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METHOD AND APEARATUS FOR INITIALIZING AN_iNTEGRATED
CIRCUIT USING COMPRESSED DATA FROM A REMOTE FUSEBOX

BACKGROUND OF THE INVENTION
1. Technical Field:

The present invention relates generally to fuse-
programmable 1ntegrated c1rcu1ts, and more partlcularly,
to integrated circuits hav1ng a fuse-read startup

sequence.

2. . Description of the Related Art:

Fuse—proérammable integrated circuits are used in'
applications.requiring_customization'and/orJrepair of
manufacﬁuring defects. Functional testlng of 1ntegrated'-
-circuits and- prlnted circuit boards is necessary to
assure defect-free products. In many instances, it 1s-

p0551ble to repair integrated. c1rcu1ts Subsequent to
'-_manufacture of a. wafer by providing redundant c1rcult _
1.e1ements that can be selected by fuse—programmable 1og1c.
For example, an entire column in a memory array may be
replaced with a.spare column, if there is a.defect_
' detected in ohe of the row cells that would otherwise
make the ﬁemofy unusable. The iedundanﬁ cells.make it
possible to increase production ylelds at the cost of
1ncreased c1rcu1t areéa via- redundant circuits and fuse.

electronlcs



The above-mentioned fuses include electrically blown
fuses (e—fuses)'that may be programmed by'passing a large.
current momentarily thrdugh a fuse, and laser
programmable fuses that may be programmed by vaporizing.
.materlal with a laser. An anti-fuse technology can also
~ be. implemented on an integrated circuit, where the fuse
controls the gate of a transistor and the transistor

'..conduets to produce a short when the fuse is blown.

Application-specific integrated circuits (ASICs) may
include large quantltles of embedded memory. The'
included memories typlcally contain redundant c1rcu1t
elements in order to repair defects. The selection of
‘replacement elements from the available redundant
:elements requlres a large number of . fuse values. For
"example, embedded SRAM macros w1th1n the. Cu—ll ASIC
. desiﬁn system marketed’ by Internatlonal BuSrness.Machinesn

'Corporatibn contain 80 fuse values per macro instance.

.Therefore, an -ASIC usrng 128 instances Oof a macro

: contalnlng 80 fuse values will result in a total of
10,240 fuse’ Values. Embedded dymamic random access
'mémoi§ (ebRAM)-macre-designs tYpidally.inelude still more'
fuse values. Each one megablt section of eDRAM in the
Cu-11 ASIC design system contains 344 fuse values, and
there may be as many as 256 -1 megablt sectlons of eDRAM
.used w1thrn,an-ASIC de51gn. The resulting number of
fuses will be 88 064 per ASIC Chlp It is désrrable to
reduce the number of requlred phy51cal fuses to repalr

' these 1ntegrated circuits.

In circuits designed using functional blocks of



macros, such as an application-specific integrated

circuit (ASIC) built from a library of macro cells, the
fuses for that cell will be associated with'the-macro

In correctlng defects or customizing these ASICs, the co-
location of the fuses presents a problem in that fuses
are not typically compatible with the balance of the

circuitry. E-fuses require large circuit paths for the

- - programming current so that the voltage drop produced

during programming does not eliminate the ability to
program the fuse, increase the programming time above
acceptable limits, or increase local heating that may

damage the functlonal electronics. LaSer—programmable

.fuses require a large guard ring 50 that other circuitry

is not destroyed by the laser. Additionally, present

integrated circuit designs provide for_“deep" stacks of

01rcu1ts, allow1ng macros to be "located below wWires

_w1th1n layers of the die. Laser—programmed fuses and

e- fuses are 1mplemented with. no wires allowed above and

no c1rcu1try_allowed_below the fuses, since the blow;ng

'of a fuse, whether by "a laser or by an electrical means,

could damage w1res located over or c1rcu1try located

“beneath the fuses. Flnally, intercornnect metliods such as
,lead ball. contact arrays are incompatible ‘with laser

- blown fuseés: since the laser needs to have direct “line of
sight" access to the fuse. -Since the outer layer d

'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 contalnlng fuses

underneath other w1res and contact arrays or above other



circuits severely limits the use of macros.containing'
fuses. It is possible to move all of the fuses to a
location where the fuses will not interfere with contact
arrays, but moving fuses away from the associated macros
requires‘cuétom design aﬁd either a large quantity of
interconnects running from the fuses to the associated
macros, or a scheme for moving the values from thé fuses
to their associated macros requiring a local latch and a
remote latch fof each'fusé. A local latch is typically
needed at the fuég, since the fuée cannot typically be
used to form part of the logic in the integrated cifcuit,
;eépecially with'céppef fuse technology. If a potential
is placed across the ends of a blown fuse, it will
re-grow, formihg “coppéi dendrites.” The blown fuse may
‘eventually have a low enough resistance to read as if it

~had not been blowng

In light Qf-the foregoing, it would be desirable to
provide a method and apparatus fo£ fuse-programming
' integrated circuits whereby fuses may be shared among
rédundant elements; .Furthermore,'it would be'desirabie
“to provide a method and apparatus for fdéé¥§ibgramming_
"~ integrated ciréuits uéing fuses that do not have to_be”

located within their associated memory macros.



SUMMARY OF THE INVENTION

All objects, features, and advantages of the present
invéntion will become apparent in the following detailed

"written description.

The objective of repairing macros within integrated
circuits using remotely located fuses without requiring
circuit runs from_a'fusé to macros br_local latch/remote
latch pairs-is achieved in a method and apparatus for
initializing. an integrated circuit using compressed data
from a remote fusebox.  Compressed control data is read

from a fuse matrix and the compressed data is decoded to
producé decompressed céntrolldata. Then, the |
decompressed control daté is latched to control
functionai circuit elements within the integrated
,circuit.. The.invention may also be embodied in a
multiééhip module where a single fusebox is used to

initialize multiple digs;

The above as well as édditiohal objectives,
wféafﬁres, ghd édvéntages of the.present invention will

become apparent in the following detailed written

description.



BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the
invention are set forth in the appended claims. The
invention itself, however, as well as a preferred mode of
use, further objectives, and advantages'thereof, will _
best be ﬁnderstood by reference to the following detailed
description'df an illustrative embodimqnt when read in

conjunction with the accompanying drawings, wherein like

reference numerals indicate like components, and:

Figure 1 is a block diagram of an integrated circuit

in accordance with a preferred embodiment of the

invention;

Figure 2 is a block dlagram of the fusebox c1rcu1t

'Wlthln the integrated circuit of Figure 1;

Figure 3 is a schématic'diagram'of the shift

registers within the integrated circuit of Figure 1;
. Figure 4 is a schematic-diagram of cléck circuits.
within the decompressor within the fusebox circuit of

Figure 2;

Flgure 5 is a schematlc dlagram of the fuse array of

Flgure 2;

F;gure 6 is a flow dlagram of a method of

'1n1t1allzlng an 1ntegrated c1rcu1t using compressed data



from a remote fusebox in accordance with a preferred

embodiment of the invention: ahd

Figure 7 is a block diagram of a multi-chip module
in accordance with a preferred embodiment of the present

invention.



DETAILED DESCRIPTION OF THE PREFER?ED EMBODIMENT

With reference now to the figures, and in particular
with reference to Figure 1, there is depicted a block
diagram of an integrated circuit in accordance with a
_preferred embodiment of the invention. Infegrated
circuit 10 contains a plurality of fuse programmable
macros 16. Fuse-programmable macros 16 can implement a:
variety of functional circuits within integrated circuit
10 and are not necessarily identiéal.or.similar in |
.nature, but are customizable and/or repairable using fuse
‘data retrieved from a fusebox 11. ‘Repairable circuits '
include memory array macros wherein the fuse data is used
- to remove a memory element (e.g., é-row ér column ) and
select a redundant element to replace its.function.' It
will be understood that replacement of memory elements
can be accomplished with multiplexers and demultiplexers
'or_a variety of other.techniques wéll known in the art.
Customizable circuits include'programmablé logic array
macros wherein the fuse data is used to generate .
combinatorial logic, circuits.that embed secﬁrity codes

'~ on a per-integrated circuit basis, et cetera.

The present invention concerns the manner in and
means by which éontrol data for contrelling the
customization and/or repair cf integrated circuit'lb is
'accomplished. Fuses 12 are arfanged in a block isolated
from the fuse—p:ogrammable.macros, in order to overcome
the obstacles associated with placing fuses such as

interférence'with interconnect points, inefficient use of



.die area due to guard rings, laser-programmable fuses or
e-fuses requiring the entire layer stack for
implementation, et cetera. The fuse data contains
compressed information that is decompressed by
decompressor 14 to produee the control data for repairing
or customizing fuse-programmable macros 16. Shift
registers 18 within the macros are arranged in chains to
allow serial clocking of decompreesed.eontrol data
received from decompressor 14, so that at initialization,
the control data is propagated to fuée—programmable
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
. 1ntegrated circuit 10 is not restrlcted to a 51ngle.
fusebox 11 coupled to a 51ngle chain of Shlft registers
18, but that the techniques of the present 1nventlon
allow for a design hav1ng multlple 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 partlcular design
1mplementatlon is made on the basis of macro placement
within the 1ntegrated circuit, and the initialization
time period that is permissible. As the number ef shift
registers holding control data received from fusebox 1i
~increases, the amount time required to initialize
integrated circuit 10 correspondingl§ increases. For

applications wherein integrated circuit 10 is
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power-cycled frequently, of must iﬁitialize rapidly such
as personal digital assistant (PDA) applications, it may
be desirable to implehent a quantity of shift register

chains fed in parallel by one fusebox or ihdividually by

several fuseboxes.

Referring now to Figure 2, a detailéd block diagram
of fusebox 11 of Figure 1 is shown. Power-on reset is a
- signal that may be externally supplied or internally
generated within integrated circuit 10. ther—on reset
indicates.that integrated circuit 10 should be
initialized for operation. Power-on reset is combined in
an AND gate 21 with a disable-sigﬁal produced by
decompressor 25. Counter 23 is held in a resef state
until power-on reset is asserted. The state of
.decompressor_és is also held in a reset state until
‘power-on reset_is'asserted._'The output of AND gate 21
enables a ring oscillator 22 that operates decompressor
25. When'enabled-bY'the count . enable signal from
decompressbr_zs, ring oscillator 22 operates the counter
until deéompressor 25 sets the ciock enable éignal'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 deéompression.is complete. Counter 23
ié.préVented 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.
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Decompressor 25 is a state machine that decompresses
the two chpreSsed control data words according to a mode
select encoded in the first two words of fuse array 24
(selected by counter value zero). The control word
contains inform?tion in addition to the mode select bits,
such as the specific data width of fuse array 24 and the
length of the decompressed control 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 éccur in order to
_ £fill the decompressed control data. shift register chain.
Encoding the width of fuse array 24 permits the same |
state'méchine design to be used with fuse arrays of
differing data widths. This is desirable in that °
" differing intégrated_circuit designélwiil have differing
fuse layout gféuhd'ru;é requirements. It is generally
desirable to minimize the quanfity of fuses plaéed on the
die, so.the ability to vary the length and width of the
data withoﬁt deéigniﬁg a custom'decompressor 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.

$he-decoﬁpression schemes implemented by
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decompressor 25 are mode selectable by the control word
loaded from the first location in fuse array 24. The
modes supported are: image mode, in which the control
data is shifted out without modification (no
compression), run-length mode (RLL) in which zeros are
shifted out for control data words in which a zero count
is encoded, and variable mode ih which one of the control
.data word bits indicates a fixed value (zero or one) to

" shift out for the count encoded in the control data wérd.
Table 1 shows the fbrmat of the control word and data

words encoded in fuse array 24.

Bit
IS ERER BN B K of1{2]|3|4]5]e6|7]8]9|1
3|2 ' 0
INIM|M{F|W|-]L ARARAEARARAEASARARAEARA RS REEAR
/l1fo]lv]s 1f1f1]1]1f9 /
al 6 413[2]1]0 A
M .lLRRL M.
1s| fs|L|L]s ls
B B|{L|L|B B
M VIR|R|V M
s AlL|L|A S
B LiL|{L|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.
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The lower half of the word has been bit reversed and the
outer bits are unused (N/A) to accomodate fuse arrays 24
of 22 bit width. Ml and MO encode the mode, with 0
indicating shift all zeros (no fuses blown), Mode 1
indicates RLL decompression mode, and Mode 2 image mode
(no 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-L0O 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 bi£ order so. that smaller,fuse'arrays'
may be used. RLL_indiéatés whether or not the control
data word half encddes_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 fourﬁh row of
Table 1 shows the significance of the-éontrol data word
bits when MODE=1 and Fv=1. VAL is the fixed value to
~.shift when RLL = 1, otherwise if RLL =0 it is the LSB of
the image data. .If'MbDE=2, there is no compression, S0

‘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
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decompreésed control data is a full level-sensitive scan
design (LSSD) latch 31. This forms the first bit in the
shift register, and provides compatibility between the
LSSD design of integrated circuit 10 and fusebox 11

: operatién. Since the contrel daté decompressed from fuses
12 must be maintained after initialization and during

 system level testing, the scan clocking of the shift
registeré 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 ndt'propagate to shift registers 18 and
corrupt the decompressed control data shift register
vélﬁes. The gated clock is combined in OR gate 34 with.
FUSE CCLK output from fusébox.ll which shifts the
déCOmpressed control data to shift registers 18.

" Control data is maintaiﬁed_in full LSSD_latch.Bi and
 scén4only latches 33. Since the FUSE BYPASS disables
ACLK to écan ohly latches 33, Sﬁift'clOCk B does not have
to be modifiéd to prevént system level testing from
clocking out the cdnt;ol 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 SCANCUT, thereby praSsing 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, ﬁhich-prqduces an input
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-to master-slave latch pair 44. Master-slave latch péir
44 is held in transparent mode while integrated circuit
10 is initializing, in order -to allow a feedback path for
the ring oscillator two-phase clock generator. The
two-phase clock is provided as input to clock choppers
43A and 43B which generate a two non-overlapping clock
pulses ZC and ZB.that are used for shifting the
deéompressed control data to shift régisters 1s. Signals
Cl and B are used to clock the dlock choppers 43A 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
intégrated circuit 10 to ensure that_reset is ﬁélid after
.'“clocking from ¢lock chippers 43A and 43B has ceased apd
the decOmpreésed control data has been loaded into shift

registérs 18.

Referring now to Figure 5, fuse array 24 of Figure 2
' isrdepicted in detail. Fuses 51 are arranged in rows of
péirs; with ohe-cbntact of each fuse coﬁpled'to ground
and the other contact of each fuse coupled to a select
transistor 52 and a .clamp transistor 54. select
transistor.sz 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 1nto decompressor 11. The
selection of word lines from fuse array 24 oniy during a

" read operation ensures.that clamp device 54 will hold the
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personalized end of the fuse to ground. Clamp device 54
ensures that a static potential will not be present on

fuses 51 during operation of integrated circuit 10 after
initialization, minimizing the chance that regrowth of a

blown fuse will occur.

Referring now to Figure 6, a method for initializing
an integrated circuit using compressed data from a remote
fﬁsébox in accordance with a preferred embodiment of the
invehtion 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 -

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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Referring ﬁow to Figure 7, a multi-chip module 70 in
accordance with a preferred embodiment of the present
invention is depicted. When several dies 71 having fuse
programmable macros are incorporated within multi-chip
‘module 70, a common fuse die 72 is used to supply control
data to the fuse data shift registers within each die 71.
This permits very efficient layout of non-fuse dies 71,
but generally requires more complex scan controls within
fuse die 72, along with selection logic for selecting-
individual dies 71 to receive control data from the
fuses. Athher efficieﬁcy of this scheme is fpr repair
applications, dies not needing fuse correction free the
fuses fof use in repairing faults on other dies,

maximizing the use of the fuses.

Although the invention has been described with
‘reference to specific embodiments} this deécription is
not meant to be construed in a limiting: sense. Various
modifications of the disclosed embddiments, as well'as
alternative embodiments of the invention, will become
apparent tb'persons'skilled in the art upon reference to
the_description of the iﬁvehfion. It is therefore
_cohtemplated 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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CLAIMS

o U
1. A method for initializing an integrated circuit, said
method comprising the steps of:
SO
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.
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2. The method .according to Claim 1, further comprising
the step of generating an address, and wherein said-
compressed control data is read as a parallel word from

said fuse matrix by generating an address.

3. The method according to Claim 1, wherein said
compressed repair data is run-length compressed and

wherein said method further coniprises the steps of:

determining whether or not said compressed control

data contains a run value or an image;

respons1ve to determining that said compressed
control data represents an image, latchlng said image to

select said’ c1rcu1t-elementsL and

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

run value, to control said functional circuit elements.

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

representation of said fixed value to repeat.

5. The method according to Claim 1, further comprising

the step of receiving a power on reset 1nd1catlon, and

'whereln sald steps of readlng, decoding, and latching are

performed in- response to said power- on-reset indication.
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6. The method according to Claim 1, wherein said
integrated circuit is an integrated circuit within a

multi-chip module, and wherein said method further

comprises the step of selecting said integtated circuit

to receive said decompressed control data, and wherein
said step of latching is performed responsive to said

step of selecting.

7. The method according to Claim 1, further comprising
the step of serially transmitting said decompressed
control data to a location within said integrated
cirduit, and wherein said step of latching is pérformed
subsequent to said decompressed control data being

shifted to said location.

8. The method according to Ciaim 7,_wherein said
compressed control data is rhn—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 imége, shifting said image to

- said location; and

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

run value, to control said functional circuit elements.
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9. The method according to claim 8, wherein said
compressed control data represents a run, and wherein
said bompressed control data further contains a

representation of said fixed value to repeat. .

10. The method according to Claim 1, further comprising
the step of reading an initialization word for

determining the format of said compressed control data. -

11. The method according to Claim 1, further comprising
the step of reading an initialization word to determine
the word size of a fusebox containing said compressed

.control data.

12. The method according to Claim 1, further comprising
~the step of reading an initialization word to determine

- an amount of said ¢ompressed control data.

o~
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a fusebox contaihing a plurality of fuses;

a decompresser coupled to said fusebox for reading
values from said fuses and decompressing said values to

produce control data; and

a plurality of latches coupled to said decompressor
for latching said control data to control said functional

logic.
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14. The integrated circuit of Claim 13, wherein said
fusebox comprises a fuse-programmable read-only-memory

having an address input for selecting said values.

15. The integrated circuit of Claim 13,. wherein said

decompressor is a run-length decoder.

16.; The iﬁtegrated circuit of Claim 15, wherein said
‘run- length decoder can decode runs of logic one and

logic zero.

17. The integrated circuit of Claim 13, wherein said

fuses are laser-programmable fuses.

18. The integrated circuit of Claim lB,.Wheréin said

fuses are electrically-programmable fuses.

19. The integrated circuit of Claim 13, further
comprising power-on-reset circuitry coupled to said
decompressor for indicating initialization of said
integrated circuit, Wheiein-said decompressor

decompresses said values in response to said indication.

.20. The integrated circuit of Claim 19, further
comprising'én_oscillator within said integrated circuit
and coupled to said decompressor for clocking said

decompressor.

21. The ihtegrated-circuit'of Claim 20, furthér
_-comprising a clock chopper coﬁpled to said oscillator for

‘producing complementary phase clocks.
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22. The integrated circuit of Claim 13, wherein said
latches are organized in serial shift registers, and
wherein said control data is shifted through said serial

shift‘registers after decompression.

23. The integrated circuit of Claim 22, wherein said

serial shift registers comprise part of a

level-sensitive- scan-design chain. 00 O SRR
. ) * [ L M s *

24. The integiated circuit of Claim 23, further
comprising a bypasé circuit for preventing scan clocking
of said serial shift registers after said control data
has been latched, and for allowing system level test scan

data to bypass said serial shift register.

' 25. The integrated circuit of Claim 13, wherein said
control data contains an initialization word containing a

field indicating an amount of said control data.

' 26. The integrated circuit of Claim 13, wherein said
control data contains an initialization word containing a

""field indicating a word size of said control data.
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27. A multi-chip module comprising:

T O

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

a plurality of latches within each of said'plurality
of dies, wherein said plﬁrality of latches is coupled to
'said decompressor, and wherein said latches hold said

control data to control said functional logic.
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28. The multi-chip module of Claim 27, further
comprising a selector for selecting one of said dies for

receiving said control data.

29. The multi-chip module of Claim 27, wherein said

latches are organized in serial shift registers, and

wherein said control data is shifted through said serial

shift registers after decompression.

" 30. The multi-chip module of Claim 29, wherein said

" serial shift registers comprise part of a

level-sensitive- scan-design chain.

31. The multi—chip module of Claim 30, further
cdmprising a bypass circuit for preventing scan clocking
of said serial shift registers after said control data

has been latched.



