| RENEREREREEE|

FEATURE : Electronic Materials

Jododououououon

goooooo 0O
0oooooog

Analytical Techniques for Semiconductor Devices

Kiyoshi Yamamotol Kaoru Sasagawa

In this paper, evaluation techniques for semiconductor devices such as LSI in various process stages are
described. Concrete analytical examples are demonstrated on transmission microscopy, Rutherford
backscattering spectrometry, secondary ion mass spectrometry, and Auger electron microscopy. Moreover,
sample preparation techniques, especially for thin films, using focused ion beams, which are necessary for
observing specific regions of semiconductor devices, are described
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Table 1 Technical check points for manufacturing and its analysis

equipment
Technical . .
Check Point Parameters Analysis Equipment
Cleaning Metal Contamination GCMSOCP-MSO
[J OrganicCInorganicC TRXRFOTOF-SIMS
Pattern Defects Atmosphere ICCFTIRIGCMSO

[ NOxO SOx NH;, etc[

Film Deposition Organic Materials GCMSLFTIRCTDS

Defects [ Plasticizer[Bolvent TOF-SIMS

Crystal Defects Submicron Particles FEAESLTEM-EDX

Increasing Uniformity | Surface Condition TEMOAFMIXPSO
[0 MorphologyCombinationC TOF-SIMS

Quality and Thickness | Damages TEMLCLife Time

of Film [0 SubstrateInsulating FilmsO

Concentration Distribu- | Crystal Conditions TEMIXRDLFIB

tion Surface Condition [J Direction(Grain Size
Impurities Density and
Concentration Distribution

[0 Water[Organic Solventd
Charged or Not SPVICV

[0 SurfaceC Inside of FilmsO
Surface Condition

[0 Morphology[ombinationC)
Metal Contamination GCMSOCP-MSO

[0 OrganicOnorganicO TRXRFOTOF-SIMS
Structure ShapesU Gate[Contactd) | TEMLFIBLSEM
Damages TEMLCLife Time

[0 SubstratelInsulating FilmsO

TDSLGCMSBIMSO
TOF-SIMS

TEMOAFMIXPSO
TOF-SIMS

Monitoring
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0 Operating Condition

[Confirmation of Failure Status ] 0 Lot History

[ Surface Inspection ] 0 Check of Abnormality

]

[ Electrical Bench Verification ]

]

[ Physical Nondestructive Evaluation ] 0 X-ray, etc.

|

[ Decapsulation ]

]

[ Internal Visual Analysis

]

[ Specification of Failure Position |

O Check of PerfomanceO
0 and Failure Mode

O Decapsulate Plastics and[]
O Ceramic Package

] O Optical Microscopy, SEM, etc.

O Liquid Crystal Analysis,
O Microprobe, Emission Microscopy, etc.

0O SEM, AES, etc.O
O Cross-sectional Observation
O Stripping of Device Layers

Physical and Chemical Analysis/(]
Structure Analysis

|

[ Verification of Failure Mechanisms ] 0 Reproduction Test
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Fig. 1 Process of failure analysis
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Table 2 Etching solution

Material

Etching Solution

Etching Rate

Sio,

28ml HF
170ml H,0
1139 NH,F

10000 250nm/min

PSG

Same as Above

550nm/min

SisN,

HF

100nm/min, 8000

H;PO,

10nm/min, 1800

iml HF
Poly-Si 26ml HNO;
33ml CH,COOH

150nm/min

Electron Gun

Condenser Lens 1

Condenser Lens 2

Specimen

Objective Lens

Intermediate Lens

Projector Lens E
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Fig. 2 Schematic illustration of transmission electron microscope
O TEMO
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Photo 1 TEM image of defect in compound semiconductor crystal

@ (b)
002 DRAMOOOOOOOOOOO
Photo 2 TEM image of DRAM memory cell
0 alJ Gate Oxide[T] bJ ONO insulator
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Fig. 3 RBS spectra of WNXx film
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Fig. 4 Depth profile of B inplant in Si
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Fig. 5 Method of sample preparation by FIB
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Fig. 6 Process for TEM sample preparation
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Fig. 7 Comparison of damage layer by FIB and Si matrix area
O by TEM image[diffraction pattern and EDX analysisC
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