; e3ey\ vt vP6T\ Tgb17 SEP 2003 METHOD AND APPARATUS FOR | NI TI ALI ZI NG AN
I.NTEGRATED Cl RCUI T USI NG COVPRESSED DATA FROM A REMOTE FUSEBOX BACKGROUND
OF THE I NVENTION 1. Technical Field: The present invention relates

generally to fuseprogranmable integrated circuits, nﬂ;ngggpnggecularly,
to integrated circuits having a fuse-read startup seq scription

of the Related Art: Fuse-programmable i/ntegrated circuits are used in
applications requiring custom zation and/or repair of manufacturing

defects. Functional testing of integrated circuits and mm Nﬂ@m't
boards is necessary to assure defect-free products. ﬁﬂ\“ﬂm m It
IS possible to repair integrated circuits subsequent to manyf agture of a
waf er by providing redundant circuit elenents that can be selected by

fuse- progr amals@ridisi 2o F&épwé eroﬁ“xﬁﬁﬁﬁﬁ:ﬁ@hdrm' INEm8RAREY array
may be replacedy (ﬁﬁ’f‘ﬁ sSkD @ieﬁ'kéMaAdﬁi:ﬁGi:mdﬁJ?ﬁhﬁ% in one

of the rom/cells that wou d ot erw se nake the nmenory unusa

redundant cells make it pos ncre @§S§ n yields at the cost
of increased circuit area Vﬁ%&*@%ﬁﬁﬁgnﬁﬁciﬁguf ﬁ%bﬁuse el ectronics. 1
? SEP 200 -2

1. Technical Field:

The present invention relates generally to fuse-
programmable integrated circuits, and more particularly,
to integrated circuits having a fuse-read startup

sequence.

2. Description of the Related Art:

Fuse-programmable integrated circuits are used in
applications requiring customization and/or repair of
manufacturing defects. Functional testing of integrated
circuits and printed circuit boards is necessary to
assure defect-free products. In many instances, it is
possible to repair integrated circuits subsequent to
manufacture of a wafer by providing redundant circuit

" elements that can be selected by fuse-programmable logic.
For example, an entire column in a memory array may be
replaced with a spare column, if there is a defect
detected in one of the row cells that would otherwise
make the memory unusable. The redundant cells make it
possible to increase production yields at the cost of

increased circuit area via redundant circuits and fuse
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electronics.



The above-nentioned fuses include electrically blown fuses (e-fuses) that
may be programred by passing a large current nonentarily through a fuse,
and | aser programmabl e fuses that nay be progrannedlgyéxgﬁpzpaing mat eri al
wWith a laser. An anti-fuse technol ogy can al so be i 9n an
integrated circuit, where the fuse controls the gate of a transistor and
the transistor conducts to produce a shert when the fuse is bl own.
Application-specific integrated circuits (ASICs) may include | arge
gquantities of enbedded nmenory. The included nmenories typically contain
redundant circuit elenents in order to repair defects. The sel ection of
repl acenment el enents fromthe avail abl e redundant el enents requires a | arge
nunber of fuse val ues. For exanple, enbedded SRAM nacros within the Cu-11
ASI C desi gn syste naf,Lanak hpe ol

. Cor porati on conta?% 8%%§%§gm€§ %gégge?hhggr%n?%E?gnégéB?E%FggiyeblgwnASIC
usi ng 128 |nﬁuaase$e6fuaeanctbatomaaibéngregramsedvbyupasmhhg redalkgein a
total of 10,240 fuie val ﬁ E gg ﬁznaglc r and 8ngaccess menory ( eDRAM
macro desi gnSUFPREAPPUERRRFHGE SPFPRIRoRetHESe §8Fud85CEach one negabit
section of eﬁf@@&hﬂm&ﬁ@eCEuéésA@hgkdﬁﬁygﬁesyﬁbgﬁhﬁﬁeaabysv§ drivsagval ues,
and there nay bé as many as 256 - 1 negabit sections_ of M used mﬁthln
\an ASI C deS|@ﬁteIﬁ@lrE$GhtﬁnéaﬁaﬁberAbfaﬂﬁée§uﬁﬁlFeﬁbn88°98409§raA§PC chi p.
It is desir e, t u ys f S repair

t hese |ntega8% ﬁ&g%%ﬁgﬁﬁgd Pﬁ g#?%ﬁ?ngaégg hESQBE?h hﬁ%%%t?%%afhgﬁocks or
17 S E P 2008on8robacths, gaUehoﬁsaanrapphstarlandspbeltransmsegrated
circuit (ASI % 8 Lt £r0n1a I|brarg ﬁ gﬁllg t he f& es for that cel
will be assotPREBAtSi FR PREIHEEr 8. SPRTEOFPERt FRG dBFSCES BIOFRst oni zi ng
these ASICs, the co location of the fuses presents a problemin that fuses
are not typlcally conpatible with the bal ance of the circuitr E- fuses
require |large C|rénpllﬁathgnfépe?hélﬁrégFaﬁﬁﬁﬁgdCGFF€H@t§o(9ﬁ§FSﬁh@aV0Itage
(it Op P 0GuC oo dyhb0) BEQO’ AINLEYLIBES0RObyBERALAThERLRG DRkLLY 0 Program
t he fuse, increase rogrammng tine a ove acceptabfe Iimts, or

i ncrease Iocahchaéédngembaneaayypana@éythentamntredahdahbctimnhms
Laser-progra bl e, fuses requi Le a | ar ar rin SOt other .circuitry
e hot dest rOVERERGEL T8 PEOEF CRaBPPRbAarTYehPeseRPE] RELEFELRH By ul
desi gns provigplheemefeepl embaeks robnctheuatrailabl ewragunaenes to be

| ocated below wres within |ayers of the die. gg%er-pro rammed_fuses and

e-fuses are ?ﬁﬁméﬁﬁﬁtéﬁqﬂﬁfﬁsnﬁ WRrEE BRMBREdCEhOVECaNAIHESCi r EQF L ry

al | oned be'0&k£mgléuseﬁbeaaaeeskhﬁ ﬂhewbagwgﬁh@nfeﬁe cubethgsrby a | aser or
by an el ectrical neans, could danmage wires |ocated_over or circuitry

| ocat ed benededighesyaten. mﬁFH&FB? bynfatesnatienadt RBainggenMashinead bal
contact arr t S u [ | aser
needs to hasggﬁﬁég%FE Fﬁghggkﬁ o Euggcgéég%gm?ﬁg ?ﬁgés gﬁ%gghgﬁe out er

| ayer conta|mhegefheecoanaASIarnayngu$28o¢nnpyncha efir haweckayer, | aser
programmabl e_f uses nust Loca%g ugn o&Eir grﬁz% QL ghgoggg. he inability
to locate mgPB5 &BAEE; f 6 fus&s-URderneat fi &r Wi fes®aid &ont act arrays
or above ot heo, 240, fusé7v5lEeB ZOQabeddedraynhﬁlaeyenabm btBeks the use of
macr os contalnlng fuses. is possible to % of _the fuses to a

| ocati on wheP&MPRE ﬁﬁggéM%AWPCHBtdFﬁﬁgPFeF¥p&F?ﬁ ¥ohPgebdsr FA¥dl BAFenovi ng

rgfgz gﬁgﬁtffggg;b§1a§§00Iaaeﬁ BREr REghBaHi kestEUAt M eBRAANiANENLEI t her a
Cu-1ll ASIC design system contains 344 fuse values, and
there may be as many as 256 - 1 megabit sections of eDRAM
used within an ASIC design. The resulting number of
fuses wiil be 88,064 per ASIC chip. It is desirable to
reduce the number of required physical fuses to tepair

these integrated circuits.

In circuits designed using functional blocks or



r interconnects running fromthe fuses to the associated nmacros, or a
schene for noving the values fromthe fuses to their associ ated nacros

requirjng a local latch and a renote |atch for each fusetfs)féimégtch is
typically needed at the fuse, since the fuse cannot typitdl dto
formpart of the logic in the integrated circuit, especially with copper
fuse technology. If a potential is placé&d across the ends of a blown fuse,
it will re-grow, form ng "copper dendrites.” The bl own fuse nmay eventually
have a | ow enough resistance to read as if it had not been blown. i In

i ght of the foregoing, it would be desirable to , provide a nethod and

apparatus for fuse-progranm ng integrated circuits whereby fuses may be
shared anong redundant elenments. Furthernore, it would be desirable to

provide a nephedoandsappanat 4y nglﬁéaﬁibhﬂgpéﬁﬁkﬂ& iRtegrated circuits
using fuses that do not have to be |ocated within their associated nmenory
Macr os. 1ziscEip 2883C)5b8uUMUARY oOF aTHEPEFRVENPEONAL® 6fldst s theeat ur es,

and advant ages_of th e hn ti i arent | he
fol |l owi ng de?gFngEoﬁﬁ?bggnggégcﬁﬁg igg.g%ﬁgcg ﬁggfﬁgggo%ﬁgegggfkﬁg macr os
wi t hin integrat edrekekelings deferdsr erdtelsy ohicdhed theses AsiTtBouttheegwi-ri ng

circuit runs_froma fuse to nmacros or local latch/renpte |atch pairs is

achi eved in A°FBtABR 24dtREpAMEESTs PESSeRAFt RaPF2PA§ ani hT8dr 4168Sci r cui t

‘usi ng CO”pre§§8an€t%yb&@ﬁhﬁyr%6&b§t&5§%b%ﬁthCQHEr%ﬁiﬁﬂcﬁoBErQhedata i's
read froma fuse matrix and the conpressed data is decoded to produce
deconpr essedctonuisikydat &- fllses, reluidecdapges sadcudit pelthdattari $hieat ched

sedotonuibEvdat & fuses, dmpgessedc ari $heat ched
| nvent on e SPERURET S BRAERT §oa HAt i s Neas BogRoP bR e R e

fusebox is ugadihg pRoyrahiniegmdokisphetdieg¢smifiaeecahbecandsinell tas
addi tional objectives, features, and advantages of the present invention

wi || become EﬁBaFéthhﬁ EtHEer olPEREARG CdEPE PEQIRATIPLBH §&%€r PROVEN.

acceptable limits, or increase local heating that may
damage the functional electronics. Laser-programmable
fuses require a large guard ring so that other circuitry
is not destroyed by the laser. Additionally, present
integrated circuit designs provide for “deep” stacks of
circuits, allowing macros to be located below wires
within layers of the die. Laser-programmed fuses and
e-fuses are implemented with no wires allowed above and
no circuitry allowed below the fuses, since the blowing
of a fuse, whether by a laser or by an electrical means,
could damage wires located over or circuitry located
beneath the fuses. Finally, interconnect methods such as
‘lead ball contact arrays are incompatible with laser
blown fuses since the laser needs to have direct “line of
sight” access to the fuse. Since the outer layer
containing the contact array must occupy the surface
layer, laser programmable fuses must be located in other

areas of the die.

The inability to locate macros containing fuses

underneath other wires and contact arrays or above other



17 S E P 20f1 3 _6 BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features
bel i eved characteristic of the invention are set forth in the appended
clains. The invention itself, however, as well as a preferred node of use,
furthér objectives, and advantages thereof, will best] BeSERZGdod by
reference to the follow ng detail ed description of an illustrative

enbodi nrent when read in conjunction wi ttH-the acconpanyi ng draw ngs, wherein
. like reference nunerals indicate |like conponents, and: Figure 1 is a bl ock
di agram of an integrated circuit in accordance with a preferred enbodi nment
of the invention; Figure 2 is a block diagramof the fusebox circuit t
within the integrated circuit of Figure 1; Figure 3 is a schematic diagram
of the shift registers within the integrated circuit of Figure 1; Figure 4

is a schemat icg rdua@isaedle red1gCK igiitauithe WskhioF mae rdecempreisahg thin the
fusebox circuit of Figure 2: Figure Sis a schematic diagram of the fuse
array of Figduses. Filfude ©IssiRlE §R HoNgr adlorfa thet Hodest toniati al i zi ng

et Tusebaf s st Rra SHATERNTRY. Rt Infenirert ¥ gbntasdnt fon,
preferred enbodi ment 0 Re imnventi on;
and Figure 7airxagshl bkt dicagmamiofses rmdatyl falop tiledals@ociated macros
requires custom design aﬁd either a large quantity of
interconnects running from the fuses to the associated
macros, or a scheme for moving the values from the fuses
to their associated macros requiring a local latch and a
remote latch for each fuse. A local latch is typically
needed at the fuse, since the fuse cannot typically be
used to form part of the logic in the integrated circuit,
especially with copper fuse technology. If a potential
is placed across the ends of a blown fuse, it will
re-grow, forming “copper dendrites.” The blown fuse may
eventually have a low enough resistance to read as if it

had not been blown.

In light of the foregoing, it would be desirable to
provide a method and apparatus fof fuse-programming
integrated circuits whereby fuses may be shared among
redundant elements. Furthermore, it would be desirable
to provide a method and apparatus for fuse-programming
integrated circuits using fuses that do not have to be

located within their associated memory macros.



in accordance with a preferred enbodi nent of the present invention. 17 S
E P 2003 _8_ DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT W't h
refergnce nowto the figures, and in particular with reference to Figure 1,
there is depicted a block r diagramof an integrated circuit in accordance
with a preferred enbodi nent of the invention. Integr a":QjS:%chpgﬁrlrg
contains a plurality of fuse programuablée macros 16. kFuse-Ppro bl e
.macros 16 can inplenent a variety of functional circuits within integrated
circuit 10 and are not necessarily identical or simlar in nature, but axe
custom zabl e and/or repairable using fuse data retrieved froma fusebox 11.
Repairable circuits include nmenory array nmacros wherein the fuse data is
used to renove a nenory elenent (e.g., a row or colum ) and select a
redundant el ement to repl ace gteMARECbHFODHE! tNVENITIE6R under st ood t hat
repl acenent of nenory el enents can be acconplished with nultiplexers and

- denul tiplexers or a variety of other techniques well known in the art.

fuse data i o used to GHAGFACe CoMARATor P POYPEC=gBro Tt S hpn R eaRi

security codesventdopekiviilnt e@icained apipatntt hasithe &blieihy. dERQipkesent
i nvention concerns the manner in and neans by which control data for

control |ing PHatEEst /ISELLPSHA cand/ or repair of integrated circuit 10 is
racconpl i shed. Fuses 12 are arranged in a block isolated fromthe
fuse- programmabl e macros, in order to overcone the obstacles associated
~with placing fuse&hsuohk;jas tivee offe repad niinghmiaprescontbdn poitegsated
inefficient use of. 1 9_.9.7 P 3die a ue to guard rings,
| Bser - pr ogr afaBratFubedms, =snPrEly Fokatirngehe  biTpPLY, L3RR, 1o
i mpl ement at i e@drcat tceu@sa.frofe af fseedabamaetbai b torplelaedhi/mkaorat i on
that is deconpressed by deconpressor 14 to produce the control data for
repairing or 1@GStoRPITRg 1fudERFFY§Fa el BefiCro8 s 3PRAFAEYSediPSt er s 18
wi thin the magLes,ane id AR0ghtiedrafans iteudk! QWiser tahpskaskiundaeh
deconpressed control data receivéed from deconpressor 14, so that at
initializati dwom ke repwteolfuggbaxi.s goopagased contusé- grdgr asnukkd nacr os
16. After initializatiaon he .f unct i.onal ¢ inpl nted .h
fuse-progran#% eanggfgsmf%r%ﬁlﬁggekggn nggg ngpdgggrégigﬁ¥8ganFggrated
circuit 10. ptrosheel debempréassdoedntiral theai.nplfeerant aheon of i ntegrated

circuit 10 is not restricted . to.a single fusebo 1 coupled to a single
chai n of shi PECPERTESSRS FEPEQL FRER fﬁeﬁﬁggﬁﬁéq%8sc8F€Fﬁ present
i nvention al fawckabnaldesirgmiktaeilegentst wpkhihusaboxasegedpkad to multiple

shift register chains. Alternatives include a sin%%e fusebox coupled to

mul tipl e shi FELFEGTst edPENAPNEPFAOR PaYarler B85t SMBAEHEE LRof t he fusebox
to supply eagpief-bhepChande GRRireea0kiaghar uisebak 98si:98q4i gBl ementation
is made on the basis of macro placenment within the integrated circuit, and
the initializaditdnlizeenydtipdet Haesi-s perm ssible. As the nunber of shift
regi sters holding control data received fromfusebox 11 . increases, the
anount time required to initialize integrated circuit 10 correspondi ngly

i ncreases. For apffhiecabowes asheredilnaisntddi&tiedadi pbgettifeks

features, and advantages of the .present invention will
become apparent in the following detailed written

description.



1 o017 S E P 2003 power-cycled frequently, or nust initialize rapidly such
as personal digital assistant (PDA) applications, it my be desirable to
implepent a quantity of shift register chains fed in parallel by one
fusebox or individually by several fuseboxes. Referr!ﬁpéEEw>2@g j gure 2, a
detail ed bl ock diagram of fusebox 11 of Figure 1 is ~'P -on reset
is a signal that may be externally suppgied or internally generated within
_integrated circuit 10. Power-on reset indicates that integrated circuit 10
should be initialized for operation. Power-on reset is conbined in an AND
gate 21 with a disable signal produced by deconpressor 25. Counter 23 is
held in a reset state until power-on reset is asserted. The state of
deconpressor 25 is also held in a reset state until power-on reset is
asserted. The out put of e LN iJJator 22 that
oper at es deconpressor 25 gﬁbgﬁgkggi%& ?’ﬁZT@Eu%#MSe signal from
deconpressor 25, ring oscillator 22 operates the counter until deconpressor
25 sets the clock enable signal to the negative state, disabling ring
oscillator 22. Thike BeovielefeaBubegi hslieveduahanrpehepdasiconlr 8bet is
act i vat ed ?”ﬁnééRPi&QGQ¥QG§§§DE§§ERr§ﬁ5tﬁ£°&§88§8§hecﬂgﬁﬂgﬁ | pgll.cat es
deconpression’ IS conpl ete. unter 23 is prevented fromcounting until
-power - on resthvéstheohi Vasellf, Theweukput asofetduatea BBefekeetl mode wift hin
‘fusebox 24, retrieving two, conpressed cggtrol data words that are coupl ed

to deconpres$®f 25urther 70REeC58¥8S, 13NRRIUARERLEF $BSFECL/ sVALd machi ne

that deconprigssespd hend¥Ps €980 B9SedrepBhEe! tdatReWeb UsoRERG dLRgi1@ga node
sel ect encoded in the first two words of fuse array 24 (seléected by counter

val ue zero).daseriphienl oford illugbhabive embedimenbnwhanatdpdi dn to the

node sel ect Di . fhe ecLL i us 4. and the
| engt h of th%éﬁi%%%%ggg2§h£§oﬁ?$o§&ég§%ggg??¥‘g%gvs#%%f ﬁﬂ%gé?ﬁggfﬁg | ength
of the deconpefssenceomtmetatiat andhcéter dijkst eomponéhesfi anti:two fuse array

24 wor ds

Figure 1 is a block diagram of an integrated circuit
in accordance with a preferred embodiment of the

invention;

Figure 2 is a block diagram of the fusebox circuit

within the integrated circuit of Figure 1;

Figure 3 is a schematic diagram of the shift

registers within the integrated circuit of Figure 1;

- Figure 4 is a schematic diagram of clock circuits
within the decompressor within the fusebox c¢ircuit of

Figure 2;

Figure 5 is a schematic diagram of the fuse array of

Pigure 2;

Figure 6 is a flow diagram of a method of

initializing an integrated circuit using compressed data



provi des the state machine with information about the nunber of shift
cycles that need to occur in order to fill the deconpressed control data
shift,register chain. Encoding the width of fuse array 24 pernits the sane
state machine design to be used with fuse arrays of] i §fePi2803ata wi dths.
This is desirable in that differing integrated circuit designs will have
differing fuse layout ground rule requiftenents. It is generally desirable
.to mnimze the quantity of fuses placed on the die, so the ability to vary
the length and width of the data wi thout designing a custom deconpressor is
a preferred feature for customlogic inplenmentations. A row wthin fuse
array 24 contains two fuse words. In practice, half of the row data, or one
fuse word, in fuse array 24 is reversed in a mrror-imge, so that the

out ermost bi fsoefat hembtserasepyxcan hecpbyaheal Wythbseptefeemethe fuse
array design and ignored by deconpressor 25 when a smaller fuse array is
inplenEnted.emh%dﬁ@%ﬁﬁpPésgh8n1§8ﬁ8ﬁé§nfnﬁP@nented by f 1 ? SEP 2003
-1z deconpressor 25 | oaded fromthe nodes supported data is shifted
conpression) , r- shifted out for are node selectable by the control word
first location infigeeealiray 24bldh& diegramagé avueltinchtipchotibdecontr ol
out wi thout podification (no Hn-length nnge %EL%% i n, which zeros are
control dat a™MoRBSOFARAEcHLILRz8r BrESGRE SR CBRREYBANTaRE TARI REPESREde in
whi ch one of ;thenepnhrol data word bits indicates a fixed value (zero or
one) to shift out for the count encoded in the control data word. Table 1
shows the format of the control word and data words encoded in fuse array
24. Bit
2222117.11111012345678911321098"' 7654320 INMVFALLLLLLLLLLLLLLLILN 10VS111111]
987659320/ A6543210AMLRRLMSSLLSSBBLLBBMRRVMSALLASBLLLLB Table 1 The second
row of Table 1 shows the organization of the control word in the first

| ocation of fuse array 24.



-13- 17 S E P 2003 The | ower half of the word has been bit reversed and the
outer bits are unused (NNA) to acconodate fuse arrays 24 of 22 bit w dth.
ML and MO encode the nmode, with O indicating shift all zeros (no fuses
bl own), Mdde 1 indicates RLL deconpression node, and N?d Eéaina e node (no
conpression). FV=0 indicates that the node 1 RLL thlatg iZﬂéﬁs zero
FV=1 indicates that bit 1 of an RLL encgding control data word wl|
determne the fixed value to shift for a run. L16-LO encode the total
" nunber of bits to be shifted (data length) allowing for 128K bits to be
shifted fromthe deconpressor. The third row of Table 1 show the
significance of the control data word bits when MODE=1 and FV=0. Each
| ocation holds two control data words, with the | ower word reversed in bit
order so that smaller_fuse [ ~ nay_he L indicat whet her or
not the control D%&%%r@#ﬁ#@ma‘g %&Euﬁ%pﬁbﬁﬁﬁﬁﬁﬁ%), t he
bal ance of the word encodes i mage data or the run-length count from | east
significant bit (LSB; to nost-significant bit (MSB). For a 22-bit contro
data word size, tWet varepseanevwi §rotka. frauresur 8Rdr W PRr¥apHéaX shows

t he significaggﬁ 9@f%?§?8§ﬂé%otigg%gl$pggﬁgkgsighggpggﬁgééa??gogyzl. VAL is

the fi xed véVue to’s erw Sse | I'S"the LSB of

.the image dagpagrimMIPERR, ihbegeatedneiecouptesai adcosdankk afithhe bits in
the control data words are inmage bits, Referring nowto Figure 3, shift
regi sters 18pbefergedecnbadéngapi efeihpnigEearionThelokegyapseint for 17

desi gn (LSS TaTeR B0, CaRra-for aePhhesrird: OFi £ors PRECERRREPLELTcror and

provi des conpattrbs| 16y bEtuseepropean@bldemagnosf 1énteyr ampdlementuat 10 and
fusebox 11 o eratgon. si.nce, the ontrol.gata.gscongr ssedtfronlfuseg 12
must be mai nt&Fh8HY aP fef WPHFEPRRAT 2 GEF GHEERAVE TP Rg §§§9531F3v8FrF8§ i ng,
the scan cl ogki 88d0hréhgoshhbtebegksl ¢r sadRtiugl be demehget . FUSE BYPASS
di sabl es the scan cl ock ACLK during system | evel scan ogerations, provi di ng

that scan clBeksrer odutedraufPagOB)SaRAE| 8REY OFesEPAGraBLAOESHROpAYEELEe tO

shift regi stggsa lepnd-Gonr ¥pbul B cdoERRpr $82Cdpepnl Lobydaba sty regi ster

val ues. The gat%d %?ocﬁ 'S con%ineg In OR gate 34antﬁ & SE k out put

from f useboxifddluliechembr i/t srrhg necoopr ghsedinobheolfudat date $hi fised

regi sters 18 Control data is inta%n?d in full LSSD | atch 31 an
to remove a memory elemen €.¢g., a row or column an
select a redundant element to replace its function. It
will be understood that replacement of memory elements
cah be accomplished with multiplexers and demultiplexers
or a variety of other techniques well known in the art.
Customizable circuits include programmable logic array
macros wherein the fuse data is used to generate
combinatorial logic, circuits that embed security codes

on a per-integrated circuit basis, et cetera.

The present invention concerns the manner in and
means by which control data for controlling the
customization and/or repair of integrated circuit 10 is
accomplished. Fuses 12 are arranged in a block isolated
from the fuse-programmable macros, in order to overcome
the obstacles associated with placing fuses such as

interference with interconnect points, inefficient use of



scan-only latches 33. Since the FUSE BYPASS di sabl es ACLK to scan only
| atches 33, shift clock B does not have to be nodified to prevent system
| evel testing fromclocking out the control data. FUSE BYPASS al so controls

‘dat a ‘'sel ector 35, so that when system | evel testinggi §$gbggﬁﬁg usi ng LSSD
scan clocks, the SCANIN is coupled to SCANOUT, ther bz a shift

regi ster 18, all owi ng other latches within the sanme chip-1level LSSD scan
chain to be tested. Referring now to Figure 4, clock circuits within

" deconpressor 25 and ring oscillator 22 of Figure 2 are shown in detail. In
this circuit, delay elenments provide a feedback signal to AND gate 42,

whi ch produces an i nput r 17 S E P 2003 -15 to nmaster-slave latch pair
44. Master-slave latch pair 44 is held in transparent node while integrated

circuit 10 i@&g %ééé'&ﬁ o éﬂa?&dﬁinﬁghgi%8$&3% §9%$@§?98t9u£8£.é96 ring

oscillator t ase C ner at or I'sTprovided as

input to CIO@kf@§@§pﬁé@uﬂﬁéngndhé38nmhrehlgpeeratech feo non-overl appi ng
cl ock pul ses, ZC and ZB that are used for_shifting. the decoggressed contr ol

data to shi fimpPEgperkrtien, sfghgFerer aheBiyFe %%Eﬂ FGRERBRR the cl ock

choppers 43Abéﬂﬁré§§%&hih§okﬂ£€96ﬁt%HaQ'£§Uaécéﬂpt§59@&rﬁ§ed by the
manuf acturing tester. RESET is a stretched and inverted version of power-on

reset S|gnaJdemwmpngeﬂobylétherpcbdugetbhan@%nhr©ht@gtaté@rcr¢E@irln@ to

h id af K ky ghi 3 d 43
st Bt SalBhd Sl oSkl LS G BT BB B 020 2nd, 28

registers 18reqifeéesriggwnenihotiieOMs€rds hvecapranyeddinfchbobsetd is
depicted in d %all Fuses 51 are arranged in rows of pairs, with one

contact of eabhoWusertalpréackéngrefindeapRPrnssed hepntbal adataf each fuse
coupl ed to aﬁé@éf&éd %?ﬁﬁ'ﬁ%BBﬁé e 20gy %E'??B £ﬁ§€55§t9§151 §?£€g$n,
co er anp tr

transi stor 'S enab ansis I sabl ed

by decoder 56heAcomtroX datangenpnbpmgatede80|ﬁuaﬂ—pfégnammabharangenent

For macros 16. After initialization, the functional logic
implemented by fuse-programmable macros 16 will be

configured for operation of integrated circuit 10.

It should be understood that the implementation of
integrated circuit 10 is not restricted to a single
fusebox 11 coupled to a single chain of shift reéisters
18, but that the techniques of the present invention
allow for a design having multiple fuseboxes coupled to
multiple shift register chains. Alternatives include a
single fusebox coupled to multiple shift register chains
with parallel data output from the fusebox to supply each
of the chains. Choice of a particular design
implementation is made on the basis of macro placement
within the integrated circuit, and the initialization
time period that is permissible. As the number of shift
registers holding control data received from fusebox 11
increases, the amount time required to initialize
integrated circuit 10 correspondingl& increases. For

applications wherein integrated circuit 10 is



reading the fuse data into deconpressor 11. The selection of word |ines
fromfuse array 24 only during a read operation ensures that clanp device

54 will

hol d t he 17 SEP 2003 _16 personalized end of the fuse to ground.

'Cl anp device 54 ensures that a static potential will not be present on
.fuses 51 during operation of integrated circuit 10 af]t rSErPtZOﬂa zati on,
m nimzing the chance that regrowth of _gyblown fuse will occur. Referring
nowto Figure 6, a nmethod for initializing ' an integrated circuit using
“conpressed data froma renote fusebox in accordance with a preferred
enbodi ment of the invention is depicted. A control word is read from fuse
array 24 that includes word size, deconpression node and data | ength (step

60)

if the data length is zero (decision 61), the deconpressor 14 is done.
O herw se,

and the dat a PPERETRYRdGert Ledug

t he next cqnpressed control data ward, .s.read frgmfuse array 24
BEl¥re e B E g 4SPLIEe wRECHN PO daL &

word encodes zan ge'ﬁ@_%aqr diRA taAMALES SHAM LMBDA)S apRIqldks ofRde 1ENay
e

conpresssion) (

cision 63), the imge bits are shifted out according . to

the word siz&e( stespraple Qohdmpilemenits at lgalaRitl tyowdr eddifén regdsties vari abl e

(step 66),

o ohifted offedbioratdt SERE teingoh Shicader Bk Bire RERER SR vor o

(step 68).

| fset/ee aRLIf u@iIX@sSi on node is not variabl e (decision 66), zeros

rare shifted out according to the run I ength encoded in the control data
word (step 67). After the appropriate shifting operation is performed, the
data length is deqeereniied GLEROTiqhre hedgeornnessen okt B%Bg%h&
operation until the data I"'ength valué is zero (decision 61). 17 SEP 20f1 3
-17 Ref erri ngindusebor ddr o f7 Figuxel fli ishispomvdul #ov@ri-pnacesetanseawi th a
preferred enmbadi nent .of the present invention iS gg icted. W sever al
dies 71 haviﬁ&gpgge beSgrs ngﬁﬁfpgéi r SUPRESFE ogﬁté&%ﬁfpﬁg Ynul ti-chip
modul e 70, agepwFamkelusd ttii® AdAtiegrated icdrsuppl Yocontoakrdaharkgethe fuse

data shift ' , , .
of non-fuse digdcptesplbagedBtaory tedyGiresiifo

registers within each die 71. This Bgrn%;sﬂéeky efficient |ayout
EORPH-ExP&can control s

wihin fuse 4 ci2: 120G bheigiash!. on phoghCofok sgkest] anbidey! J1al

dies 71 to receive contro

romthe fuses. Another Icrency of this

schene is fomn &@ gadepkilcatitbng, ddisedleotsigaedi pgotlusedcbyr ecti on free

the fuses for, use in repai,ing faults gg ot h
e

the fuses. APCRSTERSEREL APent CONTLES

maxi m, zi t he use of

ﬁsdgé&g:g%aawffﬁeFnggEﬁce to

speci fi ¢ enbegicARNpowelrhioh deset Aki aBsiesteal. meaet statbeogonstrued in a
limting sense. Various nodifications of the disclosed enbodi nents, as well
as al t er nat | YECOMBEGSFONt £50£ 5t R SPnPERLS &R, 2wrEFeheébRtcappiiént to

Fﬁ;:ﬁ??oﬁkil Rihelrl ohN§ e@ll YROR sERHREBNCE THEO SLRBUEESE AR

gatefz&he
IT is therefore ' contenplated that such nodifications can be

made w t hout egi@pdetsi ag riingmeisied 1dpitpirt 28r thetpepetathe geesmpresaventi on as

is:

defined in g apRended ChALI,, thi8coubt SERRRL03iGHALME WAt 15 ol almed

decompressor 25, ring oscillator 22 operates the counter
until decompressor 25 sets the clock enable signal to the
negative state, disabling ring oscillator 22. Thus,
counter 23 beqins to count when power-on reset is
activated and stop when decompressor 25 clock enable
output indicates decompression is complete. Counter 23
is prevented from counting until power-on reset is
activated. The outputs of counter 23 select rows within
fusebox 24, retrieving two compressed control data words

that are coupled to decompressor 25.



1. Anethod for initializing an integrated circuit, said nethod conprising
the steps of: reading conpressed control data froma fuse matrix | ocated
Wwthip said integrated circuit; decoding said conpressed control data to
produce deconpressed control data, wherein said conpressed control data is
read as a parallel word fromsaid fuse matri x by geﬁiﬁbﬂSEE’ﬂﬁOderess; and

| at chi ng sai d deconpressed control datasto control functional circuit

el enents. 2. The nethod according to claim1l, wherein said conpressed
"repair data is runlength conpressed and wherein said nethod further
conprises the steps of: determ ning whether or not said conpressed contro
data contains a run value or an inmage; responsive to determning that said
conpressed control data represents an imge, |atching said inmage to sel ect

said circuit elenents; and resgonsive to deternmining that said conpressed
control data reprBeePBr&SFaR, 2PatEnfngtateePaeltnentBprtaderoBBrGasGE,

wherein said pet it | ep f LA bURs VakH .0 _coptro
functi onal cFﬁ%u?%be#gﬂggggéé%.gTﬁgyﬂgtﬁgg agcoraing §5d%ﬁgi2?2? %ﬁgfein
sai d conpr essetlecbnenobdddt anr eheefensts dwpuwprdadofhéneenasang @4npressed

trol data furth t a t at id fixed value t
Copeat. - 1608190PacBR SonacRr TRLSRIERER) accBbei RGnEROK! BPFRL. fur t her

conprising t8eneieRsOinkEeRAYIBE 8nPAYRE tOBNI €6etheNib@at keNec@nBiwher ei n
sai d steps of reading, decoding, and latching are perforned in resgonse to
sai d power - ofu¢lkses Fhdi eperdhicsdapanwidbl e8r fiaet paraYi A4 andi Ahegrat ed

circuit, SaifeHSEHngCQHEr&ghgﬁpgggsé&eggnggél data shift register.
Encoding the length of the decompressed control data
shift register in the first two fuse array 24 words
provides the state machine with information about the
number of shift cycles that need to occur in order to
fill the decompressed control data shift register chain.
Encoding the width of fuse array 24 permits the same
state machine design to be used with fuse arrays of
differing data widths. This 1is desirable'in that
differing integrated circuit designs will have differing
fuse layout ground rule requirements. It is generally
desirable to minimize the quantity of fuses placed on the
die, so the ability to vary the length and width of the
data without designing a customldecompressor is a

preferred feature for custom logic implementations.

A row within fuse array 24 contains two fuse words.
"In practice, half of the row data, or one fuse word, in
fuse array 24 is reversed in a mirror-image, so that the
outermost bits of the fuse array can be physically absent
from the fuse array design and ignored by decompressor 25

when a smaller fuse array is implemented.

The decompression schemes implemented by



I

readi ng conpressed control data froma fuse matrix |ocated wthin said
integrated circuit; decoding said conpressed control data to produce
deconpressed control data; and | atching said deconpressed control data to

control functional circuit elenments, wherein said |\r,1\he?;§EPpiz‘dﬂ' uit i s an
sintegrated circuit within a multi chip nodule, and e S t hod

further conprises the step of selectingigaid integrated circuit to receive
sai d deconpressed control data, and wherein said step of latching is

" perfornmed responsive to said step of selecting. 6. The nethod according to

claims, further conprising the step of serially transmtting said
deconpressed control data to a location within said integrated circuit, and
wherein said step of latching is performed subsequent to said deconpressed
control data ' ' [ ' . r.cli to
cl aim 6, V\/ner%i%n ﬁ%%%r‘ge%srﬁ @odnfﬁiﬁaag%%%n%%%%r&%d and
wher ei n sai d Inetdeat finomt hdre clomat slescattiorstiapsfude daetrmayri 24 ng Tt her  or
not said conpressed control data contains run \é%{,ue or. an i nage;

‘b‘g ents an

responsi ve t QW rTHIRIF ah AL Sai ‘MIBIIEed EIRITF it £9%

i mge, shiftifgsaid JEged ol draal indii fikhtion 26 17 S E P 2003
responsive to determ ning that said conpressed control data represents a
run, repeatediypHESHiany a Funeenaiudaodther®hln st dhicpetieion s a

| ength of sai g .r , I i i CJ i eggjﬂ% . 8.
The met hod acsglolrfé—'lqarég;aCJtLt){'Ecﬁc;arlO m 7, l{/agleraza?énéis‘gl 3 sf:ol(r}r{]p?%}}slsde%c%oén?lrﬁ%l a %
represents a irsurencartkdyherrel nyeaaiab loomprds sied wointh dnedadf fhe tdeaitxant ai ns

a representatjon of said fixed value to repeat.
P Aata woréiéﬁts indicates a fi eéivalue (zero or one) to
‘ shift out for the count encoded in the control data word.
Table 1 shows the format of the control word and data

words encoded in fuse array 24.

Bit

2|2 111y31)1)]1j1}1 011|12({3]4]|5]6]7]8|9]1]1
312111019 615 312 011
NIMIM|F|W|~-|L|L|L LILILJL|LI L] L|L|L]L|L|1|L|{N
/1110 S 11141 2 /
A 615]|4 21110 A
M LIR[R]|L M
S S|IL|L]S S
B BI|LILIB B
M VIR|R|V M
s AlL|L}|A S
B LILIL|L B

Table 1

The second row of Table 1 shows the organization of

the control word in the first location of fuse array 24.



9. The nmethod according to claim5, further conprising the step of reading
an initialization word for determning the format of said conpressed
gontroel data. 10. The method according to claimb5, further conprising the
step of reading an initialization word to determine the word size of a

fusebox containing said conpressed control data. 11. cordi ng
to claim6, further conprising the stepldof reading anﬁfiﬁ?%on wor d

.to determ ne an anount of said conpressed control data. 12. An integrated
circuit, conprising: a fusebox containing a plurality of fuses; a
deconpresser coupled to said fusebox for reading values fromsaid fuses and
deconpressing said values to produce control data; a plurality of |atches
coupl ed to said deconpressor for latching said control data to control a

functional |ggéciyherehaisabd dreowpE@sEAE beeA bl kedgiBedeaadethel3. The
integrated circuit of claim12, wherein said run-|length decoder can decode
runs of |ogieubpt Bhls| agecupesed {N/AThEoi Afeglacadectreqi rspys| 8fm 12,

wh [ id : - . ~ E Ofl 3 -21 15.
The i ntegr a8 SFrBAFC“BRCAT ot WL1B 0, H0r sPHOBE; fhp nda®, PR 7 2

progr ammabl ei haseating. sADftnadyr akedsciinoutftsesoboiva) ngModef asebox
containing a plurality_of fuses; a deconpresser coupled to said fusebox for
eadi ng vaIué@d%?éﬁﬁ§aRHLfG@E@maﬁasaéEBgBngsiﬁBdSMPﬁevél&@égﬁomﬁﬂéduce

ontrol datajyn, compression). FV=0 indicates that the mode 1 RLL
value to shift is zero, FV=1 indicates that bit 1 of an
RLL encoding control data word will determine the fixed
value to shift for a run. L16-L0 encode the total number
. of bits to be shifted (data length) allowing for 128K

bits to be shifted from the decompressor.

The third row of Table 1 show the significance of
the control data word bits when MODE=1 and FV=0. Each
location holds two control data words, with the lower
word reversed in bit order so that smaller fuse arrays
may be used. RLL indicates whether or not the control
data word half encodes a run (1) or an image (0), the
balance of the word encodes image data or the run-length
count from least significant bit (LSB) to
most-significant bit (MSB). For a 22-bit control data
word size, the MSB values are ignored. The fourth row of
Table 1 shows the significance of the control data word
bits when MODE=1 and FV=1. VAL is the fixed wvalue to
shift when RLL = 1, otherwise if RLL =0 it is the LSB of
the image data. If MODE=2, there is no compression, so

all of the bits in the control data words are image bits.

Referring now to Figure 3, shift registers 18 of

Figure 1 are depicted in detail. The entry point for



a plurality of latches coupled to said deconpressor for |atching said
control data to control said functional |ogic; and a power-on-reset
,circuitry coupled to said deconpressor for indicating initialization of
said integrated circuit, wherein said deconpressor deconpresses said val ues

in response to said indication. 17. The integrated ciq 6uj f i m 16,
further conprising an oscillator w thip;gaid int egrath §E€L2Qﬁind coupl ed

to said deconpressor for clocking said deconpressor. 18. The integrated
“circuit of claim17, further conprising a clock chopper coupled to said
oscillator for producing conplenmentary phase clocks. 19. An integrated
circuit, conprising: a fusebox containing a plurality of fuses; a
deconpresser coupled to said fusebox for reading values fromsaid fuses and

deconpressing said val ues to, produce control ta; a.plurality of |atches
couprgd to ngﬁoﬂgﬁsﬁﬁF§s§8Ptg8ﬁ Eﬁgéhﬁﬁgasgpg?cgﬁYF&Psﬁgﬁ& %ecéﬁﬁpol sai d
functional |ggisggpheiekn)sakéchabahes Taie gogari 2ed ifArser bak shi the

registers, and wherein said control data is shifted through said serial
shift regi st ehd £&f regidsesnpradspsavides7 csppazdbllizy RetwEka itheegr at ed

evel - sensi { FOS0s St HbPn onark =SBt ik, BT Eh, TeBe Bl 187 P el m 20, °

(further conpepsiragianhypasseCitheUicbnt@®ol data decompressed from fuses
12 must be maintained after initialization and during
system level testing, the scan clocking of the shift
registers 18 must be deselected. FUSE BYPASS disables
the scan clock ACLK during system level scan operations,
providing that scan clocks produced during system level
testing do not propagate to shift registers 18 and
corrupt the decompressed control data shift register
values. The gated clock is combined in OR gate 34 with
FUSE CCLK output from fusebox 11 which shifts the
decompressed control data to shift registers 18.

/ Control data is maintained in full LSSD latch 31 and
scén—only latches 33. Since the FUSE BYPASS disables
ACLK to scan only latches 33, shift clock B does not have
to be modified to prevent system level testing from
clocking out the control data. FUSE BYPASS also controls
data selector 35, so that when system level testing is
performed using LSSD scan clocks, the SCANIN is coupled
to SCANOUT, thereby bypassing shift register 18, allowing
other latches within the same chip-level LSSD scan chain

to be tested.

Referring now to Figure 4, clock circuits within
decompressor 25 and ring oscillator 22 of Figure 2 are
shown in detail. 1In this circuit, delay elements provide

a feedback signal to AND gate 42, which produces an input



preventing scan clocking of said serial shift registers after said contro
data has been | atched, and for allowi ng system|evel test scan data to
bypass said serial shift register. 22. An integrated circuit, conprising: a

fusebox containing a plurality of fuses; a deconpres I o said
fusebox for reading values fromsaid fuses and deconi?ssfmﬁ@ val ues to

produce control data; a plurality of |afghes coupled to said deconpressor
for latching said control data to control said functional |ogic wherein
“said control data contains an initialization word containing a field

i ndi cating an anmount of said control data. 23. The integrated circuit of
claim 22, wherein said control data contains an initialization word
containing a field indicating a word size of said control data. 24. A

multi-chip du e ri.sing: ural i a.,fusebox gou lLed to
cach of saic B BRaERRy R v’ ae el Bhdrn ! MRaTabo R Lol ARrShabRRGr al 1ty
of fuses; dacggphaiaoanfQ&ahggekeatVﬁ5368wh&Q€1§ﬁtdg@bﬁealbaxcgﬁtfuses
and deconpre53|ng said values to produce control data; and S EP 20fI3

-23 a plural ilDyléf inatdhas zainghi mneaclde@f tgaadllpanan?eeylbef:kdpegh Wher ei n
said pIuraI|E§ Iatchesl N oug bo sai dﬁ g wherein said
| at ches hol d 8|6188nPF89 dALR* w8oﬁ P3F SaP fgﬁ SF |03 €. 25. The
(mul ti-chip mediel-ghakeckabik24s bubbhaédCaﬁpﬁhpUﬂgta &Qb@ﬁt@hobpér§e|60tln9
one of said dies for receiving said control data. 26. The multi-chip nodule
of claim 24, 4@heﬁ89n4§§|UhﬂﬁpcH§§e£P§eoP95WPz§8niﬁv§éﬂﬁﬁplng clock

pulses ZC and ZB that are used for shifting the
decompressed control data to shift registers 18. Signals
Cl and B are used to clock the clock choppers 438 and 43B
while integrated circuit 10 is operated by the

manufacturing tester.

RESET is a stretched and inverted version of
power-on reset signal POR, used by other circuits within
integrated circuit 10 to ensure that reset is wvalid after

{ clocking from clock chippers 43A and 43B has ceased and
the decompressed control data has been loaded into shift

registers 18.

Referring now to Figure 5, fuse array 24 of Figure 2
is depicted in detail. Fuses 51 are arranged in rows of
pairs, with one contact of each fuse coupled to ground
and the other contact of each fuse coupled to a select
transistor 52 and a clamp transistor 54. Select
transistor 52 is enabled by a decoder 53. Clamp
transistor 54 is disabled by decoder 53. A matrix
arrangement of fuses is an efficient arrangement for
reading the fuse data into decompressor 11. The
selection of word lines from fuse array 24 only during a

read operation ensures that clamp device 54 will hold the



shift registers,

and wherein said control data is shifted through said

serial shift registers after deconpression. 27. The multi-chip nodul e of
claim 26, wherein said serial shift registers conprise part of a
'l evel -sensitive-scan-design chain. 28. The nulti-chip nodule of claim?27,

-further conprising a bypass circuit for preventing s F of said
serial shift registers after said contr?%data has bii S:EPCEEQ

A AF19?7. A'e. A3; . Al . A39. Aa, . AFL. A . A A
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Referring now to Figure 6, a method for initializing

an integrated circuit using compressed data from a remote

fusebox in accordance with a preferred embodiment of the

invention is depicted. A control word is read from fuse

array 24 that includes word size, decompression mode and

data length (step 60) if the data length is zero

(decision 61), the decompressdr 14 is done. Otherwise,

the next compressed control data word is read from fuse

array 24 and the data length number is decremented (step

7 62) .

If the control data word encodes an image or the

compression mode is absolute mode (no compresssion)

(decision 63), the image bits are shifted out according

to the word size (step 64). Otherwise, if the RLL

compression mode is variable (step 66), the fixed value

determined\by the type of run encoded (1 or 0) is shifted

out according to the length encoded in the control data

word (step 68). If the RLL compression mode is not

vafiable (decision 66), zeros are shifted out according

to the run length encoded in the control data word (step

67) .

After the appropriate shifting operation is

performed, the data length is decremented (step 65) and

the decompressor 14 repeats operation until the data

length value is zero (decision 61).
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not meant to be construed in a limiting sense. Various

modifications of the disclosed embodiments, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. It is therefore
contemplated that such modifications can be made without
departiné from the spirit or scope of the present

invention as defined in the appended claims.
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What is claimed is:

1. A method for initializing an integrated circuit, said method comprising the steps
of:

reading compressed control data from a fuse matrix located within said

integrated circuit;

decoding said compressed control data to produce decompressed control
data, wherein said compressed control data is read as a parallel word from said

fuse matrix by generating an address; and

latching said decompressed control data to control functional circuit

elements.

2. The method according to claim 1, wherein said compressed repair data is run-

length compressed and wherein said method further comprises the steps of:

determining whether or not said compressed control data contains a run

value or an image;

responsive to determining that said compressed control data represents

an image, latching said image to select said circuit elements; and

responsive to determining that said compressed control data represents a
run, latching a repetition of a fixed value, wherein said repetition has a length of

said run value, to control a functional circuit elements.

3. The method according to claim 2, wherein said compressed control data
represents a run, and wherein said compressed control data further contains a

representation of said fixed value to repeat.
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5. A method for initializing an integrated circuit, said method comprising the steps
of:

reading compressed control data from a fuse matrix located within said

integrated circuit;

decoding said compressed control data to produce decompressed control

data; and

latching said decompressed control data to control functional circuit
elements, wherein said integrated circuit is an integrated circuit within a multi-
chip module, and wherein said method further comprises the step of selecting
said integrated circuit to receive said decompressed control data, and wherein

said step of latching is performed responsive to said step of selecting.

6. The method according to claim 5, further comprising the step of serially
transmitting said decompressed control data to a location within said integrated
circuit, and wherein said step of latching is performed subsequent to said

decompressed control data being shifted to said location.

7. The method according to claim 6, wherein said compressed control data is run-

length compressed and wherein said method further comprises the steps of:

determining whether or not said compressed control data contains a run

value or an image;

responsive to determining that said compressed control data represents

an image, shifting said image to said location; and
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initialization word for determining the format of said compressed control data.
10. The method according to claim 5, further comprising the step of reading an
initialization word to determine the word size of a fusebox containing said

compressed control data.

11. The method according to claim 6, further comprising the step of reading an

initialization word to determine an amount of said compressed control data.
12. An integrated circuit, comprising:
a fusebox containing a plurality of fuses;

a decompresser coupled to said fusebox for reading values from said

fuses and decompressing said values to produce control data;

a plurality of latches coupled to said decompressor for latching said
control data to control a functional logic wherein said decompressor is a run-
length decoder.

13. The integrated circuit of claim 12, wherein said run-length decoder can decode

runs of logic one and logic zero.

14. The integrated circuit of claim 12, wherein said fuses are laser-programable
fuses.
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integrated circuit and coupled to said decompressor for clocking said

decompressor.

18. The integrated circuit of claim 17, further comprising a clock chopper coupled to

said oscillator for producing complementary phase clocks.

19. An integrated circuit, comprising:

a fusebox containing a plurality of fuses;

a decompresser coupled to said fusebox for reading values from said

fuses and decompressing said values to produce control data;

a plurality of latches coupled to said decompressor for latching said
control data to control said functional logic wherein said latches are organized in
serial shift registers, and wherein said control data is shifted through said serial

shift registers after decompression.
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24. A multi-chip module comprising:

a plurality of dies;

a fusebox coupled to each of said plurality of dies, wherein said fusebox

contains a plurality of fuses;

a decompressor for reading values from said plurality of fuses and

decompressing said values to produce control data; and
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