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 Figure 3-1 Introduction to Scan-based Testing

Chip under Test with Full-Scan

- >1,000,000 gates

- >5,000,000 faults

- >10,000 flip-flops

- < 500 chip pins

* > 2,000 gates/pin

- > 1,000 sequential depth

* > 2M = 21000

- >1,000,000 gates

- >5,000,000 faults

- > no effective flip-flops

- < 500 + 10,000 chip pins

* > 95.23 gates/pin

- > no sequential depth

* > 2M = 20 = 1

A deep sequential circuit

A combinational circuit

Chip under Test without Scan
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 Figure 3-2 An Example Non-Scan Circuit

Sequential Logic

QN

input4

input6
QD

1 2 3 4

Sequential Depth of 4

Combinational Width of 6

26+4 = 1024 Vectors



 

Chapter 3  

 

Scan Architectures and Techniques

 

 3

 

Design-for-Test for Digital IC’s and Embedded Core Systems 

 

Alfred L. Crouch
© 1999 Prentice Hall, All Rights Reserved

input1
input2

input3

input5

output2

output1

Combinational-Only Logic

 Figure 3-3 Scan Effective Circuit
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 Figure 3-4 Flip-Flop versus Scan Flip-Flop
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 Figure 3-5 Example Set-Scan Flip-Flops
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 Figure 3-6 An Example Scan Circuit with a Scan Chain
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 Figure 3-7 Scan Element Operations

The scan cell provides observability and controllability of the signal 
path by conducting the four transfer functions of a scan element.

Operate: D to Q through port a of the input multiplexer:
allows normal transparent operation of the element.

Scan Sample: D to SDO through port a of the input multiplexer:
gives observability of logic that fans into the scan element.

Scan Load/Shift: SDI to SDO through the b port of the multiplexer: 
used to serially load/shift data into the scan chain while simultaneously 
unloading the last sample.

Scan Data Apply: SDI to Q through the b port of the multiplexer:
allows the scan element to control the value of the output, thereby
controlling the logic driven by Q.

Scannable D Flip-Flop
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SE

CLK
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D Q

clk
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 Figure 3-8 Example Scan Test Sequencing
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and Place SE = 1
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Apply clocks for scan length

When chain is loaded, the last
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 Figure 3-9 Example Scan Testing Timing
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 Figure 3-10 Safe Scan Shifting
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 Figure 3-11 Safe Scan Vectors
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 Figure 3-12 Partial Scan
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 Figure 3-13 Multiple Scan Chains
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 Figure 3-14 The Borrowed Scan Interface
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 Figure 3-15 Clocking and Scan
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 Figure 3-16 Scan-Based Design Rules
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 Figure 3-17 DC Scan Insertion

Basic Netlist Scan Insertion
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 Figure 3-18 Stuck-At Scan Diagnostics
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 Figure 3-19 At-Speed Scan Goals

Basic Purpose
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• Pin Specifications

• Delay Fault Content
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• No Functional Vectors

• Fewer Overall Vectors

• Deterministic Grade
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 Figure 3-20 At-Speed Scan Testing
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 Figure 3-21 At-Speed Scan Architecture
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 Figure 3-22 At-Speed Scan Interface
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 Figure 3-23 Multiple Scan and Timing Domains
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 Figure 3-24 Clock Skew and Scan Insertion
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 Figure 3-25 Scan Insertion for At-Speed Scan
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 Figure 3-26 Critical Paths for At-Speed Testing
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 Figure 3-27 Logic BIST
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 Figure 3-28 Scan Test Fundamentals Summary
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