
31             and said third inputs of said selection circuitry are routed
to said outputs 32             of said selection circuitry, said
instruction bits controlled in said normal 33             operational mode
to select said first inputs to route the outputs of said 34
custom designed logic circuitry to said output of said selection circuitry,
35             said instruction bits controlled in a JTAG boundary scan
test operational 36             mode to select said second inputs to route
said outputs from  said 37             boundary scan data register to said
outputs of said selection circuitry, and 38             said instruction
bits controlled in a megacell test mode to select said third 



39           inputs to route said outputs of said megacell to said outputs
of said 40             selection circuitry; and                       a
plurality of external pins connected to said outputs of said 42
selection circuitry, said outputs from said custom designed logic circuitry
being propagated to said external pins when said integrated circuit is 44
operating in said normal operational mode, said test outputs of said 45
megacell module being propagated to said external pins when said 46
selected ones of said instruction register bits are controlled to cause
said 47             integrated circuit to operate in said megacell test
mode of operation.  1             2.    A system as defined in Claim 1,
further comprising a switching 2      circuit including first and second
inputs and an output, said switching circuit 3      selecting between an
input pin connected with said first input of said switching 4      circuit
or said custom designed digital logic circuitry connected with said second 



5      input of said switching circuit, said output of said switching
circuit being 6      connected to said standardized megacell module.  1
3.    A system as defined in Claim 2, wherein said switching circuit 2
comprises a multiplexer.  1             4.    A system as defined in Claim
1, further comprising an AND gate 2      which has an output connected to
test inputs of said standardized megacell 3      module, said test inputs
of said megacell module being held either high or low
-2-  



4      during normal testing of said megacell module, so that said test
inputs can be   5      controlled by a single input pin during JTAG
testing.    1             5.    A system as defined in Claim 1, further
comprising an OR gate   2      which has an output connected to test inputs
of said standardized megacell   3      module, said test inputs of said
megacell module being held either high or low 



4      during normal testing of said megacell module, so that said test
inputs can be   5      controlled by a single input pin during JTAG
testing.    1             6.    A method of testing a megacell within an
integrated circuit having   2      said megacell as an embedded component
of circuitry within said integrated   3      circuit, said megacell having
at least one test output signal having no connection   4      external to
said integrated circuit during normal operation of said integrated   5
circuit, said integrated circuit including logic which communicates signals
to and   6      receives signals from  said megacell during said normal
operation of said   7      integrated circuit, said integrated circuit
having a plurality of signals which are          provided as inputs to and
outputs from said logic via respective pins of said  9      integrated
circuit during said normal operation of said integrated circuit, said
method comprising: 11  applying a serial instruction to said integrated
circuit via a JTAG 



12             input pin to place said integrated circuit into a
predetermined megacell 13            test mode such that said integrated
circuit is no longer operating in said 14  normal mode of operation; 15
selectively disabling at least one of said plurality of output signals 16
from said logic to a respective first pin of said integrated circuit; 17
selectively routing said test output signal from said megacell to 18
said respective first pin of said integrated circuit;
applying a test input signal to said megacell via a second pin of 20
said integrated circuit to stimulate said megacell to perform  a test 21
operation; and     



22                    monitoring said test output signal from said megacell
at said    23           respective first pin of said integrated circuit.
1             7.    A system for testing a megacell within an integrated
circuit having   2      said megacell as an embedded component of circuitry
within said integrated   3      circuit, said megacell having test inputs
which are not connected to external pins          of said integrated
circuit during a normal mode of operation of said integrated   5
circuit, said integrated circuit further including interface logic said
integrated 



6      circuit having a plurality of signals which are provided as normal
input signals   7      to and normal output signals from said interface
logic on respective external pins   a      of said integrated circuit
during said normal operation of said integrated circuit,   8     said
system comprising: 10                     a JTAG input pin, wherein a
serial instruction is applied to said                 JTAG input pin which
places said integrated circuit into a predetermined 12             megacell
test mode; 13                    a first pin of said integrated circuit
which receives one of said 14            output signals from said interface
logic when said integrated circuit is                 operating in said
normal mode of operation;                        a selectable electrical
path from said first pin to said megacell, 17             wherein a test
input signal applied to said first pin when said integrated 18
circuit is in said megacell test mode is communicated to said megacell 19
via said selectable electrical path to thereby stimulate said megacell to 



20             perform  a test operation and to generate a test output
signal, said 21             selectable electrical path blocked when said
integrated circuit is operating 22             in said normal mode of
operation; 23                    a second pin of said integrated circuit;
and 24                     a selection circuit which receives said test
output signal from said 25             megacell and which receives one of
said plurality of output signals from 26             said interface logic,
said selection circuit providing a selected output                signal to
said second pin of said integrated circuit, said selected output
-4-    



28              signal being said test output signal when said integrated
circuit is in said 29              test mode of operation upon application
of said serial instruction on said  30              JTAG  input pin, said
selected output signal being said one of said 31              output
signals from said interface logic when said integrated circuit is in  32
said normal mode of operation.  
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AND-gate 455 and the OR-gate 457 are set to low and high, respectively, so
as to prevent the test         inputs to the megacel circuitry 420 from
changing during normal operation. When the standard test vector inputs
applied at the input terminals 423, 425 are propagated through to the test
inputs of the megacell circuitry 420, the         megacell circuitry 420
outputs signals in response to the test vector inputs over multiple output
lines. In the example 



5     of Figure 4, only the output line 474 is shown for ease of
illustration; however, it will be understood that a plurality         of
output lines will be provided to a plurality of 2-to-1 multiplexers (such
as the multiplexer 470) in order to fully         test the functional
characteristics of the megacell circuitry 420.                   The signal
output by the megacell circuitry 420 in response to the test vector inputs
is provided as the first         input to the multiplexer 470 over the line
474. The latched instruction register 484, when in the megacell test 10
mode, further contains instruction bits which cause the decoder 450 to
assert the select signal on the line 478 to         select the megacell
test output on the line 474. Thus, the output of the megacel circuitry 420
in response to the         test vector inputs is provided on the line 472
at the output of the multiplexer 470. The decoder 450 further
provides a signal on the line 464, in response to the instructions within
the register 484, to select the input line 472         so that the megacell
circuitry test output is provided on the line 464 to the output pin 465. If
the megacell circuitry 15     420 is functioning correctly, then the test
vector inputs will cause the appropriate pattern of test vector outputs
to appear on the output pins for which a path is provided from the megacell
circuitry 420. Thus, the output pin         465 will be indicative of the
functionality of the megacell circuitry 420 when the test vector inputs are
applied to         the input pins 423, 425. In this manner, the
functionality of the megacell circuitry 420 may be tested without the 



provision of additional output pins on the ASIC 400. 20               When
the functionality of the megacell circuitry 420 is not being tested, the
instruction register 484 is         loaded with the appropriate instruction
bits to cause the decoder 450 to select either the normal operation mode
or the JTAG test mode. When the JTAG test mode is selected, this causes the
decoder 450 to output a select         signal over the lines 478 to
propagate the input over the line 476 from the latch data register 480 to
the output         472 of the multiplexer 470. Furthermore, the decoder 450
outputs a select signal over the line 466 which causes 25     the input on
the line 472 (which represents the value of a data bit within the latch
data register 480 via the line         476) to be propagated on the output
464 of the multiplexer 460 so that the JTAG boundary scan data bit is
provided on the output pin 465 if the output path has integrity.
If, on the other hand, the ASIC 400 is to operate in the normal manner, the
JTAG TAP state controller 486         causes the decoder 450 to select the
first input 462 of the multiplexer 460 so that the signal on the line 462
is 30     output to the pin 465 via the multiplexer 460 and the line 464.
Further, the decoder 450 outputs a low signal on         the line 452 so
that the test inputs to the megacell circuitry 420 are held to defined
values so that the operation         of the megacell circuitry 420 is not
affected by the inputs on the pins 423, 425. 



Although the preferred embodiments of the present invention have been
described in detail above, it will         be understood to those of
ordinary skill in the art that obvious modifications could be made to the
invention without 35     departing from its spirit or essential
characteristics. Thus, the foregoing description should be considered as
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PCT/US96/08576           WHAT IS CLAIMED IS:                   1.       A
system which provides for a reduced number of external pins on an
integrated circuit (IC) 



package having JTAG test capability, said system comprising:
custom designed digital logic circuitry formed within said IC package, said
custom designed digital  5               logic circuitry having inputs and
outputs;                            a standardized megacell module having
independent functionality formed within said IC package
and incorporated into said IC package so as to communicate and function in
unison with said custom                   designed digital logic circuitry,
said megacell module having test inputs and test outputs which are used
to test functionality of said megacell module; 10                         a
JTAG boundary scan data register which stores a test vector used to test
integrity of inputs                   and outputs of said IC package, said
boundary scan data register having outputs;
first selection circuitry having first inputs connected to at least one of
said outputs of said                   boundary scan data register and at
least one of said test outputs of said megacell module, said first
selection circuitry further receiving a first selection input and providing
one of said first inputs as an output 15               based upon said
first selection input;                            second selection
circuitry having second inputs connected to said output of said first
selection 



circuitry and to at least one of said outputs of said custom designed
digital logic circuitry, said second                   selection circuitry
further receiving a second selection input and providing one of said second
inputs as an                   output based upon said second selection
input; 20                         a JTAG instruction register which stores
instruction bits, and wherein said instruction bits and
the JTAG tap state, are used to determine said first selection input to
said first selection circuitry and said                   second selection
input to said second selection circuitry; and                            a
plurality of external pins connected as outputs of said second selection
circuitry so that said                   test outputs of said megacell
module are provided on said external pins when said instruction register
and 25                tap state are set to cause said first and second
selection circuitry to propagate said megacell module test
outputs to said external pins.                  2.       A system as
defined in Claim 1, further comprising a switching circuit including first
and second         inputs and an output, said switching circuit selecting
between an input pin connected with said first input of said
switching circuit or said custom designed digital logic circuitry connected
with said second input of said switching 30     circuit, said output of
said switching circuit being connected to said standardized megacell
module. 



3.       A system as defined in Claim 2, wherein said switching circuit
comprises a multiplexer.                   4.       A system as defined in
Claim 1, further comprising an AND gate which has an output connected
to test inputs of said standardized megacell module, said test inputs of
said megacell module being held either high         or low during normal
testing of said megacell module, so that said test inputs can be controlled
by a single input 35     pin during JTAG testing.    


