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OPERATIONAL ANALYSIS DEVICE OF THE
SCAN PATH TYPE HAVING A SINGLE
SCANNING CLOCK AND A SINGLE OUTPUT
PHASE FOR AN INTEGRATED CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10 RELATED
APPLICATION

This application is a file wrapper continuation of U.S.
patent application Ser. No. 08/498,850, filed Jul. 6 1995,
now abandoned.

TECHNICAL FIELD

The present invention relates to an operational analysis
device of the scan path type having a single scanning clock
and a single output phase for an integrated circuit.

BACKGROUND OF THE INVENTION

Scan path 1s a type of analysis well-known for checking
whether one or more functional blocks of an integrated
circuit 1s operating correctly.

It 1s based on the use of serial-type scanning signals which
operate on chains of scanning cells (latches) located at the
mnput and output of individual functional blocks with a
function of stimulation and assessment, respectively, of the
operational state of the same functional blocks.

In this way 1t 1s possible to progressively update the
operational state of the functional block under examination
and to correspondingly obtain at output a signal indicative of
the various operational states assumed by the same func-
tional block with each inquiry of the serial signal at input.

In this respect 1t should be noted that a device such as a
microprocessor 1s constituted to a large extent by a clocked
sequential logic, that 1s, operating at a fixed rate set by a
clock signal. It 1s thus easy to identily functional blocks
whose mput and output signals are clocked, that is, are
controlled by a clock signal.

It appears evident that, if the clocking phase of the mputs
of said functional blocks is lengthened to allow by means of
serial scanning the alteration of some or all of the same
inputs, nothing 1s damaged. This hypothesis 1s naturally
valid as long as the logic 1s static.

In the case of a generic functional block made with a static
logic it 1s possible to define the “stimulation phase” as the
phase wherein the mputs are memorized and the “assess-
ment phase” as the phase wherein the outputs of the func-
tional block are stored 1n outputs cells or latches.

It 1s also possible to say in general that the alteration
requested by a scan path analysis with respect to the original
logic 1s represented by the addition of scanning or latch cells
at each mput and output, connecting the inserted one to the
pre-existing one so as to maintain the old function, that 1s
memorizing 1n parallel the input signal coming from the
normal functional path or receiving and memorizing the
serial mputs coming from an external path.

Each scanning cell (latch) consists of a master part and of
a slave part, which are clocked on opposite phases of a
scanning clock. The scanning cell stores the new data
presented at input and presents the previously stored data at
output, respectively.
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In the known devices, the two phases of the scanning
clock are generated at the mnput of the itegrated circuit and
must propagate through many gates, until they reach the
cells concerned. Because of the different time delays in the
transistors, this involves the risk of an overlap of the two
phases, especially 1n the case of very long paths, with the
consequent possible charging of the master part with the
slave part still open and the consequent possible immediate
loss of the new content mtroduced 1nto the master part.

SUMMARY OF THE INVENTION

The main object of the present invention 1s that of
providing an operational analysis device of the scan path
type for an integrated circuit that does not present the
above-mentioned drawback.

Another object of the present invention 1s that of provid-
ing a device of the above-mentioned type which allows the
1solation of 1nput from output and the separate analysis of
the different functional blocks of the integrated circuit.

According to the mvention such objects are attained with
a device comprising a first chain of scanning cells located at
the stimulation 1nput of each respective functional block of
the 1ntegrated circuit to be analyzed and a second cham of
scanning cells located at the assessment output of each
respective above-mentioned functional block, each cell
comprising a master part, a slave part and switching means

to alternately enable said master and slave parts under the
control of respective master clock and slave clock signals
coincident with opposite phases of a scanning clock signal
having a substantially square wave, characterized in that 1t
comprises clock generation means associated with each pair
of chains of scanning cells to locally obtain said master and
slave clocks from said scanning clock.

In this way the scanning clock signal can propagate itself
through the integrated circuit in a single phase while the
other phase 1s generated only locally, avoiding problems of
partial superimposition of the two phases such as would
occur 1n the case of the propagation of both phases over long
paths.

Since, on the other hand, we are dealing with structures
locally concentrated round the individual functional blocks,
the local generation of the second phase clearly presents no
difficulty of any kind.

As far as the problem of the reciprocal 1solation of the
integrated circuit’s different functional blocks 1s concerned,
this 1s solved according to the mvention by connecting the
scanning clocks of all the stimulation and assessment cells
to respective phases of a machine clock and by disabling the
operational clock of a given functional block under analysis
for the phases required for updating the stimulation cells and
the assessment cells of that functional block, during the
stimulation phase and during the assessment phases,
respectively, of the same block.

On the other hand, while still operating 1n two different
phases of the machine clock, the device according to the
invention 1s capable of having a single output phase. This
can be obtained by providing the device itself with means
capable of executing the temporal translation of one of the
two output phases on the other phase with the consequent
use of a smgle phase and of a single output pin.

The features of the present invention shall be better
understood by means of the following detailed description of
an embodiment 1llustrated as a non-limiting example 1n the
enclosed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the general diagram of a functional block of
an mtegrated circuit provided with chains of stimulation and
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assessment scanning cells for the execution of operational
analyses of the scan path type according to the present
invention.

FIG. 2 shows the detailed diagram of a scanning cell
included 1n the device according to the ivention.

FIG. 3 shows the block diagram of an output circuit
suitable for combining in a single phase the two output
phases of the scan path analysis executed according to the
invention.

FIG. 4 shows the logic diagram of clock generation means
to obtain locally from the scanning clock the second phase
necessary for the master clocks of the individual scanning
cells.

FIG. 5 shows the logic diagram of clock generation means
to obtain an operational clock for an individual functional

block from a machine clock available inside the integrated
circuit of FIG. 1.

FIG. 6 shows 1n superimposed graph forms the wave-
forms of the signals related to the analysis of the pre-
charging circuit of FIG. 1.

FIG. 7 shows 1n superimposed graph forms the wave-

forms of the signals related to the analysis of the assessment
cells of the circuit of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

There 1s indicated 1in FIG. 1, a functional block 1 of an
integrated circuit, such as a PLA (Programmable Logic
Array), a ROM memory (Read-Only Memory) or more in
general a static logic block.

With the functional block 1 there are associated a chain of
input scanning cells 2 and a chain of output scanning cells
3, which under normal operating conditions receive logic
signals and clock at input I to be inserted as data D1 in the
functional block 1 in the stimulation phase, and deliver
output signals U corresponding to the logic data Du read out
of the same functional block 1n the assessment phase,
respectively, all under the control of high and low phases
CKPH and CKPL, respectively, of an operational clock
CKP, as shown 1n FIG. 2. CKP 1s obtained from a machine
clock CK which, 1n turn, 1s obtained from an external system
clock XTALIN, as explained elsewhere herein.

According to the invention, during the scan path analysis,
the operational clock CKP 1s clamped as described below
and the scanning cells 2 and 3 receive respective alternated
phases SINH and SINL of a serial scanning signal SIN under
the control of a scanning clock SCK and of respective phases
SCKH and SCKL being derived from the scanning clock
SCK as later explained and shown 1n FIG. 4. The state of the
scanning cell chains 2 and 3, indicative of the operational
situation of the functional block 1, 1s provided at output from
the above-mentioned chains 1n the form of the signals
SOUTH and SOUTL, respectively. The signals that control
the stimulations cells 2 have the convention of ending 1n the

letter “H,” and the signals that control the assessment cells
3 end 1n the letter “L,” as shown 1n FIG. 1.

Each scanning cell 2 and 3 are preferably made as
illustrated 1n FIG. 2, that 1s, each comprises essentially a
master part M and a slave part S which store the new data
at arrival and making available at output the data previously
stored under control of the clocks. FIG. 2 illustrates a sample
cell for both cells 2 and 3 and both signals are shown in the
alternative, for each respectively, for illustration purposes.
Thus, SCKH and SINH are the signal names for stimulation
cells 2, and SCKL and SINL are the signal names applied to
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corresponding transistors for assessment cells 3. The output
of cells 2 are D1 and SOUTH, for parallel data and serial

data, respectively; similarly U and SOUTL are the output of
cells 3 for parallel output and serially output data, respec-
fively.

The master part M comprises an inverter 4 and two
resistive transistors 5 and 6 of the CMOS type, with a P
channel and an N channel, respectively, having the drain
source junctions placed in series between a positive power
supply and the 1nverter’s mnput and between the latter and
oground, respectively, and the gates connected 1n common to
the output of the inverter 4. According as to whether it 1s a
cell 2 or a cell 3, there 1s applied to 1ts input during normal
operation the signal I or a data Du, that 1s controlled by a
transistor 7 driven by the operational clock CKP, obtained
from the machine clock CK, and determines at output, a
corresponding data D1 or the output signal U, respectively.
During the scan path, on the other hand, said master parts M
receive under the control of a transistor 8, driven by the
respective high state of charging SCKH and SCKL of the
scanning clock SCK, respective scanning signals SINH and
SINL, which determine their switching to a different opera-
tional state, representative of the received signal.

The slave part S comprises in turn an inverter 9 with 1nput
connected to the output of the inverter 4 of the master part
M through a transistor 50 driven by the scanning clock SCK
and two resistive transistors 10 and 11 of the CMOS type,
with a P channel and an N channel, respectively, having the
drain-source junctions placed 1n series between a positive

power supply and the 1nverter’s mput and between the latter
and ground, respectively, and the gates connected 1n com-
mon to the output of the inverter 9. The slave part S operates
only during the scan path and, under the control of the
scanning clock SCK, operates so as to acquire the opera-
tional state of the corresponding master part M, which 1s
thus put mto the position of receiving and memorizing a new
operational state determined by the subsequent scanning
signal SINH or SINL. The operational state of the slave part

S 1s provided at output as a signal SOUTH or SOUTL, for
the cells 2 and 3, respectively.

The output signals SOUTH and SOUTL of the two cell
chains 2 and 3 are received by a single serial output circuit
illustrated 1n FIG. 3 and comprising two slave cells S2 and
S3 coincident with the slave parts of the last scanning cell of
the two chains 2 and 3 and a further additional slave cell S4.
The slave cell S2 receives the high-phase output signal
SOUTH through the series of two transistors 12 and 13
respectively controlled by the signals SCK and CK, while
the slave cell S3 receives the low-phase output signal
SOUTL through the series of two transistors 14 and 15
controlled by the signals SCK and CK, respectively. Both
the cells S2 and S3 are also subjected to the control of
respective reset transistors 16 and 17. The slave cell $4
receives the output signal of the cell S2 through a transistor
18 controlled by the signal SCKH and 1ts output 1s fed back
to the mput of the cell S3 through the series of an inverter
19 and of a transistor 20 controlled by the signal CK.
Similarly, the output of the cell S3 1s fed back to the nput
of the cell S2 through a transistor 21 controlled by the signal
CK. The outputs of the cells S4 and S3 are lastly applied at
an mput of respective logic gates 22 and 23 of the NAND
type, to the other input of which the signal CK 1is respec-
tively present. The outputs of the logic gates 22 and 23 are
lastly applied at respective mputs of a logic gate 24 of the
NAND type, which gives a serial signal STOUT at output on
a single phase of the machine clock CK.

FIG. 4 shows the logic diagram of the clock generation
means that are used to obtain locally from the scanning clock
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SCK the second phase SCKH, SCKL necessary for the
master clocks of the individual scanning cells, as shown 1n
FIG. 2.

Such clock generation means comprise two logic gates 25
and 26 of the NOR type, at an input of which the scan clock
signal SCK 1s applied while at the other input a signal
DISLO or DISHO, respectively, 1s applied, indicative of the
low-phase or high-phase situation, respectively, of the
machine clock signal CK. The outputs of the logic gates 25
and 26 provide the signals SCKL and SCKH, respectively,
which are coupled to transistor 8 at FIG. 2 for the assessment
cells 3 and stimulation cells 2, respectively. As will be
appreciated from viewing FIGS. 4, 5, and 2, when Disable
Low, DISLO 1s low, data can be read out serially into
assessment cells 3 as signal SINL. When Disable High,

DISHO, 1s low, data can be read serially into stimulation
cells 2 as signal SINH.

FIG. 5 shows 1n turn the means used to generate and
possibly to disable the operational clock CKP starting from
the machine clock signal. Such means comprise logic gates
27 and 28 of the NAND type, to an mput of which, through
an 1nverter 29 and in a direct manner, respectively, the
machine clock signal CK 1is applied, while at the other 1input
a signal DISLO or DISHO, respectively, 1s applied. The
outputs of the logic gates 27 and 28 provide the operational

clock signals CKPL and CKPH through respective 1inverters
30 and 31.

Many suitable circuits could be used to generate the
scanning clock signal SCK and clamp the operational clock
high (or low) as a combination of Enable Shift, ENSH,
signal and External Clock XTALIN. For example, applying
ENSH through an mnverter to the inputs of two NAND gates
and XTALIN to one of the NAND gates, and XTALIN
through an inverter to the other NAND gate, and then the
outputs of these two NAND gates as respective mnputs of
cross-coupled NAND gates generates the CK of FIGS. 6 and
7, as the output of one of the NAND gates. The output of the
other NAND gate 1s input to an Exclusive-OR with XTALIN
being the other mput to the Exclusive-OR. The output of the
Exclusive-OR 1s one mnput to a NOR gate and ENSH 1s
applied through an inventor to the other input of the NOR
gate to produce the SCK of FIGS. 6 and 7 as the output of
the NOR gate. Other circuits could also be used to generate
SCK and CK, as may be constructed by those of ordinary
skill 1n the art given the teachings herein. Similarly, a person

of skill 1n the art could construct a circuit to produce Disable
High, DISHO and Disable Low, DISLO, upon receipt of the

first leading edge of SCK.

The manner of operation and timing of the device accord-
ing to the invention 1s shown 1n the graphs of FIGS. 6 and
7, that refer to the high and low phases, respectively, of the
machine clock CK.

It 1s shown 1n FIG. 6 that 1n the presence of a system clock
signal X TALIN being high, the start of a scan path operation
on a high phase, that 1s for cells 2, 1s determined by the rise
of a signal ENSH clamping the machine clock CK on its
high phase. The machine clock CK 1s thus clamped on high
during the entire high scan path, only a representable part of
which 1s shown here. A suitable circuit, not shown, enabled
by the signal ENSH generates the scanning clock signal
SCK, whose first leading edge determines the activation of
the signal DISHO, which through the logic circuits of FIGS.
4 and 5 activates the scanning clock phase SCKH and
clamps the operational clock CKP low (FIG. 2) and permits
SCKH to go alternatively high and low on transistor 8, (see
FIGS. 2 and 6), so as to allow the access of the serial
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scanning signal SINH to the various cells 2. The circuit
disables the parallel access from the normal functional path
via transistor 7 by holding CKP low, so as not to have any
conilict between the parallel data and the serial data.

SCKH alternates with SCK to introduce into the master
part M of the high-phase cells new serial data after SCK has
caused the transfer of the previous data to the slave part S of
the same cells, making them available at the corresponding
outputs SOUTH. The output SOUTH of each individual cell
of the chain 2 constitutes the mput signal for the subsequent
cell of the same chain, which 1s thus scanned 1n succession
by the scanning signal SIN at the rate imparted by SCK and
SCKH, while the machine clock CK remains clamped 1n the
high phase. The output of the last cell of the chain 2 1s fed
as the mput SOUTH of FIG. 3.

As 1n now clear, according to principles of the invention,
locally generated clock SCKH 1s being used to clock data
into the master and clock SCK 1nto the slave, respectively.
SCKH being generated from SCK ensures that the clock
signals will not improperly overlap and that the master data
will be transferred to the slave, (via transistor 50) only when
valid data 1s 1n the master and the slave data 1s ready to be
read out as SOUTH. Improper clocking 1n and clocking out
of data 1s thus ensured of not occurring because locally
ogenerated clocks are used.

FIG. 7 shows the timing for the scanning of the chaimn of
cells of assessment cells 3 (or low phase 3). The timing is
also executed 1n the same manner, with the only difference
that the signal ENSH this time clamps the machine clock CK
in the low phase and SKC’s first leading edge determines the
activation of DISLO, which through the logic circuits of
FIGS. 4 and 5 activates the scanning clock phase SCKL for
cells 3. The circuit also clamps the operational clock CKP
low so as to prevent parallel access and allow the access of
the serial scanning signal SINL to the various cells 3. SCKL
alternates with SCK to introduce into the master part M of
the high-phase cells new serial data after SCK has caused the
transfer of the previous data in the slave part S of the same
cells, making them available at the corresponding outputs
SOUTL. The output SOUTH of each individual cell of the
chain 2 constitutes the iput signal for the subsequent cell of
the same chain, which 1s thus scanned 1n succession by the
scanning signal SIN at the rate imparted by SCK and SCKH,
while the machine clock CK remains clamped 1n the low
phase.

As also explained with respect to FIG. 6, the previously
mentioned possibility of attempting to clock data out of the

slave and from the master to the slave can not occur because
the locally generated clocks SCK and SCKL have an estab-
lished relationship regardless of CK or XTALIN, or any

propagation delays in other parts of the circuit.

A smgle integrated circuit may have many functional
blocks 1 having respective stimulation cells 2 and assess-
ment cells 3, each having their own locally generated clocks
SCK, SCKP, and SCKL, if desired. The outputs of the cells
2 and 3 from one functional block are serially connected to
subsequent cells 2 and 3 of other functional blocks to
provide one serial mput data stream and one serial output
data stream, 1f desired.

Thus, globally for each functional block that 1s to be
tested and stimulated through a direct and external access,
care 1s taken to connect serially all the output signals
SOUTH related to the scanning cells that operate on the high
clock and all the output signals SOUTL related to the
scanning cells that operate on the low clock. More 1n
ogeneral, there can be groups of scanning cells with an output



Re. 36,292

7

SOUTH connected as 1nput or output cells of a functional
block, and vice versa for SOUTL. It can thus occur that a
serial string SOUTH or SOUTL refers partly to iputs and
partly to outputs.

As already said earlier, the output signals SOUTH and
SOUTL related to the high-phase and low-phase scanning
cells are collected by the output circuit of FIG. 3, which
through the intervention of the slave cell S4 transfers the
high-phase outputs to the low phase and thus allows an
output signal STOUT to be collected on a single phase CK
and thus on a single output pin coupled to STOUT of the
integrated circuit.

As previously mentioned, the functional blocks 1 can also
be clocked by the locally generated clocks to ensure that the
fiming of output from the functional blocks into the assess-
ment cells 3 occurs prior to reading data out of the assess-
ment cells 3. This 1s solved according to the imnvention by
disabling the operational clock for a given functional block
and connecting the scanning clocks of the stimulation phase
and the assessment phases to the respective phases of the
local machine clock for that functional block. This occurs
during the stimulation phase mnput data Da1. It 1s known 1n the
art that part of the signal D1 mput to the functional block 1
includes clocking information; according to the invention,
the locally generated scanning clocks, as described herein,
can be mput with D1 to control the timing of the functional
block 1 as to ensure properly timed read-out of data Du and
then SOUTL at maximum possible speed.

We claim:

1. Operational analysis device of the scan path type for an
integrated circuit, comprising a {irst chain of scanning cells
connected at the stimulation mput of each respective func-
tional block of the integrated circuit to be analyzed and a
second chain of scanning cells connected at the assessment
output of each respective functional block, each cell com-
prising a master part connected electrically to a first terminal
of a switching means and a slave part connected electrically
to a second terminal of the switching means, the switching
means confligured to alternately enable said master and slave
parts under the control of respective master clock and slave
clock signals coincident with opposite phases of a scanning
clock signal [having a substantially square wave], each
chain of scanning cells receives the scanning clock signal,
and a clock generation means 1n each chain of scanning cells
produces said master and slave clocks 1n response to said
scanning clock.

2. Device according claim 1, characterized in that the
scanning clocks of all stimulation and assessment cells are
hooked to a phase of a machine clock, there being provided
means for disabling an operational clock of a given func-
tional block under analysis for phases of the operational
clock required for updating the stimulation cells and the
assessment cells of that functional block, during stimulation
phases and during assessment phases, respectively, of the
functional block.

3. Device according to claim 1, wherein said chamns of
scanning cells have respective output signals, one for each
phase of the scanning clock, and time translation means are
provided for combining said output signals into a single
output signal at one output pin.

4. An operational analysis device of the scan path type for
an 1ntegrated circuit containing a plurality of functional
blocks and a scanning clock, comprising within a scanning,
cell associated with each functional block an operational
clock generation circuit generating an operational clock for
input to a first switching element associated with the scan-
ning cell and a second switching element connected to the
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scanning cell, said second switching element responsive to
the scanning clock.

5. The device of claim 4, further including a disabling,
circuit, said disabling circuit connected to the operational
clock generation circuit of the scanning cell and selectively
disabling the operational clock during a functional block
updating period.

6. The device of claim 4, further comprising a master
clock generation circuit associated with a first chain of
scanning cells and a slave clock generation circuit associated
with a second chain of scanning cells, said master clock
circuit generating a master clock signal 1n response to the
scanning clock and said slave clock generation circuit gen-
erating a slave clock signal 1n response to the scanning
clock.

7. The device of claim 6, further including a disabling
circuit, said disabling circuit connected to the operational
clock generation circuit of the functional block and selec-
tively disabling the operational clock during a functional
block updating period.

8. The device according to claim 6 wherein said chains of
scanning cells each have a respective output signal, the two
output signals being combined through a signal adding
circuit to form a single block output at one output pin.

9. An operational device of the scan path type for an
integrated circuit containing a scanning clock and a plurality
of functional blocks, comprising, within a scanning cell or
set of scanning cells associated with a functional block or
oroup of functional blocks, a master clock generator pro-
ducing a master clock signal and a slave clock generator
producing a slave clock signal each clock generator respon-
sive to the scanning clock.

10. The device of claim 9 wherein the master clock
generator produces the master clock in response to the slave
clock.

11. The device of claim 10 wherein either of the master
clock generator or the slave clock generator produces a
second master clock or second slave clock, respectively, the
second master clock or second slave clock controlling
transfers of data out of a respective first chain of scanning
cells or second chain of scanning cells and the first master
clock or first slave clock controlling transfers of data into the
first chain of scanning cells or second chain of scanning
cells, respectively.

12. A scan path for a functional block having a simulation
input and an assessment output, COmprising:

an input chain coupled to said simulation input and
including a first scanning cell that is operable to
receive a first scanning signal a first master clock, and
a first slave clock;

an output chain coupled to said assessment output and
including a second scanning cell operable to receive a
second scanning signal, a second master clock, and a
second slave clock;

said first and second scanning cells each comprising,

a master circuit operable to store a respective one of
said scanning signals in response to a respective one
of said master clocks, and

a slave circuit operable to store the contenis of said
master circuit in response to a respective one of said
slave clocks; and

clock generation means operable to generate from a
scanning clock said slave clocks and said master clocks
such that said first and second slave clocks are of a
substantially opposite phase from said first and second
master clocks respectively said clock generation means
positioned such that at said input and output chains,
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said first and second slave clocks retain a minimum
phase difference from said first and second master
clocks respectively.

13. The scan path of claim 12 wherein:

said first scanning cell is operable to receive an operation
signal and a first phase of an operational clock, and to
store said operation signal in response to said first
phase;

said second scanning cell is operable to receive an
operational state from said assessment output, receive
a second phase of said operational clock substantially
opposite to said first phase, and store said operational
state in response to said second phase; and

said scan path further comprises a means fo disable said
first and second phases of said operational clock when
said first and second master clocks are respectively
enabled.

14. The scan path of claim 12 wherein said slave clocks
are substantially coincident with said scanning clock.

15. The scan path of claim 12 further comprising a fime
translation means operable to receive said contents of said
slave circuits of said first and second scanning cells and to
combine said contents into a single output signal.

16. A method for analyzing a functional block coupled to
an input scanning cell including input master and slave
latches, and coupled to an output scanning cell including
output master and slave latches, comprising:

storing an input scanning signal in said input master laich
in response to a first master clock;

loading said input scanning signal from said input master
latch into said input slave latch in response to a first
slave clock;

operafing on said input scanning signal in said functional
block to generate an operational state;

storing said operational state from said functional block
in said output master latch in response to a phase of an
operational clock;

loading said operational state from said output master
latch 1nto said output slave laich in response to a
second slave clock;

storing an oulput scanning signal in said output master
latch in response to a second master clock; and

generating from a scanning clock said master clocks and
said slave clocks such that said first and second master
clocks are substantially inverted with respect to said
first and second slave clocks respectively and in a way
that prevents improper phase overlap between said first
and second slave clocks and said first and second
master clocks respectively at said input and output
scanning cells respectively.

17. The method of claim 16 further comprising providing
the contents of said input and output slave latches on a
single output terminal.

18. The method of claim 16 wherein said generafing
comprises generating said slave clocks equal to said scan-
ning clock.

19. The method of claim 16 further comprising disabling
said operational clock when said first and second master
clocks are respectively enabled.

20. A method for analyzing a functional block coupled to
an input scanning cell including input master and slave
latches, and coupled to an output scanning cell including
output master and slave latches, comprising:

storing an operational signal in said input master latch in
response to a first phase of an operational clock;

10

15

20

25

30

35

40

45

50

55

60

65

10

operating on said operational signal in said functional
block to generate an operational state;

storing said operational state from said functional block
in said output master latch in response to a second
phase of said operational clock;

loading said operational signal from said inpui master

latch into said input slave latch in response to a first
slave clock;

loading said operational state from said ouiput master
latch into said output slave latch in response to a
second slave clock;

storing an input scanning signal in said itnput master laich
In response to a first master clock;

storing an output scanning signal in said output master
latch in response to a second master clock; and

generating from a scanning clock said first and second

master clocks and said first and second slave clocks
such that said first and second master clocks are
substantially inverted with respect to said first and
second slave clocks respectively and in a wave that
prevents improper phase overlap between said first and
second slave clocks and said first and second master
clocks respectively at said input and output scanning
cells respectively.

21. The method of claim 20 further comprising combining
the contents of said input and output slave latches onto a
single output terminal.

22. The method of claim 20 wherein said generaiing
comprises generating said slave clocks equal 1o said scan-
ning clock.

23. The method of claim 20 further comprising disabling
said operational clock when said first and second master
clocks are respectively enabled.

24. The method of claim 20 wherein said first phase of
said operational clock is substantially inverted with respect
fo said second phase.

25. A scan path for a functional block having input and
output terminals, comprising:

a first scanning cell, including,

a first master cell having a first input terminal and
having a first output terminal coupled to said block
input terminal,

a first slave cell having a second input terminal and a
second output terminal,

a first master scanning switch coupled between said
first input terminal and a third input terminal and
having a first control terminal, and

a first slave scanning switch coupled between said first
output and said second input terminals and having a
second control terminal;

a second scanning cell, comprising,

a second master cell having fourth input and output
terminals,

a second slave cell having fifth input and output
ferminals,

a second master scanning switch coupled between said
fourth input terminal and a sixth input terminal and
having a third control terminal, and

a second slave scanning switch coupled between said
fourth output and said fifth input terminals and
having a fourth control terminal;

a first clock generator having a seventh input terminal
coupled to a scanning clock, a first master ouiput
terminal coupling to said first control terminal a first
master clock, and a first slave output terminal coupling
to said second control terminal a first slave clock that



having a minth input terminal coupled to said second output
terminal and having a tenth input terminal coupled to said
fifth output terminal, said circuit operable to provide the
contents of said first and second slave cells on a single
output terminal,
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is substantially inverted with respect to said first master
clock, said first clock generator located within a pre-
determined distance from said first scanning cell;, and

a second clock generator having an eighth input terminal
coupled to said scanning clock, a second master output 3
terminal providing to said third control terminal a
second master clock and a second slave output terminal
providing to said fourth control terminal a second slave
clock that is substantially inverted with respect to said
second master clock, said second clock generator
located within said predetermined distance from said
second scanning cell.

20. The scan path of claim 25 further comprising:

10

a first master operation switch coupled between said first
input terminal and a ninth input terminal and having a
fifth control terminal;

15

a second master operation switch coupled between said
fourth mput terminal and said block output terminal

and having a sixth control terminal; and -

a third clock generator having a tenth input terminal
coupled to a system clock, a tenth output terminal
providing to said fifth control terminal a first phase of
an operational clock and an eleventh output terminal
providing to said sixth control terminal a second phase
of said operational clock substantially inverted with
respect to said first phase.

27. The scan path of claim 26 wherein.

25

said first clock generator includes a first enable input

terminal coupled to a first enable signal; 30

said second clock generator includes a second enable
input terminal coupled to a second enable signal; and

said third clock generator includes third and fourth
enable input terminals respectively coupled to said first
and second enable signals such that when said first
enable signal is in a first state said first clock generator
is enabled and said third clock generator is disabled
from providing said first phase of said operational
clock, and when said second enable signal is in a
second state, said second clock generator is enabled
and said third clock generator is disabled from provid-
ing said second phase of said operational clock.

28. The scan path of claim 25 wherein:

35

40

said seventh input terminal is coupled to said first slave

: 45
output terminal; and

said eighth input terminal is coupled to said second slave
output terminal.
29. The scan path of claim 25 further comprising a circuit

50

30. An integrated circuit, comprising: 55

one or more functional blocks having input and output
ferminals;

one or more input chains including at least one input
scanning cell, each input chain associated with said
input terminal of one of said blocks;
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one or more output chains including at least one output
scanning cell, each output chain associated with said
output terminal of one of said blocks;

said input scanning cells each including,
an nput master laitch having a first input terminal
coupled to an input scanming signal, a first output
terminal coupled to an input terminal of an associ-
ated functional block, and a first clock terminal
coupled to an input master clock, and

an itnput slave latch having a second input terminal
coupled to said first output terminal, a second output
terminal, and a second clock terminal coupled to an
input slave clock;

said output scanning cells each including,

an output master latch having a third input terminal
coupled to an output terminal of an associated
functional block, a third output terminal, and a third
clock terminal coupled to an output master clock,
and

an output slave laich having a fourth input terminal
coupled to said third output terminal, a fourth output
terminal, and a fourth clock terminal coupled to an
output slave clock;

a first clock generator operable to generate from a
scanning clock said slave clocks and said master clocks
such that said input and output slave clocks are of a
substantially opposite phase from said input and outpuit
master clocks respectively, said clock generator posi-
lioned proximate one or more of said functional blocks
such that at said input and output chains, the phases of
said input and oulput slave clocks are different from the
phases of said input and output master clocks respec-
fively by at least a predetermined amount.

31. The circuit of claim 30 further comprising.

a second clock generator operable to generate from a
system clock first and second phases of an operational
clock except when said first clock generator generates
said input and output master clocks respectively;

satd input master latch having a fifth input terminal
coupled to an operation signal and a fifth clock termi-
nal coupled to said first phase of said operational
clock; and

satd output master laich having a sixth input terminal
coupled to an output terminal of an associated function
block and a sixth clock terminal coupled to said second
phase of said operational clock.

32. The circuit of claim 30 wherein said slave clocks are
substantially coincident with said scanning clock.

33. The circuit of claim 30 wherein said input chains are
serially coupled together and said output chains are serially
coupled together, the circuit further comprising a device
having a fifth input terminal coupled to said second output
terminal of the last input slave laich of the last input chain
and having a sixth input terminal coupled to said fourth
output terminal of the last output slave laich of the last
output chain, said device operable to combine the contents
of said last input and output slave cells onto a single
terminal.
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