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1:
Introduction (What)

The overall objective is to supply guidelines, agreed generically, that could be applied globally across 3Com, leveraging best practice across the industry.

The intentions of these guidelines are:

· ASIC Vendor

Clarify the requirements of the Request-for-Quotation (RFQ), obtain the vendor’s Manufacturing and Test strategy, Qualification and Quality Control (QC) process(es).

· Component Engineering

Clarify the important of Packaging technology and changes.

· Device Level

Detail the test requirements (e.g. Full Scan, IDDQ, BIST, IEEE1149.1A, IEEE1149.4, etc.)

· Development

Detail the test requirements and deliverables (e.g. Toolsets, Structural Test coverage, IDDQ Test coverage, BIST Test coverage, Verified BSDL, IEEE1149.1A features, IEEE1149.4 features, etc.)

· Manufacturing Test Engineering

Detail the requirements (e.g. Vectorless test techniques, BIST, Global Disable, Register Level Test Features, Virtual Interconnect, etc.)

This document provides guidelines for the Design-for-Test (DfT) requirements for company developed ASICs.

These guidelines have a significant influence on the manufacturing strategy for product containing the ASIC.

2:
Benefit (Why)

The overall benefits of adopting the ASIC Design-for-Test Strategy are:

· Avoid the issues associated with ALL previous ASICs!

· Minimise overall cycle time, and Time to Market

· Consistent approach for ALL designs / vendors

· Avoid capital Expenditure (potential savings of > $500k / tester!)

· Avoid untestable designs (especially large pin count devices)

· Avoid unnecessary engineering effort (i.e. Keep Manufacturing Test Engineering off the critical path)

· Understand the cost / benefit analysis of alternate strategies

· Improve debug / diagnosis

· Re-use tests / structures at PCA (MPT / ICT) / Box (Functional) / Field Service Test

3:
Document Scope

The objective is to identify the requirements for ASIC Design-for-Test guidelines (in association with the Component Engineering and Development teams) and present the impact of alternate strategies where the optimal solution cannot be adopted (i.e. Compromises). 

These are to be used as a general guideline for discussion between the Manufacturing Test Engineering and Development team(s).

This document does not detail how the ASIC will be tested either by the silicon vendor or manufacturing functional test. This document assumes that an optimal strategy is chosen, as outlined herein. If however, a non-preferred feature is chosen the impact of such a decision on the Development, Manufacturing Test Engineering and Manufacturing (Sub-Contractor) is outlined.

3.1:
Reference Documents

[1]
211-099
Test Strategy Update

[2]
211-048
Test Strategy

[3]
211-085
Design-for-Test Specification

[4]
E1017-90001
HP Boundary Scan Tutorial and BSDL Reference Guide

[5]
E3740-13600
HP3070 Quick Trainer (Computer-Based Training for Series II Systems)

[6]

ALT Technologies – DfT Training Manual (Author: Ben BENNETTS)

[7]

ITC93 Paper14.2 GAYLE NCR Liberty; 281*281 mils ASIC 1 micron GA

[8]

ITC94 Paper18.3 HAWKINS et al; IDDQ Defects and Faults

[9]

European Design and Test Conference, Paris, FEB95; IDDQ Test – The issues facing EDA Vendors (Ben BENNETTS – Synopsys Inc.)

[10]
211-140
ASIC Design-for-Test – CHECKLIST

[11]

ITC94 Paper33.2 Gordon D ROBINSON GenRad Inc.; NAND Trees Accurately Diagnose Board-Level Pin Faults

[12]
211-141
Packaging Technology

3.2:
Glossary

ABSM
Analog Boundary Scan Module

ASIC
Application Specific Integrated Circuit

AT1
Analog Stimulus (IEEE1149.4)

AT2
Analog Response (IEEE1149.4)

ATE
Automatic Test Equipment

ATPG
Automatic Test Pattern Generation

BGA
Ball Grid Array

BIST
Built-in-Self-Test

BSCAN
Boundary Scan

BSDL
Boundary Scan Description Language

CMOS
Complimentary Metal Oxide Semiconductor

ConnectCheck
A vectorless technique to verify device pin connectivity to the PCB utilising a parasitic diode technique. ConnectCheck is the HP technique Junctions Xpress is the GenRad equivalent.

CQFP
Ceramic Quad Flat Pack

DfT
Design-for-Test

DR
Data Register (IEEE1149.1A)

DUT
Device Under Test

DVT
Design Verification Test

EPLD
Electronically Programmable Logic Device

ESD
Electrostatic Discharge

FPGA
Field Programmable Gate Array

FTE
Functional Test Equipment

GR
GenRad

HALT
Highly Accelerated Life Testing

HASS
Highly Accelerated Stress Screen

HP
Hewlett-Packard

I/O
Input / Output

ICT
In-Circuit Test

IP
Intellectual Property

IR
Instruction Register (IEEE1149.1A)

ISP
In-System Programming

JTAG
Joint Test Action Group – often confused with IEEE1149.1A

LTA
Limited Test Access

MLC
Multi-Layer Ceramic

MPT
Manufacturing Process Test

NFF
No Fault Found

PBGA
Plastic Ball Grad Array

PCA
Printed Circuit Assembly

PCB
Printed Circuit Board

PI
Primary Input

P&L
Presence and Life – a simple MPT (ICT) test used to verify a components’ operation and orientation

PO
Primary Output

PPM
Parts Per Million (usually used in Defective Parts per Million)

RAM
Random Access Memory

RFQ
Request For Quotation

ROM
Read Only Memory

SA0
Stuck-at-Logic 0

SA1
Stuck-at-Logic 1

SOC
System On Chip

TAP
Test Access Port (IEEE1149.1A)

TCK
Test Clock (IEEE1149.1A)

TCO
Total Cost of Ownership

TDI
Test Data In (IEEE1149.1A)

TDO
Test Data Out (IEEE1149.1A)

TestJet
A vectorless technique to verify device pin connectivity to the PCB utilising a capacitive (sensor) plate technique. TestJet is the HP technique Opens Xpress is the GenRad equivalent.

TMS
Test Mode Select (IEEE1149.1A)

TPG
Test Pattern Generator

TPGA
Thin Plastic BGA

TRST*
Test Reset (IEEE1149.1A)

TTM
Time To Market

UDL
User Defined Logic

VCO
Voltage Controlled Oscillator

VIT
Virtual Interconnect Test

4:
Manufacturing Test Engineering ASIC DfT Expectations

Maintained in Ref. [10]

5:
ASIC Development Process

Detailed in Ref. [10]

6:
What are the Manufacturing Test Engineering Expectations?

6.1:
ASIC Vendor

· Compliance to the RFQ Checklist, Manufacturing / Test Strategy, and QC Process (i.e. ensure that we understand what the vendor will produce for us)

6.2:
Component Engineering

· Packaging Technology (i.e. assimilate technology ahead of utilisation to ensure strategy compliance)

6.3:
Development

6.3.1:
Chip Level Features

· Full internal SCAN – minimise structural test vector generation

· IDDQ Design – increased fault coverage above structural test vectors

· Ram / Logic BIST – re-usable test blocks

· IEEE1149.1 Compliance (IDCODE, RUNBIST, HIGHZ, CLAMP, Fault Tolerant Output structures) – support for high pin count devices in the MPT (ICT) environment

· IEEE1149.4 Compliance

6.3.2:
Deliverables

· Structural test coverage, IDDQ test coverage, BIST coverage – estimated yield

· Verified BSDL – off critical path verification

6.4:
Test Development

· Vectorless Test Chip Package – pin-point diagnostics, efficient MPT (ICT) development

· Overall Disable – simple support of device at MPT (ICT)

· Register level test features – feature validation at functional test

· Simple “Presence and Life” Test for implementation at MPT (ICT) as a presence and orientation

· Support for the “Big Bang” test methodology

7:
Why do we require these Requirements?

7.1:
ASIC Vendor

The key requirements are:

· Understand their process and methods

· Minimise the workload on all parties involved

7.2:
Component Engineering

7.2.1:
What is the requirement?

To validate the proposed packaging style prior to utilisation. Facilitate the provision of ‘sample’ parts in representative packaging to enable validation of MPT (ICT) capability. The ‘sample’ must be packaged as the actual product and contain bonded silicon. The ‘sample’ cannot be looped back as this may give an incorrect result. 

7.2.2:
Benefit

Create a chart of MPT (ICT) compliant and non-compliant packaging technologies. Maintain the component validation off the critical path. Enable factual feedback to the Development team on packaging compliance

7.2.3:
Risk

Postpones package decision making. Risk of selecting an inappropriate package.

7.3:
Development

7.3.1:
Internal SCAN

7.3.1.1:
What is the Fundamental Problem we’re addressing?

The fundamental problem is the presence of global feedback paths causing path-sensitisation procedures to go forward many timeslots for fault propagation and backward many paths for path justification. Breaking the feedback paths and improving the controllability and observability of the state-defining memory elements (flip-flops or latches) can solve the problem. This can be achieved by means of an over-laid shift register, called a scan path. If all state-defining memory elements are included in the scan path, test pattern generation reduces to combinational test pattern generation (TPG). Combinational TPG is a solved commercial problem.

7.3.1.2:
Full Scan vs. No Scan

Advantages

· Automated Test Pattern Generation (ATPG)

· Faster Fault Simulation – feedback broken

· Improved Design Debug – scan path enables diagnostic data setup and capture

· High structural fault coverage

· Improved defect location

· Reduced risk of design change

· Shorter design time – automated tool (i.e. shorter test vector generation cycle)

· Improved quality product – reduction in escape rates and defect levels

· Automated synthesis

· No performance penalty (Lucent, Bennetts, et al) (i.e. LSSD – none, slight penalty for MUX implementations)

Disadvantages

· Less silicon hence, better yield – this argument pushes the diagnosis of the issue further up the development / manufacturing chain hence, increased overall cost (i.e. the Total Cost of Ownership).

· Fewer device pins hence, smaller package – in its minimal form scan requires 1 extra device pin (SCAN enable)

· Less (no in-line) delay hence, faster speed?

· Faster device test time – compared to what? Certainly will require significantly more vectors than scan based design

· More design freedom for asynchronous designs?

7.3.1.3:
Partial Scan vs. Full Scan

Advantages

· Capability to meet die area constraints

· Critical timing remains untouched

· Power consumption reduced

Disadvantages

· Sequential ATPG required – commercial solutions exist but there is no guarantee of success

· Sub-set selection method required – if synthesis tools used then semi-automated process

· Lower structural fault coverage

· May need to gate the clock

· Diagnostics not as easy

· State retention may be an issue

· Design time may increase (e.g. manual pattern generation rather than ATPG)

7.3.2:
IDDQ

7.3.2.1:
What is it?

In CMOS, the quiescent (a.k.a. leakage, standby, static) value of current, IDD, that passes from Vdd to Vss is called IDDQ (a.k.a. ISSQ). IDDQ is determined by the reverse leakage currents and is typically nano / micro amps. Many CMOS defects cause significant increase in IDDQ values. Ref. [9]

Figure 2: IDDQ / ISSQ
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7.3.2.2:
If the defect does not affect circuit logical behaviour, why bother?

Circuit defects may indicate latent reliability problems (i.e. quality issue), additional current drain for low power devices will cause premature failure indicating a device (die) problem, some defects (e.g. Transistor Node, Interlogic Gate bridging, and Transistor permanently ON, Gate Oxide Short, Bridging, Parasitics, PN-leakage, Punchthrough, etc.) can only be detected by current measurement techniques (Ref. [8]). IDDQ tests are in addition to the high coverage structural test vectors; however, they make use of these vectors to achieve the test objective.

7.3.2.3:
How can a design be IDDQ compatible?

Numerous elements within designs contain static current elements (e.g. active pull-up / pull-down circuits in I/O cells, don’t care internal bus states (floating / source contention), pull-up / pull-down in embedded RAM structures). The following mechanisms can be used to overcome the effects in IDDQ testing: evaluate each potential IDDQ vector for suitability (i.e. pattern masking), eliminate pull-up / pull down structures or make these switchable (e.g. TDI, TMS pull-up), and re-design embedded macros. Where the design is mixed-signal separate the power supplies for the IDDQ compliant core and analog sub-system(s)

7.3.2.4:
IDDQ Issues

Ensure that the ASIC vendor tester hardware can support IDDQ tests. Typically, between 5 .. 20 vectors will be required to achieve ~2% .. 3.5% additional defect coverage (Ref. [7]). Each IDDQ measurement will take between 10 .. 100mS. The additional test coverage (device fallout) is difficult to quantify however, these devices are defectives. ASIC Vendors typically perform IDDQ testing without informing the customer as it gives a clear indicator of the state of the device / die fabrication process.

7.3.2.5:
Summary

Applicable to CMOS only. Improved detection of defects and failure mechanisms. Diagnosis in combination with other techniques. Useful also for design verification and early silicon characterisation. IDDQ complements Internal Scan not a replacement.

7.3.3:
Ram / Logic BIST

7.3.3.1:
Why Bother with BIST?

The method of embedding the test function within the device. It allows AT-SPEED testing of more defects (i.e. qualified algorithms for RAMs, more tests for User Defined Logic (UDL) applied through scan paths) hence reduces test escapes and yields higher quality devices. BIST can also be used for performance validation (faster debug). BIST solves the need for many extra I/O pins to enable the access of multiple testable cores (e.g. RAM, ROM, IP, and UDL with scan, etc.). Reduces the DfT cycle time – the increased design time is more than offset by the reduction in test program generation time (life cycle cost). Reduces device outgoing / incoming inspection / test costs by simplifying test program generation, reduction in program runtime, reduction of pin count, reduced requirement for ATE (device / board) channel memory requirement (for BIST’d scan designs).

7.3.3.2:
Implementation

There are multiple implementations of BIST. If IEEE1149.1A is implemented the device must support the RUNBIST instruction. Additionally, the BIST functionality must be accessible at the register level.

7.3.3.3:
BIST vs. NO BIST

Advantages

· Allows at-speed test (static and dynamic) – detects timing related defects

· Targeted at specific defects – predominately timing related

· Protection of IP cores, a method of testing IP cores

· Can be reused at the board / system level

· Reduces the cost of external ATE (chip / board)

· Fits into the design flow automatically

· Could use less expensive device test ATE

· Solves access issues

Disadvantages

· Increases die real estate

· May impact performance – not if automated

· Increases design time – overall cycle time reduced (reduce TCO)

· Increases yield loss – we want to reduce test escapes?

7.3.3.4:
BIST vs. Device ATE

Advantages

· Portable, therefore reusable throughout the product life cycle

· Reduced Device ATE equipment cost (space, outlay, maintenance)

· Simplified program development and qualification

· At-speed test possible

· Solves System-On-Chip (SOC) test problems

· Remote diagnostics possible

· Extendable to mixed signal / analogue

· Possible to leverage from embedded measurement structures

· Few test vectors to test

Disadvantages

· ATE more versatile

7.3.4:
IEEE1149.1A-1993 IEEE Standard Test Access Port and Boundary Scan Architecture

7.3.4.1:
Motivation

The miniaturisation of device packaging (e.g. surface mount, fine pitch, µBGA, etc.) coupled with multilayer PCB structures (e.g. buried vias, short controlled impedance tracking, etc) which has resulted in significantly increased density of components / devices on the PCB which has / will reduced the physical access for MPT. How do we test for (detect) and diagnose manufacturing defects: use boundary scan structures.

7.3.4.2:
Assumptions

The following assumptions are assumed when testing PCAs utilising boundary scan:

· PCB electrically tested (i.e. Bare Board tested)

· All Active Devices electrically tested (i.e. Component Vendor tested)

7.3.4.3:
Target Faults

Boundary Scan targets manufacturing defects around the boundary of a device and between the interconnects between devices caused by: electrical shock (e.g. ESD, etc.), mechanical shock (e.g. bent pins causing opens and shorts, mis-orientated positioning and missing parts), and thermal shock (e.g. solder-solder shorts, open bond wires). The region targeted (i.e. I/O cell, I/O driver amplifier, pad, bond wire, leg, solder, PCB interconnect, solder, leg, bond wire, pad, I/O driver amplifier, I/O cell) is the region most likely to be damaged during board assembly

7.3.4.4:
Standards Confusion?

It is important to understand the precise meaning of the terms when reviewing the technical specifics of any proposals. The area of greatest confusion is what is meant by the term JTAG. ASICs can have numerous implementations of JTAG and the following should enable the reader to clarify the requirements / capability.

7.3.4.5:
IEEE1149.1A-1993

The standard fully describes a complete test access and boundary scan implementation within a device the key elements of which are:

· Dedicated Test Access Port (TAP) Pins:

Test Data In (TDI):
The serial input for test and instruction data

Test Data Out (TDO):
The serial output for test data

Test Clock (TCK):
An independent clock input used to drive the TAP controller

Test Mode Select (TMS):
An independent control input that modifies the operation of the TAP controller (i.e. state transition)

Test Reset (TRST*):
An optional input used to reset the device

· Test Access Port (TAP):

A general purpose port that routes the control signals into the boundary scan device (i.e. TMS, TCK, TRST*) to the TAP controller and provides the serial input and output pins (i.e. TDI, TDO) for the boundary scan logic.

· TAP controller:

A 16-state machine, programmed by the TMS and TCK inputs, that controls the flow of data bits to the Instruction Register (IR) and the Data Registers (DR).

· Instruction Register (IR):

Decodes the instruction to be performed by the test data registers. Additionally, it selects the test data register to be accessed

· Data Registers (DR):

The data register is the generic term for any register, except the IR, that is placed between TDI and TDO. The data registers include the Boundary Register (on the Input / Outputs pins of the device) and Bypass Register, which are mandatory. Optional data registers include the Identification Register, Internal (Private) Registers, and User Defined Registers

Reference [4] (HP Boundary Scan Tutorial and BSDL Reference Guide) / [5] (HP3070 Quick Trainer (Computer-Based Training for Series II Systems)) provide a full description of the standard and its utilisation in PCA testing.

Figure 3: IEEE1149.1A-1993 Device Architecture
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Standard Instructions

Instruction
Type
Selected Register & Comment

BYPASS
Mandatory
Bypass Register (Initialised State unless IDCODE instruction present)

SAMPLE/PRE-LOAD
Mandatory
Boundary Scan Register

EXTEST
Mandatory
Boundary Scan Register

INTEST
Optional
Boundary Scan Register

IDCODE
Optional
Identification (Initialised State) – 32bit word containing 4 fields (Revision – 4bits, Part Number – 16bits, Manufacturer – 11bits, 1bit mandatory “1”.

Should be configured:

Revision (3Com defined), Part Number (3Com defined last digits of part number), Manufacturer (Vendor ID) 

USERCODE
Optional
Identification (typically used for PLDs)

RUNBIST
Optional
BIST Result Register

CLAMP
Optional
Bypass Register (outputs SAFE STATE)

HIGHZ
Optional
Bypass register (outputs High-Z state)

NOTE: All unused instruction codes must default to the BYPASS register

Fault Tolerant Output Structures

A feature of the IEEE1149.1A standard is the utilisation of fault tolerant output structures where a structural fault on the PCA (e.g. SA0, SA1, etc.) would otherwise cause catastrophic damage on a standard output cell.

7.3.4.6:
JTAG Port

The JTAG Port, typically, implies a subset of the IEEE1149.1A standard. These tend to be a mix of features from the standard and vendor specific implementations providing a multitude of device capabilities;

· Debug:

Provide the ability to monitor, breakpoint, exception handle, etc. the operation of the device

· Programming:

Provide the ability to download applications (e.g. IP cores), program arrays (e.g. EPLD, FLASH, etc.). These appear in variety of guises (e.g. JTAG-iSP, etc.)

Because these interfaces are NOT fully compliant to the IEEE1149.1A standard it is generally not possible to include these in a board level boundary scan chain.

7.3.4.7:
IEEE1149.1A Boundary Scan vs. No Boundary Scan

Advantages

· (Board Level) Automated vector generation

· (Board Level) Development device debug, programming, and configuration

· (Board Level) Effective defect detection

· (Board Level) Effective defect location

· (Board Level) Only solution for limited test access and large pin count devices

· (Board Level) Short device / PCA (~days) test program development / debug

· (Board Level) Structural test coverage with minimal vectors (parallel vectors)

· (Device Level) Automated synthesis

· (Device Level) Automated VHDL / BSDL generation

· Re-usable device, PCA, Functional Test (Box) and Field Test

Disadvantages

· (Board Level) Little / no contribution to mission mode operation of the device

· (Device Level) Increase device die real estate

· (Device Level) Requires 4/5 extra device pins

7.3.4.8:
IEEE1149.1A Boundary Scan vs. JTAG Port

Advantages

· Full development / debug capability

· Standard compliant hence, re-usable in the PCA environment

· Automated synthesis

Disadvantages

· Introduce minimum functionality required

· Non-compliant implementation hence, compromise

· May not scale into PCA environment

· May not be supported by test program development toolsets

7.3.5:
IEEE1149.4-199x Mixed-Signal Test Bus Standard

7.3.5.1:
Purpose

The 1149.4 standard will allow access to the analog pins and, optionally, internal nodes, of a mixed-signal device, in situ, for test and diagnostic purposes.

IEEE1149.4-199x

The 1149.4 standard is an analog extension of the 1149.1A standard.

· Analog Test Access Port:

AT1:
Analog Test Stimulus

AT2:
Analog Test Response

The Analog Boundary Scan Module (ABSM) is fully compatible with 1149.1A EXTEST and PRELOAD/SAMPLE instructions. 

Input cells can be compared to an internal reference and input to a scannable register, or injected to the internal analog bus. Output cells can be configured digitally to output Logic 1, Logic 0 or signal disconnect. Alternately, the output cell can inject current from the internal analog bus. The status of the output cell can be compared to an internal reference and input to a scannable register.

These features enable the injection, detection and measurement of analog voltages (e.g. resistance measurement, etc.)

Figure 4: IEEE1149.4-199x Device Architecture
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Figure 5: IEEE1149.4-199x Analog Boundary Scan Module
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Advantages

· Analog extension to 1149.1A

Disadvantages

· As 1149.1A

7.3.6:
NAND Tree

NAND tree is NOT the preferred test method for ASICs mounted on PCBs as it consumes too many ATE digital driver pins requiring, potentially, significant investment in ATE hardware to support (depending upon device pin count expenditure could be in the order of $500k!). 

NAND tree structures are a useful testability structure for in-circuit test systems and device testers. Simple tests give high coverage for input pin defects (faults). A slightly more complex test can also be developed to give accurate pin level diagnostics for the majority of applications (especially low pin count devices). However, tied pins cause an inescapable loss of fault coverage. Additionally, NAND tree structures are not as comprehensive a testability scheme as vectorless techniques coupled with a presence and life test or IEEE1149.1A / .4. Fundamentally the NAND tree does not scale to the board level environment.

NOTE: Some ASIC vendors demand NAND Tree testing for their own characterisation processes. The MPT (ICT) limit (excluding the issues associated with blocked resources, etc.) are: 96 driver / sensors for a 2 module system, 144 for a 3 module system (3Com WSBU limitation).

7.3.6.1:
Disadvantages of NAND Tree vs. IEEE1149.1A / .4

· Does not activate and test device output pins (device / board level)

· Reliant upon having full access to ALL device input pins (whereas IEEE1149.1 / .4 tests are robust when used with incomplete board level access)

· When pins are tied together, unable to detect all faults

· SA0 failure prevent the tree being used for diagnosis

· Multiple faults can cause mis-leading diagnosis

· Cannot be used for cluster testing

7.3.7:
Deliverables

7.3.7.1:
Test Coverage

Detailed test coverage reports are required to identify any coverage limitations that will have to be addressed in the Functional Test software. Test coverage reports are to include: Structural (vector) based, IDDQ, BIST (both external and internal, if different) and Functional Vectors (characterisation / performance tests), if appropriate. The test coverage will be calculated using the gate count and circuit blocks.

e.g. Consider a device of 500k gates that contains two elements RAM containing 400k gates and Glue Logic 100k. Assuming that the structural vector coverage for the blocks is 95% and 75% respectively, hence, the overall test coverage for the device is:

=
400/500 * 95% + 100/500 * 75%

=
76% + 15%

=
91% structural vector test coverage

7.3.7.2:
Verified Boundary Scan Description Language (BSDL)

If IEEE1149.1A / .4 is adopted then the ASIC development plan shall include the generation and validation of the BSDL. The development plan shall include the validation of the BSDL on a commercial ATE (e.g. HP3x7x, GR228xe, Teradyne 18xxVP, etc.) or Boundary Scan verifier (e.g. Göpel, JTAG Technologies, ASSET InterTech, Intellitech, etc) rather than a Device tester. Full compliance testing of the BSDL shall be performed.

7.3.7.3:
JTAG Port

If a JTAG port is implemented then a full description of its operation and control shall be detailed on the development plan. Additionally, a specification sheet will be required. This is NOT the preferred implementation. The development plan shall include the validation of the specification on a commercial ATE rather than a Device tester. If a sub-set of IEEE1149.1A then the ASIC development plan shall include the generation and validation of the (sub-set) BSDL. The development plan shall include the validation of the (sub-set) BSDL on a commercial ATE (e.g. HP3x7x, GR228xe, Teradyne 18xxVP, etc.) or Boundary Scan verifier (e.g. Göpel, JTAG Technologies, ASSET InterTech, Intellitech, etc) rather than a Device tester. Full compliance testing of the BSDL shall be performed.

7.3.7.4:
ASIC Specification

A document detailing the full operation including test features is required.

7.3.7.5:
ASIC Development

The Manufacturing Test Engineering team will have specific requirements on the design of any ASIC and these will require inter-team consultation during the conception and development process (e.g. Overall Disable, Revision Register, Debug Feature Register, External BIST port, Loopback, etc.)

7.4:
Test Development

7.4.1:
Packaging Technology

Whenever a package is proposed that is not described herein a sample will be required to determine its compliance to the optimal strategy. The sample must be packaged as the actual product and contain bonded silicon. The bonded silicon can be non-functional however, functional is preferred. The sample cannot be looped back as this may give an incorrect result.

7.4.2:
Vectorless Test Device Package

Enables the generation of a well-understood capacitive (TestJet) and parasitic diode (ConnectCheck) based techniques to detect and diagnose to device pin level. The typical program / validation cycle is ~0.5days / device. The techniques are ‘learned’ response. The vectorless test has to be backed up with a ‘simple’ device validation to ensure that the correct part is located (i.e. Presence and Life test). The premise for this strategy is that the device is fully validated (by the ASIC vendor) prior to placement on the PCB.

Whilst alternate vectorless techniques are available (e.g. HP ConnectCheck, etc.) these, typically, require more development and maintenance than the preferred TestJet technique.

7.4.2.1:
TestJet®

A vectorless test technique that injects an ac voltage at the device pin that is detected on the detector plate (capacitive coupling technique). The technique relies upon a lead frame assembly and does not operate with ground / power planes or grounded heatsinks.
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7.4.2.2:
ConnectCheck®

A vectorless test technique that validates the parasitic (protection) diodes. The technique requires no knowledge of the device’s operation, however, is reliant on the ‘by-product’ diodes fitted to the device I/O pins.
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7.4.2.3:
TestJet® vs. ConnectCheck®

Advantages

· Tolerant of device / vendor variation

· Low support cost

· Once characterised very stable (hence, low maintenance)

· Minimal requirement on package construction (e.g. Lead Frame, etc.)

· Capacitive method

Disadvantages

· (TestJet) Specific device package requirements (e.g. Lead Frame, NO power / ground planes, NO ground / power heatsink, etc.)

· (ConnectCheck) Specific requirement on construction

· (ConnectCheck) Poor tolerance to differing vendors, batches of devices

· (ConnectCheck) Production / Stability issues

· (ConnectCheck) Internal Diode method

· (ConnectCheck) Doesn’t work well with low impedance signal grounds (i.e. MOST BGAs!)

7.4.2.4:
VectorLess vs. Vector Test

Advantages

· Targeted at Manufacturing (Structural) defect detection

· Device.Pin specific diagnostics

· Simple / Fast development (~0.5 days / device)

· No design tools or vectors required to program

· No issues with Upstream / Downstream disable

· Reliable

· Suitable for any device size

· Utilises lower cost test platform

· Push vector testing to the ASIC vendor (where it belongs!)

· SIMPLE, hence, lower TCO

Disadvantages

· (Vectorless) Need to understand the device packaging construction

· Device packaging independent

· Targeted at device defects

· At best gives diagnosis resolution to 2 device pins (where virtual interconnect testing necessary to minimise MPT (ICT) resource utilisation)

7.4.3:
Overall Disable

This feature enables all output and bi-directional pins to be configured into a tri-state condition. This ensures that the device can be easily supported on the MPT (ICT) (i.e. avoids complex digital routines to configure the device and saves the utilisation of MPT (ICT) digital resources). The preferred implementation is a single device input pin providing this functionality.

7.4.4:
Register Level Test Features

These features required of the design typically are used for part validation, however, the device should include mechanisms for the execution of BIST from a register. The Manufacturing Test Engineering Team will have input upon the features required in the device.

7.4.5:
SIMPLE Presence and Life Test Feature

A simple test (typically, digital) to verify the device’s orientation and operation (e.g. External BIST port, IEEE1149.1A TAP check, etc.). This together with the vectorless technique, described above, provides sufficient assembly test coverage at MPT (ICT). Provides a specific device failure diagnostic.

7.4.6:
“Big Bang” Test

The “Big Bang” test is a maximal test coverage, fast execution test that executes in the minimum possible time. The specification of the ASIC should be reviewed by the Test Development team to identify those features required to support the “Big Bang” test methodology. Typically, the test proposal will come from the functional test list description. The requirements for the “Big Bang” test will be discussed between the Test and Development teams.

7.4.7:
Cost of non-compliance

If a vectorless test compatible package cannot be achieved then by default IEEE1149.1A / .4 will have to be introduced into the silicon. The introduction of IEEE1149.1A imposes constraints on the board level design in order to maximise the interconnections between compliant parts to minimise the utilisation of digital resources on the MPT (ICT). Additionally, the introduction of IEEE1149.1A will reduce the effectiveness of the diagnosis to 50% (i.e. with a vectorless technique the diagnosis will be device.pin whereas with a virtual interconnect test technique the diagnosis will be a choice of (minimum) two device.pin diagnosis!). The limitation of the diagnosis may impact the quotation provided by vendor manufacturing the PCA. 

The introduction of non-standard techniques may increase the demand for training to the vendor.

7.4.8:
Large Device Pin Count Support

In certain circumstances (e.g. high node count PCB’s) despite having a vectorless test package it will be necessary to integrate IEEE1149.1A to facilitate node reduction on the PCB assembly. This node reduction will be necessary to enable the PCB to fit on the MPT (ATE) platform. Manufacturing Test Engineering will provide the necessary feedback to the Development team in these circumstances.

7.4.9:
BSDL Vector Generation

The Manufacturing Test Engineering team can provide test vectors for the ASIC given the ASIC BSDL and output requirement. The test vector generation systems have a limited range of vector output formats.

8:
Packaging Technologies

Maintained in Ref. [12].
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