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Content
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Background

• Complex ICs require alternative test 
approaches.

• A continuing move to BIT.

• BIT can often be accessed using a low-
pin count serial bus (e.g. IEEE 1149.1).

• Burn-in driver cards can leverage BIT and 
a driver with 24, 48, 96, etc., channels can 
be used for parallel test during burn-in
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Architecture Overview

DUT Clock

DUT Clock

DUT Clock
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Built In Test Approaches

Test Controller
Registers

Built-In Self Test (BIST)

Boundary Scan

Access Registers

Access Memory

Execute Test Code

Access Instruments

Control CPU

Low-pin 
count 
serial bus
(data in/out)

Scan Chains
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Scan Chains

Test Controller

Serial Data 
In/Out

Core 
Logic

Shift 
Registers
(Scan 
Chains)

Shift in 
vectors to 
stimulate 

and monitor 
core logic



2014 BiTS Workshop  ~  March 9 - 12, 2014

Paper #1
4

Feel the Burn-in

Session 7

Serial Data 
In/Out

BiTS 2014 Massively Parallel Burn-in Test Using IC Serial Buses 7

Boundary Scan (A Scan Chain Example)

• Scan chain 
connected to 
device pins

• Set/Reset/Toggle/
Monitor Pins

Core Logic
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Logic BIST

Test/BIST Controller

Core Logic

Alternatively Scan Chains may 
be used to apply vectors
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Memory BIST
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Device Access Examples

Serial 
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Test
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Registers
CORE
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Control CPU Operation

Serial 
In/Out

Test
Controller

Registers

Memory AccessControl Unit

Instruction 
Pipeline

1. Control Unit
• Start/Stop
• Reset

2. Instruction Pipe
• Inject & 

Execute 
Instructions

3. Registers
• Read/write 

including PC
4. Memory Access

• Read/write

CPU Core

BiTS 2014 Massively Parallel Burn-in Test Using IC Serial Buses 12

Embedded Instruments
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Accessing BIT using IEEE 1149.1
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Instruction Register

TCK

TMS

TDI

[TRST]

TDO

Data Registers
Boundary Scan Register (connects to device pins)

IDCode Register

Bypass Register BIST Register

Vendor Specific Register

Sample/Preload
ExTest
Bypass
IDCode
BIST
Vendor….
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Some JTAG Data Formats

• BSDL (device definition)
• SVF (test sequence)
• STAPL
• IEEE 1532
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Differential JTAG: IEEE 1149.6

Additional Instructions: EXTEST_PULSE; EXTEST_TRAIN

R

AC 
Test 

Signal

R

R

C

C

Hysteretic 
Comparator
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JTAG: IEEE 1149.7

• From 5 pins to 2
• Useful for low pin 

count parts

• TDI/TDO/TMS 
share a pin.

• Various modes of 
operation
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JTAG: Pin Stimulus/Monitor 
Example
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TAP
JTAG 
Pins

Set/Reset; 
Read via GPIO
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JTAG: Internal Access Example

G
P

IO
1-8

A
M

U
X

1-16

A
D

C Registers

TAP Flash

TCK
TMS
TDO
TDO

JTAG Instructions:
• BYPASS
• IDCODE
• READ REGISTER
• WRITE REGISTER
• READ FLASH
• FLASH WRITE ON
• FLASH WRITE 

OFF
• WRITE FLASH
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JTAG: CPU Control Example (ARM9)

Instruction 
Pipeline

TAP
Controller

TCK
TMS
TDO
TDO

Proprietary 
Scan Chains

JTAG Instructions:
• SCAN_N (x7)
• INTEST

(See ARM AN205 for 
details)

ARM Core
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Other Serial Buses (I2C, SPI)

SDA
SCL

Te
st

er

DUT#1 DUT#2 DUT#n

I2C

Te
st

er

DUT#1 DUT#2 DUT#n

SPI

SCLK
MOSI
MISO

Chip Selects
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A JTAG Configuration for Parallel 
Test

START:

Read loopback input pins
Run LBIST
Run MBIST
Read/write selected CPU 
registers
Toggle loopback output pins
Goto START
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Code Compilation for Parallel Test

SVF Program (or similar) for single 
DUT:

COMPILE

11010000000000000000
01010000000000000000
10011111111111111111
01110000000000000000
Etc.

Parallel vectors for multiple devices
[TCK;TMS;TDI;TRST;TDO1;TDO2; etc.]
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High Level Code for Parallel Test

• API’s
• Driver Board

• Download 
compiled vectors 
to vector memory.

• Execute selected 
vector sequences.

• Collect and log 
results.

• Oven Controller
• Set temperature 

cycle etc.
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Summary

• Many ICs now include various forms of  
BIT.

• BIT can be controlled and accessed 
using low pin-count serial buses such as 
JTAG.

• JTAG only requires a small number of 
vector channels.

• This means that many devices can be 
tested using a burn-in driver card.

• Some additional compilation tools are 
required.
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