%%i TehPtYc &Myt er]T%D (ﬁé B}Q‘

DC/ DC oper at | oserabecondlcigor ehtilpei s gietrepimigigghah a/mRE@earusSpmiliﬁrdm aheNC
(Power Manage r et ectis, t age
at which the %E%thgfﬁfn%gu%%q\%%h%g%@éé%%g %peﬂ E?p&@ ont rg?ié?%

DC/ DC power st yeetieutl-4@! It dnmomiEnat medicsildumlvolthggeutput

20 signal pad cell 71). This allows for one to arrange DC/DC

power supply circuit cells on a semiconductor circuit cell
in a manner similar to that for I/0 cells by using a
commercially-available automated I/O0 cell arrangement
tool.

25 An I/0 cell may be arranged in any position in an
I/0 cell arrangement area including the four corners along
the periphery of the semiconductor chip. A DC/DC power
supply circuit cell is a type of I/0 cell. Therefore, the
DC/DC power supply circuit cell can be arranged in an

30 appropriate position in the I/0 cell arrangement area to
meet the requirement on the operational power supply voltage
from a functional block included in the internal circuit

of the system LSI. Herein, the requirement on the opera-



.The DECODER 286 is a functional block whose 20 operational speed is
relatively | ow anong other digital blocks . An operational voltage of 1. S
Vis provided to the DECODER 286. The operational voltage (1.8 V) is
obt ai ned by converting a power supply voltage ( 3 . 3 V) @5Qgén%gsﬁegpmthe

outside of the sem conductor chip | G by using the DC DC 2 ?@p
circuit cell 215. The LEVEL SH FTER 287, nature, requi res tvvo d| ferent
operational voltages of 1.8 V and 3.3 V. e 1.8 V operational voltage is

provi ded fromthe DC/ DC power 30 supply circuit cell 215. The 3.3 V
oper at i onal vdfliioa!@el poverosidpdyf vohtahe Hremiald upic ttivaadehiloghduay dve chi p

10b. The LMS 28 rHrQrgE' al €o i a
Sheet 16 Cct ober 2%6%:3' & ﬁ@%e?@?‘?ve?ggﬁg& %roatelr%g%lo#?&vol t age
of 1.8 V is priowrded vod-tase LJN’S ggprdange dqb?etlattmwp@mth@re gtate @fv )

i's obt ained bmﬁeomf%wtagnalpowacﬁupsky ¥ OlHREA HehehtY) tBf Oyt-dedabr ofn t he
out side of the sem conductor chip 10b by 5 using the DC/ DC power supply

circuit cell 2PEedapfamingd t‘%i’&laié‘fcfr}%]'r SARVEFF sURR 1 Rofitrger n¥RercHer ged
and it is no |1Qﬁgﬁj‘na]_eQﬁm&\)t be eHapiyyeéy npdatretdied appeaghiieyent, the

LMS 289 sets t e Ievel cont r.ol nal to L level. Then, the
power supply frt EBWE‘? pg‘b’ﬁﬁﬁﬁ% %Bﬁ(‘!@qp%‘éﬁW SHPP LY C L ghbid,
and it is thua:qm]%mhiyebteoa&edmg@d He poeed /coBeldphroangBmehe hiv@aZ&Q
Al t hough the PR

LSl 3 has been.e oye t tem
the above. desci SPIEE PYT L HRREEASATTShEnTLE DTS LET of FuftEiaRTy b
used as BEh | Pbhlpcksli fferent systemLSlI. Figure 6 shows the flow of a
process for determ ning positions where various I/Ocells are to be
provided. 20 Referring to Figure 6, how the positions where the various /0O
cells are to be provi dtemvarders i/ Aede 1§ ISusdwasea RIS PederoPuPhEY case

of the PRML read-&hgnieghilst ah &hgmhpawgt %H;&)l%r aa &fp f%Tc ?Qs&faﬂhges

the positions on the sem conductor whe unct i onal
bl ocks nount eoa’bﬁpf@fslt"é‘ﬁlLEPléPget Bot?ef&PFéﬁQé‘Gl W’Pﬂﬁe( %%?éoé‘lk t RES PRML
read chammel LS Be phevpesdtli ens omtphe semteepdutten €hé ppdfbcwhekert he

Lhe VGA 981, IRRPE SHE L hbabl SReoReOBRERY 250, ORGOUT TERRI SEEBRet ne
DECODER 286, téwmnidoiduStdFTERIGS,7, dasselBlLtBR88ughheah V3.Q28%,irand tt héaPMC
290. ReDlaC%m%%tﬁ%ﬁ&%i%%dggf%@gvggggoutsidethesﬁmdconductorchip,
and is then input again from an input power supply pad to
20 the semiconductor chip. The output voltage from the DC/DC
power supply circuit cell is smoothed by the LC circuit (a
smoothing circuit). In Figure l, an LC circuit (a smoothing
circuit) is designated "LC".

25 Herein, it is important to arrange the input power
supply pad cell in the vicinity of a functional block which
provides the operational voltage. Thus, it is possible to
minimize the amount of power lost by the metal 1line
resistance between the input power supply pad cell and the

30 corresponding functional block.

Figure 2 shows a configuration of a circuit block

of the DC/DC power supply circuit cell 11 shown in Figure 1.



.~ 24, In step ST2, one of a plurality of the functional bl ocks nounted on
the system LSl is selected. For exanple, the functional block PLL 288 is
selected. 5 In step ST3, it is determ ned whet her the sel ected functional
bl ock requires a voltage other than the external power supgli.dehiags (Vdd,
Vss). If the result is "Yes", the process proceeds to step jgldeiopdydsf the
result is "No" , 10 the process proceeds to step STS. In the case of the
functional block PLL 288, it is deternindd that a vol tage of 3.0 Vis
required as a voltage other than the external power supply voltage (Vvdd,
VSS)l. 15 :j n sFFﬁhSEﬁ ,tﬁa PC{éDC powet ?%h_@@llg @irmﬂhitt Qﬁlﬂl;arl(hi-&m igHIHn powver
supply pad cel.l,_ and t i ke, are conbi ned together, and the positions on
the sem condutPdr*#HF P et LT S&Fﬁ'ﬁ‘ﬁg}egoawtaé?ffe’i: I PG n the
case of the fpnekrosabphioekrBulit28811t ha .DC/ DC power supply circuit 20
cell 212 and the input power supply pad cell 242 are required to provide a
voltage of 3.0 Vto the PLL 288. Therefore, step ST4 determ nes the
position§ on the sem ThaddCiDE¢ miwer kiippihe cd ridud tDEEDC pavkas Sal[juwer
circuit cell ' .S . c

arranged. 25 %ﬁg?%@ré?ﬁ%@%?@y g(r%\rég ntﬁg{?&?hg&i%r?p‘g%h‘ﬁ%ééraaéﬁ‘ﬁ)’%f?ysl{lg’fd‘ el |
242 is arrang®@liagel §oe aaotpessipowenr sudElPMotg8Ie Thiln ithebectruneld he
shorter the diggbance; RetmEalrd Ne, | RPUBbKOWST oEK PR n&?xdox?fiét%?% Iacﬁﬁ)e%he

PLL 288, the |ess the nunber of additional_ internal power sup
requi red 30 i §elfngscdddptdosinrthed IsAtRERY M 85 dBEthPANPEtRetRPRICh

i nt er nah opovesupBRR Yol t4RS coBvBRsDER . AL FBRE t WAL i G hsOthdWi&rer,
functi onal Re% cenent Spfet 16 COctoher_ 2002 - 25 blocks to be nounted
| l?éb‘ét%ie

on the systenP sERecedhofs figfe TReUPPWEE SYWRPLY (YR A%M ess
proceeds to stepvBIioand The Dy DEpokerisupNY cirtliétH€Iessl hadiske t 0
step ST2 . In_this wa te 2 and step ST3 and. step ST4,. if necessary)
5 are perforngdp?‘?)?ra%?pglfy '?'ﬁglt-]agﬁc‘f?%‘ﬁ%fsﬁ?%cég\? YL AF5Q DhOFHY
system LSl . SpepeST6ugetlar voddsgeheguysinsiom eretthwed seni conduct or chip
where aRsi nput power supply pad cell for 10 the external power supply

voltage (Vdd, Vss) is to be arranged. In the case of the PRML read channel
LSl 3, the step deter #P8eBC/PerrexXanpferPikiechbgiitorebh theinehidonduct or

chi p where anviolRulgePe¥RYesHRBhYs &€ 66! 1184 d ar t A1 RAYEE PPl on Vol 3 age of
3.0Visto beT arranged. 15 Step ST7 determ_nes the positions on the

sem conduct or 1O PPWh2F8 WY N §pGhAPTPpdd 0k comgestfshtosinirriakng

t he out put padieeldl fpdnsoutlautans @dlerrdle gaidel 16 r anged. The i nput

si gnal sZiOncI ude a clock signal, for 20 exanple. In the case of the PRWM
read channel LSI 3, the step determ nes, for exanple, the positions on the
sem conduct or chi p whéhe theliaget conyealsipad setCti@sl ¥l inpludesg a

reproduced wayef ign th S g c 271
out putting re%%ggjﬂgg?%a?glgrgget osggu%glegpr%angg .CH'%'ﬂe f%%l\}v'sh%\%\}n%i nG?’? gure

6 can either Befs&emsened IR a2 GaRdF Gy spgtacpaliPbuier craémeAd ingrthe

conput er) X | mdae psef gewed bhpblyhe d1tayes hovvé s FbPUT Bnl iah output
I nter aCtZIS\Ie ytransistor section 110c having a surge (ESD; Electrostatic

Discharge) protection function.

The reference voltage (Vref, Vref_out) output from

the BGR 110a is likely to be affected by the absolute

30 precision variation of the process variation, thus the
reference voltage (Vref, Vref_out) is likely to fluctuate.

The trimming section 112 is provided to suppress the

fluctuation of the reference voltage (Vref, Vref_out).



30 performed through interactions between a human (an operator) and a
specific machine (or a conputer). After determ ning the positions on the
Repl acenent Sheet 16 COctober 2002 - 26 sem conductor chip where the
functional blocks and the | /O cells are to be arranged ( RepReemeff$Hebt @
so-called floor plan is conpleted) as described above, the gpangep®nt of
the functional blocks and the 1/O cells ysing a commer 5 cially-available
aut omat ed arrangenent and wiring tool (i.e. layout by autonated 1/0 array
production) is perfornmed, and each functional block is wired to another
functional block or an I/o cell. 10 As descri bed above, according to the

met hod for designing AsseRCcendeehan Shighadf plifke ANasehd Mmeed Yhwe- DT/ DC
power supply circuit cell is treated as _an IPO cell when determ ning the

position on t FYPBN CdrGiditorcedti Plnidcd des Bome ddvidr fQuppimpwtiang t

cell is to betaer aigeerolSslifnalpbeoal,i tyy gfinf wnabi ot bhpeksihe bee

nount ed gn the system LSl include any functional_ block which requires a

vol t age Ot her SPRAROth&I8Ray ndARERmefndupp By ot 4 ef prvddpuiddng the po D
power supply ecohtuoll @dlgnaan&yNc.i nput power supply pad cell for providing
the voltage to the functional 20 block are each treated simlarly as an 1/0O
cell to determne the positions on the sem conductor chip where the DC DC
power supply circuit ésléxbexnaheadspll6pdler DEYPEIpowsadsupbllyatierdwi the
arranged. Thus,. th . p [ [ .apd_the |npu wer
supply pad cel%l’es} la?éDgrnggﬁgggﬁgnég% ?£8§2§8gné?ﬁ§$lég%n§go% ictoF Sc"%ﬁ‘gf%y

usi ng a ldommeveldlige dkaiaicgigrdingOteeithealpahgedertlundodi thag cwuirol n

this way, a DGildqaq0 RREE a%a&tﬂltstpaergf%g@t'eiﬁg PBcI oty sHEThYowde

met hod for designing a sem conductor chi according to the present

i nvention pro@@®d Yt Y% 8q bdi- AgVes fard @ pagl- difc fon Lo tiag ardRR@ of a
DC/ DC convert gfrcun'dpbier Y BEamNtasSheey)16 fhtobgfaddl2e cfnedtdd not
vary for diffglre&gh d%?a%r{e{s. V\heg determining the position of a_DC DC
power supply &Yt FRPEHF heT S5 Be™DE effethe eresrnadpads

sem conduict or 1al6,pthé e /DO PEGvpoweiprsilippliycaitatd 11 cEl Fursherentehdss an |
/0 cell . Thu ikt .S _possible,to always _ensure a constant rf nce
of a DC/ DC coflav rat%erlrlgldr ggirt anRnu?ﬁ%ﬂ ?ﬂc%ré%g?ﬂg 1he %%%%Iérs%’&g%s\?% i ng
steps and 'redd-d 8ds ofhtikepddsignernmediodl ttrddeaBoRt 1d9-ac hspa powvesr
supplies. 10 (Gugpp1yah Fdesigheiclev 9a designs a DO/ DC converter circuit

or uses a nmacro cell "of a DC/DC converter circuit, if the designer arranges
the DC/ DC converter circuit in an area other than the area where various |

{j_o cel | aoarlg gr ranged 'Iﬁje EBGR AM At ERARbe§i koWl reFdrANYRNBRL 1 84 §8) vrdhe |
i stances et.ween the opverter circuit and the input wer supply
pad will be grdHtdtt CALR S'It:)gg%t{;}(ﬁ%oa%%&t% tlﬂ?/tge 8%nguﬁg$93c? cuit
cell of the prasentontwehtsdgnad USRHQ . whEnelryspbaseonverttionreféreneacy
will be | ower él%q{é]:[ h\F}:tef_o,f t&l@ecggépglpgg\@{igrqpfié/b% Egryg'yegs Cc%lel vgflutehgf
present 20 inverntion.
' the power supply voltage LX output from the output

25 transistor section 110c. The power supply voltage LX is

output to the outside of the DC/DC power supply circuit

cell 11 through the external pad 116.

Figure 3 shows an arrangement of a circuit block of

30 the DC/DC power supply circuit cell 11.

Three pads are used as the pads 1ll6a for outputting
the power supply voltage LX. Similarly, three pads are used



(.3 ) If a DO/ DC power supply circuit cell is designed to have a hei ght
| ess than or equal to those of the other 1/Ocells, the active area i s not

reduced. Therefore, there 25 will be no need to change the |ayout of the
i'nternal circuit . Figure 7 shows an internal circuit arr BB Q. 320
where the PMC 21 and the functional block IP 31, and the ??: ctﬁ&?‘ﬂﬁ%@f”

Figure 1 are arranged, and an I/O cell arrangement area 310 ere a set of
t he DC/ DC power supply 30 circuit cells I1 and the input power supply pad
cell 42 for providing a power sup |¥1 voltage to the functional block IP 31
i s arranged. B8 Ehf Padhel b . Hglcgﬂ: papowEedaspthedaditleel | 11

is set to be hesed hads ysha n - 28
of the other 1/0 ce Iss(és.g.g?%éﬁ%nspﬁf@glg\?\g%r%u%%%%?gtggkge @220%‘%8%,

H2<HL. By set Meldlt-he Thisghtl ol HfPe el bR DECPBWEATd @S ItheciTagistante to

be | ess than eomgp@ntt ot hehbeitahteHpads tiedt BoF the GRlneS.vditdge NO
out Qf. the functional bl ocks_ to be

| onger 55nece%,sar. to % an%e t he Ia¥

arranged 3 n t F&M ghitegtscare QPranperelty Ufing $Hp of BoreRadyfPhs t he
DC/ DC power subyel ysame crdliteand | (spicid) ng to the present invention is used,
it is not 10 necessary to newy design.a DC/ DC converter circuit when
designing a systemLSlI. Thus, it is possible to reduce the nunber of steps
for designing a systefilgSire (4 Shpwé & ate cwmmeeride/DExpopde sfiEpllayoiitcalf t

cell and 15 an t p p I i r,-supply
voltage to a 1?:1 tﬁing'lt%ili onzg;awgng%ﬂcg)éebgeg?a%a{ég% %Hgﬁiyyp%g{%]gﬁ%enll;sn ﬂ/o

cel | arridhgemaite samtias| udnnghenhexaopilecshnaensinf Figereedi comel e oBC chi p.

Therefore, it dowdioSskihgiyo ahiaage addiurality esetrx§r9BgQEID% over
supply circuit 20 cel|s ‘and input power supply pad cells 1 n~accordance with
a requi rement MGPRMEHarhdpr 80a: ofhe ROVea T eRRkY drditagli pX eutpwe

above- ment i oned-diet tresl HO/DAEFbEBENFUBPLY SAFRARAWHIOr 10N fh AGRESH diRE to
t he present invedgti o‘{ t here a{e tvvqrbt%rges of, 1 /O cell which have a (Eower
supply vol t ag@ X% iRAF §T oY mertieCpbhet T 8 ubpI B2 e atded o
anot her Jgower Bupplbus/dtéages ,apdwdt ansppThevdlitagetypet| /MBedld cir-an |
/O cell includin r r cti i ode a . out put _transisior
section. The gieli}(;gc_nglﬁypgﬁ]cfoagcl%l bﬁ% gin /§€%I Fg’?%(ﬁ%‘lﬁ ngo%tns%)ﬁ? pu%he
transi stor sedsmirdalgiprn duiyd Qe .ot Bbei pawkunsubbiy VWiteganvedeals DC/ DC
power suppl y Gt oG8kl +bSciS MiandlEd. bnis RBSSEDIE Reph agenent
Sheet 16 Cct ober%uoofg-_HZQ r eal iez_t-;T anhi gh-efflhc?egcé %%c? (E)’\gl%/-eﬁm se oh-chip
DC/ DC conver t fP1l%afe ahgy dhitiigho Ae@uti peery pEPRAY Badoreiliypb2l-124cel s
can proviale the effects as descri bed above as |Iong as they use the nethod
for designing a sem CQI[}]dUCt or chip )
ere are two main reasons why the power supply
voltage Viy is input to the semiconductor chip 10a through

the plurality of input power supply pad cells 121-124.

25 The first reason is to shorten as much as possible
the distance between the input power supply pad cell and
the functional block of the internal circuit to which the
power supply voltage Vin is provided. The resistance
component of the metal line for connecting the input power

30 supply pad cell with the functional block of the internal
circuit increases in proportion to the distance from the
input power supply pad cell to the functional block of the

internal circuit to which the power supply voltage Vin is



'5.0f .the present invention. Figure 8Ais a circuit diagramof an | /O cell
105a of the first type. In the first type I/O cell 105a, the an out put
transi stor section 102a does not have a surge 10 protection function. Such
an output transistor section 102a is common. The first tyq@pjaéeqlegpéﬂeetl%a
includes a control circuit 101 for controlling the node of pPYWELLS YRR Y

vol tage 15 conversion, an output transi _ster section 102a for outputting a
power supply voltage, surge protection di odes 106 for protecting the
internal circuit. of the seniconductor integrated circuit (chip) froma
surge such asPEAVEREE: r okt athe HPSiRiRpEe ﬁﬁﬂpéﬁﬁéﬁ:nﬂf ithguedatlp ddnzo

term nal s padindhgageBt I @heCibtthlel820hSc£OHEd WY thd Curtditd@asiang
exanple, the BGR 110a, the control section 110b and the trinmm ng section

112 shown i n EPgaPEhothemetadniise iRFEERFeI01 DUOFRET SOCHMRIERSSthes nal

pctrl and contzwltagesagagl netis. pﬁaﬁeﬁ@méoiosaﬂmhg@cwé irputs Pbuled-
control ON OFF of _.a Pc ut tr SI tor ptr Iudedlnthe out put

transistdr sefPPBAY1B34. é6nf g Al pﬁ’é“lsﬂ 11es W dda FRstirdalov oFF

of an Nch out plbckr a»msnts*ieormﬁerrndmlaxdednﬂ tdaewnmbnutthaoptommsisﬁpmy
section 102a. _Th nput, voltae\/nls hopped t he out put t ransi stor
section 102a ancji%f'iﬁenvé'l%&?hggoH%dan L %Fr@fﬁ ]{?ﬁso% ?r'rnel}e%][ﬁq‘-t fo
out put voltagenwmpmsenlsw@lpdardpad Relpl sneeramoshded . 1&50:0mperea®ﬁz:n 30

qhus. the 115 thel ¥R9 cded ﬁdtpal@aﬁ% dney ! %e@(éthD%RQ TR A Ll

whi ch converts the |np out put vol tage Vout.
speci fiéflly, Spn@cpmﬁsnctp}pe:m/ro kQa | ![bgaVP&rt@georf%r% capee®Cbyortiba t er

circuit of a gyst qRighgsr fg}ﬂilé Yp@he&e%ﬂﬁéhhﬂ%f@&f”t%tHiniﬁléecﬂr{ecu't
whi ch converts an i1 nput volta 3.3 V) into an out

vol tage Vout {odtgge dpop \p ttﬁﬁt PgwﬁFff%%meWGHatPH@ VABut %fgl tleﬁge

Vin. The cont @@ef@ﬂawet t&Oralﬁﬂﬁmetﬂeellrwtw@ft 268 MeBabyl Ond RErndw the
control signal, Pc haV| ng 03| tive-phase pul se waveformto the gate of

the Pch out putt™ & fé?’r"d‘ifift %% ng the control signal Netrl 15
havi ng asnegati ve- phase pul se waveformto the gate of the Nch out put

transistor ntr. The Ctiﬁ%p%jcz%ﬂ?@#t a\é%l tfg%\%éfe*éﬁ ‘E%gep?(é}enti?l‘{?qtf%r cuit

107 . As the result e ou voIt 1S ob
out put vol t agefvdipe jo3tipaltf Q\mrqrrtpmf vtdiet dgeout rpqm@h shep kintnad a6l of

the 20 pul se vwavsf BEMMhEeRedel® HRWpdPhLERGR VOUle 63 PE nERRNSRE DY

changing the duty ratio of the pul se waveform Wen the Pch out put
transi stor pt ﬁQ@Wa@W%H%W&GFtPFMF&SPrn"trFe ARPOEFPOVRTtFHRP Hase, a

current 2fd ows pa fdeqm tllﬂevh.@ﬂubft enei palibpilieput el gy, tbe prgwdntotiege
i ViR She Pef St LT el st Rt AN A LaEl ol Lo, 8 cpRSL L ©
term nal for oitguattiiorg ! heoutexampbe | agke Vertimple shown in Figure 4
assumes the case where each of the four input power supply
pad cells 121-124 is capable of outputting a current of up
25 to 80 mA, and where the functional block of the internal
circuit to which power supply voltage Vin is provided

reguires a current of, for example, 300 mA.

Figure 5 shows a configuration of a PRML read channel

30 LSTI 3 where DC/DC power supply circuit cells 211-215
according to an embodiment of the present invention are
applied to the PRML read channel LSI 3. The PRML read
channel LSI 3 is formed on a single semiconductor chip 10b.



30 On the other hand, when the Pch output transistor ptr is OFF, the Nch
output transistor ntr is ON. In this case, a current flows fromthe ground
termnal via the Nch Repl acenent Sheet 16 COctober 2002 - 31 output
transistor ntr and the inductor L to the capacitor C and ti@ldcith@i Bidet
circuit ( not shown ) which is connected to the output termaakoh&roo2
outputting the output voltage Vout. The |r6ductor L and the capacitor C are
provi ded outside the 5 first type I/0 ceII 105a as an external elenent.

Wth the first type 1/Ocell, an increase in an alumnumline resistance is
inevitable, whereby it is difficult to obtain a high-efficiency DC/ DC

converter 10 cirouit. i scphe lpdife:Xplaiineds bl ow ody pem Lo0SHE el oun

integrated circuit produced by a process after . as_ an al um num
| i ne resistané® Hhyerei t@é’%ﬁ@kﬂ%%@&ﬁf@"@r(@r FPP{le‘FfFé)t ofhtiBe DGIDG

DG/ DC 15 COHVPE)%%E: §l1!bﬁl1'yt chBthiti Be15emnCcQdyRLRN iﬂtﬁﬂé@fédlc' r'l‘?r}hsI
the alum_num line resistance has been a factor for deterioration in the

performance t REABST that fheP Y/ R prwer $YPRABWE 1Y § FRbLFedldrahbdaxe

exi sting in thefenktdion @ff bmphrt&ihgtm IJfO tealrt b a it it dowiy e 8A.
Wien the Pch ou t transistor is ON and the Nch output transistor ntr
is OFF, a curﬁé‘ﬁ’gﬁ'ﬂl%% ?QWFﬁErPﬁB&[t%§ ﬁ%m C?BFrPEp'i}tgﬂaﬁg MAHREG nput

vol tage Vin t@orhexamppet, tRenthatrtéen @ufﬁufénﬂgpémwmymlmsvout.

Bet ween t he i pput term and _t out ngl ., the curre passes
t hrough a bon([f‘pi SR g%é)m rl sFé)ct:"lDt)Hrl\} ng(ha?\d ‘ext erjf{éﬁ Il-‘ﬁniﬁmm put
term nallOpad - -~ an aI um num | | ne 602 30 on the surge prot ection di ode

o) he outpul 1T ANSeTROiSEC R 4028 6ancAL WHAWYE LN BA1 L h iR PCD

output transistor ptr -- | um nu I ne | on
al umi num | i ne E&YE: m%@@&n@rlnésﬁ r?pd{lll‘duttmltdes%kh%d:errent Sheet 16
Cct ober 2002 - 32 termnal pad), the bonding wire 600, and the inductor L.
The total line resistance existi na bet ween the input term nal_ and the
a

output terminal accundl aF@BrP8UGLGal YRVEEORN gIF tial | obdadaed) frogreédn, a
breakdows of tdeedridiend esdEhancidh ifs ab Mdddeovse diec bondimgawi £t 689 has
s L

i ne 601 of t e ViEK rit)itamraem& SGadm FeqiliofiddP 2 hsampl E6ias atice aferatwout O

6 S2 ; and td"u%eq\lwra%%if%trﬂ\ngﬁgﬂgltQﬁigﬁhis input thereto. An LPF (Low

Pass Filter) 282 cuts off a high frequency component in the

20 output of the VGA 281. An ADC (Analog Digital Con-

verter) 283 converts the output of the LPF 282 (an analog

signal) into a digital signal. A PREQ (Partial Response

Equalizer) 284 equalizes the output of the ADC 283 to 1,

0, -1. AVITERBI 285 performs amaximum likelihood decoding

25 operation on the output of the PREQ 284. The data is encoded

before it is written into a recording medium such as a

magnetic disc. A DECODER 286 decodes the output of the

VITERBI 285 for restoring the original data. A LEVEL

SHIFTER 287 converts the level of the signal output from

30 the DECODER 286. This is because the signal output to the

outside of the semiconductor chip 10b is 3.3 V while the

signal output from the DECODER 286 is 1.8 V. The signal

whose level has been converted by the LEVEL SHIFTER 287 is



.10 output transistor section ptr is about 0.15 (err). Note that the line
resi stance of the inductor L is ignored. The nmaxi mumcurrent |Imax for a
three-termnal l|inear regulator and a switching regul ator can be obtai ned
15 by (Expression 1). Imax=(Vin-Vout)/Ro ... (Expression Ip.HeLflfsnee0 is
the line resistance between the input 20 term nal for |nput55@gmﬁggoﬁpput
voltage Vin and the output termnal for 2 tputting the output voltage Vout.
Because | max needs to be sufficiently lNa gef than the current required by
the | oad, Ro should be sufficiently small. Especially, as the value of the
i nput vol t ageoWtputstel adder @bt4idé¢ haf dthet heentidqiduatodt ageipouob ke
effect of Ro [ngre S h e r..l ass_Pl.oss .of swi.t.chi ng
regul at or can£%%£?§%§%§e§#éé §§9?E§%r§§§i§ﬁwgfﬁ §6gBF&s§9ﬂopF§$;g1¥'
(Expression 2) Herein, lo is the |oad current. Repl acenent Sheet 16

Cct ober 2002 - 33 Mo er, I Gi f onver.ter
circuit is representé%%ﬁ¥'{EQ%%%SE%%%qgﬁﬂg% iﬁﬁkﬁﬁdﬁaﬁﬁggggégl o%ﬁg 8% ..
(ExpressPon 3fromcteesivigpuheiaiale o 4o ABCt AB3 ool ythmput@utherigasd t he
ef ficiency of kg, DBRBG G@AV.er ARTLME (G Wdst RBdn ARRIHAS) fad %%akggﬁr%l&;g Chat

resistance Ro is the only way to decrease 10 the val ue Pl oss. _

the output vobPPagEesotihe| §ap. sogffigdenda®ic@ry EAR [£dliteridoodmdeghdn he

i ne resistanggeRPRES 2835 S2, the efficiency of the DC/DC converter
circuit is 15 only 90.7% at nost . If the value of the line resistance Ro
can be reduced to 1.2 (err), which is about one half of the original value,
t he maxilflum ef f i ci encexiktl I|hdywe tgscomtho AL Igbpave aumnky voilftageecof dlhee can

be reduced qukagr r£3a0¢ laﬁgxel""ﬂi’s(ih 3 $,491€ Rl fbeofdgtegs‘;% -Q{??éi ous val ue, the

maxi mum 20 efricrency w e as high as 97.7. As ri above, in the
first type 1/O cell 105a, the surge protection diode 106 is arranged in the

vicinity of the exter i u t r gi . r r I\ncr ease
inthe F _line resi s?glﬁc\é ‘?%dnf't Eltgltlé ([)'?P%t eazée%cgﬂ%let §§§ ??%%re?% 25 to
be descri bed bPapeksi §fnnetirapleblonksdbioninfredssthermnaldd BG ar@hsr si on

cannot Re reahnzsferkt §Yh818R1Eade Je UL VO] 8GN ided RE 88698 MRS |/ O
cell 105b. The second type 1/O cell 105b achi eves a ]
blocks. The operational wvoltage (3.0 V) is obtained by
converting the power supply voltage (3.3 V) provided from
the outside of the semiconductor chip 10b by using the DC/DC
power supply circuit cell 211. The power supply voltage
20 which has been converted by the DC/DC converter circuit
mounted on the DC/DC power supply circuit cell 211 is once
output to the outside of the semiconductor chip 10b and then
smoothed by the LC circuit 217a provided outside the
semiconductor chip 10b. The smoothed power supply voltage
25 is again input to the semiconductor chip 10b through the
input power supply pad cell 241, and then provided to the

VGA 281, the LPF282 and the ADC 283.

The PLL 288 is also an analog block (an functional

30 block). A operational voltage of 3.0 V is provided to the
PLL 288. The operational voltage (3.0 V) is obtained by
converting the power supply voltage (3.3 V) provided from

the outside of the semiconductor chip 10b by using the DC/DC



.30 DC/ DC conversion having a higher efficiency than that of the first type
/O cell 105a. The second type | /O cell 105b includes the control

Repl acenent Sheet 16 COctober 2002 - 34 circuit 101 for controlling an
output transistor section 102b, the output transistor sectgrom.dQghshaying a
surge protection function, and the external input/output tengRabePag |n
the second type 1/O cell 105b, the output 5 transi'stor section 102b is
arranged in the vicinity of the external %2r1p'ut/out put term nal pad of the
sem conductor chip. This is because in the second type 1/O cell 105b, there
IS no need toppwer Gapplyurgjequriat ectlilorz idi ode bet ween t he out put

transi stor section 102b and the external in 10 put/output term nal pad,
whereby it is possible to arrange the output transistor section 102b cl oser
to the external input/Thet FREQ 284 rnehd ptide a¥IEBRPAr @85t mntehef driatstorigpe 1/ O
cell 105a. 15.Fi e X L ary i gurati of | ay f the
second type Ol?'ltip?g%gst rvéﬁéﬂ%%q@gﬁi%nnﬂ%géb?g%gh% r??eatghélr ac élrsg %‘!tﬁe]gnd
ntr respéctivaigidadotd agkEc f cqutpnacessimd stigitmd sidiohlout put opesrssi st or
each having a 3w Rliadd Rilinakl 08r1 IRTCOR! tAb ShARaoPCATd ¥S:80
connected to the gate of the Pch output transistor ptr, and the control
signal nctrl i%s XxohheRE@yidsed ke W%R@Q 284 ARrA thea YWUTERBENZBE: orTint s .

Mor eover, the iignHicald age 1 mdssines tetidde tife SUHEE Xndliep £edn
out put transistor, ptr, and the ground G\D is_ connected to the source of the

Nch 25 out put HREQ 84 aph e W IHREhZ B D URth 35 RRFSIBEe pt r
and t he 1dr ai n Tofe tdpeidcthi g lputoitarsimtaridéd 6 etie® PRED €284 Canhdnetigelt put

vol t age -Vout ' Y, t stor forned by fol di k 30 the
gate of the Ot}rtfﬁlfﬁfqli gin%g(t%‘roogle'c%‘ia%ﬁ}ﬁdz% ?%t%%?(gy%,ttéelr}g; KEHut put
transi stor sectipmiviO2bhrcantbeceibdRtéed pdrfersippr essbagbDCheoparcdehse i n

e s T Sl 105 SR SHEELy 16, G SEREOTR ol Y Nt s

why the output transistor section a urge prote n
function w || (RowsesdManratmentSGigecypiol 299 on Tas BNR 790 | dek et s wohe

obj ect i ves: DPPMPitime A tfd@tC Whiehl (ReepkppdsaaRladrRe APy ¥iokh A98as
breakdown. The | arge current breakdown refers to a breakdown_ of the
junction sect i @AFEFPNGuReS sRPSECLSokewWRCERCoRERE SHRRLY Helaenstty of

the current flesineisrengutifhte thantisimim (Yhetagount of current per unit
gate width) exceeds its upper limt . The high voltage breakdown refers to
a breakdown caused by a short circuit between the gate and the substrate
due to a strong el ect rite f DECODER n@86appl$ ech neumicyt itomatlhebfjatk selsdsen.

Ther ef or. pr Q¥ Ai.ng. ut .t [ Ryt R, i Pe ectl
functi onﬁ% npo?gtﬁa%%%t?acﬁgslg%%@ %3) Etgggilt%?%ye ]1°r‘1’e capfgi?%\% ﬂ% Jgga%)f t he
di f fusi on regitokPdEs + hént paASRsiepalovol hegdiath lv8l Vaye myraasidisivie the (b)

to inprove a QEdSHER PAE. f @helopehaidion® 12 vedtagec 1ar 88 vh015hen PRYREA
supply and the Yground _ )
. by converting a power supply voltage (3.3 V) provided from

the outside of the semiconductor chip 10b by using the DC/DC
25 power supply circuit cell 215.

The LEVEL SHIFTER 287, by nature, requires two

different operational voltages of 1.8 V and 3.3 V. The

1.8 V operational voltage is provided from the DC/DC power

30 supply circuit cell 215. The 3.3 V operational voltage is
provided from the outside of the semiconductor chip 10b.

The LMS 289 is a functional block whose operational



2Q for the large current breakdown. (a) Regarding the |Inprovenent of the

D ffusion Capacitance Value 25 |If the gate width of a surge protection
transistor is increased while the diffusion capacitance of the drain is
i'ncreased, it is possible to reduce the voltage that is appkhigd it shbg gate
section of the transistor in the internal circuit when a surlge%cc%}b@{( sl S
applied. This is effective 30 for preventjng the high voltage breakdown
The out put transistor section 102b of t'heigr'esent i nvention has a
sufficiently |large size, even in conparison with a conventional protection
di ode, to prowimeed icumednrtt ifwerlyariow .Rephaopreat i8hadt vafit@gtober 12002 - 36
internal circu 1.3 | Ll it C ircuit. Therefore,
where t he out l[y)!iuét p\é?g%g?g%&r gégc w%niﬁ%?b%%%é%?ggéﬁ Q’ionl\(icea 9 H‘l‘?s‘ssjsed,
t he i nprovenerits ofbtaineld fiNistonvenphed t aneevwen| sepb iy noelbageobBem VH (b)

Regar di ng t he [y Q¥eiB ok nkhgu PN BENG £ R@&é‘ts'ﬁ%i%ro?x%ruét&r{ﬁg#‘bf%E'Beby

current density, it is effective to increase the gate W
transi stor or UPLRP thedCD¢ pevwed FBRP1Y Bircwit caddr 2lag aWheritdreptap

bet ween the draddrofcidier téansistorrapsitbe Khanashvergdes’ aﬂaeiea%s hger eof
One particular method for inserting a resistor is to increase the

di stance bet wek?N9%7e NEAeS STy tReACBRALA¥ELY YPAate Lhenfbami rerffickent,

di stance bet wege tines 028 9&€s tHige 1DeGONt £ t KAV ¥BRLE61 £9gh81CHABAT 8Bl €
with the prot (errgh_lteon dIC\?\%e in grder to set the resistance val ue between the

gate and the NEL -owHed - ddit ROWeEFWRRHY THPWiEPRULE RC PoyiednS YRR 1Y he
first nmet@l | aybarduipceld 2iEdiisett yppe®, anhdgieasathus?foBasbdeatb Hhaaee

factors, it was ible rovi de the, gut nsi stor section 102b of
the present i nveérz&?%dr’lg%vi ?%8%&“5%¥%§npi‘%t Eg?i gﬂgf %égfi on. As al ready
descri bed above , in reference to Figure 9 , 25 in the first type I/0O cell

105a, the line resist agpﬁ?%ﬁ%lpett%erbm hapdt &Lermdel 1E9r 5 f}%ﬁpbbgggt he

i nput voltage Vin and t put termnal for outputting the o | t age
Vout was 2.55 SpRleyedsangihe statrr hShhd dther aheve desordptiiinch &hso has

a surge psot echrian FAMKEidHhned0 st WaSaR08St BBat Ovehymhoatfed e @anubnum
line 107. As a, resul tf the line resistance Ro is reduced from2.55 52 to
1.55 (err). ThEPeFoferfgueRl shsteRpkession 1), the maxi num current | max
t hrough the second type 1/0 cell 105b is about Repl acenent Sheet 16
Gct ober 2002 - 37 Figure 6 shows the flow of a process for determining
positions where various I/0 cells are to be provided.
20 Referring to Figure 6, how the positions where the various
I/0 cells are to be provided are determined will now be
described for the case of the PRML read channel LSI 3 shown

in Figure 5.

25 Step STl determines the ©positions on the
semiconductor chip where a plurality of functional blocks
mounted on a system LSI are to be arranged. In the case of
the PRML read channel LSI 3, the positions on the
semiconductor chip 10b where the following various func-

30 tional blocks are to be arranged are determined: the VGA 281,
the LPF 282, the ADC 283, the PREQ 284, the VITERBI 285,
the DECODER 286, the LEVEL SHIFTER 287, the PLL 288, the
LMS 289, and the PMC 290.



2, 65.times as large as the maxi mum current Imax through the first type 1/0
cell 105a. Moreover, when a switching regulator is used as a 5 DC/ DC
converter circuit, the efficiency nis inproved from90.7 of the first type
I'/0 cell 105a to 94.4% based on (Expression 3). Thus, the pifiRehedtsaRSI St or
section 102b which al so has a surge protection function provg@Reba Boeat
effect on the inprovenent in the DC DC caonversion 10 performance. As
menti oned above, in the second type I/O Z4 1 105b, the surge protection
diode is elimnated, while using the output transistor 102b which al so has
a surge protection 15 function. Thus, it is possible to elimnate the
al um num i ne resi stance 3n tgg sur ge §rotec}_ion d%ode éﬁ aresult, a
hi gh-effici ency DO DC EoRVEPsPEA ‘i §PFedfi 2RTIERLFE 91 Wroviinmot gl
exenpl ary | aydlockfs mhen2edooun pute syanemsLBI iseckilenctE@®b Fortdweamgecond
type 1/0 cell 5 (o r 4.0, | v . cu th, it is necessary
to sufficient Itgi/’l%s%ggﬁt%%gat%logﬁ%eezcéjwnﬁasgtgéc%%%% fromeach other. In
the case oof the 0.35 um process, the distance therebetween will be as great
as about seven 25 {imgs, LAgpds iR 4l RARCEISd Glel ok NN doRl aD. L4t o
Therefore, the area of the outpuf transistor section 5 aPso aving a
surge prot ect ifsRFtiraalohlark reguibesita veditagenethes tharththe edternal a
layout with thewdmisaypidi szfoelrtcf%eof(v&afae, §2%)an [8l ene3PeduTES{s JaF &

e

transi stor as ,shown in Figur was enpl o%/)ed, to_sugpress the increase in
the area of tHO%BTPGESERARFEESF t0SheRl 354 hAnhdfathe s PriodectNoh
fﬁncti QFI-OF_ Remeiqeﬂméh s§hggbcééd@ctt@be§t8@02'rs.3g Iﬂ/\h‘i:l:}]@ S_Bfg]gt IANSESd OF S
shown in Figur hav eir es, heing arranged on the diffusion region
in parall el w]fwc%éc%agt b’l’g‘rOth %gigits S r’r&ylﬁegﬁgfegﬂéB&di hpataa | witrge
pattern as shon 3.0 M dur eegbiireldensby vbltagposshbirethanr €hadi&et@rval

t ransi st or haéjcﬁ%\f?%ﬁ{‘ﬁg t‘j@fta'ggsa? h(aoédt *\?séf ea of a conventional

transi stor an sane e wdth a@s’that of a conventi onal
transistor. Since the output transistor section 102b has a | arge size, the

ef fect prepvided by the s gabe, of d@ﬁb@iﬁlﬂvéﬁ%@[}ﬁ%ﬁ LS -EQi % guh i £agt

Moreover, in the output transistor section 102b, the'lattice gates shown in
Fi gure 11 can e {PRthEPvweXt BRERYYtRASHIR: b GG ddicoA ikegi 8RS @b teed by

the lattice-|ityegaier:, hndTHRe fpdHitidtNohi B%e Henti SUHES S€EHIP WEErde
used as drain treeg} s, . 9r the four vicinities of g drfi n re%g%ns can be
used as sour ce 1EgPETs TOIRE tH=2 arg fgrgemiped - ouf puthe CA5& Sfothe

section 102b damdis qraodUucles-kvMBlle ZRMPprigssi g/ bDhepower easepiy ¢hecatea
h f.o20 ' ' f 1h i ' i
{hereof @0 YIglia 1% RRANRCOURE WEuell LEHbLy ad b1 BT o880 UGOLLOR 1 ©

used in conbination w an exi sem C tor “Irntegrat
(semni conduct ortx HEYVideha viedit@sse ofn 3t-Re VatteatbenPbd 288pr eBsedefére he

output 25 trangieg 0s75CabkaRmaNSe M Podi 816AE BROUGH | Ol dbgigudEEL i On
is arranged only in a region ere a protection diode has conventionally

wh
been arranged.CHA4R HOP wSTegibe BG{BOtPITeh SUWRRYY cdfciittpgeldr 2A3i arer
section al so has nmm;ltsulls@@eﬁréhpplzopadi eda 1f tzrzﬁat iax;h cad @V\%asafﬂaﬂ@ged.
arrange 0o i.n the protection di.o rea. Therefore, en it Is
desired 53 r eglu%reelonn‘l alis vBF?g‘@ErSfl ?E‘g%i %%éir P RS \Aﬂi’ﬁ’%iy pad
mai ntai ni ng t heelcoripR iiw ladnamfed fas edosenak ppsedbaeetvothageLln28s8.
conventi onal %ﬁﬁﬁ?qggﬂgﬁghsbnkﬁe shorter the distance between the input
power supply pad cell 242 and the PLL 288, the less the
number of additional internal power supply lines required
30 is, thus suppressing the voltage drop occurring due to such

internal power supply lines.

Step ST5 determines whether all of the functional



.Repl acenent Sheet 16 Cctober 2002 - 39 grated circuit, such voltage
reduction can easily be achieved without increasing the area thereof by
using the DC/ DC converter circuit of the present invention. 5 Mreover,
since a capacitance and a resistance exist between the difRys3iof.fi&88ipn and
the substrate, an anount of power is lost by the substrate rgg.gha¥®6y €ach
time the potential in the source region gd the drain region varies. Since
this power loss is proportional to the are€a of the 10 diffusion region, it
is possible to reduce by half the amobunt of power |ost due to the
capaci t ance oblbbki&sdtéfsinmunisgl om thler syghemet8Tthare dfedhaedrees edher eof
by the use of ;th e; . WNe.aes [ i Fi e 11
not only has gi% g E‘eag S%ﬁﬂe’%uc‘fv%% thgh%?érgo %%Q:H%%g%?ﬂr.'%cﬁpne&t e ‘15
power | oss. EatcH df Higuess1li2Asahidol 2B @mocesmrestiros bé % tep SStond
type 110 cell rhO5bShayn dibfbastnfbiep Bl G £al2fsDECISE IS QUL PUI

ol tag out p

. 'Lﬁf,ci‘
termnal for outputting the output 20 e ut"y the T nput term'al for
i nputting t heargpRerierneddon allaf thigefuaehinanl doneet é¢ be mawmtmdund
G\D are spacegnapak! skice@mongranot her, the resistance of the alum numlines
400 exists. In order to reduce the resistance, it is also effective to
arrange the input termnal 25 for inputting the input voltage Vin and the
term nal connected tosthg gropnd GRerminkes Vi €hdi t Ypoafi tilke oubpuUt ey m nal
for outputting output voltage.Vout' as shown . in Figure 12B. 30 Figure 13A
shows anot her%\‘?ﬁﬂ;’icgf‘l‘iblﬁ%(?fr Héps‘éb‘?ﬁ%l atnybﬁp}l/tc?%‘%?’? Ysﬁﬁ‘%nc %gllﬁcg‘hre
8B. | n BEiogur e theA extsfmraincponanesalppil0 velvaget avddovardsng as pkor ad ty of
i nput term nal r_inputyfi the in VO e , 01 enent
Sheet 16 Cct olg%rrfa%(%’ﬁl'- % &?% éf:lasrr(%éta ttélgvé%?%grgldgl %1?%???31132ﬁ g:t%t ;ﬁ?e
term nal s for s&erpudeitegmimesout fier veixaagele/outthe amdH02drs amettte

covering a pl yrals f NaFL C ) rto
further mni m!éfghtctk?gl |cr11:tg%£ Ee%lmg ‘é’%ggnc%gl ?ﬁg?ﬁg"&sﬁ%‘%ﬁg’e%%éc% ICE%Sb,

it is also efffédt jay@oMerc SRRy paktade ywiof3 +&rhikml e e merangedn net al .
Mor eovern,s the |ine resistance of the bonding wire is reduced by providing a
plurality of termnals for each of the input voltage Vin, the out put

vol tage Vout, and theS§fBundFCND. d¢bFPglrE 13BSpeRPFIELPTY sROws Hv nuch
the line resi mamr?emﬁth? eRtlpcatk v }theth@p@@@fiig@aaaph@m@mo%ri %ﬁ?ur e
13A as conpar wi_th t Lrst I ce 05a (, Figure 9 ._The_line
resi stance of %t élablosng’ln(r%]igt\ll?mer ém%ég%cgﬁ 1%‘%% %8 u%ét lrlmrsél%?ali%p%’f?i%% t he
i nput vol t age b@ arrangedgh Ehel impit tsdigrfa bondiadgds meslobins bynahpufer ng

the inpyly vol tgge i thpovgh aa§iensket99nﬁmgﬂ Wig ch%ﬁ‘n%f%@i‘airpl ghown
in Figure 13B, three term nals are provided for each of the input’ voltage
Vin, the out pftakol A&FETVHES ., ART t REAPDL1§rouRBeGNPPS TREéPREOrel tHee|ine

resistance of dei EHAIBMCHE pbRfek-s tREAUGESIT @Prd1lped, cas1i PelihgoPri or
art, to 0.03 52. Furthernore, the resistance of each urallt}éltof t erm nal

P .
sections isr SRR Y B IePISAYRPE BREPE RI™ Fed i uRRA the o tPBts Tapat
correspondi ng gadl t &€l 5azel vVabraga: Bttt ihg areprvancedt alata are to be

25 arranged.

The flow shown in Figure 6 can either be performed
by a human or by a particular machine (or a computer). It
is preferred that the flow shown in Figure 6 is interactively

30 performed through interactions between a human (an

operator) and a specific machine (or a computer).

After determining the positions on the



‘FThe alum numline 602 with a resistance of 0.5 S2 on the surge protection
di ode 106 which is present in the first type |I.O cell 105a shown in Figure
9 is renoved in 30 the second type I1/0O cell 105b shown in Figure 13B.
Therefore, the resistance by such an alum numline is not Rlsp)yuambmsﬁb@ure
13B. The resistance by the alumnumline in the output transigctibesSBORI ON
102b was reduced fromO . 6 (err) , as_ pl acement Sheet 16 Cctober 2002
- 41 inthe first type I/Ocell 105a, to 0.2 52 (the resistance of the
alumnumlines 601 ) and O . 1 52 ( the resistance of the alum numline
603), by provis¢gmigandsiaiad ichyjpovhese nthral B icmch ldomionand thgel/@nd
arrangi ng theo%qw aSHPR! Ye af:féﬁ%ﬁé"( and thegroynd, | lid é}f‘h%g At

t he out put t erm nal ['n sunmar ' ne resistance et ween e I nput

terminal for |1§ptﬂqm94§ﬁef¢dutaalcﬁet%§@-b\ﬂqq e het bt rangenet i ¢lfél th’t@r

out putti ng outfictiHAgepYBbks| Sar'i&d't@x%d 90N 01 s 5 Gisli®l q)al rb&ﬁ}ﬁefﬁcond
type I/0O cell 105h while it was 55 S2 in the first type1/0O cell 105a.

Accor di ngly, ﬁ‘élsaeld'yor?"(%tgses?Bﬁorﬂ?te@ﬁé:%&erﬁﬁﬂ Yand Wirdma foek (ises . 5
times as |ar gaaa@dmay atﬁltérhl@tMlIQ’fO ari:ay Bslahieseén pris( pepresmea) sug the

maxi mum ef ficien rrproe m90 % |nth i pst e 1/Q cell
105a, to 98% iftk afjé’ ‘o‘ﬂf 3& apgit §§e£%ﬁ%xggaé.%l“€fﬂénd
the | oad current dm I/ ]dH)l.JmA Thus the second 20 type I/O cell 105b shown
in Figures 13A and 13B contri butes greatly to the inprovenment in the

performance of DC/ DC conversion. Figure 14 is a diagram showi ng a structure
of a 25 1dem conduct or Asntédagatidiedi above, (acsenidogdhot dthecmedhad t€orit i s

package- seal echocd diefd NP ddniE SRR A0 AL She R G LoRVel L OLL FLEUI ¢

i'ncl udes the bo W re resistance as m num
resistance, tHeDSdPCoPREAES@PPITCIITHEE @@H-\»lellﬁeFr’é@t%@@S \ainl L[/f)uwhér be

i nproved by myHdH zaélgemﬂlm@dtng Pbé@tﬁ_eﬁl SnaGR %ﬂf&én&%f@f"@hf ng
the alum num | ine resistance. acenment Sheet 16 Cctober 2002 -
where the DC/DC power upply circuit cell is to be arranged
15 If a plurality of functional blocks to be mounted on the
system LSI include any functional block which requires a
voltage other than the external power supply voltage (Vdd,
Vss), a DC/DC power supply circuit cell and an input power
supply pad cell for providing the voltage to the functional
20 block are each treated similarly as an I/0 cell to determine
the positions on the semiconductor chip where the DC/DC power
supply circuit cell and the input power supply pad cell are

to be arranged. Thus, the DC/DC power supply circuit cells

e,
|

and the input power supply pad cells are arranged and wired
25 on the semiconductor chip by using a commercially-available
I/0 cell arrangement and wiring tool. 1In this way, a DC/DC

converter circuit can be mounted on a system LSI.
The method for designing a semiconductor chip
30 according to the present invention provides the following

effects (1)-(5).

(1) The performance of a DC/DC converter circuit



+ Each. bonding wire 600 is a |line between the external input/output term nal
pad, which is connected to the source/drain of the output transistor
section 102b along 5 the periphery of the sem conductor integrated circuit,
and a package 700 which seals a semi conductor integrated CRgffibetent@8eet
Regarding the length of the bonding wire 600, normally, the 1BenRetjadosh’ e
600 which connects an external input/output term nal at one of the four
corners of the 10 sem conductor integrat circuit to the package 700 is

| ongest, and the bonding wire 600 which extends fromthe m dpoint of one
side of the swildonduvboy fion dgfderenti designess shihteasdetdhminingeha f t he
/O cell 105b_j.s;akran el ; .he 1 C ircuit
excl udi ng 15 Ph%l?'(%ﬁ)?l %ﬁ%ngrbgﬂgh%re%?,gl%rﬁéﬁ ?&%t“éﬁc‘e’é%? Jfrﬁé;ﬂg%%rgé ntglevvi re
600 i s reduceBC/PRecehyerhprovinguihectD@ Bemioandusiton geiportiendE/Dhile a
semi conduct or phkedkapetly G Ie1usyal tyeateanaednt /bhee Lont e, a
package, in order to further reduce the resistance of the bonding wre 600,
it 20 is°>al sol&f fEcPPFELPoCEP aRHEAY FcCREWT @ oh (iR BFan hiRegrfnemnds @f t
(chip) at theappsi/bicokonierited Ligddite GaRHRIutOfi ddi@ RAGHA IS Qudnlidr t he
bondi ng wire 600 ﬁonnectl ng the exterpal input/output termnal pad of the
/0 cell 105b%%i t RePHERpABKECED0 AR skEoeEsLesss Shovks n Fag@en's 25
Each of the fiknhswledge lbouwteldn-5d awwdmewasostype | /O cell 105b is
descri bed above to include the control circuit 101. However, these I/0O
cells may alternatively be configured without the control circuit 101.

Mor eoverl,0 each 30 of t(2e Whesata tdgsd dnle® nelllylddsi gmsl at be/Becwmrdntpar | / O
cell 105b is i.he i t xternal input/output term nal
pad. However, %tq%(eéyelt%l ?} Bagg%é%sé qrr'é%/&gc} ;é ger%‘nla{21 %—vgl I?/Eégec%on ‘lp%fﬂ 0l C(I/)ﬁrtcﬁ{)lu ‘the
external in iRephacéeshgnSheutrafges ttdbe DO/OI2 conf@rtpyt £oucpit itmram nal
pad. |f the |/{Qeeebints anit?ﬁ? whLel \}a{lcﬂdlfge§ébhfel%§ QE@aArrﬁnged

i nput/out put term nal pad, s advantageous I n that t externa

i nput / out put t{dr-®-naf pk Rk R roADCRERRREPPeRt @nedlit thardtanest ed 5
si mul t aneous| e thiddrhaiHOIs: /8¢ t EORGErt 82 LhEcaek! aadr anee BiPu@fHvd S
descri bed above tq be 8I 0 g}ge ChiE geri%geg%, it ng% $I thernati vel)/ be
provi ded at a SfiFH-er BR “b]gg}r Cofr SR a9 LRt AREALREE HRSTot PEREHC t he
chi p. Al thouglpaweswistipbilpgef egui fitcl I yifethe rmte derhad nvean idascsidssad above
as an exenpl ar, onverter circuit..of. the fi.rst.type 1/Qcell, . 105a and
the second tyﬁ%ﬁ%%g Cefm 8§bsﬁophéft5rl(%§g%tc i‘r'{\%é%t Pgnf%‘ﬁ%r%%%nb%haatppl i ed
to a three-terafi ntiher B§UPEt @owerpesepPpLyi ciasudiiowelh Sfgihe IBresent
three-tefgn naly fogtl@pr is a circuit for converting an input voltage Vin
to an output voltage Vout having a different value. The reference voltage
is conpared by a 20 voltage conparator with a voltage W which is obtained
by dividing an output (sl trIggg Déc PywarrassiyesecRitlde M iisSadd ghesat han

the reference voltage, the t put voltage Vout s _decreased_by turning the
out put transi sttoorhap‘%r ,lgg‘%aﬁr&'sisf %bfmi 8T S%F&t ﬁﬁn%{‘ﬂﬁer‘éf e%lléﬁc%&’/%’(rgt age,
t he out put 25 Iv@ tagésYoihe astirver#asad shyot wredunged he Thetrptfo rier, attsésé or

ptr ON. t hi_s. oper.at | t t |t Vout. .i s.adjusted
fesi red 201 t ag PRBeals ded S i <48 1A elS AR RN T e e 0
changed by chdnigiuie theskibws sapningeiroadf aimeuidsiatrangenRni3lamgend2de

out put transi ti d X r i ukyterngn f or
p S rdPlind Spl@'zvlf &t frﬂé ﬂ%é@foﬁéfg%%%tgﬁtil,.éﬂa 8he

i nputting the I nput voltage nto e capacitor e internal cir

like, shown in Figure 1 are arranged, and an I/0 cell
arrangement area 310 where a set of the DC/DC power supply
30 circuit cells 11 and the input power supply pad cell 42 for
providing a power supply voltage to the functional block
IP 31 is arranged. Herein, a height H2 of the DC/DC power
supply circuit cell 11 is set to be less than a height H1



‘Repl acenent Sheet 16 October 2002 - 44 cuit 104 through the output
transistor ptr. The capacitor Cis added in order to keep the fluctuation
of the output voltage Vout within a range acceptable for the internal
Circuit 104. Since the capacitor C has a | arge capaci tanceRgplyc@L]g&,Shggt IS
often externally provided. | NDUSTRI AL APPLI CABI LI TY Accordlqg(&ﬁﬁ%ﬂﬁmgomer
supply circuit of the present invention , the line resistance 1 n the power
supply circuit 10 is minimzed by arraﬁg@ﬁg'the out put transistor section
inthe vicinity of the external input/output term nal of a sem conductor
chip. In thisofiayhet behbd QT arkrsi pa. gper fbe minpetbpowke papeld ys wad v
cireuit is | mLoyedy 1S fRnkhepgupe. the arepnh the aerigendicter Glup on
whi ch the power Suppl'y circuit i's forned is reddced by eFi'm nidting a part
of the area whEr@Cappwetrestuppd ydicddeuids ceddvdmt ibendlelss Bdem prowigied and
by using a megl tyRenksaRs! Fholr EoRfhAl & AdGYIPUL NS SR, A6t on.
20 Moreover, according to thée nethod for designhing a ’'sem conductor ~chip of
the presént i hecesisany hoDch@meoiike laymity odfi tbei furetionalimkpekpower

supply voltaggecapyahge@nifhiupgdi Ot EARa PeciF &3 € hrirhiy e arsdnd@y, to
that for the 25 other I/O cells when determning the position on the

sem conduct or chip where the DC/ DC power supply circuit cell is to be

arranged. In this wayait aAlsS18A§Sa®!tthd OQYDRIBeGez BEHPLy COVEILElcLl CUi t
havi ng a hi gh perfarmance whi ch does not, depend on the dgﬁk?nlng ability of
a designer. 3GSEOFHEEOR, tHef BEGIAE, IREPR bEYR ot fartie D e d6n it er

circuit 1whi ch neeelss ariye tioe idwlsNddsSigaf d D DU edomderstigniaiiraiof wheayst em
LSI wi thout giyving a burden Eo sig er. . nglaceng)t heet .16 qagober
2002 - 45 A LA RS AT ptter Iy L& FERP T Oohequce the
sem conduct or neimber ednErtezisnormmaritpuing rarnsystem ISTLLi on outputting a
power supply voltage; and a control circuit for controlling the output
transi stor section, wherein the output transistor section is arranged in
the 10 vicinity of an (&t & falt PApPuDGRG Mowest FupRIlYofirpuisepetbranidt or

chip. 215A p%‘@?ﬁnﬁﬁ@%&w&fr%ﬁlﬁ?@@ defg £0r Quiigivhing WEEREP ddisp Bt put
transi stor section has a surge protection function. ) o
voltage to a functional block can be arranged in any position
in an I/0 cell arrangement area including the four corners
of the semiconductor chip. Therefore, it is possible to
arrange a plurality of sets of DC/DC power supply circuit
20 cells and input power supply pad cells in accordance with
a requirement of an internal circuit of the semiconductor

chip.

In the above-mentioned method for designing a

25 semiconductor chip according to the present invention, there
are two types of I/0 cell which have a power supply voltage
conversion function to convert a power supply voltage to
another power supply voltage ,as follows. The first type

I/0 cell is an I/0 cell including a surge protection diode

30 and an output transistor section. The second type I/0 cell
is an I/0 cell including an output transistor section having

a surge protection function. While an ideal DC/DC power

supply circuit cell is one with which it is possible to



.15 3, . A power supply circuit according to claiml or 2 , wherein the
out put transistor section includes a nesh type transistor. 20 4. A power
supply circuit according to claiml ( wherein the power supply circuit is

arranged al ong a periphery of the sem conductor chip excl\tlj\ﬁg Sefr @GR Ners
thereof. 5. A power supply circuit according to claiml, qﬂ%?ic%bc 2%05 he
power supply circuit includes, as the external in put/output termnal, an
output termnal for outputting the power pply voltage , a power supply
termnal for inputting a power supply voltage to the output transistor
section, and aeglomed dermigialeffforciienit t ang al.gyw-ouniserobhagkipo IELS0

out put transi star tion;. a e r PRI, erm.nal _gnd the.ground
termnal are a%oglgneargtgefl'nncthneeg@?&:@nﬁ%‘%r&%ﬁegéﬁftﬁug%gr ?nnﬁa ?conﬁeﬁ%%enent
Sheet 16 Cct obletO 2ed2s-caf previliepbhere Sigpt 3 asi describedativegasolahai m 1,

wherein: the péggve{ I LI eul [ u : h I t put
termnal, a pl uraqﬁg%feyggllfpﬁgltbggmgﬁgl gggégﬁ%ﬁ%pﬁt%ﬁgégﬁ%u%gﬁr&g%%pl y
vol tage, T pl Wwhlthy mregverimrentpy- ternminals for inputting a power
supply voltage to the output transistor section, and a plurality of ground
termnals for inputti [lfg a ground voltage to the output transistor section;
the plurality of outpditTEeidtais atmeteriE A1395HP FoRer 1£0ppr YL t 9P nal s
, and the plurat ithe efird® gypend tieimenal ssar eysovere &t hosaCofrHBNan®et al .
7 . A power supply circuit according o C|ﬁl m]q wher ein the sem conduct or
chipis arrang‘g t‘g‘btt FEEngi56A% niear+en cbfifdctdaRF t Rto PR Er aFeFStor

section W th appeckeagiord 5 fulictioseal s sided sen carhict ok rehisp. sitdrsheetest .
8. A power sup Ia/ Cja(%au” according to claim1, wherein the output

transi stor sectTOh the CYMd1 circuit are arranged in an 1/0 cell
arrangenment area. .AY.AUI| .A; .A A AE . Ah. Al h. A9. AUe. A . AhYY . A Ah

The first type I/0 cell 105a includes a control

circuit 101 for controlling the mode of power supply voltage

15 conversion, an output transistor section 102a for
outputting a power supply voltage, surge protection d4i-

odes 106 for protecting the internal circuit. of the
semiconductor integrated circuit (chip) from a surge such

as an electrostatic discharge, and external input/output

20 terminals pad. The control circuit 101 is configured to
include, for example, the BGR 11l0a, the control section 110b

and the trimming section 112 shown in Figure 2.

The control circuit 101 outputs a control sig-
25 nal pctrl and control a signal nctrl. The control sig-
nal pctrl is used to control ON/OFF of a Pch output
transistor ptr included in the output transistor sec-
tion 102a. The control signai nctrl is used to control
ON/OFF of an Nch output transistor ntr included in the output
30 transistor section 102a. The input veoltage Vin is chopped
by the output transistor section 102a and then smoothed by
an LC circuit 107. As the result, the output voltage Vout

is obtained.
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Thus, the first type I/0 cell 105a functions as a
DC/DC converter circuit which converts the input voltage Vin
into the output voltage Vout.

More specifically, the first type I/0O cell 105a
functions as a DC/DC converter circuit of a switching
regulator type. A switching regulator is a circuit which
converts an input voltage Vin (e.g., 3.3 V) into an output

10 voltage Vout (e.g., 2.5 V) that is different from the input
' voltage Vin. The control circuit 101 chops the input
voltage Vin by outputting the control signal Pctrl having
a positive-phase pulse waveform to the gate of the Pch output
transistor ptr, and outputting the control signal Nctrl
15 having a negative-phase pulse waveform to the gate of the
Nch output transistor ntr. The chopped input voltage Vin
is smoothed by the LC circuit 107. As the result, the output
voltage Vout is obtained. Ideally, the output voltage Vout
is half the input Voltage Vin when the duty ratio of the
20 pulse waveformis 50. The output voltage Vout can be changed

by changing the duty ratio of the pulse waveform.

When the Pch output transistor ptr is ON, the Nch
output transistor ntr is OFF. 1In this case, a current flows
25 from the input terminal for inputting the input voltage Vin
via the Pch output transistor ptr and an inductor L to a
capacitor C and to an internal circuit (not shown) which
is connected to the output terminal for outputting the output
voltage Vout.
30
On the other hand, when the Pch output transis-
tor ptr is OFF, the Nch output transistor ntr isON. 1In this

case, a current flows from the ground terminal via the Nch
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cal] ca] ca] ca] cal] ca] caU] ca] caU] ca %kxr - 16 Ostober 20

Pt K####7{ vql gb] Xj e  Z] ]] U] ca] ca] ca] ca]_c%] ca] ca] ca] ca] ca] ca] ]6ca°Jt é’gﬁ%gfca] ca

] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] (,za] ca] ca] ca$0q{ zZ8! >h" 10%&' ()-m

M"10B & ()-m!Y'10%:& ()-m 10%& ()- !s!'l109%k ()- Y

109" () - #9{ Y7'termniosd' Epd)\V thEe0%InQi-ndHwiity® o0 - g #tt@/«f.‘g(d)uctor L.

H #10%&' ()-" "1R0% & ()= i<\ =I 0 " ()-11141009 ") - ]

10$:10%&‘%)-!#@é;f%é%?%;%#f§30;%gf%$§?FL eifé%@%ﬂ% %Etwg%n the input

>* 7z X9~\ =1 L" 10%8En@Ll apf- Fheowaspyl -temiinah assdmidla tefs #0086 albge (s

1" "10%0& % 0& & % : 01, 0. Q' ; .

10" o of - 310% gl&“cj?% %f)g%.gélso(%z 6&%(5%%?%/@38%]3%8@-% (i@ didssytanse

10% o0& ()S_A?M_;f as follows: the bonding wire 600
0.1 ©; the aluminum line 602 on the surge protection di-

as a resistance of about

ode 106 has a resistance' of about 0.5 Q; the aluminum
line 601 of the output transistor section 102a has a
resistance of about 0.6 Q; and the ON resistance of the Pch
10 output transistor section ptr is about 0.15 Q. Note that

the line resistance of the inductor L is ignored.

The maximum current Imax for a three-terminal
linear regulator and a switching regulator can be obtained
15 by (Expression 1}.

Imax=(Vin-Vout)/Ro ... (Expression 1)

Herein, Ro is the line resistance between the input

20 terminal for inputting the input voltage Vin and the output
terminal for outputting the output voltage Vout. Because

Imax needs to be sufficiently larger than the current
required by the load, Ro should be sufficiently small.
Especially, as the value of the input voltage Vin is closer

25 to that of the output voltage Vout, the effect of Ro in-

creases.

Furthermore, the power loss Ploss of a switching
regulator can be represented by (Expression 2).
30

Ploss=Ro*Io~2 ... (Expression 2)

Herein, Io is the load current.
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5 n=Vout*Io/(Ploss+Vout*Io) ... (Expression 3)

Decreasing the value Ploss is the only way to
increase the efficiency of the DC/DC converter circuit, and
decreasing the line resistance Ro is the only way to decrease

10 the value Ploss.

Assuming that the output voltage Vout is 2.5 V, the

load current Io is 100 mA, and the line resistance Ro is

2.55 Q, the efficiency of the DC/DC converter circuit is

15 only 90.7% at most. If the value of the line resistance Ro
can be reduced to 1.2 Q, which is about one half of the
original value, the maximum efficiency will be as high as
95.4%. Moreover, if the value can be reduced further to

0.6 Q, which is one half of the previous value, the maximum

20 efficiency will be as high as 97.7%. As described above,
in the first type I/0 cell 105a, the surge protection

diode 106 is arranged in the vicinity of the external
input/output terminal pad. Therefore, an increase in the

line resistance from that of the second type I/0 cell 105b

25 to be described later is inevitable, whereby high-efficiency

DC/DC conversion cannot be realized.

Figure 8B is a circuit diagram of the second type

I/0 cell 105b. The second type I/0 cell 105b achieves a

30 DC/DC conversion having a higher efficiency than that of
the first type I/0 cell 105a.

The second type I/0 cell 105b includes the control
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the output transistor section 102b and the external in-

r

10 put/output terminal pad, whereby it is possible to arrange

' the output transistor section 102b closer to the external
input/output terminal pad as compared to the first type I/0
cell 105a.

15 Figure 10 shows an exemplary configuration of a
layout of the second type output transistor section 102b.
Reference characters ptr and ntr respectively denote a Pch
output transistor and a Nch output transistor each having
a surge protection function. The control signal pctrl is

20 connected to the gate of the Pch output transistor ptr, and
the control signal nctrl is connected to the gate of the
Nch output transistor ntr. Moreover, the input voltage Vin
is connected to the source of the Pch output transistor ptr,
and the ground GND is connected to the source of the Nch

25 output transistor ntr. The drain of the Pch output
transistor ptr and the drain of the Nch output transis-

tor ntr are connected to the output voltage Vout'.

If a folded type transistor formed by folding back
30 the gate of the output transistor section 102b is employed,
a large size output transistor section 102b can be produced

while suppressing the increase in the area thereof.
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5 Surge protection has the following two objectives:
preventing a large current breakdown; and a high voltage
breakdown. The large current breakdown refers to a
breakdown of the junction section (the PN junction section)
which occurs when the density of the current flowing through

10 a transistor (the amount of current per unit gate width)
' exceeds its upper 1imit. The high voltage breakdown refers
to a breakdown caused by a short circuit between the gate
and the substrate due to a strong electric field being
applied mainly to the gate section. Therefore, providing
15 an output transistor with a surge protection function
important factors are: (a) to improve the capacitance value
of the diffusion region of the transistor for the high
voltage breakdown:; and (b) to improve a current path for
discharging a surge charge to the power supply and the ground

20 for the large current breakdown.

(a) Regarding the Improvement of the Diffusion
Capacitance Value

25 If the gate width of a surge protection transistor
is increased while the diffusion capacitance of the drain
is increased, it is possible to reduce the voltage that is
applied to the gate section of the transistor in the internal
circuit when a surge charge is applied. This is effective

30 for preventing the high voltage breakdown. The output
transistor section 102b of the present invention has a
sufficiently large size, even 1in comparison with a

conventional protection diode, to provide a current for an
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effective to increase the gate width of the transistor or
10 to reduce the current value by inserting a resistor between
o the drain of the transistor and the channel under the gate
thereof. One particular method for inserting a resistor is
to increase the distance between the gate and the contact.
In this embodiment, the distance between the gate and the
15 contact CWwas set to be comparable with the protection diode
in order to set the resistance value between the gate and
the contact CW (a contact between the diffusion region and

the first metal layer) to the desired value or greater.

20 Based on these factors, it was possible to provide
the output transistor section 102b of the present invention

with a surge protection function.

As already described above, in reference to Figure 9,

25 in the first type I/0 cell 105a, the line resistance Ro
between the input terminal for inputting the input volt-

age Vin and the output terminal for outputting the output
voltage Vout was 2.55 . By using an output transistor
section 102b which also has a surge protection function,

30 it was possible to eliminate the aluminum line 107. As a
result, the line resistance Ro is reduced from 2.55 € to

1.55 Q. Therefore, based on (Expression 1), the maximum
current Imax through the second type I/0 cell 105b is about
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Moreover, when a switching regulator is used as a

5 DC/DC converter circuit, the efficiency m is improved from
90.7% of the first type I/0 cell 105a to 94.4%, based on
(Expression 3). Thus, the output transistor section 102b
which also has a surge protection function provides a great

effect on the improvement in the DC/DC conversion
10 performance.

Asmentioned above, in the second type I/0cell 105b,
the surge protection diode is eliminated, while using the
output transistor 102b which also has a surge protection

15 function. Thus, it is possible to eliminate the aluminum
' line resistance on the surge protection diode. As aresult,

a high-efficiency DC/DC conversion is realized.

Figure 11 shows another exemplary layout of the
20 output transistor section 102b in the second type I/O
cell 105b. In order to improve the current path, it is
necessary to sufficiently space the gate and the contact CW
away from each other. 1In the case of the 0.35 um process,
the distance therebetween will be as great as about seven
25 times the minimum distance defined in the design rule.
Therefore, the area of the output transistor section 102b
also having a surge protection function will be about four
times as much as that in a layout with the minimum distance
of the design rule.
30
A mesh gate transistor as shown in Figure 11 was
employed, to suppress the increase in the area of the output

transistor 102b also having a surge protection function.
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being arranged on the diffusion region in parallel with each
other, the gates may be arranged into a lattice pattern as
shown in Figure 11, whereby it is possible to realize a
5 transistor having an area that is half the area of a
conventional transistor and having the same gate width as
that of a conventional ‘transistor. Since the output
transistor section 102b has a large size, the effect
provided by the mesh gate of reducing the area is
10 significant.

Moreover, in the output transistor section 102b,
the lattice gates shown in Figure 11 can be further extended
toobtain diffusion regions divided by the lattice-1like gate.

15 The four vicinities of a source region can be used as drain
regions, or the four vicinities of a drain regions can be
used as source regions. In this case, a large size output
transistor section 102b can be produced while suppressing
the increase in the area thereof.

20

Where the DC/DC converter circuit of the present
invention is used in combination with an existing
semiconductor integrated circuit (semiconductor chip), the
increase in the area can be suppressed if the output

25 transistor section also having a surge protection diode
function is arranged only in a region where a protection
diode has conventionally been arranged. With a mesh gate
output transistor, an output transistor section also having
a surge protection diode function can easily be arranged

30 only in the protection diode area. Therefore, when it is
desired to reduce only the voltage of the internal circuit
while maintaining the compatibility of the external

interface voltage in a conventional semiconductor inte-
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DC/DC converter circuit of the present invention.

5 Moreover, since a capacitance and a resistance exist
between the diffusion region and the substrate, an amount
of power is lost by the substrate resistance each time the
potential in the source region and the drain region varies.
Since this power loss is proportional to the area of the

10 diffusion region, it is possible to reduce by half the amount
' of power lost due to the capacitance of the diffusion region,
through reduction of the area thereof by the use of the mesh
gate. The mesh gate transistor shown in Figure 11 not only

has an effect of reducing the area but also of reducing the
15 power loss.

Each of Figures 12A and 12B shows a variation of the
second type I/0cell 105b shown inFigure 8B. InFigure 12A,
because the output terminal for outputting the output

20 voltage Vout', the input terminal for inputting the input
voltage Vin, and the terminal connected to the ground GND
are spaced apart from one another, the resistance of the
aluminum lines 400 exists. In order to reduce the resis-
tance, it is also effective to arrange the input terminal

25 for inputting the input voltage Vin and the terminal
connected to the ground GND in the vicinity of the output
terminal for outputting output voltage Vout' as shown in

Figure 12B.

30 Figure 13A shows another variation of the second
type I/0 cell 105b shown in Figure 8B. In Figure 134,
reference numeral 500 is a metal covering a plurality of

input terminals for inputting the input voltage Vin, 501
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Moreover, the line resistance of the bonding wire is reduced
by providing a plurality of terminals for each of the input
voltage Vin, the output voltage Vout, and the ground GND.
10
Figure 13B specifically shows how much ‘the line
resistance can be reduced with the configuration shown in
Figure 13A as compared with the first typé I/0 cell 105a
{Figure 9). The line resistance of the bondingwire 600 can
15 be reduced more by inputting the input voltage Vin through
a plurality of bonding wires than by inputting the input
voltage Vin through a single bonding wire. 1In the example
shown in Figure 13B, three terminals are provided for each
of the input voltage Vin, the output voltage Vout', and the
20 ground GND. Therefore, the line resistance of the bonding
wire 600 is reduced form 0.1 2, as in the prior art, to
0.03 Q. Furthermore, the resistance of each plurality of
terminal sections is reduced to 0.03 Q by covering the
plurality of terminals corresponding to the same voltage
25 with a common metal.

The aluminum line 602 with a resistance of 0.5
on the surge protection diode 106 which is present in the
first type I.0 cell 105a shown in Figure 9 is removed in

30 the second type I/0 cell 105b shown in Figure 13B. Therefore,
the resistance by such an aluminum line is not shown in
Figure 13B. The resistance by the aluminum line in the

output transistor section 102b was reduced from 0.6 Q, as
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In summary, the line resistance Ro between the input
terminal for inputting input voltage Vin and the output
terminal for outputting output voltage Vout is reduced down
to 0.57 Q in the second type I/O cell 105b while it was
2.55 Q in the first type I/O cell 1l05a.

Accordingly, based on (Expression 1), the maximum
current Imax is 4.5 times as large as that in the prior art,
and based on (Expression 3), the maximum efficiency is
improved from 90.7%, as in the first type 1I/0 cell 105a,
to 98% under conditions where the output voltage Vout is
2.5 V and the load current Io is 100 mA. Thus, the second
type 1/0 cell 105b shown in Figures 13A and 13B contributes

greatly to the improvement in the performance of DC/DC
conversion.

Figure 14 is a diagram showing a structure of a
semiconductor integrated circuit (a semiconductor chip)

after it is package-sealed.

Since the line resistance of the DC/DC converter
circuit includes the bonding wire resistance as well as the
aluminum line resistance, the performance of the DC/DC
converter circuit will further be improved by minimizing
the bonding wire resistance as well as minimizing the

aluminum line resistance.
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)-oP1lh n‘*#lgpbpackage 700 which seals a semiconductor integrated

circuit 100. Regarding the length of the bonding wire 600,

normally, the bonding wire 600 which connects an external

input/output terminal at one of the four corners of the

10 semiconductor integrated circuit to the package 700 is

- longest, and the bonding wire 600 which extends from the

midpoint of one side of the semiconductor integrated circuit

is shortest. Therefore, if the I/0 cell 105b is arranged

along the periphery of the semiconductor circuit excluding

15 the four corners thereof, the resistance of the bonding

wire 600 is reduced, thereby improving the DC/DC conversion

performance. While a semiconductor integrated circuit is

usually arranged at the center of a package, in order to

further reduce the resistance of the bonding wire 600, it

20 is also effective to arrange the semiconductor integrated

circuit (chip) at the position shifted from the center of

the package so that the bonding wire 600 connecting the

L external input/output terminal pad of the I/0cell 105bwith
the package 700 is shortest, as shown in Figure 14.

25
Each of the first type I/0 cell 105a and the second
type I/0 cell 105b is described above to include the control
circuit 101. However, these I/0 cells may alternatively be
configured without the control circuit 101. Moreover, each
30 of the first type I/O cell 105a and the second type I/0

cell 105b is described above to include the external in-
put/output terminal pad. However, these I/0 cells may

alternatively be configured without the external in-
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put/output terminal pad. If the I/O0 cell is of the type
which includes the external input/output terminal pad, it
is advantageous in that the external input/output termi-

nal pad and the DC/DC converter circuit can be treated
5 simultaneously.

Furthermore, althdugh the I/0 cell arrangement area
is described above to be along the chip periphery, it may
alternatively be provided at a different position such as

10 in the central portion of the chip.

Although a switching regulator type circuit has been

described above as an exemplary DC/DC converter circuit of

the first type I/0 cell 105a and the second type I/O

15 cell 105b, the present invention can also be applied to a
three-terminal regulator type circuit as shown in Figure

15. A three-terminal requlator is a circuit for converting

an input voltage Vin to an output voltage Vout having a
‘different value. The reference voltage is compared by a

20 voltage comparator with a voltage Vr which is obtained by
dividing an output voltage Vout by a resistance R. If Vr

is higher than the reference voltage, the output voltage

Vout is decreased by turning the output transistor ptr OFF,

gy

and if Vr is lower than the reference voltage, the output
25 voltage Vout is increased by turning the output transis-
tor ptr ON. By this operation, the output voltage Vout is
adjusted to the desired voltage. Moreover, the output
voltage Vout can alternatively be changed by changing the
division ratio of the resistance R.
30
When the output transistor ptr is ON, a current
passes from the input terminal for inputting the input

voltage Vin to the capacitor C and to the internal cir-
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invention, the line resistance in the power supply circuit
10 is minimized by arranging the output transistor section in
| the vicinity of the external input/output terminal of a
semiconductor chip. In this way, the DC/DC conversion

performance by the power supply circuit is improved.

15 Furthermore, the area of the semiconductor chip on
which the power supply circuit is formed is reduced by
eliminating a part of the area where a protection diode has
conventionally been provided and by using a mesh type
transistor to configure the output transistor section.

20

Moreover, according to the method for designing a
semiconductor chip of the present invention, a DC/DC power
supply circuit cell having a power supply voeltage conversion
function can be treated in a manner similar to that for the

25 other I/O cells when determining the position on the
semiconductor chip where the DC/DC power supply circuit cell
is to be arranged. In this way, it is possible to produce
a DC/DC converter circuit having a high performance which
does not depend on the designing ability of a designer.

30 Furthermore, a flexible, high-performance DC/DC converter
circuit which meets the requirements of the internal
structure of a system LSI without giving a burden to a
designer.
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AMENDED CLAIMS

1. A power supply circuit formed on a semiconductor chip,
comprising:

an output transistor section outputting a power
supply voltage; and

a control circuit for controlling the .output

transistor section, wherein
the output transistor section is arranged in the

‘vicinity of an external input/output terminal of the

semiconductor chip.

2. A power supply circuit according to claim 1, wherein the

output transistor section has a surge protection function.

3. A power supply circuit according to claim 1 or 2, wherein
the output transistor section includes a mesh type

transistor.

4. A power supply circuit according to claim 1, wherein the
power supply circuit is arranged along a periphery of the

semiconductor chip excluding four corners thereof.

5. A power supply circuit according to claim 1, wherein:
the power supply circuit includes, as the external in-
put/cutput terminal, an output terminal for outputting the
paower supply voltage, a power supply terminal for inputting
a power supply voltage to the output transistor section,
and a ground terminal for inputting a ground voltage to the
output transistor section; and the power supply terminal
and the ground terminal are arranged in the vicinity of the

output terminal.
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6. A power supply circuit according to claim 1, wherein:

the power supply circuit includes, as the external in-

put/output terminal, a plurality of output terminals for

outputting the power supply voltage, a plurality of power
supply terminals for inputting a power supply voltage to
the output transistor section, and a plurality of ground
terminals for inputting é ground voltage to the output
transistor section: the plurality of output terminals, the
plurality of power supply terminals, and the plurality of

ground terminals are covered with a common metal.

7. A power supply circuit according to claim 1, wherein the-
semiconductor chip 1s arranged so that a bonding wire
connecting the output transistor section with a package

x;vhich seals the semiconductor chip is shortest.

8. A power supply circuit according to claim 1, wherein the
output transistor section and the control circuit are

arrangded in an I/0 cell arrangement area.



