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he steady increase in memory densities used in microproces-
sor-based systems has stretched functional test times, as large
memories require time-consuming tests for adequate fault
coverage. Moreover, using high-density ASICs with embedded
memory limits physical test access. Wide buses and high bus
fan out further complicate testing by limiting component fault
isolation. Fortunately, the IEEE-1149.1 boundary-scan stan-
dard offers a solution to the problem of testing static memory.

The boundary-scan standard was initially conceived to test board intercon-
nections without the need for physical probing. The standard requires the
inclusion of boundary-scan functions on ICs, and its success is evidenced by
willingness of silicon vendors to add that capability to their new products.
Boundary-scan devices available now include general microprocessors, digi-
tal-signal processors, field-programmable gate arrays, ASIC libraries (stan-
dard cell and gate arrays), and bus-interface components.

Designers of microprocessor-based applications typically buffer the pro-
cessor’s address and data buses to solve electrical loading or isolation prob-
lems. If the bus-interface parts are IEEE-1149.1 compatible, then boundary-
scan functions can be used to test the memory.

One technique uses boundary-scan instructions to scan in the address val-
ue and the data value, set a memory strobe active to perform the memory ac-
cess, and set the memory strobe inactive to complete the cycle. Because these
multiple-scan steps must be done for each memory address, this technique is
very scan-intensive and therefore very time consuming. For extremely large
memory arrays, the process could require millions of IEEE-1149.1 scan oper-
ations and take hundreds of minutes to perform.

A better solution, which can speed up test execution time by a factor of
hundreds, employs IEEE-1149.1-controlled built-in self-test (BIST) with off-
the-shelf components or ASIC macros. With either method, the fault detec-
tion and isolation provided by a given memory test will depend on the stimu-
lus patterns used. To compare the two techniques, a 256-by-8-bit memory ar-
ray and associated bus-interface and control logic was constructed (Fig. 1).
This configuration allows for explicit read/write operations using the IEEE-
1149.1 Extest and Sample instructions. The IEEE-1149.1 components, which
have a BIST capability controlled by boundary-scan methods, can also per-
form the memory read/write operations.

Two tests were run on the memory. The first explicitly scanned in the RAM
array address, data, and strobe sig-

TABLE 1: BOUNDARY SCAN VERSUS CONTROLLED BIST nal; the second executed IEEE-
256 1,000,000 1149.1-controlled BIST, which gener-
Mode accesses accasses ated the address, data, and strobe
IEEE 1149.1 (Extest & Sample) . signals automatically at the test
;L’:‘““F’P'Y ‘-g:;"- 3;%33(‘)“&’)‘ clock (TCK) rate of 6.25 MHz. The
pa,,g:ns 512 2,000,000 boutr)lldary-sfcazir} techni}?ue_ s?lved the
‘ ~ problem of direct physical access,
IEEE 1149.1 (with BIST capabil . )
(T?,Leto ap:fy'pa il 0.011 sec. 0.75 min. but was time consuming (7able 1).
Scans 7 28,000 The second test, however, clearly
Patterns 512 2,000,000 showed the advantage of IEEE-
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1149.1-controlled BIST. That is, by i p
using IEEE-1149.1-controlled BIST TABLE 2: SCAN SEQUENCE FOR PRPG ——
circuitry embedded within the fune- Step Type Data scanned into device Register accessed
tional logic surrounding large mem- 1 IR scan READBN opcode Instruction
ory arrays, designers can closely em- 2 DR scan Initial seed (16 bits) Boundary register
ulate the actual functional charac- : R saan E%:”ﬁ,’;m“;n % ‘;‘.;::’g:;“wm o
teristics arfd timing speeds of the 5 IR scan Runt opcode Instruction
memory being accessed. 6 IR scan Bypass opcode Instruction

This article describes how to im-
plement this solution using Texas In-
struments Scope bus-interface com-
ponents. These are off-the-shelf de-
vices that offer the IEEE-1149.1-con-
trolled BIST functionality needed to
test static memory. The Scope de-
vices also supply the electrical signal
conditioning and buffering a design
engineer would typically design
around a miCroprocessor.

(GENERATING PATTERNS

First, a few comments regarding
deterministic and algorithmic pat-
terns. Using algorithmically gener-
ated patterns for memory-array
tests is an accepted engineering
practice commonly used in software-
based built-in test (BIT) code. Deter-
ministic patterns that can’t be gener-
ated with a BIST algorithmic circuit
would require more memory to store
the patterns than the memory array
that’s being tested.

Various memory-testing algo-
rithms are available. Each technique
specializes in detecting and isolating
particular memory faults. Once the
engineer analyzes the memory fault
classes and testing approaches appli-
cable to a given design, the appropri-
ate BIST structures can be integrat-
ed into the processor, ASIC, or bus-
interface components.

The size of the memory array is im-
portant in determining the desired
width of the BIST structure bound-
ing the address and data buses. An
octal bus-interface component can
generate only 256 unique patterns
from its BIST circuit. So, if two 8-bit
octals are used on a 16-bit bus, the
BIST must be executed 256 times to
cover a 64-kbit memory space.

The Scope 8-bit octal bus interface
components provide flexible, generic
types of BIST structures that sup-
port several memory-testing algo-
rithms. The 8-bit biCMOS technolo-
gy (BCT) devices have BIST struc-
tures for pseudo-random pattern
generation (PRPG), parallel signa-

ture analysis (PSA), concurrent
PSA/PRPG, and Toggle/Sample.
The 8-bit advanced biCMOS technol-
ogy (ABT) versions have the same
capabilities as the BCT parts, and
add a Count-up (256 patterns) func-
tion at the outputs. The 18- and 20-bit
Widebus Scope bus interface compo-
nents generate 256-kbit and 1-Mbit
unique patterns, respectively, in one
BIST execution. These parts also
have advanced BIST capabilities, in-
cluding the Count-up function of the
ABT devices.

The example circuit uses the BCT
octal bus interface components, so a
review of their BIST functions is ap-
propriate at this point. Specifically,
the following descriptions of PRPG,

PSA, combined PSA/PRPG, and
Toggle/Sample patterns apply to the
BCT8240, BCT8244, BCT8245,
BCT8373, and BCT8374.

For PRPG, the patterns are gener-
ated at the functional outputs. The
user should select an initial seed val-
ue and scan it into the boundary-scan
register before performing the scan-
ning sequence required to place the
deviceinto PRPG (Table 2). After the
Instruction Register (IR) scan of
step 5 is completed and the test ac-
cess port (TAP) has entered the Run-
Test/Idle state, the device outputs
begin generating pseudo-random
patterns.

The timing relationship of these
patterns to TCK and test mode select
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1. A SIMPLE CIRCUIT CONSISTING of a memory array and associated bus-

interface and control logic was constructed in order to evaluate two memory test methods,




DESIGN APPLICATIONS

BOUNDARY-SCAN
MEMORY TESTS
multiple input-pattern com-
binations produce the same
w — S S S final signature. If that hap-
m / pens, certain memory data
TAP state X X A NG faults could be masked and
thus go undetected.

(a) PRPG waveform The PSA mode would typ-
Y120 X Pt X XA Xt ically be used when verify-
ing the validity of known
() PSA waveform data previously written to a
1A1-2M X Sample Sample Sample Sample block of memory. Using the
) 16-bit PSA function of a
(¢) Combined PSAPRPG wavetom Scope octal device reduces

1Y1-2v4 X Pt A k2 X 3 X pad the chance of aliasing.
As noted, the Scope octals

: Sampl Samp Sampl ’

h-2M ... Samgl Sanpi . . can also combine PRPG and
(d) Toggle/sampie wavetorm PSA operations. In this
124 X Pl X mr Xl X___ B mode, the devices simulta-
neously generate pseudo-
A1-2M A Sample X Sampe X Somgle X Sample randorr? pgtterns onI;he out-

puts while compressing a

2. THIS timing diagram shows the relationship between the IEEE-1149.1 signals—TCK, TMS, and

TAP state—and the different types of test data signals that can be used to test the memory.

(TMS) is given in Figure 2a. The
Scope octal’s outputs change value
after the falling edge of TCK while
the TAP is in Run-Test/Idle and the
current instruction register is loaded
with the instruction Runt.

All Scope octals use an internal 16-
bit linear feedback shift register
(LFSR) for PRPG. The devices must
receive a total of 65,535 TCKs in or-
der to generate every sequence com-
bination of 8-bit (octal) output val-
ues. The sequence of these values is
pseudo-random, based on the initial
seed value written into the bound-
ary-scan register. The seed can be
any value between x0001 and
xFFFF. A seed of x0000 causes the
LFSR to remain at x0000. After
65,535 TCKs, the output pattern se-
quence begins to repeat.

The 16-bit PRPG function can be
used to generate input patterns for
the data bus when performing mem-
ory write operations. This function
would not normally be used for gen-
erating address patterns because it
would take more than 256 TCKs to
‘ensure that all 256 memory locations
were accessed.

Usine PSA

When the PSA function is used,
data appearing on the eight function-
al data inputs is compressed into a
16-bit signature. As with PRPG, an
initial seed value must be scanned

into the boundary-scan register be-
fore the scanning sequence required
to place the device into PSA is per-
formed (Table 3). The compression
occurs after the IR scan of step 5 is
completed and the TAP enters the
Run-Test/Idle state.

The timing relationship of the data
sampling to TCK is shown in Figure
2b. The A-inputs of the Scope octal
devices are sampled on the rising
edge of TCK, while the TAP is in
Run-Test/Idle and the current in-
struction register is loaded with the
instruction Runt.

The PSA function uses the 16-bit
LFSR to generate the 16-bit signa-
ture, based on the initial seed value
loaded in the boundary-scan regis-
ter. The 16-bit seed can be any value
between x0000 and xFFFF. The seed
value chosen will affect the validity
of the signature and the detection of
faulty patterns. Therefore, the engi-
neer should carefully study the na-
ture of the LFSR’s signature analy-
sis in order to understand aliasing
conditions. Aliasing occurs when

signature on the inputs. The
IEEE-1149.1 scan opera-
tions needed to set up a de-
vice for combined PSA/PRPG opera-
tion are similar to those for the PSA
mode (Table 3, again). One differ-
ence is that the 16-bit seed value is
split into two 8-bit seeds, one for
PRPG and the other for PSA (step 2).
In addition, the boundary-control
register should be loaded witha b'11’
value (step 4). After the IR scan of
step 5 is completed and the TAP en-
ters the Run-Test/Idle state, the oc-
tal’s outputs begin generating
PRPG patterns and the inputs are
compressed. The timing relationship
of these operations to TCK is shown
in Figure 2c.

Because the two 8-bit seeds split
the 16-bit LFSR, only 255 TCKs are
required to generate every PRPG
output value, and the device gener-
ates only an 8-bit PSA signature. Af-
ter 255 TCKs, the output PRPG se-
quence repeats itself. Because of the
nature of an LFSR, the eight outputs
will never be all zeros. Because only
8 bits of the LFSR are used for PSA,
the possibility for aliasing increases.
Consequently, the 8-bit PRPG func-

TABLE 3: SCAN SEQUENGE FOR PSA

Step Type Data scanned into device Register accessed
1 IR scan READBN opcode Instruction
2 DR scan Initial seed (16 bits) Boundary Register
3 IR scan SCANCN opcode instruction
4 DR scan b’10’ (PSA) Boundary Control
5 IR scan Runt opcode Instruction
6 IR scan READBN opcode Instruction
7 DR scan Resulting signature Boundary Register
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tion could be used
to produce memory
addresses, since
255 address values
can be generated
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In the Toggle/
Sample mode, the
octal device gener-
ates a toggle pat-
tern at the function-
al outputs while the
inputs are sampled.
Once again, the
scan operations
used to set up the
octal for Toggle/
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similar to those for
PSA setup. Two 8
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control register
should be loaded
with a b’00’ value
(step 4). As in the other modes, the
octal’s outputs begin to toggle after
the IR scan of step 5 is completed and
the TAP enters the Run-Test/Idle
state.

The timing relationship of these
patterns to TCK is shown in Figure
2d. The outputs of the Scope octal
change value after the falling edge
of TCK, and the TAP is in Run-Test/
Idle and the current instruction reg-
ister is loaded with the instruction
Runt. The toggling output function
could also be used for generating
memory data input patterns, such as
55/AA, FF/00, and so on.

An example circuit consists of a
generic microprocessor, a static
RAM array, two PALs, and several
Scope octal ICs (F%g. 3). The micro-

3. IN THE EXAMPLE TEST CIRCUIT, several bus-interface devices partition the address and data

buses to facilitate boundary scan around the microprocessor.

and a 16-bit data bus, as well as read/
write (R/W) and address strobe
(STRB) control signals. The Scope
octal devices partition the address
and data buses to facilitate boundary
scan around the microprocessor.
Specifically, U, and U, (BCT8244
types) buffer the microprocessor’s
address bus, and U,and U, (BCT8245
types) are transceivers on the micro-
processor’s data bus. U, (a BCT8244)

processor has a 16-bit address bus

TABLE 4: MEMORY MAP
AND ADDRESS DECODER
Address range
BAgg-BAyg Memory selected
0000-3FFF Not defined
4000-7FFF RAM array (to be tested)
8000-FFFF Not defined
ISRAMCS = ((!BA15 & BA14 & BSTRB) # (IBA15&
BA14 & TSTCS))

buffers the processor’'s R/W signal
and other control signals.

For simplicity, the example circuit
doesn’t detail the data-transfer ack-
nowledgement logic. The signal H, is
the microprocessor’s functional
clock, from which all functional
read/writes are timed (F%g. 4).

The circuit’s memory map and ad-
dress decoder equation, including
the buffered upper address lines,
BA,,, and BA ,, are defined in Table
4. To select the memory resource to
be tested by the BIST function, BA,
and BA . must be controlled properly
to generate the necessary chip se-
lect. The 20L8 PAL, U,, generates a
chip select to the RAM array,
SRAM_CS.

The logic equation generating
SRAM__CS has two product terms
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(P-Terms). The first PAL needs to know
generates the ::funp- Read operation Whep the Runt instrue-
R I e e N N N B i
ports IEEE-1149.1 SRR — N____/ nal, Memtest, is used to
BA. is s logie 0 and | W 7 X BOTS3 octal bufter
BA, is a logig 1 and | .15 X v X drives this signal.
STRB is a logic 0, .the DOIE) - — - — -~ Y an The egt'latlon for
output SRAM_CSis a Test__CSis:
logic 0. This enables the Test__CS = (Memtest *
RAM array (via the Wrile operation Runtest * TCK)
cnpectyn) ol NN TN TN | Sl prtorming
logically ORed with the | TS n_/ operations must set the
first and ts th Memtest signal 1 t
irst and suppor e -\ ) emtest signal low a
BIST operation. U, (the R the same time that the
octal that buffers the AD..15) X Valid X Runt instruction is load-

dd b ed into the octal -
;I:ll;?l.)e ?oadt:isvsvith Et?g e . for::ing eP?lcPGS gi!(‘i
Extest instruction and PSA.
mustdrive the upper ad- The designer must be

dress lines, BAy, %5. The
output SRAM_CS is a
logic 0 when BA; is a
logic 0, BA,, is a logic 1, and
Test__CS is a logic 0. The lower ad-
dress lines, BA,, ,,, are driven by
U,’s PRPG BIST circuit.

The 16R4 PAL, U,, generates the
Test__CS signal at the appropriate
time to allow the IEEE-1149.1 BIST
functions to time properly with the
RAM circuitry. This device holds
three logic components.

The first logic component has two
inputs—TCK and TMS. The TMS sig-
nal is sampled on every rising edge
of TCK, just as in other IEEE-1149.1
devices. By sampling TMS, the PAL
logic can monitor the TAP state of
the IEEE-1149.1 scan bus. The TAP
has 16 possible states, encoded into

show the relationship between the microprocessor’s functional clock,

l 4. THE READ/WRITE WAVEFORMS for the example circuit
H;,, and the appropriate signals.

four outputs defined as TAP,-TAP,
(Table 5).

The PAL’s second logic compo-
nent generates the output signal
Runtest. This signal is asserted (log-
ic 0) whenever the TAP is in the Run-
Test/Idle state. This signal, which
indicates when the TAP is in Run-
Test/Idle state, is important. When
the TAP is in this state and the octal
is loaded with the Runt instruction,
the BIST circuitry generates pseudo-
random patterns or compresses a
PSA signature.

The third logic component actually
generates the Test__CS signal.
While the octals are performing the
BIST in the Run-Test/Idle state, this

TABLE 5: DEVICE U5 TAP STATE DEFINITION |
Output

TAP; TAP, TAP, TAPg TAP State
1 1 1 1 Strap
1 1 0 0 Run-Test/Idie
0 1 1 1 Select __OR
0 1 0 0 Select _IR
0 1 1 0 Capture__DR
0 0 1 0 Shift _DR
0 0 0 1 Exity DR
0 0 1 1 Pause DR
0 0 [\ 0 Exit, DR
0 1 0 1 Update _ DR
1 1 1 0 Capture IR
1 0 1 0 Shift __IR
1 0 0 1 Exity IR
1 ] 1 1 Pause _IR
1 0 0 0 Exit, IR
1 1 0 1 Update IR

IRUNTEST = (TAP;3 * TAP, * ITAP; * ITAPg)

able to shut off the mi-
croprocessor or hold it
inareset state while the
test is executing. Thus, the proces-
sor should be controllable via an
IEEE-1149.1 scannable register. Ta-
ble 6 defines the scan operations re-
quired to perform BIST memory
writes to RAM addresses 4001-40FF,
using pseudo-code to generate both
the address and data patterns. De-
vice U, generates pseudo-random ad-
dresses on signals BA .., and de-
vices U, and U, generate pseudo-ran-
dom data on signals BD, . (Table 6).

The following steps execute the
BIST memory write operation:

Step I loads all Scope octals witha
READBN instruction, which allows
access to the octal boundary-scan
register (BSR) while the octals re-
main in their functional mode.

Step 2 involves a Data Register
scan that initializes the BSRs of each
octal device. U, (BA, ) is set up
with the desired RAM memory ad-
dressand U,(BA ;) is loaded witha
PRPG seed value. Both U, (BD, )
and U, (BD, ) are loaded with a
PRPG seed value. U, is set up with
the Memtest signal asserted (logic
0), and the read/write-signal (BR/W)
logic level selecting a write (logic 0)
operation.

Step 4 is an Instruction Register
scan that loads the octals U,, U,, and
U, with the SCANCN instruction.
This instruction allows access to the
boundary control register (BCR). U,
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TABLE 6: PSEUD0-CODE FOR MEMORY WRITE OPERATIONS
Sequence Memtest
and BAgy-BAys BAgg-BAg; BDgg-BD4g BDgg-BDg7 and BR/W
type Y v, Uy Uy Us
**Shut off the embedded microprocessor
1R READBN READBN READBN l READBN READBN
2.0R BAj5=0 LFSR seed LFSR seed LFSR seed BR/W=0
BAy =1 (set direction A — B) —
BAgg, 3= 000000 Memtest=0
3.R Bypass SCANCN SCANCN SCANCN Bypass
4.0R Bypass PSA/PRPG PSA/PRPG PSA/PRPG Bypass
0 " " 1 0
5. IR Extest Runt Runt Runt Extest
**Hold in 1149.1 Run-Test/!dle state for 255 Test Clocks (TCKs)
6.IR READBN READBN READBN r READBN READBN
7.DR BAi5=0 LFSR seed LFSR seed o LFSR seed BR/W=0
BAOGB_,A;; 3(;000 ; (set direction A — B) Wemtest=0

and U, are loaded with the Bypass
instruction.

Step 4 is a Data Register scan that
loads the U,, U,, and U, BCRs with
the PSA/PRPG code (11).

Step 5 is an Instruction Register
scan that loads U,, U,, and U, with
the Runt instruction and loads U,
and U, with the Extest instruction.
Extest allows the previously loaded
values for BA, BR/W, and Memtest
to be asserted when the TAP enters
the Update-IR state. When the TAP
enters the Runtest/Idlestate, U,, U,,
and U, begin generating PRPG pat-
terns (Fig. 5).

Step 6 is an Instruction Register
scan that puts the octals into their
functional mode. It also deasserts
Uy’s Memtest signal (logic 1), pre-
venting Test__CS from being gener-

cute the memory read operation:

Step 1 loads the octals with the
READBN instruction, which allows
access to the octal BSR while the oc-
tals remain in their functional mode.

Step 2is a Data Register scan that
initializes the Scope octals’ BSRs. U,
(BA, ;) is set up with the desired
RAM memory address and U, (BA,
) 15 loaded with a PRPG seed value.
Both U, (BDy .)and U, (BD,, ;) are
loaded with a PSA seed value. U; is
set up with the Memtest signal as-
serted (logic 0), and the read/write
signal BR/W logic level selects read
(logic 1).

Step 3 is an Instruction Register
scan that loads octals U, U,, and U,
with the SCANCN instruction, per-
mitting access to the boundary con-
trol register. U, and U, are loaded

with the Bypass instruction.

Step 4 is a Data Register scan that
loads the U,, U,, and U, boundary
control register with the PSA/PRPG
code (11) and PSA code (10).

Step 5 is an Instruction Register
scan that loads U,, U,, and U, with
the Runt instruction and loads U,
and U, with the Extest instruction.
The Extest instruction allows the
previously loaded values for BA
BR/W, and Memtest to be asserted
when the TAP enters the Update-IR
state. When the TAP enters the Run-
test/Idlestate, U, begins generating
PRPG patterns and U, and U, begin
compressing a signature.

Step 6 is an Instruction Register
scan that puts the octals into func-
tional mode. It also deasserts octal
device U,'s Memtest signal (logic 1),

ated when the Runtest/

Idle state is reentered.
Step 7isa Data Register | o e N U s U s Y it /U

scan that sets up the mem- | ys —-—
ory write operation for the Te—
next block of memory. TAP state X @t X Run-testAdls .o X SR

t.Similarlj(;, ghffa scan oper- | pu.07) )& Pafn X R X Tl ee X Tl
ations needed for memory oo
read operations read from BNGR..15) X Yale - 100600 s
RAM addresses 4001- | BD(00.07) X Patiem { X Rz X P, X P
40FF. U, generates pseu- | BO{88..15) XC Pattern { X R X Rl ee X _HEm
do-random addresses on o \ .
address bus signals B oo
op and devices U, andAﬁ); SRAM_CS NN e
compress a signature from | BRW \ oo
data bus signals BD,, .
(Table 7).

The following steps are
required in order to exe-

5. THE BIST-GENERATED prre patterns for memory write operations are created after U,,
U,, and U, are Joaded with the Runt instruction, and the TAP enters the Run-test/Idle state.
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PRPG, 16-bit PRPG, Tog-
gle, and Binary Count-up.
Yo /T N/ N/ T/ /""" /" \_ | Thepartsallow for reading
ms T\ Y BIST data from a block of
. memory by using 16-bit PSA

WPstate —— > UtatR X Run-testidle .o X_Sel0R data compression.

BA(00..07) X Paflern 1 X hz X rl g X Pt The use of 8-bit PRPG for
w3 : e onersion s
B0.47) =~ == m == OS> -- - e <BEO- -~ not include address 00. De-
B8 15~~~ "~~~ -~ -~ - Ao -~ Ao~ A0 e <& O>----- signers can ignore this
e .e shortcoming or do a sepa-
Memtest .o rate boundary-scan proce-
SRAM_CS (e ) —e — dure for address 00 in each
BRW __ / ) memory block tested. The
Binary Count-up algorithm
accesses every address in

6. THE BIST-GENERATED waveforms for memory read operations are created after the Data

Register scan that reads the signature from octals U, and U.

preventing Test__CS from being
generated when the Runtest/Idle
state is reentered.

Step 7is a Data Register scan that
reads the signature from octals U,
and U,. In adition, it sets up the mem-
ory read operation for the next block
of memory.

The BIST-generated waveforms
for the memory read operation are
shown in Figure 6.

The designer can repeat these pro-
cedures to access other locations in
the RAM array by changing the val-
ue of U/s boundary-scan register
output signals, BA ,,. Because U,
operates in the Extest mode, soft-
ware has to increment and scan out
each of these addresses.

During Read cycles, the data bus,

sertion of SRAM__CS (after the
RAM access time). The bus is sam-
pled by devices U, and U, on the ris-
ing edge of TCK, which is when
SRAM__CSis being deasserted. The
address bus changes value after the
falling edge of TCK (after the propa-
gation time, TCK-to-Q valid). The cal-
culation of the minimum TCK period
must consider the address setup
time, RAM access time, and the octal
data setup and hold times.

OTHER CONSIDERATIONS

The 8-bit Scope octals offer two
practical patterns for generating
BIST addresses to a block of memo-
ry: 8-bit PRPG and Binary Count-up
(for ABT parts only). The devices
also supply four ways of writing

the memory block.

One type of fault not fully
covered by PRPG, or by one
pass of any data pattern, is a single
stuck bit in a memory cell. To guar-
antee detection of this fault, the test
must write and read back a data pat-
tern and its complement on two
successive BIST executions. Only
the Toggle algorithm can do this.
The other data patterns require
many more BIST operations.

Regardless of the address and
data patterns used, all BIST memory
blocks are read back using 16-bit
PSA data compression. If the data
patterns created a unique signature
for each data byte within all the
memory blocks, the tests should de-
tect the general area and/or type of
error. For example, if an error oc-
curs in the same byte of every block,
a data line probably has a short or an

BD,, ,., becomes valid during the as- | data to a block of memory: 8bit | open. If all the bytes in a memory
TABLE 7: PSEUDO-CODE FOR MEMORY READ OPERATIONS
Sequence Memtest
and BAgg-BA5 BAgg-BAg; BDg-BDy5 BDgg-8Dg7 and BR/W
type U, v, Uy ) Yg
**Shut off the embedded microprocessor
1R READBN READBN READBN ] READBN READBN
2.0R BA5=0 LFSR seed LFSRseed LFSR seed BR/W=1
BM:,AJL T)(;OOOO (setdirection B — A) Memiesi—0
3.IR Bypass SCANCN SCANCN SCANCN Bypass
4.DR Bypass PSA/PRPG PSA PSA Bypass
0 1 10 10 0
51R Extest Runt Runt Runt Extest
**Hold in 1149.1 Run-Test/Idle state for 255 Test Clocks (TCKs)
6.1R READBN READBN READBN | READBN READBN
7.0R g:w:g Read Read BR/W=1
BAg 13~ 000001 wwu’:w oad next LFSR seeds)mm“ure Memiest—0
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block are in error, an address line
may have a problem. If only one byte
in a block has a error, a memory cell
may be bad, especially if complemen-
tary data does not cause an error.

Once the general area or type of
error is known, the designer can
write a simple program using TI's
Asset boundary-scan development
tools that will read and write to any
selected address. Using various ad-
dresses and data patterns, this pro-
gram can help determine the exact
location of the problem.

For larger memory arrays, the Wi-
debus interface parts can be used.
These parts allow a larger block of
data (up to 65,536 addresses) to be
tested in one BIST execution. Also,
one device can generate or read two
data bytes. Although this capability
increases test speed, it reduces reso-
lution in locating a particular fault.

The techniques discussed in this
article are for testing of static de-
vices (RAM, ROM, EPROM, etc.).
However, with some minor changes
depending on the type of device be-
ing tested, similar methods can be
used to test dynamic RAMs. The
main consideration is the refresh cy-
cle time required by the DRAM. One
alternative is to make the BIST for
each memory block short enough
that a burst refresh before and after
each BIST can keep the memory re-
freshed. Another technique is to de-
sign the address generator part of
the BIST circuit so that it is tied to all
the DRAM row-address lines. Then
the DRAM will be refreshed auto-
matically while the BIST is running.

Jim Coleman, hardware develop-
ment manager for Texas Instru-
ments Semiconductor Group’s
Test Technology Center, received a
BS in computer engineering from
the Rochester Institute of Technol-
ogy, Rochester, N.Y.

Richard Thorpe, a member of the
group technical staff for the Test
Technology Center, holds a BS and
MS in electrical engineering from
the University of Texas at Austin.
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ASSET-2.0

VICTORY™ software for in-circuit testing == = = ===~~~ -1

ASSET-AIT

8-bit BICMOS bus interface -========mcececaaa -

SN74BCT8240
SN74BCT8244
SN74BCT8245
SN74BCT8373
SN74BCT8374

8-bit Advanced BiCMOS bus interface -~~~ =wweeewa-x:

SN74ABT8240
SN74ABT8244
SN74ABT8245
SN74ABT8373
SN74ABT8374
SN74ABT8543
SN74ABT8646
SN74ABT8652
SN74ABT8952

18- and 20-bit wide Advanced BiCMOS bus interface - - --

SN74ABT18245
SN74ABT18502
SN74ABT18504
SN74ABT18640
SN74ABT18646
SN74ABT18652

3.3 Volt 18- and 20-bit wide bus Inferface-=~==—====-4

SN74LVT18245
SN74LVT18502
SN74LVT18504

Futurebus+ Chipset-====~==cc-c-=oocomuucm—-

TFB2002
TFB2010
TFB2022

microSPARC™ - RISC microprocessor-—=====m==n--

TMS390S10

SuperSPARC™ - superscalarRISC _____ |
microprocessor and cache controller

TMS390Z50
TMS390755

Parallel-processing, 32-bit, floating-point DSP - ===~~~

TMS320C40

High-performance, 16-bit, fixed-point DSPs - -~~----~~

TMS320C50
TMS320C51
TMS320C52
TMS320C53

Field-programmable gate arrays (FPGAS)-==-~~~~---

TPC12xx

CMOS Gate Arrays -==========m--cemmccaane

TEC1000
TEC1000LV
TGC1000
TGC1000LV

BiCMOS Gate Arrays-============ceomccunaux;

TEB1000
TGB1000
TGB2000
TGB2000E

Test Bus Controller---========m=meeeeeanaum- 1

SN74ACT8990

Scan Engine™ (Test Bus Controller support software)~--

TBC-SE-SW

16-bit Digital Bus Monitor------~-=~cc-ccumeuu-

SN74ACT8994

Scan Path Support Devices - -=--- -~ ccccecauu-

SN74ACT8997
SN74ACT8999
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.
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