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(57) Abstract

A pattern generator (23) for an integrated circuit tester includes an instruction memory (22) storing addressable instructions (INST)
and reading out each instruction when addressed by an address (ADDR) supplied as input thereto. An instruction processor (20) receives
each instruction read out of the instruction memory (22) and alters the address input to the instruction memory (22) in accordance with
the received instruction so that the instruction memory (22) reads out a next instruction. The instruction processor (20), which includes
a conventional return address stack, is capable of executing conventional address increment, call and return instructions. The instruction
processor (20) is also capable of executing a temporary return instruction (TEMP) by incrementing its current address output to produce a
new return address, by setting its address output to the value of a return address previously saved in the stack, by popping the saved return
address from the stack, and by pushing the new return address onto the stack. Temporary return instructions enable instruction program
flow to pass back and forth between a main program and a called subroutine.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
CZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Italy

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
us
vz
VN
YU
YAV

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

35

WO 00/29863 PCT/US99/24651

INSTRUCTION PROCESSING PATTERN GENERATOR
CONTROLLING AN INTEGRATED CIRCUIT TESTER

Background of the Invention

Field of the Invention
The present invention relates in general to an
instruction processing pattern generator controlling
operations of an integrated circuit tester, and in particular
to an instruction processor that implements subroutine

parameter passing.

Description of Related Art

A typical "per pin' integrated circuit (IC) tester
includes a separate channel for each pin of an IC device
under test (DUT). A test is organized into a succession of
test cycles and during each test cycle each channel carries
out a test activity at the pin. A vector (a data word)
supplied to each channel at the start of each test cycle
indicates what the channel is to do during the test cycle.
For example when a channel is to provide a test signal input
to the pin, an input vector may tell it to change the state
of the test signal at some particular time during the test
cycle. When a channel is to sample a DUT output signal
appearing at the pin to determine if it is of an expected
state, the vector indicates when to sample the DUT output
signal during the test cycle and indicates its expected
state.

A typical per pin IC tester also includes a separate
random access memory for each channel for storing all of the
vectors the channel needs during the test. A central
instruction processor, executing a program stored in a
central instruction memory, supplies an address in common to
the instruction memory and to all vector memories before the
start of each test cycle. The instruction memory responds to
the address by reading out a next instruction to be executed.
Each vector memory responds to the address by reading out the
vector stored at that address and supplying it to its

corresponding tester channel at the start of a test cycle.
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Thus a sequence of instructions read out of the instruction
memory tells the instruction processor how to generate a
sequence of addresses, and that sequence of addresses causes
each vector memory to read out a seqguence of vectors to a
corresponding tester channel.

Each vector memory may store the sequence of wvectors
needed for a test at sequential memory addresses. In such
case each instruction read out of the instruction memory need
only tell the instruction processor to increment the
vector/instruction memory address for the next test cycle.
However when a test requires a large number of test cycles,
the number of instructions and vectors needed may exceed the
capacity of the instruction and vector memories.

Fortunately most long tests involve repetitive
operations in which certain vector sequences are repeated
many times and each vector sequence that is to be repeated
need be stored just once in vector memory. In such case a
program stored in the instruction memory can be organized
into a main program and a set of callable subroutines and the
vectors stored in the vector memories are gsimilarly organized
into a main vector sequence and a set of subroutine
sequences. During the test, as the instruction processor
steps through the main program sequence, it sequentially read
addresses the vectors of the main vector seguence. Whenever
a repeatable subroutine sequence of vectors is needed, a CALL
instruction input to the instruction processor tells it to
jump to the first address of the vector sequence and of a
corresponding instruction subroutine. The subroutine tells
the instruction processor to sequentially address the vectors
of the subroutine sequence. The last instruction of the
subroutine ig a RETURN instruction telling the instruction
processor to return to the main program address following the
address of the CALL instruction. Since each repetition of a
vector sequence can be referenced by a pair of CALL and
RETURN instructions in the main program, the amount of

instruction and vector memory needed for a long, repetitive
test is reduced.
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Certain types of tests involve a long "mostly
repetitive" sequence of vectors which might be completely
repetitive except that one or more vectors differ on each
pass of the sequence. For example when the DUT we test is a
random access memory, we write data to each DUT memory
address, read the data back out of that DUT address, and then
compare the data written to the DUT address to the data read
back out to see if they match. The operations of writing,
reading and comparing are repetitive except that during each
repetition of the process the DUT memory address being write
and read accessed changes. In order to handle this "mostly
repetitive" process using subroutines, it has been necessary
to divide the process into several subroutines, each covering
those portions of the process which are completely
repetitive. The non-repetitive portions of the process, the
generation of DUT write and read addresses, are handled by
the main program. Thus several subroutines are needed to
implement a long, mostly repetitive, process having an
occasional non-repetitive section.

gubroutine calls have been handled using either direct
or indirect addressing. 1In direct addressing the full
starting address of a subroutine is included as an operand
with the CALL instruction. Direct addressing allows the
address space of the instruction memory to be freely
subdivided into as many subroutines as may be needed.
Dividing a long, "mostly repetitive" process into many
subroutines is not a problem. However one disadvantage to
direct addressing is that it requires the instruction memory
to be wide enough to store a large operand with each CALL
instruction. For example a 16 Mbyte instruction memory
requires a 24-bit input address. Thus in a direct addressing
system having a 16 Mbyte instruction memory, the instruction
memory, in addition to having to store for example a 4-bit
instruction opcode at each address, must also store a 24-bit
operand for use as a call address.

In indirect addressing, the opcode stored with each CALL
instruction only indirectly indicates the address of a

subroutine being called. The instruction processor uses a
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decoder or lookup table to convert the operand into the
actual address of the subroutine. For example, a 4-bit
operand can reference up to sixteen subroutine start
addresses. The advantage to indirect addressing is that it
greatly reduces the size of the operand that must be stored
in the instruction memory and therefore greatly reduces the
width of the instruction memory.

The disadvantage to indirect addressing is that it
limits the number of subroutines that can be stored and
called. When we employ indirect addressing, where we can
call only a limited number of subroutines, it may not be
possible to break up a long "mostly repetitive" instruction
sequence into several subroutines. What is needed is an
instruction processor that can implement a long "mostly
repetitive" sequence of instructions as a single subroutine
in which non-repetitive sections of the subroutine can be

altered with each pass of the subroutine.

Summary of the Invention

A pattern generator for an integrated circuit (IC)
tester in accordance with the present invention includes an
instruction memory storing addressable instructions and for
reading out each instruction when addressed by an address
supplied as input thereto. An instruction processor receives
each instruction read out of the instruction memory and
alters the address input to the instruction memory in
accordance with the received instruction so that the
instruction memory reads out a next instruction.

The pattern generator also includes a set of vector
memories also addressed by the address output of the
instruction process each for storing and reading out a
sequence of addressed vectors for controlling activities of
the IC tester during a test.

The instruction processor, which includes a conventional
return address stack, is capable of executing conventional
address increment, call and return instructions. In
accordance with one aspect of the invention, the instruction

processor is also capable of executing a "temporary return®
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instruction by incrementing its current address output to
produce a new return address, by setting its address output
to the value of a return address previously saved in the
stack, by popping the saved return address from the stack,
and by pushing the new return address onto the stack.

Temporary return instructions may be used, for example,
to enable instruction program flow to temporarily pass back
to a main instruction program from a called subroutine while
the subroutine is being executed. This capability is useful
because it allows a single subroutine to implement all
repetitive portions of a long "mostly repetitive® sequence of
instructions, with non-repetitive sections of the instruction
sequence being handled by the main program.

The concluding portion of this specification
particularly points out and distinctly claims the subject
matter of the present invention. However those skilled in
the art will best understand both the organization and method
of operation of the invention, together with further
advantages and objects thereof, by reading the remaining
portions of the specification in view of the accompanying
drawing(s) wherein like reference characters refer to like

elements.

Brief Description of the Drawing(s)

FIG. 1 illustrates in block diagram form an integrated
circuit (IC) tester employing an instruction processor-based
pattern generator in accordance with the present invention,

FIG. 2 illustrates the instruction processor of FIG. 1
in more detailed block diagram form,

FIG. 3 illustrates an example arrangement of main
program and subroutine instructions as they appear in
portions of the address space of the instruction memory of
FIG. 1,

FIG. 4 illustrates an example of an arrangement of main
program instructions as they would appear in a portion of the
address space of the instruction memory of FIG. 1 for the
alternative embodiment of the instruction processor of FIG.
1, and
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FIG. 5 illustrates in block diagram form an alternative
embodiment of an integrated circuit (IC) tester in accordance

with the present invention.

Description of the Preferred Embodiment (s)

FIG. 1 illustrates in block diagram form an integrated
circuit (IC) tester 10 in accordance with the present
invention for testing an IC device under test (DUT) 12.
Tester 10 includes a set of N tester channels 14(1)-14(N),
each corresponding to a separate pin of DUT 12. A test is
organized into a succession of test cycles and during each
test cycle each channel 14 carries out a test activity at the
corresponding DUT pin. A central clock signal generator 16
generates a periodic clock signal PCLK marking the start of
each test cycle. A vector (a data word) supplied to each
channel 14 before the start of each test cycle indicates what
the channel is to do during the test cycle. Each tester
channel 14 responds to each successive PCLK pulse by reading
its input vector and carrying out the indicated action during
the following test cycle.

When a vector indicates that a channel 14 is to provide
a test signal input to the pin, the vector tells it when and
how to change the state of the test signal during the test
cycle. When a channel 14 is to sample a DUT output signal
appearing at the pin to determine if it is of an expected
state, its input vector indicates when the channel 14 is to
sample the DUT output signal during the test cycle and also
indicates its expected state.

Tester 10 also includes a set of N addressable vector
memories 18(1)-18(N), each corresponding to a separate
channel 14(1)-14(N) and each storing all of the vectors the
corresponding channel needs during the test. A central
instruction processor 20 responds to each PCLK signal pulse
by reading an instruction (INST) out of a central instruction
memory 22 and executing that instruction. The instruction
tells instruction processor 20 to supply an address in common
to all vector memories 18(1)-18(N) before the start of each

test cycle. Each vector memory 18 responds to the address by
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reading out a vector stored at that address and supplying it
to its corresponding tester channel 14 at the start of a test
cycle. The address generated by instruction processor 20
also read addresses instruction memory 22 causing it to read
out a next instruction to be executed. The instructions
stored in instruction memory 22 are an algorithmic program
for telling instruction processor.20 to generate a sequence
of addresses, each address corresponding to a separate test
cycle and causing each vector memory 18 to supply a vector to
a corresponding tester channel 14 for controlling its
activities during that test cycle. Instruction processor 20,
instruction memory 22, and vector memories 18(1)-18(N)
therefore together form a large pattern generator 23 to
provide a sequence of vectors to each tester channel
14(1)-14(N) during the test.

Each vector memory 18 may store the seguence of vectors
needed for a test at sequential memory addresses. In such
case each instruction INST read out of instruction memory 22
simply tells instruction processor 20 to increment its output
memory address for the next test cycle. However when a test
requires a large number of test cycles, the number of
instructions and vectors needed may exceed the capacity of
the instruction and vector memories 22,18. Fortunately most
long tests involve repetitive operations in which certain
instruction sequences, and the vector sequences they invoke,
are repeated many times. In such case, each instruction
sequence, and the vector sequence it invokes, need be stored
just once in instruction memory 22 and vector memory 18. The
program stored in instruction memory 22 includes a “main"
program and up to sixteen instruction subroutineg that may be
called by the main program. Similarly the vectors stored in
each vector memory 18 include a main vector sequence invoked
by the main program and up to sixteen subroutine vector
sequences, each corresponding to a separate subroutines.

FIG. 2 illustrates instruction processor 20 of FIG. 1 in
more detailed block diagram form. Each instruction (INST)
read out of instruction memory 22 includes an opcode field

and an operand. The opcode provides an input to a sequencer
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24 controlling a conventional address generator 26, an
arithmetic logic unit that produces the instruction
processor’s output address ADDR. In response to control
signal inputs from sequencer 24, address generator 26 can
either increment its current output address ADDR, set it
equal to an input call address (CALL_ADDR), or set it equal
to an input return address (RETURN_ADDR) .

When sequencer 24 pulses an INCREMENT signal to signal
address generator 26, the address generator increments its
current output address.

When the opcode igs a CALL opcode invoking one of the
instruction subroutines, a 4-bit operand included in the
instruction is a “"call ID" referencing the called subroutine.
The call ID addresses a RAM 28 having sixteen addressable
storage locations, each containing the 24-bit starting
address of a separate one of sixteen subroutines that may be
stored in instruction memory 22 of FIG. 1. When addressed by
a call ID, RAM 28 reads out the address (CALL_ADDR) of the
subroutine being called to address generator 26. Sequencer
24 can tell address generator to load a call address
CALL_ADDR by pulsing a LOAD_CALL signal input to address
generator 26. Address generator 26 then sets its current
output address ADDR to the call address CALL_ADDR. Thus the
call ID is small 4-bit "indirect" subroutine address that
references a much larger "direct" subroutine address.

A conventional "push/pop" address stack 32 supplies
address generator 26 with the return address (RETURN_ADDR)
Instruction processor 20 also includes an incrementer 29 for
incrementing the output address ADDR of address generator 26
to supply an input ADDR+1 to a register 30 clocked by a SAVE
signal output of sequencer 24. The address saved in register
30 is supplied as input to stack 32. When sequencer 24
pulses a PUSH signal input to stack 32, stack 32 pushes the
address stored in register 30 on the top of its stack. When
sequencer 24 pulses a POP signal input to stack 32, stack 32
pops an address off the top of its stack. Stack 32 supplies
the address currently on the top of its stack as the return
address (RETURN_ADDR) to address generator 26.
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The set of instruction opcodes that may be executed by
sequencer 24, and the manner in which sequencer 24 executes

each opcode, are described below.

INC

When the current instruction input to instruction
processor 20 includes an INC opcode, sequencer 24 pulses an
INCREMENT signal input to address generator 26 in response to
a next pulse of the PCLK signal. The INCREMENT signal pulse
tells address generator 26 to increment its current memory
address output ADDR, thereby incrementing the current input
address to instruction memory 22 and vector memoriesgs 18 of
FIG. 1.

CALL

A CALL opcode invokes a subroutine referenced by the
accompanying call ID by telling sequencer 24 to carry out the
following sequence of activities:

1. pulse the SAVE signal to tell register 30 to save
the incremented current address (ADDR+1l), then

2. pulse the PUSH signal to tell stack 32 to push the
address stored in register 30 onto its stack, and then

3. pulse the LOAD_CALL signal to tell address generator
26 to set its current address ADDR to the CALL_ADDR output of
RAM 28.

Thus a CALL opcode tells instruction processor 20 to
save the address following the current address in stack 32
for later use as a return address and to jump to the first
address of a subroutine referenced by the call ID included in
the instruction with the CALL opcode.

RETURN

A RETURN opcode appearing at the end of a subroutine
tells sequencer 24 to return from a subroutine call by
carrying out the following sequence of activities:

1. pulse the LOAD_RETURN signal to tell the address

generator 26 to set the current address ADDR to the return
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address RETURN_ADDR currently on the top of stack 32, and
then

2. pulse the POP signal to tell stack 32 to pop the
return address (RETURN_ADDR) off its stack.

Thus a RETURN Opcode tells instruction processor 20 to
jump to a return address that is one greater than the address
of the call instruction and to then push the return address
off stack 32.

TEMP

A temporary return (TEMP) opcode in accordance with the
present invention may be included at any point of a main
routine or a subroutine and tells sequencer 24 to carry out
the following sequence of activities:

1. pulse the SAVE signal to cause register 30 to save
the incremented current address (ADDR+1), then

2. pulse the LOAD RETURN signal to tell address
generator 26 to set the current address ADDR to the return
address RETURN_ADDR, then

3. pulse the POP signal to tell stack 32 to pop the
return address RETURN_ADDR off the stack, and then

4. pulse the PUSH signal to push the address stored in
register 30 onto the stack as the next return address.

Thus the temporary return opcode TEMP acts like a RETURN
opcode in that it causes instruction processor 20 to return
to a previously saved return address. However unlike a
conventional RETURN opcode, the temporary return opcode TEMP
also tells the instruction processor to save the address
following the TEMP opcode as a next return address. A
temporary return opcode is used when we want to tell
instruction processor 20 to jump to some return address, but
only "temporarily", because at some later time a subsequent
instruction will ask the instruction processor to return the
address following the TEMP opcode. The use of the temporary
return opcode TEMP is best understood through example.

FIG. 3 illustrates a section 34 of the address space of
instruction memory 22 of FIG. 1 (addresses 0-13, decimal)

containing a first portion of a main program and another
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section 34 of the address space (for example addresses
1000-1011, decimal) of instruction memory 22 containing a
subroutine that may be called by the main program.

Referring to FIGs. 1-3, the main program starts with an
INC instruction stored at instruction memory address 0. Each
vector memory 18 reads out a vector stored at address 0 and
on a next pulse of the PCLK signal marking the start of the
first test cycle, each channel 14 acquires its input vector
and then carries out the test activity it indicates during
the first test cycle.

The first pulse of the PCLK signal also tells sequencer
24 of instruction processor 20 to execute its input INC
instruction. Accordingly, sequencer 24 signals address
generator 26 to increment the current output address ADDR to
1. Each vector memory 18 thereupon reads out the vector
stored at its address 1 and instruction memory 22 reads out
the INC instruction stored at its address 1. On the next
pulse of the PCLK signal marking the start of the second test
cycle, each channel 14 acquires the vector read out of vector
memory address 1 and sequencer 24 executes the INC
instruction read out of instruction memory address 1. A
similar process is repeated for the first three test cycles.
Each vector memory 18 therefore reads out the vectors stored
at its addresses 1, 2, and 3. However on reaching address 3,
instruction memory 22 read out a CALL instruction instead of
an INC instruction. RAM 28 converts the call ID included in
that instruction into a call address (CALL_ADDR) pointing to
the first address (1000) of subroutine 36.

On the next pulse of the PCLK signal, sequencer 24
signals address generator 26 to load the call address output
of RAM 28 thereby causing the current address ADDR to Jjump to
1000. This causes each vector memory 18 to read out a vector
stored at its address 1000 and causes instruction memory 22
to read out an instruction stored at its address 1000. The
CALL opcode also tells sequencer 24 to load the ADDR+1 output
(address 4) of adder 29 into register 30 and to signal stack
32 to push that address (address 4) onto its stack.



10

15

20

25

30

35

WO 00/29863 12 PCT/US99/24651

Since the first three instructions of the subroutine are
INC instructions, the program steps through the next three
address (1001-1003) for the next three cycles. Thus each
vector memory 18 successively reads out vectors at its
addresses 1000-1003. When the current instruction address
reaches 1003, instruction memory 22 reads out a TEMP
instruction. The TEMP instruction tells sequencer 24 to
signal address generator 26 to set the current address ADDR
to the return address (address 4) currently on the top of
stack 32 and to pop that return address off the stack. The
TEMP opcode also tells sequencer 24 to push the next address
(1004) of the subroutine onto the stack so that the program
can return to that address later.

At this point the current address is set to 4, and each
vector memory 18 reads out the vector stored at its address
4. Since INC instructions are stored at addresses 4 and 5,
instruction processor 20 sequentially steps through addresses
5 and 6. On reaching address 6, the main program reads out
another TEMP instruction. This tells sequencer 24 to signal
address generator 26 to set the current address to the return
address (address 1004) at the top of stack 32, to pop address
1004 off the stack and to then push address 7 onto the stack.
Program flow then steps through the set of INC instructions
stored at subroutine addresses 1004-1007. When program flow
reaches address 1008, sequencer 24 signals address generator
26 to set the current address to the return address (7) at
the top of the stack, to pop address 7 off the stack, and to
then push address 1009 onto the stack.

TEMP instructions continue shift program flow back and
forth between the main program and the subroutine until the
program encounters a RETURN instruction at the end of the
subroutine (address 1011). The RETURN instruction tells
sequencer 24 to return to a return address (address 9) at the
top of the stack and to pop address 9 off stack 32. However,
unlike a TEMP instruction, the RETURN instruction does not
tell sequencer 24 to push address 1012 onto stack 32.

Certain types of tests require repeated generation of a
long sequence of vectors that is *mostly repetitive" in the
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sense that only a few vectors of the sequence change on each
pass of the sequence. The TEMP instruction enables the
program to employ a single subroutine to invoke the
repetitive portions of a "mostly repetitive" vector sequence
while temporarily returning to the main program when
necessary to invoke non-repetitive portions of a vector
sequence.

For example when the DUT to be tested is a random access
memory, we write data to each DUT memory address, read the
data back out of that DUT address, and then compare the data
written to the DUT address to the data read back out to see
if they match. The process of writing, reading and comparing
is highly repetitive except that the DUT memory address being
write and read accessed changes for each repetition of the
process. Thus the vectors sent to the channels that drive
DUT address input have to change during each repetition of
those portions of the process in which the DUT address is
set.

In order to handle this "mostly repetitive" process, we
could divide the process into several subroutines, each
covering those portions of the process which are completely
repetitive. The non-repetitive portions of the process, the
generation of DUT write and read addresses, could be handled
by the main program which would use conventional calls to
subroutines when needed to carry out the repetitive portions.
However since several different subroutines would be needed
to implement one mostly repetitive process, and since calls
to only a limited number of subroutines can be made during a
test when indirect subroutine addressing is employed,
breaking a mostly repetitive process into several subroutines
uses up scarce subroutine call resources.

The TEMP instruction enables a mostly repetitive process
to be implemented using a single subroutine call instead of
several. As illustrated in FIG. 3, a TEMP instruction can be
inserted into the subroutine to direct operation back to the
main program whenever there is a need to execute a
non-repetitive portion of the process. In a sense, the TEMP

instruction allows the main program to "pass’ parameters to
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the subroutine at various points during the subroutine.
Without the use of TEMP instructions, the portions of the
process carried out by the single subroutine call illustrated
in FIG. 3 would have to be handled by three separate
subroutine calls, thereby using up three of the total of
sixteen possible indirect call addresses (call IDs).

In an alternative embodiment~of instruction processor 20
of FIG. 2, the CALL opcode and CALL_ID operand are stored at
two successive addresses of instruction memory 22 instead of
one. The CALL_ID opcode arrives at sequencer 24 during the
test cycle following the CALL opcode. This embodiment of
instruction processor 20 employs an instruction processor
topology similar to that illustrated in FIG. 2, however
sequencer 24 responds to CALL instructions in a slightly
different manner. In the alternative embodiment sequencer 24
initially responds to a CALL instruction in the same way it
responds to an INC instruction, by pulsing the INCREMENT
signal, thereby telling address generator 26 to simply
increment the current address. There is no immediate jump to
a subroutine address because the instruction processor has
not yet received the subroutine CALL_ID. Thus in the test
cycle following the CALL opcode, each vector memory 18 reads
out the vector at the next address.

However the incremented address now tellg instruction
memory 22 to read out the CALL_ID operand, and RAM 28
converts the indirect CALL_ID address to a direct call
address CALL_ADDR. On the next pulse of the PCLK signal,
sequencer 24 pulses the SAVE signal to save the return
address, pulses the LOAD_CALL signal to tell address
generator 26 to set the current address to the call address
CALL_ADDR and pulses the PUSH signal to push the return
address onto stack 32.

FIG. 4 illustrates a main program for the alternative
embodiment of instruction processor 20 that produces the same
result as the main program of FIG. 3. Note that the INC and
CALL/CALL_ID instructions at address 2 and 3 of the main
program of FIG. 3 are replaced with the CALL and CALL_ID
codes at addresses 2 and 3 of the main program of FIG. 4.
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However the sequence of addresses outputs ADDR produced by
both programs is the same.

Thus, in the alternative embodiment, if we employ a
4-bit OPCODE, we can use the same four bits to represent a
4-bit CALL_ID operand. Since the same set of four bitsg are
used to alternatively represent opcode and operand, we reduce
the width of instruction memory 22. The only additional
programming restriction imposed on the alternative embodiment
is that because a CALL opcode operates like an INC opcode in
the cycle in which it is received, an address jump caused by
a call must always be preceded by an address increment and
not by another address jump.

FIG. 5 illustrates an alternative embodiment 40 of the
tester invention that is similar tester 10 of FIG. 1 but in
which a separate instruction processor 44(1)-44(N) is
provided addressing each vector memory 46(1)-46(N). Each
vector memory 46 of tester 40 of FIG. 5 stores both a vector
and an instruction at each address. The instruction output
of each memory 46(1)-46(N) is fed back to the corresponding
instruction processor 44(1)-44(N) while the vector is
supplied to a corresponding one of tester channels
48(1)-48(N) driving pins of DUT 42. Each instruction
processor 44 is similar to instruction processor 20 of FIG. 2
in both construction and operation. Each instruction
processor 44 and vector memory 46 pair operate as a separate
pattern generator 50(1)-50(N) to independently supply a
sequence of vectors to the corresponding tester channel
48(1)-48(N). Tester 40 of FIG. 5 is more flexible than
tester 10 of FIG. 1 because it allows each vector memory 46
to be independently addressed during the test.

While the forgoing specification has described preferred
embodiment (s) of the present invention, one gkilled in the
art may make many modifications to the preferred embodiment
without departing from the invention in its broader aspects.
The appended claims therefore are intended to cover all such

modifications as fall within the true scope and spirit of the
invention.
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Claim(s)
What is claimed is:
1. An instruction processor (20) for responding to

each input instruction of a sequence of input instructions by
changing a value of an output address (ADDR), the instruction
processor comprising:

stack means (32) for saving a return address when
signaled to do so by an input PUSH signal and for discarding
a saved return address when signaled to do so by an input POP
signal, and

processing means (24, 26, 29, 30) for responding to at
least one of said instructions (TEMP) by changing said output
address from a current value to a value of a return address
previously saved by said stack means, by generating a new
return address, by signaling said stack means via said POP
signal to discard the previously saved return address, and by
signaling said stack means via said PUSH signal to save said

new return address.

2. The instruction processor in accordance with claim
1 wherein said processing means generates said new return
address by incrementing said current value of said output

address.

3. The instruction processor in accordance with claim
2 wherein said processing comprises:

an address generator (26) for generating said output
address, for incrementing said output address in response to
an input INCREMENT signal, and for setting said output
address to a return address saved by said stack means in
response to an input LOAD_RETURN signal;

an incrementer (29) for incrementing said output address
generated by said address generator to produce an incremented
address (ADDR+1);

storage means (30) for storing the incremented address
produced by said incrementer in response to an input SAVE
signal; and
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sequencing means (24) for receiving each instruction
read out of said instruction memory and for controlling said
PUSH, POP, INCREMENT and LOAD_RETURN signals in accordance
with said received instructions.

4. The instruction processor in accordance with claim
3 wherein in response to said at least one instruction, said
sequencing means

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends said LOAD_RETURN signal to said address
generator causing said address generator to set said output
address to a return address saved by said stack,

then sends said POP signal to said stack causing it to
discard the saved return address, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored by said storage means and
to supply it as a new return address input to said address
generator.

5. The instruction processor in accordance with claim

wherein at least one of said instructions is a CALL
instruction,

wherein in response to said CALL instruction said
sequencing means

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends a LOAD_CALL signal to said address generator
causing said address generator to set said output address to
a call address supplied as input thereto, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored in said register means

and to supply it as a new return address input to said

address generator.
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6. The instruction processor in accordance with claim
5
wherein at least one of said instructions is a RETURN
instruction,

wherein said in response to said RETURN instruction,
said sequencing means

sends said LOAD_RETURN signal to said address generator
causing said address generator to set the address input to
said instruction memory to said return address supplied
thereto, and then sends said POP signal to said stack

causing it to discard said return address.

7. A pattern generator (23) comprising:

an instruction memory (22) for storing a plurality of
addressable instructions (INST) and for reading out each
instruction when addressed by an address (ADDR) supplied as
input thereto, each instruction referencing a method of
supplying a next address input to said instruction memory;

a vector memory (18) also addressed by said address
(ADDR) supplied as input to said instruction memory, for
storing a plurality of addressable vectors and for reading
out each vector when addressed;

stack means (32) for saving a return addresses when
signaled to do so by an input PUSH signal and for discarding
a saved return address when signaled to do so by an input POP
signal; and

processing means (24, 26, 29, 30) for responding to each
input instruction read out of said instruction memory by
changing a current value of said address (ADDR), wherein said
processing means responds to at least one of said
instructions (TEMP) by changing said output address from a
current value to a value of a return address previously saved
by said stack means, by generating a new return address, by
signaling said stack means via said POP signal to discard the
previously saved return address, and by signaling said stack

means via said PUSH signal to save said new return address.
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8. The pattern generator in accordance with claim 7
wherein said processing means generates said new return

address by incrementing said current value of said address.

9. The pattern generator in accordance with claim 8
wherein said processing comprises:

an address generator (26) for incrementing said address
in response to an input INCREMENT signal, and for setting
said address to a return address saved by said stack means in
response to an input LOAD_RETURN signal;

an incrementer (29) for incrementing said address
generated by said address generator to produce an incremented
address (ADDR+1) ;

storage means (30) for storing the incremented address
produced by said incrementer in response to an input SAVE
signal; and

sequencing means (24) for receiving each instruction
read out of said instruction memory and for controlling said
PUSH, POP, INCREMENT and LOAD_RETURN signals in accordance

with said received instructions.

10. The pattern generator in accordance with claim 9
wherein in response to said at least one instruction, said
sequencing means

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends said LOAD_RETURN signal to said address
generator causing said address generator to set said address
to a return address saved by said stack,

then sends said POP signal to said stack causing it to
discard the saved return address, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored by said storage means and

to supply it as a new return address input to said address
generator.
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11. The pattern generator in accordance with claim 10

wherein at least one of said instructions stored at one
address of said instruction memory is a CALL instruction,

wherein a call ID referencing a call address is stored
at a next address of said instruction memory storing said
CALL instructions,

wherein said instruction processor further comprises
means (28) for generating a call address referenced by an
input CALL ID and for supplying said call address to said
address generator,

wherein when said CALL instruction is read out of said
instruction memory said sequencing means responds to said
CALL instruction by sending said INCREMENT signal to said
address generator thereby causing said address generator to
increment the address input to said instruction memory such
that said instruction memory reads out said call_ID to said
means for generating a call address, whereupon said
sequencing means

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends a LOAD_CALL signal to said address generator
causing said address generator to set said address to said
call address supplied thereto, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored in said register means
and to supply it as a new return address input to said

address generator.

12. The pattern generator in accordance with claim 11

wherein at least one of said instructions is a RETURN
instruction,

wherein said in response to said RETURN instruction,
said sequencing means

sends said LOAD_RETURN signal to said address generator
causing said address generator to gset the address input to
said instruction memory to said return address supplied
thereto, and then sends said POP signal to said stack causing
it to discard said return address.
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13. The pattern generator in accordance with claim 10

wherein at least one of said instructions is a CALL
instruction,

wherein said instruction processor further comprises
means (28) for generating a call address in response to an
input CALL instruction and for supplying said call address to
said address generator,

wherein in response to said CALL instruction said
sequencing means

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends a LOAD_CALL signal to said address generator
causing said address generator to set said address to said
call address supplied thereto, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored in said register means

and to supply it as a new return address input to said
address generator.

14. The pattern generator in accordance with claim 13

wherein at least one of said instructions is a RETURN
instruction,

wherein said in response to said RETURN instruction,
said sequencing means

sends said LOAD_RETURN signal to said address generator
causing said address generator to set the address input to
said instruction memory to said return address supplied
thereto, and then sends said POP signal to said stack
causing it to discard said return address.

15. An integrated circuit (IC) tester (10) comprising:

an instruction memory (22) for storing a plurality of
addressable instructions (INST) and for reading out each
instruction when addressed by an address (ADDR) supplied as
input thereto, each instruction referencing a method of
supplying a next address input to said instruction memory;

a vector memory (18) also addressed by said address

(ADDR) supplied as input to said instruction memory, for
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storing a plurality of addressable vectors and for reading
out each vector when addressed;

a tester channel (14) for receiving each vector read out
of said vector memory and carrying out a test activity
referenced by said vector;

stack means (32) for saving a return addresses when
signaled to do so by an input PUSH signal and for discarding
a saved return address when signaled to do so by an input POP
signal; and

processing means (24, 26, 29, 30) for responding to each
input instruction read out of said instruction memory by
changing a current value of said address (ADDR), wherein said
processing means responds to at least one of said
instructions (TEMP) by changing said output address from a
current value to a value of a return address previously saved
by said stack means, by generating a new return address, by
signaling said stack means via said POP signal to discard the
previously saved return address, and by signaling said stack

means via said PUSH signal to save said new return address.

16. The IC tester in accordance with claim 15 wherein
said processing means generates said new return address by

incrementing said current value of said address.

17. The IC tester in accordance with claim 16 wherein
said processing comprises:

an address generator (26) for incrementing said address
in response to an input INCREMENT signal, and for setting
said address to a return address saved by said stack means in
response to an input LOAD_RETURN signal;

an incrementer (29) for incrementing said address
generated by said address generator to produce an incremented
address (ADDR+1) ;

storage means (30) for storing the incremented address
produced by said incrementer in response to an input SAVE
signal; and

sequencing means (24) for receiving each instruction

read out of said instruction memory and for controlling said
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PUSH, POP, INCREMENT and LOAD_RETURN signals in accordance

with said received instructions.

18. The IC tester in accordance with claim 17 wherein
in response to said at least one instruction, said sequencing
means |

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends said LOAD_RETURN signal to said address
generator causing said address generator to set said address
to a return address saved by said stack,

then sends said POP signal to said stack causing it to
discard the saved return address, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored by said storage means and
to supply it as a new return address input to said address
generator.

19. The IC tester in accordance with claim 18

wherein at least one of said instructions is a CALL
instruction,

wherein said instruction processor further comprises
means (28) for generating a call address in response to an
input CALL instruction and for supplying said call address to
said address generator,

wherein in response to said CALL instruction said
sequencing means

sends said SAVE signal to said storage means causing it
to store said incremented address,

then sends a LOAD_CALL signal to said address generator
causing said address generator to set said address to said
call address supplied thereto, and

then sends a PUSH signal to said stack causing it to
save the incremented address stored in said register means
and to supply it as a new return address input to said
address generator.
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20. The IC tester in accordance with claim 19

wherein at least one of said instructions is a RETURN
instruction,

wherein said in response to said RETURN instruction,
said sequencing means

sends said LOAD_RETURN signal to said address generator
causing said address generator to .set the address input to
said instruction memory to said return address supplied
thereto, and then sends said POP signal to said stack

éausing it to discard said return address.
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