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What You can Benefit from this
Course?

® Values of Acquired Knowledge
- Making ICs more testable
- Making ICs/Boards/Systems more debuggable
- Making ICs Faster Time-to-Market
- Making ICs Faster Time-to-Volume

® Academic Training
- Testing is a rich field as you will know.
- Testing is a good topic for MS/Ph.D. theses.
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Chip Design & Manufacturing Flow
{ 1 IC Fabrication
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Design Verification, Testing
and Diagnosis

e Design Verification:

— Ascertain the design perform its specified
behavior

e Testing:
— Exercise the system and analyze the response to

ascertain whether it behaves correctly after
manufacturing

e Diagnosis:

— To locate the cause(s) of misbehavior after the
incorrect behavior is detected
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Manufacturing Defects

Material Defects

- bulk defects (cracks, crystal imperfections)
- surface impurities

Processing Faults

— missing contact windows

— parasitic transistors

— oxide breakdown

Time-Dependent Failures

— dielectric breakdown

— electro-migration

Packaging Failures

— contact degradation
- seal leaks
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Faults, Errors and Failures

Fault:
— A physical defect within a circuit or a system
— May or may not cause a system failure
Error:

— Manifestation of a fault that results in incorrect circuit
(system) outputs or states

— Caused by faults

Failure:
— Deviation of a circuit or system from its specified behavior

- Fails to do what it should do
— Caused by an error

Fault ---> Error ---> Failure
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Reliability Test

e Temperature Related
— Hi-Temperature Life Test
- Low-Temperature Life Test
- Temperature-Cycling Test

e Humidity Test
e Salt Mist Test
e UV (Ultra-Violet) Test

e ESD Test
— ESD stands for Electro-Static Discharge

e \Whole Mechanical Test
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Detailed Reliability Test Items

e Temperature Related
- Operation: 0°C/120hr ~ 70°C/120hr (P§H)
— Operation: -40°C/120hr ~ 85°C/120hr (T_#7)
— Storage: -40°C/200hr ~ 85°C/500hr
- Junction Temperature: Max. 95°C
e Humidity Test
— Operation: 25°C/95% humidity (p5#7)
- Operation: 40°C/95% humidity (T#7)
- Storage: 85°C/95% humidity
e Salt Mist Test
- Salt Water Spray
e UV Test
- UV (254nm), 15Ws/cm?
- X-ray exposure, 0.1Gy/1hr
e ESD Test
- For example, For Contact Pads, +4KV, Human Body Mode
* Whole Mechanical Test

— Vibration (15G, 10 to 2KHz), Impact, Torque, Bending, Drop test
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Scenario of Manufacturing Test

TEST VECTORS

Manufactured
Circuits

CIRCUIT RESPONSE

|

CORRECT

Comparator ——— PASS/FAIL
RESPONSES
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Courses on Agilent 93000 at CIC

Sample Information: (What to expect from that kind of course)

FTICIC - ek 4B ( £ e gE26UE L )

1{u] #|fiiAgilent 93000 SoC Testers gl { i {5 H 1705
loadboard|! iz LR ¥ oo BEES

(1) Agilent 93000 SoC Tester -7
(2) Loadboard (i }{] 77
(3) Test Pattern {ilii
(4) Test flow 207
(5) Result Analysis
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Purpose of Testing

e Verify Manufacturing of Circuit
— Improve System Reliability
— Diminish System Cost

e Cost of repair

— goes up by an order of magnitude each step
away from the fab. line

1000
500
Cost 100 |
Per 50
Fault 10 = ]
(dollars) —
0.5

IC Test Board System Warranty
Test Test Repair

B. Davis, “The Economics of Automatic Testing” McGraw-Hill 1982
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Testing and Quality

Shipped Parts

ASIC : Testing
Fabrication Yle|d'- Quality:
Fraction of Defective parts
Good parts

Per Million (PPM)

Or Parts Per Billion

X (PPB)
Rejects

Quality of shipped part is a function of
yield Y and the test (fault) coverage T.
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Fault Coverage

e Fault Coverage T

— Is the measure of the ability of a set of tests to
detect a given class of faults that may occur on
the device under test (DUT)

No. of detected faults

No. of all possible faults
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Defect Level

e Defect Level

— Is the fraction of the shipped parts that
are defective (Efiz ppm or ppb)

DL =1-YQD

Y: yield
T: fault coverage
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Defect Level v.s. Fault Coverage

Defect Level

1.0 —
Y=01 Y =0.01
0.8 Y =0.25
06 |
Y =05
0.4 [
Y =0.75
o2 -
0 20 40 60 80 100
(Williams 1BM 1980) Fault Coverage (%)

High fault coverage — Low defect level
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DPM v.s. Yield and Coverage

Yield Fault Coverage Defective PPM

50% 90% 67,000
75% 90% 28,000
90% 90% 10,000
95% 90% 5,000
99% 90% 1,000
90% 90% 10,000
90% 95% 5,000
90% 99% 1,000
90% 99.9% 100
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Why Testing Is Difficult ?

e Test application time could explode for
exhaustive testing of VLSI

— For a combinational circuit with 50 inputs, we need
250 = 1.126x1015 test patterns.

- Assume one test per 107sec, it takes 1.125x108sec =
3.57yrs. to test such a circuit.

— Test generation for sequential circuits are even more
difficult due to the lack of controllability and
observability at flip-flops (latches)

e Functional testing
- may NOT be able to detect the physical faults
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DEC Alpha Chip (1994)

e 64-bit RISC
e 200 MHz
e 400 MIPS
i = 200 Mflops
. * 16.8 x 13.9 mm? die
& < 0.68 million transistors
e 431-pin package
e 3.3V
e 30 W power consumption
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The Infamous Design/Test Wall
30 years of experience proves that
test after design does not work!
ettt Oh no!
.~ e What does
Functionally correct! _-'. LT 1 I:T ‘ this chip do?!
We're done! I
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Design Engineering — Test Engineering
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Old Design & Test Flow

Low-quality test patterns
- high defect level

New Design and Test Flow

Introduces circuitry to
make design testable
DFT flow

|
better test
patterns \
N\,
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New Design Mission

e Design circuit to optimally satisfy their
design constraints in terms of area,
performance and testability.

How high is the fault coverage
TESTABILITY we can achieve?

| Power Consumption |

‘ PERFORMANCE}
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