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t(JNational Semiconductor 

SCAN Products Selection Guide 

Function I Device I 
Bit-

I 
Features 

Width 

TRANSCEIVERS 

Non-Inverting SCAN18245T 18-bit • Dual Output Enable Control Signals 
• IEEE 1149.1 (JTAG) Compliant 
• Includes CLAMP and HIGHZ Instructions 

• 9-Bit Data Busses for Parity Applications 
• TRI-STATE@ Outputs for Bus-Oriented Applications 

• Reduced-Swing Outputs source 32 rnA/sink 64 rnA (Comm), and source 
24 mA/sink 48 mA (Military) 

• Guaranteed to Drive 50n Transmission Line to TTL Input Levels of O.8V and 

2.0V 

• TTL Compatible Inputs 
• 25 mil Pitch SSOP (Shrink Small Outline Package) 

Non-Inverting SCAN182245A 18-bit • High performance BiCMOS technology (tpo < 4 ns, typ) 
• 25n series resistors in outputs eliminate the need for external terminating 

resistors 

• Dual output enable control signals 
• TRI-STATE outputs for bus-oriented applications 
• 25 mil pitch SSOP (Shrink Small Outline Package) 

• IEEE 1149.1 (JTAG) Compliant 
• Includes CLAMP, IDCODE and HIGHZ instructions 

FLIP-FLOPS 

D SCAN18374T 18-bit • Buffered Positive Edge-Triggered Clock 
• IEEE 1149.1 (JT AG) Compliant 
• Includes CLAMP and HIGHZ Instructions 

• 9-Bit Data Busses for Parity Applications 
• TRI-STATE Outputs for Bus-Oriented Applications 
• Reduced-Swing Outputs source 32 mA/sink 64 mA (Comm), and source 

24 mA/sink 48 mA (Military) 
• Guaranteed to Drive 50n Transmission Line to TTL Input Levels of O.8V and 

2.0V 

• TTL Compatible Inputs 
• 25 mil Pitch SSOP (Shrink Small Outline Package) 

D SCAN 18237 4A 18-bit • High performance BiCMOS technology (T PO < 4 ns, typical) 
• 25n series resistor outputs eliminate need for external terminating resistors 

• Buffered positive edge-triggered clock 
• TRI-STATE outputs for bus-oriented applications 
• 25 mil pitch SSOP (Shrink Small Outline Package) 

• IEEE 1149.1 (JT AG) Compliant 
• Includes CLAMP, IDCODE and HIGHZ instructions 

vii http://www.national.com 
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Function 
I 

Device 

LATCHES 

Transparent SCAN18373T 

Transparent SCAN182373A 

LINE DRIVERS 

Inverting SCAN18540T 

Non-Inverting SCAN18541T 

Non-Inverting SCAN 182541 A 

http://www.national.com 

I 
Blt-

Width 

18-bit 

18-bit 

18-bit 

18-bit 

18-bit 

I Features 

• Buffered Active-Low Latch Enable 
• IEEE 1149.1 (JTAG) Compliant 
• Includes CLAMP and HIGHZ Instructions 
• 9-Bit Data Busses for Parity Applications 
• TRI-STATE Outputs for Bus-Oriented Applications 
• Reduced-Swing Outputs source 32 mA/sink 64 mA (Comm), and source 

24 mA/sink 48 mA (Military) 

• Guaranteed to Drive 50n Transmission Line to TIL Input Levels of O.8V and 
2.0V 

• TIL Compatible Inputs 
• 25 mil Pitch SSOP (Shrink Small Outline Package) 

• High performance BiCMOS technology (T PO < 4 ns, typical) 
• 250 series resistor outputs eliminate need for external terminating resistors 
• Buffered active-low latch enable 
• TRI-STATE outputs for bus-oriented applications 
• 25 mil pitch SSOP (Shrink Small Outline Package) 
• IEEE 1149.1 (JTAG) Compliant 
• Includes CLAMP, IDCODE and HIGHZ instructions 

(Same Features of the SCAN 18541 T) 

• Dual output enable signals per byte 
• IEEE 1149.1 (JTAG) Compliant 
• Includes CLAMP and HIGHZ Instructions 
• 9-Bit Data Busses for Parity Applications 
• TRI-STATE Outputs for Bus-Oriented Applications 
• Reduced-Swing Outputs source 32 mA/sink 64 mA (Comm), and source 

24 mA/sink 48 mA (Military) 

• Guaranteed to Drive 50n Transmission Line to TIL Input Levels of O.8V and 
2.0V 

• TIL Compatible Inputs 
• 25 mil Pitch SSOP (Shrink Small Outline Package) 

• High performance BiCMOS technology (T PO < 4 ns, typical) 
• 250 series resistor outputs eliminate need for external terminating resistors 

• Dual output enable signals per byte 
• TRI-STATE outputs for bus-oriented applications 
• 25 mil pitch SSOP (Shrink Small Outline Package) 
• IEEE 1149.1 (JTAG) Compliant 
• Includes CLAMP, IDCODE and HIGHZ instructions 
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Function I Device 

SYSTEM SUPPORT 

Embedded 
Boundary 

Scan 
Controller 

SCANPSC100F 

Hierarchical SCANPSC110F 

and Multidrop 
Addressable 
JTAG Port 

SCAN SCAN EASE 

Embedded 

Application 

Software 

Enabler 

Features 

• Compatible with the IEEE Std. 1149.1 (JTAG) Test Access Port and Boundary Scan 
Architecture 

• Interfaces up to Two 1149.1 Scan Rings 
• Fabricated in FACTTM 1.5JJ- CMOS Process 
• Generic Parallel Interface Synchronizes Processor Signals with the SCANPSC1 OaF 

Operation Clock, SCK 

• 16-Bit Serial Signature Compaction (SSG) at the Test Data in (TOI) Port 
• Automatically produces Pseudo-Random Patterns at the Test Data Out (TOO) Port 

• 25 MHz Operation 
• TTL Compatible Inputs, Outputs are Full-Swing CMOS with 24 mA Source/Sink Capability 

• True IEEE1149.1 Hierarchical and Multidrop Addressable Capability 

• The 6 Slot Inputs Support Up to 59 Unique Addresses, a Broadcast Address, and 4 Multi-cast 
Group Addresses 

• 3 IEEE 1149.1-Compatible Configurable Local Scan Ports 

• Mode Register Allows Local TAPs to be Bypassed, Selected for Insertion into the Scan Chain 
Individually, or Serially in Groups of Two or Three 

• 32-bit TCK Counter 
• 16-bit LFSR Signature Compactor 
• Local TAPs Can Be TRI-STATE Via the OE Input to Allow an Alternate Test Master to Take 

Control of the Local TAPs 

• Processor independent-runs on big/little endian and memory- and I/O-mapped 
architectures 

• Compatible with Teradyne VICTORYTM ATPG and JTAG Technology BTPGTM tools (others 
supported upon request) 

• Provides automated translation, application and evaluation of ATPG-generated tests in an 
embedded system environment 

• Includes a Scan Function Library and National's Embedded Boundary Scan Controller 
SCANPSC1 OaF device driver to support custom or non-ATPG generated vector applications 

• Supports embedded test data log for diagnostic processing 
• Includes Microsoft Windows GUI and serial communication tool for system administration and 

remote testing 

• Supports SCANPSC110F Hierarchical and Multidrop JTAG Addressable Port architecture 

ix http://www.national.com 
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The Economics of Design for Test 
Many of the perceived costs of a DFT strategy fall upon the 
design organization, while many of the benefits reward the 
manufacturing and test organizations. This adversarial posi­
tion can be eliminated by meeting the needs of all organiza­
tions involved in DFT. 

EFFECT OF OFT BY DEPARTMENT 

Design Die Area Increased Cost 
Design Cycle Time Lowered Cost 
Performance Impact Increased Cost 
EDATools Increased Cost 

Test Fault Simulation Lowered Cost 
Simplified Debug & Diagnostics Lowered Cost 
Fewer Design Changes Lowered Cost 
Lower ATE Cost Lowered Cost 

IMPACT OF OFT VARIABLES BY DEPARTMENT 

Profit Factor 
Units Sold 

Department 
Design 

Marketing 

Sales 

Impact 
New product feature, 
faster design cycle time 
Lower selling price 
through cost reduction 
Lower selling price 

Selling Price Design New product features 
of higher quality Marketing 

Sales 

Variable Cost Marketing Higher cost of silicon, 
lower overall 

Fixed Cost 

Total Profit 

Sales 
Manufacturing manufacturing costs 
Design 

Manufacturing Lower cost ATE, more 
productive ATE (higher 
throughput), improved 
fault coverage 

Field Service Less field spare 
inventory, faster debug 
and diagnosis 

Management Overall investment 
strategy, capital 
utilization, ROA, cost 
calculation methods 

1-5 

Boundary scan also provides cost savings which can be 
measured directly in production and can reduce the time to 
market. This method fits within a concurrent engineering en­
vironment in various ways: 

• Reduces test time and costs 

• Reduces test preparation time and costs 

• Increases the time available for test programs for pro-
duction 

• Allows simpler, less costly testers 

• Shortens diagnostic times 

• Provides a commonality of tester interface 

• Allows the continued test of high density/poor-access 
boards 

Where the Failures Are 
PCB test failures can result from either structural faults 
(opens, stuck-ats, bridging, missing/wrong components, 
etc.), analog failures (faulty or incorrect passive compo­
nents) or performance faults (timing problems or board/ 
component design errors). However, structural faults ac­
count for the overwhelming majority of board failures during 
manufacturing test. In fact, data from Teradyne, a leader in 
the test industry, suggests that greater than 80% of the 
board level test manufacturing failures are structural in na­
ture. See Figure 3. 

http://www.national.com 
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Implementing boundary scan on every component on the 
board provides the maximum benefit in terms of reduced 
tester cost, test development times and concurrent engi­
neering. However, boundary scan can also complement an 
ICT in testing structural faults. See Figure 7. This was fully 
recognized by ICT tester companies when they developed 
their ICT systems and most ICT's now have a connector 
dedicated for boundary scan testing. Additionally, these 
tester companies included the option of mixing boundary 
scan and ICT in their ATPG tools by using ICT component 
libraries for non-scan products and BSDL for scan products. 
For example, vectors can be automatically generated to 
drive signals with boundary scan and compare results using 
physical test probes. Many companies have already invest­
ed millions of dollars in ICTs and may want to use boundary 
scan only where required for inaccessible nodes, non-library 
parts, etc. or as a means of cutting ICT fixture costs. 

For smaller companies or companies in the process of pur­
chasing new ICT equipment, implementing boundary scan 
may provide a way to reduce the required ICT features like 
number of channels providing a tremendous reduction in the 
tester cost where cost ranges from $200K up to $1 M. 

Boundary scan works with an ICT to provide 
access to inaccessible nodes and/or to reduce 
leT physical test points 

Treating non-IEEE 1149.1 nodes as cluster 
can eliminate ICT physical test points 

Figure 7 shows two examples of ICT and boundary scan 
working together. The lower of the two graphics shows clus­
ter testing. Cluster testing is the testing of a group of devic­
es by applying data to the inputs of the group or cluster and 
evaluating the results on the output of the group or cluster. 
Cluster testing can vary from testing the interconnects be­
tween the components in the cluster to testing the internal 
nodes of each component within the cluster. 

System Test 
National supports the needs of the system design architect 
by: 

• Acknowledging the need for live insertion on the back-
plane 

• Fully complying to IEEE 1149.1 (board test) 

• Addressing the 1149.5 standard (system test) 

While boundary scan diagnostics are particularly useful for 
telecommunications and workstations, their benefits also 
extend to board manufacturers that want to reduce the time­
to-market of their products. 

For small companies, we provide the option to expensive 
$1 million test equipment. With help from our software and 
hardware partners (such as Corelis and JTAG Technolo­
gies), National can support total system test solutions with 
PC-based boundary scan devices, software, and hardware 
solutions. 

TLIF/11587-11 

FIGURE 7. Boundary Scan and ICT Can Work Together 
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SELECT-IR Scan: This is a temporary state in which the 
INSTRUCTION register retains its previous value. 

Capture-IR: In this controller state, a fixed value must be 
parallel loaded into the INSTRUCTION register. The only 
restriction on what that data may be is that its least signifi­
cant bit must be a logic high, or 1, and its second least 
significant bit must be a logic low, or O. These opposite state 
bits can be used to check the correct operation of the scan 
chain on the board by forcing a bit toggle when the instruc­
tions are shifted. 

SHIFT-IR: In this state the INSTRUCTION register selected 
between TOI and TOO will shift one stage at each rising 
edge of TCK. TOO is active during this state. 

Exlt1-IR: This is a temporary state in which the INSTRUC­
TION register retains its previous value. 

PAUSE-IR: This is a temporary state in which the INSTRUC­
TION register retains its previous value. This state is intend­
ed to temporarily halt the shifting of test data into the IN­
STRUCTION register while retaining the ability to keep TCK 
running. This state is often used to load additional test vec­
tors from external memory. 

Exlt2-IR: This is a temporary state in which the INSTRUC­
TION register retains its previous value. 

UPOATE-IR: The parallel output register of the INSTRUC­
TION register will be updated on the falling edge of TCK in 
this state. The intent of the parallel output register is to pro­
vide the ability to apply the contents of the INSTRUCTION 
register to the test logic simultaneously rather than applying 
it as it is being shifted in. 

TOO OUTPUT ACTIVITY 

Control of the TOO output buffer follows Table III. 

TABLE III. TOO Output Buffer Control 

Controller 
Register Selected 

TOO 

State 
between 

Driver 
TDI and TOO 

Test Logic Reset BYPASS Inactive 
Run Test/Idle BYPASS Inactive 

SELECT -OR Scan .. Inactive 
SELECT-IR Scan INSTRUCTION Inactive 

Capture-IR INSTRUCTION Inactive 
SHIFT-IR INSTRUCTION ACTIVE 

Exit1-IR INSTRUCTION Inactive 
PAUSE-IR INSTRUCTION Inactive 

Exit2-IR INSTRUCTION Inactive 
UPOATE-IR INSTRUCTION Inactive 

Capture-OR .... Inactive 

SHIFT-OR TESTOATA ACTIVE 

Exit1-DR .. Inactive 
PAUSE·OR .. Inactive 

Exit2-DR .. Inactive 

UPDATE-DR .. Inactive 

Note: •• = Data register selected depends on currently active instruction. 

FEATURES OF THE TAP CONTROLLER 

The TAP Controller will not be initialized by the operation of 
any system pin such as a system reset. The TAP Controller 
will be initialized into the Test Logic Reset state upon pow­
er-up. This requirement is intended to avoid bus signal con­
tention upon system power-up by disabling the test logic 

2-7 

which allows the system logic to operate normally and 
hence be controlled to avoid any contention. (The TAP Con­
troller will return to the Test Logic Reset state after, at most, 
five clock cycles of TCK with TMS high; but the time re­
quired to enact that operation may not be sufficient to avoid 
contention.) 

Note that the TAP Controller has been defined such that six 
of the sixteen states have the ability to maintain their state 
provided that TMS remains at the same value it had when 
entering the state. Those states include Test Logic Reset to 
hold off the test logic during normal system operation, Run 
Test/Idle to undertake multi-cycle self tests, SHIFT-OR and 
SHIFT-IR to maintain the data shifting process for an ex­
tended period, and PAUSE-OR and PAUSE-IR to halt the 
shifting process while some other activity is performed such 
as retrieving test data from additional memory. This feature 
is available in any/all states where multiple clock cycles 
may be required to achieve the desired outcome or where 
activity is to be halted but still provide the ability to make 
TCK a free-running clock. 

III. BOUNDARY SCAN REGISTERS 

INSTRUCTION REGISTER 

The INSTRUCTION register permits specific commands to 
be shifted into the design to select a particular test data 
register and/or a specific test function. Additionally, the 
capture sequence of the INSTRUCTION register permits 
design specific data to be examined. 

The INSTRUCTION register must be at least two bits long, 
the specific INSTRUCTION register included into the devic­
es which reference this document is eight bits long, and the 
two least significant bits must capture the value "01 ". The 
significance of the two bit minimum length is two fold. First it 
permits the ability to supply unique codes for at least each 
of the three mandatory instructions required by the stan­
dard. Secondly, the bit value "01" in the least significant 
locations can be used to check the connectivity of the scan 
chain by forcing a bit toggle at each instruction during a 
scan of the INSTRUCTION registers. This technique not 
only assists in determining the correct connectivity of the 
scan chain about the board, but also assists in pin-pointing 
the location of any break in the scan chain. 

All of National's SCAN Test Access Logic devices utilize an 
a-bit instruction register. For the SCAN CMOS Test Access 
Logic devices, tho 6 most significant bits which are loaded 
into the instruction register during the CAPTURE-IR state 
are used to provide a "pseudo 10 code". The different 
codes captured into the INSTRUCTION register is a means 
of distinguishing the products in order to supply a method of 
evaluating the correct board placement of the products 
when an interrogation is performed through the scan chain 
only. 

The captured "pseudo 10 code" value is provided in each of 
the SCAN CMOS Test Access logic datasheets. 

The SCAN ABT Test Access Logic devices include the IEEE 
1149.1 optional 10 COOE register and each device captures 
the same fixed value. This fixed value is the opcode for the 
SAMPLE/PRELOAO instruction, 1000001. 

The order of scan through the INSTRUCTION register must 
be least-to-most; that is, the least significant bit is closest to 
TOO for a 10ad13d instruction. During the SHIFT-IR state the 
instruction shifts one bit between TOI and TOO upon each 
rising edge of TCK and appears without inversion at TOO 
following the appropriate number of TCK cycles depending 
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system logic, the 1149.1 user can logically extend the inter­
nal system logic to the EXT EST function. This feature is 
available during the EXTI;:ST instructions for these products 
because the state of the outputs is captured along with the 
state of the inputs during the rising edge of TCK in the 
CAPTURE-DR state. Note that this is contrary to a recom­
mendation of capturing fixed values on the outputs during 
EXTEST, but it provides for a feature that would otherwise 
not exist. 

While these cells are sufficient to observe the logic state of 
the signal in which they are placed, they have a limitation in 
observing the activity of such a signal as in the specific case 
of a three-stated output. To determine the activity as well as 
the logic state of such an output, two such scan cells are 
required. One in the data signal path and another in the 
output enable signal path. By observing at both locations 
the drive activity and/or logic value can be inferred. In the­
case of a single output enable signal controlling more than 
one output data path, the output enable signal may be ob­
servable and controllable at a single location rather than at 
each specific output without loss of functional intent provid­
ed that the specific location retain control over all the data 
outputs in unison. This provision is included to reduce the 
hardware overhead as in the case of a device where such 
output enable signals are organized byte-wide. 

The order of the required scan cells in the Boundary-Scan 
register is undefined by the 1149.1 Standard and hence can 
be device specific even if the system function of that device 
be identical to another 1149.1-compliant device. In other 
words, even if two identical system function devices are 
1149.1-compliant there is no guarantee that such devices 
will be identical in the structure of the Boundary-Scan regis­
ter. 

A description of the Boundary Scan Register for each de­
vice is included in its datasheet. 

Input Boundary-Scan Register (SCAN ABT only) 

The Input Boundary-Scan register operates in a manner 
analogous to the full length Boundary-Scan register. 

Output Boundary-Scan register (SCAN ABT only) 

The Output Boundary-Scan register operates in a manner 
analogous to the full length Boundary-Scan register. 

Please refer to the device datasheet for a description of its 
input and output Boundary-Scan Registers. 

BYPASS REGISTER 

The BYPASS register is also a test data register and there­
fore must comply with the definitions surrounding test data 
register operation; but its advantage is in its size, not neces-
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sarily in its function. The BYPASS register consists of a sin­
gle shift register stage in order to shorten the board-level 
serial scan chain by bypassing some devices while access­
ing others. This feature is intended to reduce the software 
overhead in applying and retrieving serial test data by per­
mitting a shortcut between TDI and TOO of any given inte­
grated circuit in order to expedite access to others. 

The BYPASS register must capture a logic low value upon 
the rising edge of TCK in the SHIFT-DR state provided that 
it is selected by the current instruction. This feature is de­
signed to accompany those devices which incorporate the 
32-bit device identification register. (The BYPASS register is 
a test data register whose least significant bit is a fixed logic 
high.) Upon an initial scan of the data registers connected 
across the board, all devices will either connect the BY­
PASS register or the optional device IDENTIFICATION reg­
ister in its test data register scan path between TDI and 
TDO while in the SHIFT-DR state. (This condition is a result 
of power-up or a logic low assertion to TRST to initialize 
each 1149.1 device on board.) By shifting the data registers 
the retrieval of each logic zero indicates a BYPASS register 
connection until the first logic high is read. The logic high 
will be the framing bit of a device IDENTIFICATION register 
which would then indicate that the following thirty-one bits 
are identifiers to the specific device at that location of the 
scan chain. The requirement that the BYPASS register cap­
ture a logic low value is intended to form the background for 
the device IDENTIFICATION register framing bit. Additional­
ly, the logic low value is opposite the value to be produced 
in the case of an undriven TDI input pin. 

Device Identification Register 

The device identification register is a 32-bit, read only regis­
ter compliant with IEEE Std. 1149.1. When the IDCODE in­
struction is active, the identification register is loaded with a 
fixed, unique value upon leaving the Capture-DR state. The 
10 code register contains information pertaining to the de­
vice manufacturer, part number and revision. It is used to 
ensure the correct device is properly placed in the correct 
location within a boundary scan chain. 

An identification (ID) register is included within the National 
SCAN ABT Test Access Logic devices. The specific ID reg­
ister value is provided in the associated device datasheets. 
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Quality Information and Communi­
cation (QUIC) System 
BACKGROUND 

National's Quality Assurance Systems Development group 
(QASD) maintains a variety of data tracking systems such 
as: Electronic Reliability Data Management (ERDM), Failure 
Analysis (F/A), Burn-in Board Inventory, and a number of 
others. 

QUIC users will find a user friendly, menu-driven, real-time 
system that gives them a simultaneous-user environment 
with timely data inputs from sites around the world. QUIC is 
programmed to recognize each individual user of the sys­
tem at the point of logging on to the mainframe, and pro­
vides an appropriate list of menu options consistent with the 
user's level of access requirements. 

National grants access to QUIC by customers that provides 
a sufficient level of security over the entire system, thus 
precluding the possibility of accidental access (or even 
damage) to various files. 

HOW A CUSTOMER LINKS TO QUIC 

1. Check to make sure you have the hardware components 
listed below. (An attached printer is desirable but not im­
perative.) 

IBM/PC compatible computer with at least 128k memory. 

Hayes compatible 1200 baud modem (or 2400,4800 or 
9600). 

Touch tone phone. 

2. Request access to QUIC by contacting your National 
sales representative or Customer Service Center at 
1-800-272-9959, who will coordinate all activities neces­
sary to provide access for your company and arrange 
training (usually handled over the telephone). 

3. Identify the person who will be your company's main con­
tact and user of the QUIC system. This person will as­
sume responsibility for the USERID assigned to your 
company and will receive training on how to access and 
use the QUIC system. 

4. National will provide a USERID, password and account 
number with appropriate menus and a communications 
software package called EXECULlNK, which allows the 
customer's PC to talk with NSC's host computer and also 
turns the PC into a virtual host terminal, with full-screen 
editing capability and full use of program function (PF) 
keys. EXECULINK also provides for file transferring be­
tween host and PC and spooling of print files to a PC-at­
tached printer. 

ONGOING IMPROVEMENTS 

As we receive feedback from the users of QUIC, we (QASD) 
will continue to enhance the "User Friendliness" of the sys­
tem and add new features which, we hope, will help pro­
mote a true sense of teamwork between us and our custom­
ers. 

Wafer Level Reliability (WLR) 
BACKGROUND 

The conventional methods of reliability screening, that of 
short-term burn-in to eliminate infant mortalities and long­
term life tests at high temperature, will soon become im­
practical for many devices. The reasons for this are tighter 
infant mortality ppm requirements, higher costs, and short­
ened lifetimes. 
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As device complexity increases, the testing sample size re­
quired to ensure infant mortality ppm levels in the 0-10 ppm 
range will quickly deplete reliability test capacity. While 
burn-in eliminates inferior devices, it can also substantially 
shorten the lifetimes of "good" devices to an unacceptable 
level, creating an expensive and somewhat risky procedure. 
New technology advances which minimize geometry, have 
moved our device lifetime distributions closer to our custom­
er's expected system life. As device geometries shrink, re­
sulting in higher current densities, electric fields, and chip 
temperatures, tighter fab process control and instant feed­
back become critical. 

THE GOAL OF WAFER-LEVEL-RELIABILITY TESTING­
PROCESS RELIABILITY 

Wafer-level-reliability testing represents a proactive, correla­
tion and control approach to ensuring device reliability. WLR 
is not meant to replace classical reliability testing. Instead it 
is used to supplement existing methods. 

WLR testing is used to: 

1. Identify shifts in On-Line Process Controls (fab moni-
tors) which affect product reliability. 

2. Reduce process qualification cycle time. 

3. Improve process qualification success rate. 

4. Assess reliability trends of production processes. 

5. Quantify the reliability impact of process modifications. 

WLR provides faster feedback for fab process control. The 
collection of WLR test data during and at the end of wafer 
fab processing provide a reliability baseline for each of our 
fab processes. Shifts in WLR test results, whether intention­
al (a process change or qualification) or unintentional (a pro­
cess control problem), signal an increase or decrease in 
product reliability risk. WLR monitoring of production pro­
cesses using Statistical Quality Control (SQC) techniques 
provides engineering with the information required to find 
and fix process control problems faster, and to determine 
the effectiveness of on-line process controls from a reliabili­
ty standpoint. In this way, WLR testing is used to link on-line 
process controls to the traditional accelerated life testing 
methods. 

NATIONAL'S WLR PROGRAM 

National developed a corporate-wide WLR program which 
continues to implement powerful, new test techniques. WLR 
testing has been used effectively to help understand how 
process variability affects product reliability. It is also used 
to help build-in reliability at the design stage for new pro­
cess technologies. 

WLR tests and test structures have been designed to in­
crease the likelihood and predict a rate of a reliability failure 
mechanism occurrence. In addition, National has developed 
a partnership with a leading parametric test system supplier. 
Working together, a WLR test system was designed and 
developed to meet the unique requirements of Wafer-Level­
Reliability testing. These systems are capable of testing to 
the voltage, current, and temperature extremes required for 
inducing the desired failure mechanisms in a short period of 
time. Some examples of the reliability failure mechanisms 
that are monitored using WLR techniques include: 

Interlayer Dielectric Integrity 
Unique high voltage testing (to 1500V) is used to test for 
dielectric particles, metal hillocks or contamination, and 
poor dielectric stop coverage. Designed experiments 
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Wafer Level Reliability (WLR) (Continued) 

have been successful in correlating the high voltage 
WLR test results to fab process monitors (such as depo­
sition temperature and etch selectivity), and to accelerat­
ed life test results (Op-life, Temp Cycle, and Thermal 
Shock). 

Metal Step Coverage 
High current testing of large area metal serpentine struc­
tures is performed to detect restrictions in the conducting 
stripe. Designed experiments have been successful in 
correlating the high current WLR test results to fab pro­
cess monitors such as metal thickness, critical dimen­
sions, and via size. 

Mobile Ions 
A 200·C hot chuck is used with custom-built high temper­
ature probe cards to accurately measure transistor 
threshold voltage shifts for a variety of oxide layers. Oth­
er methods for detecting mobile ion contamination in­
clude the use of self-heated polysilicon gate test struc­
tures and Triangular Voltage Sweep (TVS) test tech­
niques. 

Metal Stress Voids 
High current resistance measurements are taken before 
and after wafers are processed through a series of heat­
ing and cooling cycles. This heat treatment is designed 
to mimic the high temperature processing incurred during 
device assembly (such as a seal-dip furnace), and it has 
been shown to accelerate metal void formation when the 
stress of the overlying film is high enough. Significant 
increases in the final resistance indicate the formation of 
metal stress voids. 

Gate Oxide Integrity: 
JEDEC JRAMP, VRAMP and OBO test techniques are used 
to monitor gate oxide quality. The WLR tester is also 
used to perform very sensitive leakage current measure­
ments, using a specially designed picoammeter module, 
which allows us to detect subtle differences in gate oxide 
quality. 

Passivation Integrity 
A novel wafer-level-autoclave test technique has been 
developed which allows us to quantify the level of protec­
tion the passivation film provides when the wafer is sub­
jected to a high temperature, high humidity environment. 

01 

Hot Electron Degradation 
Two wafer level tests are performed to indicate device 
susceptibility to hot electron damage. First, the maximum 
substrate current is measured to indicate the level of im­
pact ionization occurring at the drain edge. Second, gate 
current measurements are taken to gauge the magnitude 
of electron injection during device operation. Long-term 
DC stressing of transistors at peak substrate current con­
ditions is also monitored. 

Electromlgratlon 
A Standard Wafer Electromigration Accelerated Test 
(SWEAT) technique is used to measure the sensitivity of 
a metal line to electromigration failures. SWEAT is used 
as a relative test of the reliability of a line. 

Contact Electromlgration 
Risk of failures due to contact spiking and solid phase 
epitaxial growth (SPEG) are monitored by forcing current 
through specially designed test structures, and monitor­
ing increases in resistance and substrate leakage. 

Electrostatic Discharge 
Sensitivity (ESD) 
BICMOS LOGIC 

National BiCMOS Logic has designed special dual-rail ESD 
protection circuitry to increase its level of ESD performance 
over non-protected inputs and outputs. This protection is 
standard on all BiCMOS Logic designs and was first used in 
National's family. 

By design, this circuitry limits product vulnerability to both 
positive and negative Human Body Model (HBM) ESD and 
Electrical Overstress (EOS) voltages by protecting inputs 
and outputs connected to Vee as well as ground. Protection 
to ground is provided through the transistor 02 and diode 
D2, standard Schottky clamp. The path to Vee is protected 
through the BVCEO breakdown mechanism of 01. Diode 
D1 ensures isolation of the input or output from Vee leakag­
es. 

The device design and layout ensures dependable turn-on 
characteristics as well as robustness. 

ESO protection was achieved with no appreciable affect on 
speed or increase in capacitance. 

01 
INTERNAL 
CIRCUITRY 

INPUT 0--.... -- --.... -0 OUTPUT 

02 

GND GND 
TL/F/12134-21 

Figure 21. ESD Protection Circuit 
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Latchup Testing (Continued) 

CMOS Logic 

In the past a major problem with CMOS has been its sensi­
tivity to latch-up, usually attributed to high parasitic gains 
and high input impedance. SCAN CMOS logic is guaranteed 
not to latch-up with dynamic currents of 300 rnA forced into 
or out of the inputs or the outputs under worst case condi­
tions (T A = 125°C and Voo = 5.5 Voc). At room tempera­
ture the parts can typically withstand dynamic currents of 
close to 1 A. For most designs, latch-up will not be a prob­
lem, but the designer should be aware of its causes and 
how to prevent it. 

SCAN CMOS devices have been specifically designed to 
reduce the possibility of latch-up occurring; National Semi­
conductor accomplished this by lowering the gain of the par­
asitic transistors, reducing substrate and p-well resistivity to 
increase external drive current required to cause a parasitic 
to turn ON, and careful design and layout to minimize the 
substrate-injected current coupling to other circuit areas. 

P-Channel MOS 

The test procedure is as follows; five pulses, each of at 
least 2000V, are applied to every combination of pins with a 
five second cool-down period between each pulse. The po­
larity is then reversed and the same procedure, pulse and 
pin combination used for an additional five discharges. Con­
tinue until all pins have been tested. If none of the devices 
from the sample population fails the DC and AC test charac­
teristics, the device shall be classified as category B of MIL­
STD-883C, TM-3015. Devices that result in ESD immunity in 
the 2000V-3999V range are listed as ESD Class 2. Devices 
that result in ESD immunity in the 4000 + V range are listed 
as ESD Class 3. 

For further specifications of TM-3015, refer to the relevant 
standard. The voltage is increased and the testing proce­
dure is again performed; this entire process is repeated until 
all pins fail. This is done to thoroughly evaluate all pins. 

Input N-Channel MOS 

N + Substrate 
0.008-0.25 ohm-em 

TLIF/12134-24 

FIGURE 26. Advanced CMOS EPI Process Cross Section with Latch-up Circuit Model 
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Structural System Test 
via IEEE Std. 1149.1 
with Hierarchical and 
Multidrop Addressable 
JTAG Port, SCANPSC110F 

INTRODUCTION 

IEEE Std. 1149.1 (JTAG) defines a standard Test Access 
Port (TAP), protocol and set of commands for built in test at 
both the chip and board level. A board designed with bound­
ary scan components typically consists of one scan chain 
which daisy-chain (TOO to TOI) all components on the 
board. While a single scan chain solution might be adequate 
for testing a board in production or a single-board system, it 
is not adequate when a multi-board system requires inter­
connects between boards be tested after system integra­
tion. A number of methods are available for accessing sys­
tem level boundary scan nets. Traditional methods included 
using a multi-channel tester to physically access each 
board, using a single tester connection with each board's 
TOI and TOO traces daisy chained together or by multiplex­
ing the TMS pins running to each board. An alternative ap­
proach is to implement an addressable test access control­
ler such as the SCANPSC110. The SCANPSC110 elimi­
nates the shortcomings of the traditional methods while also 
providing the capability to partition a single board level scan 
chain into smaller chains. 

While it is possible to separate cables to each board during 
production test, it becomes unwieldy quickly as the number 
of boards increase. Furthermore a multiple port solution is 
not practical for use with embedded test. 

Even though daisy chaining multiple boards together is sim­
ple, several drawbacks exist. For example, ATPG software 
for a multiple-board system views the system as if it were 
one board. As the system scales upward, the number of 
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NETS become large as will the number and length of serial 
test vectors required. When a board is missing or empty on 
a backplane, or a fault occurs in the boundary scan infra­
structure of anyone of the boards, the entire system be­
comes untestable. 

A multiplexed TMS scheme works well for partitioning a sys­
tem and giving board test access through a single test port. 
But, it does not scale up well on a backplane, and there is 
no provision for backplane interconnect testing. Backplane 
interconnect testing required the ability to park a board in 
the Pause-DAliA TAP states (See Section 2, Figure 4 in the 
Scan Oatabook for explanation of TAP states) while access­
ing another board. It also requires a means for performing 
system wide updates of scan commands and data. 

The PSC110F solution provides a simple means for tying 
independent scan chains from multi-board systems together 
and selectively accessing them. A six-bit addressing 
scheme allows for up to 59 bridges on a single backplane. 
Test vectors generated for testing the individual boards can 
be used for testing the boards after system integration as 
well as for embedded test in the field. The- partitioning 
achieved by using the PSC110F will automatically isolate 
faults down to the board level with no diagnostics. The mul­
tiple local scan ports (LSP) allow for additional partitioning 
of scan chains within a board. Backplane interconnect test­
ing is enabled through the PAAKPAUSE command and 
broadcast addressing feature. ATPG software is easily im­
plemented and is available through multiple venders. 

From Tester ____________________________ ----1 
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FIGURE 1. Single Board Boundary Scan Implementation 
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BOARD LEVEL INTERCONNECT TESTING VIA 
SCANPSC110F 

The individual boards or cards have already been tested 
during production. Re-testing after system integration is op­
tional, but makes for a good QA check. In the case of em­
bedded test that will be used for power on self test or peri­
odic field testing, running go/no-go board level tests will 
enable built-in diagnostics down to the board level. 

PSC110F Selection and Configuration 

A. Select PSC110F by scanning an address into the 
PSC110F Instruction Register. 

B. Configure the Mode Register for the appropriate local 
serial port network configuration for board test. If the 
board has only one scan chain connected to LSP1, the 
default configuration will be appropriate. If there are mUl­
tiple chains connected to multiple LSPs on a board with 
interconnects running between the components of differ­
ent chains, it is appropriate to unpark multiple LSPs to 
form what looks like one larger chain. 

The LSP network configuration is performed by: 

1. Scanning the MODESEL command into the selected 
PSC110F's Instruction Register. 

2. Scanning the appropriate value into the Mode register 
of the selected PSC110F. 

C. Unpark the LSP by scanning the UNPARK command 
into the instruction register of the selected PSC11 OF. 

Once the PSC11 OF is selected and its LSPs unparked, the 
connection is made between the tester and the target scan 
chains. The remainder of the board test consists of the 
same commands and test data that would be used for test­
ing a board without the PSC11 OF with one exception: 

The data for the PSC110F Instruction Register, Bypass data 
register, and PAD bits, must be added to the serial vectors. 

The remaining steps for board test are: 

D. Scan the SAMPLE/PRELOAD command into the target 
devices and the BYPASS command to the PSC110F. 

E. Scan the first test vector into the boundary registers of 
the target devices. 

F. Scan the EXT EST command into the target devices and 
the BYPASS command to the PSC110F. 

G. Scan the next vector into the target devices; the cap­
tured results from the previous vector are shifted out as 
this vector is shifted in. This step is repeated until all test 
vectors for this board have been exercised. 

H. Scan the GOTOWAIT command into the PSC110F in­
struction registers to return all PSC110F to the Wait-For­
Address state where the next card can be addressed. 

BACKPLANE INTERCONNECT TESTING 

Testing the backplane is similar to testing NETS within a 
board with one exception. The nodes of the backplane 
NETS terminate at components that are connected to a dif­
ferent LSP on a PSC110F. (See Figure 4) For example in 
order to test the I/O lines of a multidrop backplane, say, 
with 3 cards, each card is connected to the test bus by its 
own PSC11 OF. The PSC11 OF provides the address informa­
tion. One of the PSC110F's 3 LSPs (local scan ports) is 
connected to a backplane driver, such as National's SCAN 
ABT Test Access Logic, SCAN182245A. These drivers, in 
turn, are connected to the backplane itself, and thereby pro­
vide scan test operations for backplane interconnect test­
ing. 

Boundary scan ATPG software generates patterns with the 
assumption that the output cells of all of the components 
connected to a NET will be updated simultaneously. This 
assumption allows for one node to drive a NET during pat­
tern i and another node to drive the same NET during pat­
tern i + 1. If the update did not happen simultaneously at 
the two nodes, there could be significant periods of bus 
contention between the multiple outputs on a NET. There­
fore, the Update-IR of the EXT EST command and all Up­
date-DRs between patterns vectors (while EXTEST is the 
active command) must be performed simultaneously for all 
boards using the broadcast address on order to select all 
PSC11 OFs on the backplane. In general, shifting operations 
must be done by addressing one PSC110F at a time. 

Broadcast Address all PSC 11 Os and 
sequence LSPs from Pause-DR 

thru Update-DR and Capture-DR 
then re-park in Pause-DR 
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FIGURE 3. Backplane Interconnect Test Flow 
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IV. Shift Test Data: Test results from the previous pattern 
are shifted out while the next pattern is shifted into the 
boundary registers of the components on each board in 
the system. Ater the data is shifted, the LSP is parked 
in the Pause-DR TAP state so that the boundary regis­
ter contains the new data, but has not yet updated the 
value in its output cell. 

A. Select a PSC11 OF by scanning an address into the 
PSC110F Instruction Register. 

B. Scan the PARKPAUSE command into the Instruc­
tion Register of the selected PSC110F. (The PARK­
PAUSE command is used to unpark the LSP as well 
as to park the LSP). 

C. Sequence the backplane TAPs into the Pause-DR 
state in order to unpark the LSP. 

D. From the Pause-DR state, transition to Exit2-DR to 
Shift-IR, where the next test vector is shifted into 
the target devices, then to Exit1-DR to Update-DR. 
The LSP will be reparked in the PAUSE-DR state 
when transitioning from Exit1-DR to Update-DR, be­
cause the PARKPAUSE command is still active. 

E. Scan the GOTOWAIT command into the PSC11 OF 
Instruction Registers. 

F. Repeat for each board involved in the backplane 
test. 

V. Drive/Capture: All PSC110F are selected and their 
LSPs that interface to the backplane components are 
un parked and sequenced through the Update-DR and 
Capture-DR states. 

A. Select all PSC11 OF by scanning the broadcast ad­
dress into the PSC11 OF Instruction Registers. 

B. Scan the PARKPAUSE command into the Instruc­
tion Register of the selected PSC11 OF. 

C. Sequence the backplane TAPs to the Pause-DR 
state in order to unpark the !..SP. 
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D. Sequence from the Pause-DR state through Up­
date-DR through Capture-DR to Exit1-DR to Up­
date-DR. This will execute the next vector and re­
park the LSP in the Pause-DR state. 

E. Scan the GOTOWAITcommand into the PSC110F 
Instruction Registers. 

VI. Shift Out Test Results from Last Vector: The test 
results from the last vector are shifted out while shift­
ing in a safe dummy vector, one that tri-states the 
bus. 

A. Select a PSC110F by scanning an address into 
the PSC11 OF Instruction Register. 

B. Scan the PARKPAUSE command into the Instruc­
tion Register of the selected PSC110F. (The 
PARKPAUSE command is used to unpark the LSP 
as well as to park the LSP). 

C. Sequence the backplane TAPs to the Pause-DR 
state in order to unpark the LSP. 

D. From the Pause-DR state, transition to Exit2-DR to 
Shift-IR, where the results of the last test vector 
are shifted out, to ExiH -DR to Update-DR. The 
LSP will be reparked in the Pause-DR state when 
transitioning from Exit1-DR to Update-DR, be­
cause the PARKPAUSE command is still active. 

E. Scan the GOTOWAITcommand into the PSC110F 
Instruction Registers. 

VII. Reset Test Logic: This can be performed by clocking 
TCI<-.BP eight (8) times while holding TMS_BP high. 
It takes three (3) clocks to reset the PSC11 OF from 
the Run-Test/Idle state and five (5) more to reset the 
target components from the Pause-DR state. In gen­
eral, it takes five (5) TCK's for each level of test hier­
archy. 
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Embedded IEEE 1149.1 
Test Application Example 

This application example discusses the implementation of 
embedded, system level boundary scan test within an actual 
design, the National boundary scan demonstration system. 
Its intent is to describe the decisions, actions and results 
when applying boundary scan and National's SCAN EASE 
Software within a system. For more information see also 
AN-1022, "Boundary Scan Silicon and Software Enable 
System Level Embedded Test." 

HARDWARE DESCRIPTION 
The National boundary scan demonstration system is com­
prised of a multidrop backplane which interconnects a proc­
essor card to several system I/O cards. The backplane con­
tains a 16-bit data bus, a 16-bit address bus and several 
control signals routed to six connectors. The processor card 
consists of a processor core which includes a Motorola 
68302 ILP, boot EPROM and working SRAM, a RS232 port 
for remote communication, a parallel backplane interface 
and an auxiliary parallel port. The I/O cards, each sharing 
an identical architecture, include a 16-bit LCD display, an on 
board EPROM which stores LCD messages, and a back­
plane interface. Each liD card also contains logic which 
multiplexes data, from either the backplane or EPROM, to 
the display. 

The number of liD cards can vary within a given system. 
While five backplane liD card connectors are available, 
only 2 of the 5 slots are typically populated with liD cards. 
The multidrop (Le. parallel) backplane architecture enables 
cards to populate any of the five connectors and allows 
connectors to remain empty. Board addressing is used to 
select cards for functional operation. 

Processor Card 

National Semiconductor 
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Functionally, the system is designed to display messages 
and system status information using the LCD display locat­
ed on each liD card. This message and status information 
is driven from the processor card, via the system backplane, 
or from EPROMs local to each liD card. To demonstrate 
the features and functions of boundary scan, the system 
also contains LEOs which display the status of boundary 
scan activity. 

TEST OBJECTIVES 
The fundamental test objective for the National demonstra­
tion system was to utilize techniques which could be applied 
over the life of the product, including development, manu­
facturing and in-field operation. With effective prototyping to 
ensure functionality and timing performance, printed circuit 
board (PCB) structural faults, resulting from manufacturing 
errors or in-system board stress (e.g., temperature changes 
or mechanical stresses), were the primary focus. Boundary 
scan was seen as an effective means of detecting and diag­
nosing printed circuit board failures at all stages of the prod­
uct's life cycle. 

A specific area of concern during the development of the 
test strategy was system level test. Typically, limited tester 
access forces system test to rely on functional patterns to 
test for even simple interconnect failures. This leads to very 
complex test patterns, poor fault coverage and very difficult 
failure diagnostics. More importantly, the functional test rou­
tines depend on sound interconnects between components 
to be effective. Embedded, system-level boundary scan was 
perceived as a way to replace many of the functional tests 
with simple and easily diagnosable tests. 

Con 4 Con 5 Con 6 

System Backplane 
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FIGURE 1. Demonstration System Layout 
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FIGURE 2. Demonstration Processor Card 

Boundary scan was viewed as only a part of the complete 
test solution. Functional test routines were still required to 
test system memory and confirm effective IlP-to-system pe­
ripheral communication. Using the two techniques together 
maximized test effectiveness while reducing test develop­
ment efforts. 

IEEE 1149.1 COMPLIANT SYSTEM ARCHITECTURE 

To accomplish the boundary scan test objectives, the 
1149.1 test strategy covered three aspects of the system: 
board and backplane boundary scan test points, system lev­
el boundary scan access and embedded boundary scan 
control. 

Board and Backplane Test Points 

The first step in implementing boundary scan is to integrate 
1149.1 compliant components into the functional design. 
Maximizing the percentage of nets covered by boundary 
scan reduces the cost of other techniques and equipment 
like in-circuit testers, while increasing the ability to apply the 
benefits of boundary scan at later phases of the product's 
life cycle. In the case of the National demo system, bounda­
ry scan was included on nearly every logic IC which populat­
ed the processor card and I/O cards. 

To support backplane interconnect testing, National's 18·bit 
SCAN ABT Test Access Logic components were imple­
mented at the backplane interface on both the processor 
card and I/O cards. Using 1149.1 compliant SCAN ABT log­
ic (SCAN182245A) provided the required backplane test 
points while also creating a hot insertable1 backplane inter­
face. The hot insertable interface allowed failing processor 
or I/O cards to be removed or inserted without powering 
down the system. 

http://www.national.com 7-14 

To increase the structural fault coverage on nets connected 
to devices which are not available with boundary scan, a 
"cluster test" can be implemented. A cluster test relies on 
at least two boundary scan components and a functional 
knowledge of the cluster (Le., cluster of devices) connected 
between them. Using one 1149.1 compliant component to 
drive test vectors to the cluster and the other to receive 
expected data from the cluster, the structural integrity of the 
cluster can be evaluated. 

As the number and complexity of components increases, 
the development of test vectors becomes more difficult and 
diagnostic resolution increases. Within the demo system, a 
cluster test was implemented on the processor card's auxil­
iary port (see Figure 2). 

On future demo design revisions, boundary scan will be ex­
panded beyond the logic components to include an 1149.1 
compliant microprocessor and programmable device (Le., 
integrating the separate, non-1149.1 programmable devices 
into a single 1149.1 FPGA or CPLO). These additions will 
continue to drive the structural fault coverage towards 
100% and also provide non-test capabilities, such as IlP 
emulation and in-system FPGA programming via the JT AG 
port. 

System Level Boundary Scan Access and Partitioning 

With the 1149.1 components placed on the processor and 
I/O cards, the next objective is to interconnect the 1149.1 
component TAP signals-TMS, TCK, TOI, TOO and 
TRST -at both the board and system levels. For the Nation­
al demo design, this task was accomplished by adding a 5-
bit bus to the backplane design and placing a National Hier­
archical and Multidrop Addressable JTAG Port, 
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FIGURE 3. Demonstration 1/0 Card 

SCANPSC110F bridge, component at the backplane inter­
face of the processor card and each lID card. The 
SCANPSC110F bridge provides two key features to effi­
ciently interconnect and partition a 1149.1 compliant sys­
tem: 

• System Level Partitioning: The SCANPSC11 OF bridge 
provides an addressable, multidrop interface to a single 
backplane TAP bus. This multidrop TAP interface is a 
perfect fit for this application because it preserves the 
ability for cards to be placed in any of the backplane 
connectors and for connectors to be left empty without 
requiring an entirely new set of boundary scan test vec­
tors. Using a 1149.1 protocol, each SCANPSC110F 
bridge and, in turn, each board, can be addressed to 
participate in boundary scan test operations. 

• Board Level Partitioning: Typically, board level bounda­
ry scan components are connected to form a single 
chain. The SCANPSC110F bridge provides three local 
scan ports (LSPs) which allows board level components 
to be partitioned into smaller, more manageable chains. 
Using the SCANPSC110F bridge's internal data regis­
ters, the LSPs can be configured to individually connect a 
single scan chain to the backplane TAP or to simulta­
neously connect up to three scan chains in series with 
the backplane TAP. 

7-15 

The ability to partition a board and system using the 
SCANPSC110F bridge simplifies test development, im­
proves test efficiency and allows failures to be diagnosed to 
the partition level without using an off-line diagnostics tool. 
However, these benefits are only realized if the 1149.1 com­
ponents are intelligently grouped and connected. The objec­
tive for testing the demo system was to test each board as a 
separate entity and to test the interconnects between the 
boards (I.e., the backplane). Enabling each board to be test­
ed separately was easily accomplished when the 
SCANPSC110F bridge was placed at each card's back­
plane interface and connected to a system wide backplane 
TAP. With this interface, the tester TAP signals could be 
applied to each board separately. 

With exclusive access to each board, the next critical task 
was to select which board components were grouped and 
connected to the SCANPSC11 OF bridge LSPs. Again, the 
test objectives were considered. To enable the develop­
ment of an efficient, backplane specific boundary scan test, 
the 1149.1 compliant backplane interface components on 
each card were exclusively assigned to a single LSP. To 
group and assign the remaining 1149.1 compliant, board­
level components to the other two SCANPSC11 OF bridge 
LSPs, each board type was viewed separately. 

http://www.national.com 
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• Embedded Test: The embedded test capability for the 
demo system was implemented using the processor 
card's J-lP and the National SCANPSC100F Embedded 
Boundary Scan Controller. The SCANPSC100F provides 
an efficient, asynchronous interface between the J-lP'S 
parallel data bus and the serial 1149.1 TAP, and is fully 
supported by the SCAN EASE software tools. The gener­
ic, asynchronous interface allows SCANPSC100F to in­
terface with a wide range of processors and operate in­
dependent of the processor's operating frequency. The 
microprocessor views the SCANPSC1 OOF as a standard 
I/O device. 
The processor card provided two options to initiate and 
evaluate embedded tests. For a power-on or post-reset 
self test, an LED display block was included with a sepa­
rate LED for each card in the system. To initiate/evaluate 
tests remotely, the UART on the microprocessor was 
configured to provide an RS232 interface and an RS232 
connector was added to the processor card. This remote 
interface also allows new tests to be downloaded and 
results to be uploaded. 

• External Test: To provide system level access to an ex­
ternal tester, a connector was added to the processor 
card. In addition to the required tester signals, this con­
nector included a sense line tied to the output enable pin 
on the SCANPSC100F. When the external tester was 
connected, the sense line was pulled high disabling the 
TAP pins on the SCANPSC100F. This, in turn, disabled 
the embedded tester and allowed the external tester, 
alone, to control the system TAP. 

Figure 2 shows the high level connection between the J-lP, 
SCANPSC1 OOF and external connector. 

IEEE 1149.1 TEST EQUIPMENT 

Hardware 

A wide range of 1149.1 compliant testers are commercially 
available, ranging from in-circuit testers to PC-AT cards. For 
the demo system, the requirements for the tester hardware 
were low cost and portability. Based on these factors, two 
testers were selected: the JTAG Technologies PM3705 and 
the Corelis 1149.1 /100F PC-AT card. 

The PM3705 is a portable controller box which connects to 
a PC's parallel I/O port. It provides two 1149.1 TAPs and 
connects to the demo system via a 10-pin connector. Con­
nectors are placed on each board (per PSC110F bridge 
LSP) to support board level test and on the processor card 
to support processor card and system level test. The 
PM3705 was used primarily for low volume board and sys­
tem level manufacturing test, and for externally driven in­
field test using a laptop computer. 

The Corelis 1149.1/100F PC-AT card is based on Nation­
al's SCANPSC100F which provides the ideal development 
platform for developing and debugging SCAN EASE func­
tions. The SCAN EASE source code can be conditionally 
compiled to run directly on a 1149.1/1 OOF PC-AT card. With 
a connection to the demo processor card's TAP connector, 
SCAN EASE was developed and debugged using a com­
merically available ANSI C debugger. 

ATPG (Automatic Test Pattern Generation) Software 
Tool 

Both the PM3705 and 1149.1/100F PC-AT card are sup­
ported by the JTAG Technologies ATPG tool, called VIP 
(Vector Interface Package). This tool automatically gener­
ates system level 1149.1 structural tests using four user­
provided input files: 
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• BSDL Selection File: Boundary Scan Description Lan­
guage files, which are provided by the component vendor 
or ASIC designer, define the specific implementation of 
1149.1 features with an IC (see National SCAN Databook 
Section 6 Boundary Scan Design Support). With VIP, the 
user must create a BSDL selection file which provides 
the directory path to the BSDL file for each 1149.1 com­
ponent included in a given test. 

• PCB Net List (in BNET Format): A net list is automati­
cally created by the PCB design and layout tool used to 
develop the PCB. The user must convert this net list for­
mat to a specific format which is read by VIP. This VIP 
format, called BNET, contains only the boundary scan 
nets. It also defines the connection of 1149.1 compo­
nents in each boundary scan chain and associates a 
tester TAP with each chain. 

• Connection File: This file defines the connection be­
tween each tester TAP (provided in the BNET file) and 
the SCANPSC11 OF bridges LSPs. It also defines how the 
SCANPSC110F bridges are connected to the backplane 
TAP and to each other (e.g., multidrop or hierarchical). 

• Pin Constraint File: This file defines I/O pins in the net 
list which are pulled to fixed logic levels, I/O pins which 
must remain in the high-impedance state during a test to 
avoid bus contention, or system inputs which must main­
tain a specific logic level during a boundary scan test 
(e.g., a reset input pin). 

SCAN EASE Software Tools 

All three of the tools within SCAN EASE were utilized to 
develop and test the demonstration system: 

• EmbedPrep: This tool was used to translate test vectors 
from the JT AG Technologies pattern format (PAT) to Em­
bedded Vector Format (EVF). EVF is a compacted, 
A TPG-independent format that is used by the other 
SCAN EASE tools. EmbedPrep has no dependence on 
system hardware and is discussed further in the Embed­
ding the Test Vectors section. 

• EmbedCom: The EmbedCom tool is a Windows-based 
GUI which provides a user-friendly interface to the em­
bedded test system. With this GUI, system self-test is 
initiated, new tests are downloaded to system RAM, pass 
fail information is displayed and datalogs can be upload­
ed. The GUI allows a user to test the system with no 
knowledge of 1149.1 or the embedded test code. 

• EmbedTest: This tool, provided as ANSI C source code, 
contains functions which communicate with the system 
hardware and manage the application/evaluation of test 
data. Three aspects of the code must be considered 
when integrating EmbedTest into a specific design: inte­
grating the EmbedTest functions with the application's 
operating system and system application code; mapping 
the SCANPSC1 OOF addresses within the system; and im­
plementing the drivers to support the J-lP specific UART 
(if serial communication with the EmbedTest code is re­
quired). 

EmbedTest was written as multi-level modules. These lev­
els range from the SCANPSC1 OOF device drivers to a mod­
ule called PG_CTRL which oversees the execution of tests 
and initialization of the test hardware. Integration with the 
system's operating system and application code is per­
formed at the program control level. For the demo system, 
no operating system was implemented. A simple boot up 
routine was implemented to initialize the processor card 
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hardware and run EmbedTest. A self-test was run immedi­
ately after power up (or after a manual system reset button 
was pressed), then the system polled the RS232 port for 
further instruction. 

EmbedTest includes three device driver options for mapping 
the SCANPSC100F. Two of the three drivers, the PSC100F 
in a memory mapped architecture and the PSC100 in an liD 
mapped architecture, were included to ensure that the 
SCANPSC100F could be implemented with any commer­
cially available microprocessor. For the demo, a Motorola 
68K fLP was used and, therefore, the memory mapped driv­
er was selected. EmbedTest uses a conditionally defined 
macro to allow the user to easily specify the driver option. 

The third SCANPSC100F driver option was written to sup­
port the application of EmbedTest using the 
SCANPSC100F-based Corelis 1149.1/100F PC-AT card. 
The demo system was used extensively in the development 
of the SCAN EASE tools. The Corelis 1149.1/100F PC-AT 
card enabled the majority of code development to occur on 
a PC using an ANSI-C debugger. Debugging modifications, 
prior to embedding the code within the system, minimized 
the time required to program a new EPROM each time a 
change to the code was made. 

The final aspect of EmbedTest is the serial communication 
code. EmbedTest includes two modules which support seri­
al communication. The highest level module interprets the 
commands entered using the EmbedCom GUI or generic 
emulator, and calls the appropriate EmbedTest application 
functions. The other, lower level, module is a UART specific 
device driver. For the demo, this device driver was specific 
to the Motorola 68K RS232 UART. The device driver config­
ures and controls the UART hardware. 

TEST DEVELOPMENT 

Developing Test Vectors 

In a previous section, the concept and benefit of systeml 
board test partitioning was discussed. With the partitions 
defined in hardware, the next step is to develop tests corre­
sponding to each partition. For the National demo applica­
tion, separate tests were developed using the JTAG ATPG 
tool for each card and for the backplane. When applying 
embedded tests using SCAN EASE, each test is applied 
and evaluated separately. This enables SCAN EASE to pro­
vide passlfail results for each test. For the demo, this level 
of resolution was enough to allow boards to be replaced 
and then fully diagnosed later using an external tester. 

• 1/0 Card: Since all liD cards share identical boundary 
scan configurations, generating tests to cover every liD 
card required only one BNET file, one BSDL selection file 
and one constraint file. A unique Connection File was 
then created for each I/O card to provide the 
SCANPSC110F bridge address and LSP configuration. 
Samples of these files are shown in Figures 5 through 8. 

Internal Lagle: The internal logic boundary scan test 
verifies the structural integrity of boundary scan nets 
within each liD card. Some nets are shared between 
the internal logic chain (LSP2) and the backplane in­
terface logic chain (LSP1). To access these shared 
nets, SCANPSC11 OF bridge is configured in the con­
nection file to serially connect LSP1 and LSP2. The 
ATPG then views the LSP1 and LSP2 chains as a 
single chain and generates tests accordingly. 
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DESIGN S4A2_ABT 

CHAIN 

TCK 

TDI 

TDO 

TMS 

TRST 

IC_LIST 

U27 

U31 

U29 
END_IC_LIST 

END_CHAIN 

CHAIN 

TCK 

TDI 

TDO 

TMS 

TRST 

IC_LIST 

UIO 

U16 

U23 

U22 

END_IC_LIST 

END_CHAIN 

TAPl 

TCKLl 

TOILl 

TOOLl 

TMSLl 

SCAN182245A 

SCAN182541A 

SCAN182373A 

TAP2 

TCKL2 

TDIL2 

TDOL2 

TMSL2 

SCAN18541T 

SCAN18374T 

SCAN18374T 

SCAN18374T 

IPARRALLEL_CONNECTOR_LIST 

lEND_PARRALLEL_CONNECTOR_LIST 

NETLIST 

!NETname ICname PINnumber; 

ADDISO U16 42 

U23 2 

U23 15 ; 

ADDISl Ul6 41 

U23 4 

U23 16 ; 

ADDIS2 U16 39 

U23 5 

U23 18 ; 

ADDIS3 U16 38 

U23 7 

U23 19 ; 

ADDIS4 U16 36 

U23 8 

U23 21 ; 

ADDIS5 U16 35 

U23 10 

U23 22; 

FIGURE 5. Sample BNET File 



SYNTAX_VERSION 1.2 
DESIGN 10_INT_2 
REVISION UNKNOWN 

TESTER_CHANNEL TAPl 

Board address is 
decimal 2 (00000010) 
The address is the only 
item that changes 
when creating internal 
net test for each I/O card 
TAPl and TAP2 chains 
defined in BNET 
FROM TESTR (PART, ADDRESS, NAME OF LSPs 

1-3) CASCADEl (PSCIIOF, 2, TAP1, TAP2, 
NONE) 
END_CHANNEL 

FIGURE 6. Sample Connection File 

PRlMARLIO N; 
! input tied to GND - set to sense low 
OEl SO; 
! input tied to Vee - set to sense high 

DSl S 1; 
!Reset Pin - must remain high 
! during test 

RSTL D 1; 

FIGURE 7. Sample Constraint File 

! path to BSDL files for 
! devices involved in test 
C:\bst\bstlib\ns182245.dsh 
C:\bst\bstlib\ns182373.dsh 
C:\bst\bstlib\ns18374.dsh 
C:\bst\bstlib\ns18541.dsh 
C:\bst\bstlib\ns182541.dsh 

FIGURE 8. Sample BSDL Selection File 

Hierarchical Board Test: (only applies to board pop­
ulating Con 6): This test verifies the same nets cov­
ered in the internal test, but includes an extra 
SCANPSC11 OF bridge device in the path between the 
I/O card and the backplane TAP. The extra 
SCANPSC110F bridge is handled in the connection 
file and all other input files are unchanged. The con­
nection file is shown in Figure 9. 
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SYNTAX_VERSION 1.2 
DESIGN hierarc 
REVISION UNKNOWN 

TESTER_CHANNEL TAP 1 

!FROM TESTR (PART, ADDRESS, NAME OF TAPS 
1-3 FOR THIS BRIDGE) 

CASCADEl (PSCIIOF, 3, NONE, NONE, 
CASCADE2) 
CASCADE2 (PSCIIOF, 4, TAP1, TAP2, NONE) 

END_CHANNEL 

FIGURE 9. Hierarchical Board Connection File 

• Processor Card: The processor card includes boundary 
scan nets, but also serves as the test master for the 
remainder of the system. This dual role dictates that sep­
arate internal processor card tests must be created for 
applications with an external tester versus application 
with the embedded tester. When applying embedded 
tests, the 1149.1 components which access and evalu­
ate the processor's local bus cannot be included in the 
boundary scan test. Controlling the local bus with bound­
ary scan would prevent the processor from communicat­
ing with board resources required to apply the tests. 
When applying tests with an external tester, the proces­
sor communication is not required except with dynamic 
memory which must be refreshed. Therefore, the local 
bus boundary scan nets can be tested. 

Internal Logic (External Tester): The same process 
used to generate the internal logic tests for the I/O 
card was repeated to generate tests for the I/O card's 
internal logic nets. A BNET was created to include the 
boundary scan nets including the local bus nets; the 
selection file was created to point to the BSDL files; a 
constraint file was created to force or sense specific 
values; and a connection file was created, in this case, 
including all three LSPs in the chain. 

The processor card's auxiliary port logic (LSP3) con­
tains a logic component connected between two 
boundary scan components. Therefore, testing the 
nets between these devices requires that signals pass 
through this component. A special list, called a cluster 
test, was generated to support this connection. To im­
plement a cluster test, the user must provide a set of 
functional vectors for the cluster logic, in this case a 
single component. These functional vectors can range 
from a full functional vector set to only those vectors 
required to detect interconnect faults. For the JTAG 
Technologies ATPG tool, VIP, the functional patterns 
are passed into a post-process file called the APL file. 
The APL file is later compiled by the VIP tool to gener­
ate the test vectors. 

Internal Logic (Internal Tester): This test is a sub­
set of the external tester version. For the embedded 
test version, boundary scan device outputs which in­
terface the processor local bus were disabled 
throughout the test. Forcing the boundary scan out­
puts to a high impedance state was handled in the 
constraint file. A portion of the constraint file is shown 
in Figure 10. 

http://www.national.com 

> 
Z 

I ..... 
o 
w 
........ 

II 



PRlMARY-IO N' , 
1 input tied to GND - set to sense low 
OEl SO; 
1 input tied to Vee - set to sense high 
DSl S 1; 
1 Reset Pin - must remain high during test 

RSTL D 1; 
1 Local bus pin - forced to high impedance 

CPUDO 
CPUDl 
CPUD2 
CPUD3 
CPUD4 
CPUD5 
CPUD6 

continues •••• 

Z; 

Z; 

Z; 

Z; 

Z; 
Z; 
Z; 

FIGURE 10. Processor Card Internal 
Logic Constraint File 

• Backplane: With tests generated for each board, the 
only remaining step is to develop tests to evaluate the 
interconnects between boards. For the JTAG Technolo­
gies VIP tool, a backplane test is viewed as just another 
board test. A BNET file for the boundary scan backplane 
nets and a connection file are created to indicate the 
SCANPSC110F bridges and LSPs containing compo­
nents which interface these nets. In the case of the Na­
tional demo, each card's backplane interface logic was 
connected to the SCANPSC110F bridges' LSP1. The 
backplane test connection file and BNET file are shown 
in Figures 11 and 12. 

END_IC_LIST 
END_CHAIN 

1 I/O Card 2 
CHAIN 

TCK 
TDI 
TDO 
TMS 
TRST 

IC_LIST 
U324 
U328 
U326 

END_IC_LIST 

TAP3 
TCKL3 
TDIL3 
TDOL3 
TMSL3 

SCAN182245A 
SCAN18254LA 
SCAN182373A 

END_CHAIN 
lPARRALLEL_CONNECTOR_LIST 

FIGURE 11. Backplane BNET File 

NETLIST 
lNETname ICname PINnumber; 

BP_AO un 25 
U126 55 
U326 55 ; 

BP_Al un 24 
U126 53 
U326 53 ; 

BP_A2 un 22 
U126 52 
U326 52 ; 

BP_A3 un 21 
U126 50 

FIGURE 11. Backplane BNET File (Continued) 

Configuration file for backplane test. 

SYNTAX_VERSION 1.2 
DESIGN BCKPLN 
REVISION UNKNOWN 

TESTER_CHANNEL TAPl 

lFROM TESTR (PART, ADDRESS, NAME OF TAPS 1-3 
lFOR THIS BRIDGE) 
MULTIDROP1 (PSC110F, 1, TAP1, NONE, NONE) 

!processor card 
MULTIDROP2 (PSCnOF, 2, TAP2, NONE, NONE) 

1I/0 card 1 
MULTIDROP3 (PSCnOF, 3, TAP3, NONE, NONE) 
lI/O card 2 

END_CHANNEL 

FIGURE 12. Backplane Connection File 

Embedding the Test Vectors 

At this point, the hardware design is complete, the tests 
have been generated and the SCAN EASE code has been 
integrated into the system. The last step is to embed the 
test vectors into the system memory. This action requires 
two phases. 

First, the vectors must be converted from the ATPG tool's 
output file format to EVF. The JTAG Technologies VIP tool 
generates test patterns in a unique file format, called the 
pattern format (PAT). To translate the PAT files into EVF 
files, the SCAN EASE EmbedPrep tool provides a PAT to 
EVF compiler. The compiler, called PAT2EVF, is an execut­
able file which runs on a PC or workstation. 

Each PAT file, representing a single test, is entered as an 
input to the compiler. PAT2EVF also prompts the user for 
information regarding the test name, test type and date. The 
test name, test type and date are included in the EVF's file 
header, which is later used by SCAN EASE to associate 
pass/fail status with the specific test. 

http://www.national.com 7-20 



With each PAT file converted to a corresponding EVF file, 
the next action required is to actually embed the vectors 
into memory. For the demo application, an EPROM pro­
grammer was used to embed each EVF file into the proces­
sor card's EPROM (the same PROM which contained the 
SCAN EASE EmbedTest code). EmbedTest uses a single 
locate statement to point to the embedded EVF vectors. 
Therefore, the separate EVF files must be appended to­
gether before programming the EPROM. EmbedTest uses 
the file header to determine where each separate EVF file 
starts and ends within this single, appended EVF file. 

TEST APPLICATION AND FAILURE DIAGNOSTICS 

At all stages of the demonstration system's life cycle, a 
combination of external and internal tests were performed. 
For PCB prototyping and board/system manufacturing test, 
an external test was applied, followed by an embedded test. 
For field level test, the opposite order was followed. The 
system was tested using the embedded tester and then, if 
necessary, tested using the external tester. The order of 
testing was dependent on the number of failures expected 
and the ability to diagnose failures with the embedded ver­
sus external test methods. 

During prototyping and manufacturing, each PCB (cards and 
backplane) is tested for the first time. Therefore, these 
stages have the highest occurrence of PCB interconnect 
failures. For the demo application, external testing provided 
a quick test application and access to the JTAG Technolo­
gies diagnostic tool. With this tool, boundary scan failures 
were diagnosed automatically to the pin and/or net level. 
This extremely tight resolution facilitated board repairs. 
Once the failures were resolved, the embedded tests were 
applied to confirm correct operation of the embedded test 
routines and to enable execution of the non-boundary scan, 
functional test routines. 

During field level test of the demo system, the objective was 
to quickly confirm that the interconnects were sound and 
that the system was functioning. Since the system was al­
ready thoroughly tested in manufacturing, the likelihood of a 
failure was very low. For this reason, the embedded self-test 
was an ideal method of testing the system. 

For most field applications, the level of field test resolution 
is at the board or SUb-system level. The goal in the field is to 
minimize system down time. If a failure is found, the board 
or sub-system is removed, replaced and retested. Depend­
ing on the cost, the board or SUb-system is discarded or 
sent back to a repair depot. A similar goal was used for the 
demo system. With a separate test for each demo card and 
for the backplane, SCAN EASE was able to provide pass/ 
fail diagnostics to the card/backplane level. If a failure was 
found, three options were available: 

• Card Removal: The most simple option was to replace 
the card with a spare and diagnose the failure at the 
factory using an external tester. 
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• Embedded Diagnostics: SCAN EASE supports serial 
communication with the National demo system. With this 
link, new tests are downloaded to system RAM. These 
tests offer tighter diagnostic resolution than the card-lev­
el tests which are embedded in system ROM and applied 
during power on self-test. For example, the power on test 
simply shows that the card is failing. The downloaded 
tests may view a specific connection between devices on 
the card to determine which internal card connections 
are failing. 

• Off-line, Pin Level Diagnostics: To provide pin level di­
agnostics for failing demo cards, an external tester and 
off-line diagnostics tool was utilized. The connection was 
made on the processor card to disable the embedded 
tester and provide access to the entire system. Since the 
embedded and external testers were connected at the 
same hardware location and since the embedded/exter­
nal tests were identical, the embedded failures were re­
peatable on the external tester. 
For a system which does not provide external tester ac­
cess, an alternative method of running off-line, pin level 
diagnostics is to use the datalogging option and serial 
communication capability provided with SCAN EASE to 
upload failing vectors to a file. This file is the converted 
to a format that is readable with an off-line tool. 

BOUNDARY SCAN BENEFITS REALIZED WITH THE 
NATIONAL DEMO APPLICATION 

Prototyplng Boards and System 

For the initial hardware debug, boundary scan proved to be 
a tremendous time saver. It eliminated the structural faults 
which are often very difficult and time consuming to debug 
using functional techniques. Once we were sure that the 
components were effectively placed on each PCB, we were 
able to focus our efforts on the primary objective of debug­
ging functional and timing related problems. 

Manufacturing Process Verification 

Boundary scan provided a means of testing the intercon­
nects for the entire system. With the use of the 
SCANPSC11 OF bridge on each card, tests were applied us­
ing a single, system wide tester connector, but partitioned 
for each card and the backplane. Boundary scan enabled 
efficient failure detection, diagnosis to the pin/net level and 
PCB repair. 

Field Level System Test and Diagnostics 

The National demonstration system is transported and pre­
sented all over the world. Therefore, the ability to test and 
resolve failures in the field was a key requirement of the test 
capability. With the ability to embed boundary scan test con­
trol within the system, the system interconnects were easily 
verified prior to each functional presentation. Additionally, 
remote access to the boundary scan vectors and test appli­
cation code enabled test downloading and result evaluation 
to occur using a laptop computer. 
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Non-Contact Test Access 
for Surface Mount 
Technology 
IEEE 1149.1-1990 

ABSTRACT 

Mechanical and chemical process challenges initially limited 
acceptance of surface mount technology (SMT). As those 
challenges have been overcome, another obstacle has be­
come apparent: electronic test access. Through-hole com­
ponents on a 100 mil grid allowed physical aceess. SMT 
which has provided new levels of packing density has also 
denied physical test access. To overcome this challenge, 
the Institute of Electrical and Electronics Engineers (IEEE) 
has sponsored a new standard, IEEE 1149.1-1990, the 
Standard Test Access Port and Boundary-Scan Architec­
ture. 

THE SMT ASSEMBLY CHALLENGE 

The use of SMT has required the refinement of several 
technologies including: photolithographic improvements in 
printed circuit etching, computer aided layout to support 
routing the large number of interconnects, and soldering to 
allow devices to be attached to first one and then the re­
verse side of the printed wiring board (PWB) without 
through-hole mechanical capture. 

Equipment to pick and place fragile SMT components with 
adequate alignment to the prepared pad area was needed 
to assure high yield assembly. Optical alignment systems 
replaced the open loop equipment used to assemble boards 
with dual-in-line packages. The technology has matured. 
SMT has gained wide acceptance. 

TRADITIONAL DEFECT DETECTION, 
DEFECT ISOLATION 

A high yield assembly process, always a target, is important 
for SMT printed circuit cards because it can be difficult to 
isolate faults. There is risk of assembly damage during re­
pair. If an incorrect diagnosis results in an unnecessary re­
pair, not only are repair costs higher than necessary, but the 
risk of damage increases. 

Bed-of-Nails test fixtures such as shown in Figure 1 have 
provided test access for over twenty years. These fixtures 
have at least one test probe per IC pin to provide access for 
printed circuit continuity checking. Low voltage PWB inter­
connect continuity tests are usually run before applying full 
power to the PWB. Each connection point on each network 
is checked for continuity to all expected connections. In ad­
dition, by forcing a sequence of bits onto each output pin 
with the bed-of-nails and then reading the signal received 
on every other net, it is possible to detect nets that are 
shorted together and often to tell which two nets are short­
ed. 

Once interconnection defects have been isolated and re­
paired, it has been common practice to use the bed-of-nails 
to drive each net of the fully powered board to test each 
integrated circuit on the assembly. For very simple ICs such 
test patterns were readily developed. A few microseconds 
were often adequate to determine that a simple IC was 
functioning correctly. During these functional tests, the elec­
trical connection of the IC to the printed circuit board was 
checked as an integral side effect of the test. 

Paper first published at Surface Mount International, 1992. 

National Semiconductor 
Application Note 891 
John Andrews 

TL/F/11568-1 

FIGURE 1. Traditional Bed-ot-Nails PCB Test 
Access Method, Now Challenged by Shrinking 

Physical Contact Possibilities 

Forcing a net with a bed-of-nails contact often required 
backdriving an IC's output. It might be necessary to force 
several hundred milliamperes into an IC's output to force a 
network to the opposite logic level. Backdriving IC outputs 
does not improve component lifetime. As IC complexity has 
grown, it has taken more test vectors and therefore required 
more time backdriving IC outputs. 

As SMT allowed packing density to grow, printed circuit lay­
out software began to appear with features that allowed 
physical access to continue with traditional bed-of-nails 
testing. Figure 2 shows a portion of a layout that supports 
continued access. While supporting test access to allow de­
fects to be detected, this defeated the advantage of SMT: 
higher packaging density. In addition, layout software be­
came more complex as it was used to help overcome ac­
cess problems. 

TL/F/11568-2 

FIGURE 2. Despite Shrinking Component Sizes, 
Some Users Have Kept Large Feature-Sized Etch 

to Continue to Support Physical Access 

To support physical access some manufactures began us­
ing bed-of-nails fixtures that could contact both sides of a 
PWB. One user, in a personal communication, reported that 
these fixtures were so fragile that they might need to be 
repaired after testing as few as ten SMT printed circuit 
cards. And the time to develop such fixtures often extended 
beyond system development time and delayed the start of 
high volume production. Some users have reported that de­
veloping an SMT bed-of-nails fixture added 10% to their 
board development cost. 
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SUMMARY 

ABT interface devices offer glitch free power cycling provid­
ed that the DE pin is held at the device specified VIH (2.0V)· 
level. In practice, DE will provide an output high impedance 
condition if DE maintains a level of :2!50% of Vee through 
the OV to 5.5V range. In fact, the DE pin circuitry gains 
control once Vee is :2! 1.0V. Interface device output charac­
teristics for Vee levels before 1.0V are controlled through 
the isolation circuitry discussed earlier. 

ABT designs and specifications recognize the need for 
more fault tolerant interface devices. Uve insertion guaran­
tees such as VID/IZZ, IDZLlH and glitch free power cycling 
all promote better system uptime, especially for telecom 
switching environments. Together with extended AC specifi­
cations that reduce the need for complex performance eval­
uations, ABT live insertion guarantees allow designers to 
spend more time on total system performance features and 
not worry about the logic. 
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