ESD TR22.0-01-14

TABLE OF CONTENTS

MISSION & SCOPE ... 1
2.0 INTERACTION BETWEEN FOUNDRY - IP & EDA VENDOR - IC DESIGN TEAM .............. 1
3.0 TESTING METHODOLOGY ...uutiiiiiieeiiiiiiiiie e e e seiiete et e e e s e s st e s e e e e s s santaaeeeeaeeessnnntnaneeeaaesnannns 4
3.1l DC MEASUREMENTS ..ettttuueteeetetttttunsieeeaeserstanaseaeteeststanaeeaeteestannaaaetenstanaeaeersestnaaaearseens 4
3.1.1 Pre-Conditioning Before all Measure€mMents .........cccccevvicivieeeeieeeisiciiieee e e e s sseiiineeeea e 4
3.1.2 Voltage Ramp Method (V-Ramp) ... er e snaee e 4
3.1.3 Current Ramp Method (I-R&MP) .....eeeieiiiiiieiiee et 5
3.1.4 Voltage Force Method (Voltage Spot Measurement) .........coccveeeerieienniieee e 5
3.1.5 Current Force Method (Current Spot Measurement) .........ccoocveeeiriieeeeniieee s e 5

3.2 TLP MEASUREMENTS .ottttuutiitttetttttiisieseasteestanissessseesssseanseseaesesstssssseesseesssssseeesessssssnnaneeeseenns 6
3.2.1 Failure Detection and Leakage Criterion ..., 6
3.2.2 Failure Detection of Conducting DevVICesS..........ccooiiiiiiiiii 8
3.2.3 ESD Parameter EXraction...........ccccooiiiiiiii i 8

4.0 RELEVANT ESD PARAMETERS ......ocoiiiiiiit ettt et e e e e et e e e e e 10
o R B 1| =1 =0 1 = {1 TSRO 11
4.1.1 OVErvieW Of PAramMeLEIS ......cooviiiiiiiiiiiiiieiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesssseseserereresererereraraees 11
4.1.2 ReferenCe TSt STIUCIUMES .....coviiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeesesessseseserereresererersearnne 11
4.1.3 Reference Test CONAItIONS .......ooiviiiiiiiiiiiiiiiiiiieiiieeeeeeeeeeeeeeeeeeeeereeeeereeeeerererererereraraa—... 12
4.1.4 Data DENVEIADIES.......cooveiiiieieeieeeeeeeeeeeeeee ettt eaeeaaeaeesessesssssasesesssesesesasnnes 14

4.2 SUBSTRATE PARASITICS ...iiiiiiiiiiiie i e ettt e e e e e ettt e s s e e e e e e e te s e e e e e e eeatan e s e e e e aesantannaeaeaeeenes 16
4.2.1 OVErview Of PAramMeELEIS ..........oviiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeseeeeeeeeeeeeasesessessssrseerassrererrranane 17
4.2.2 ReferenCe TSt SIIUCIUMES .....ooviiiiiiiiieieieeeeeeeeeeeeeeeeee et eeeeeeeaaeseesesssssesesesssssesssnnnnes 17
4.2.3 Reference Test CONAItIONS ........coviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeee e eeeeeeeeeeereseeseareeeearereeeeaaaaaee 18
R D - = W B 1= 1AV = o] =PSRNt 19

2.3 RESISTORS . tutuuttttettttttttitaseeetetetet et e eeteestata e aaaateestas et eaeteeees s taeeaeteesbasa s eeeeeesestaaaeeeaenenes 19
4.3.1 OVErVIEW Of PAraMELEIS .....oovviiiiiiiiiiiiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeesessessesssssessssssresesssaenees 20
4.3.2 ReferenCe TSt STIUCIUMES .....ooviiiiiiiiiieeieieeeeeeeeeeeeeeeee e eeeeeeeeeeeeeesessesssssesesssssesesseaennes 21
4.3.3 Reference Test CONAItIONS ........coviiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeereeeeeresesererereeererereeaaa—.. 22
4.3.4 Data DENVEIADIES.......cooveeeiieeieieieeeeeeee ettt eeeaeaaasessasssasasssesssesesssanenes 23

Y | i Y I 1Yo PPN 23
4.4.1 OVErview Of PAramMeELEIS ........ooeiiiiiiiiiiiiiiiiieiieeeeieeeeeeeeeeeeeeeeeeeeeeessessssesssssasesasererereearnne 23
4.4.2 ReferenCe TSt STIUCIUMES .....ovviiiiiiiieeeieeeeeeeeeeee ettt eeeeeeeeeeeeeeeaesessessessesesasesesssssnsnnes 24
4.4.3 Reference TesSt CONAItIONS ........coviiiiiiiiiiiiiiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeerereseeararerarerereraraaa—es 25
444 Data DEINVEIADIES.......cooveiiieieieeeieeeeeeeeeeeeee et aaaaassasssssasesssssssssssnnnnes 25

N B (0] =3 RSP TRPSPPPPPIN 25
4.5.1 OVErVIEW Of PAraMELEIS ....coovviiiiiiiiiiiiieieieeeieeeeeeeeeeeeeeeeeeeeeeeeeseeesesssssessssssssssssssssssssnnees 26
4.5.2 ReferenCe TSt STIUCIUMNES ....oooviiiiiiiiiiieieeeeeieeeeeeeeeeeeeeeeeeeeeeeaeeseesssesssesssssssesssssssssssnsnees 27
4.5.3 Reference Test CONAItIONS ........ovviiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeereeeesseereerererererererera———.. 28
4.5.4 Data DENVEIADIES.......coooeeiieeeiieeeeeeeeeeeee ettt e e eeaeseeaessessesssssasssssssssesssnnnnes 31



ESD TR22.0-01-14

4.6 MOS DEVICES....utttieeiiiiutteetteeeestssateeeeeaeessaaststaeeaaeeasaastateeeeaeessaanstesenaaeeesaansnteseeeeeesannnsnnnnes 32
4.6.1. OVErvieW Of PAramMELEIS .......cooviiiiiiiiiiiiiiieieieeeeeieeeeeeeeeeeeeseeseeeeeesessessssssssesesessrseesssannees 32
4.6.2. ReferenCe TSt STIUCIUMNES .....coviiiiiiiiieieiiee ettt eeeeeeeeeeeeeeeessssesesesaseseseseseseeasanes 34
4.6.3. Reference Test CONAItIONS ......cciieiiiiiiiiiiiie e e e e e e e e e e enneeaee s 37
4.6.4. Data DEIIVEIADIES......coiii it e e s e e 39

4.7 BIPOLAR DEVICES....cctttuiiiiiiitieitiie s e e et ettt e e e e e e ea s s e e e e e e e ta bt e e e aeeaeataa et eeeeeesastanaaaeaaeenes 39
4.7.1. OVEIrVIEW Of PArameEterS .......uuiiiieiiii i e e sttt e e e e e e e e e s st eee e e e e e s s snnnreanees 39
4.7.2. ReferenCe TSt STIUCIUMNES .....coviiiiiiiiieeeieieeeeeeeeeeeeeeeeeeee e e eeeeeeeeeseessssesesssasesessssseseeasanes 40
4.7.3. Reference Test CONAItIONS ........ooviiiiiiiiiiiiieiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeserereesrerereearaees 43
474, Data DENVEIADIES.......cooeeeeieieeeieeeeeeeeeeeee ettt ettt eeeeeeaeeaseesessssssesasesssesesesssnsnnes 44

4.8 ESD CLAMP DEVICES ....uuttiiiiiieeeiiiitttieeteeesssistttaeesaaessssstanesssaeesssnsstesaesaeeesaansnsessseeesssannsnsenes 46
4.8.1. OVErVieW Of PAramMELEIS .......oovviiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesessesssssesesssersrersaanane 46
4.8.2. ReferenCe TSt SIIUCIUMES .....coviiiiiiiiieeiieeeeeieeeee ettt eeeeeeeeeseasesseessesasesssssseessnnnnne 47
4.8.3. Reference Test CONAItIONS ........oovviiiiiiiiiiiiiiiiiieieeeeeeeeeeeeseeeeeeeeeeeeeseeseessesesesaeeseeereannane 47
B B D - = W B 1= 1AY== o] = PPPPRt 48

5.0 SPECIFICATION OF PARAMETER VALUES ......ootiiiiieii e strtre e 48
6.0 CONCLUSIONS ... .ottt e e e e e e e et e e e s e sttt e e e e aeeesaatataeeeeaeeesaastarrereaaesasnans 48
7.0 REFERENGCES ...... oottt et e et e e et e e e et e e e et e e s et e eeeaanns 49
I I AN (N1 VT PSSP 49
8.1 DEFINITION OF SAFE OPERATING AREA......iitttuuiiitietiettiitiieeesesiesiin e sssesssii e ssssesssnn 50
8.2 EXTRACTION OF SAFE OPERATING AREA (SOA).....uuuuuuuuieininieieinieininrernnnrnrnrnrnmnrnrnmnmnn. 50

TABLES
Table 1:  Proposed Best Practice of the Interaction of Foundry, IP Vendor, and IC Design for

IC ESD ProteCtion DESIGN ....c.ciueiiieiiiiiieiitiee ettt ettt e s e e e 3
Table 2: Layout Parameters and Test Conditions for Gate Oxide Devices. Arrays with nX

Cells in X-Direction and nY Cells in Y-Direction are Included.............cccccccooevnininnnnnn. 13
Table 3:  Typical Presentation of Breakdown Voltage of Dielectrics for a 100 ns TLP Stress....14
Table 4: Categories of Substrate Parasitic TeSt StrUCIUIeS .........cccvveeireeeiiiiciieeee e 18
Table 5:  Overview of Parameters to be Delivered.............cuuvuiviuiiiiiiiiiiiiiiieiiiiiiiieieieeneeeeeennns 19
Table 6: SheetR Parameters of Well, Diffusion, Gate Poly, and Poly Resistors Extracted by

(DL O == LU £ =70 o] o S UPPPPT 20
Table 7:  Normalized Failure Current Parameters of Poly Structures for 100 ns TLP ................ 20
Table 8:  Overview of Layout of ReSiStor TeSt StrUCLUIES ........cooiiiiiiiiiiieeeie e 21
Table 9:  Overview of Resistor Parameters to be Delivered ..........ccccoceveeeiiiiccieeee e, 23
Table 10: TeSt SITUCIUIE OVEIVIEW ......uuuuiuieiuiuieiuiuruieterstarersrererererers ... 24
Table 11: Recommended Geometrical Parameters ........ccuuvvvreeeiiiiiiiiieiee s cieeee e e e e seveeeeeeee s 25
Table 12: Overview of Metal Parameters to be DelivVer@d..........cccvvvvvvvvviiiieieriiiiiiiiiieieieieierenenennn, 25
Table 13: Overview of Diode Parameters under Forward Bias under TLP Conditions to be

DElVEIEd......cco o 31
Table 14: Overview of Diode Parameters under Reverse Bias under DC Conditions to be

DElVEIEA ... 31
Table 15: Parameter Set MOS Devices: Junction & GOX Parameters.........ccccvvvvvvveivininininnnnnnns 33



ESD TR22.0-01-14

Table 16: Parameter Set MOS Devices: Design Parameters ........cccccvvveeeiiiiiineeeeeeesnssinnnneeeens 34
Table 17: Measurement Conditions for Test Structures Pads.........ccccceevieeiiiiiiiieeeee e, 34
Table 18: Overview of Test Conditions 0f MOS DEVICES .......cccccuuieeiiiiieeiiiiiieeeiiiiee s siiee e siieee e 37
Table 19: Overview of MOS Parameters under DC and TLP Conditions to be Delivered ........... 39
Table 20: Overview of Bipolar Device Parameters under Reverse Bias under DC Conditions
10 DE DEIIVEIEA. .. ... e e e e e 45

I Lo (oI R B - 1 = Y= 1y 1] ] (SRR 46
Table 22: Overview of Power Clamp Device Parameters to be Delivered...........ccccccovvviiiinnen.n. 48
FIGURES
Figure 2-1:  Foundry/ IP & EDA Vendor / IC Design Interactions for ESD Robust IC Design.....2
Figure 2-2:  Typical Activities and Interactions Required for ESD Robust IC Design between

the Various Stakeholders (foundry / IP & EDA vendor / IC Design).......ccccccveveveeeennn. 3
Figure 3.2-1: Failure Detection Methodology for Blocking DeVICeS ........cceeveiiiiiiiiiieieiiieee e, 7
Figure 3.2-2: Spot Measurements of Blocking Devices - Leakage Current Degradation and

Occurrence of Leakage Outliers at Lower TLP Levels (right) ........ccooeeeeviiiieiieeeenennn. 7
Figure 3.2-3: Failure Detection Methodology for Conducting DevVices ..........ccccveiiiieieiiiieeeininnnn. 8
Figure 3.2-4: TLP Measurement EXample ... 9
Figure 3.2-5: TLP TeSt PrOCEAUIE.......coiiiiiiieiieie ettt 10
Figure 4.1-1: Schematics of Gate Dielectric TeSt StruCtUreS ..........cccccvvvvveviveiiieieeeeeeeeee 11
Figure 4.1-2: Generic Layout of a Gate Dielectric Test Structure ..........cccccevevevevvveieieeeeee 12

Figure 4.1-3: Presentation of 100 ns TLP IV Characteristics of Gate Oxide Dielectrics in

Accumulation and Inversion of PMOS and NMOS Devices Including the

Degradation of Leakage BEhavior ...t 16
Figure 4.5-1: Cross Section of STI Bound Diodes and Gated Diodes............ccccccvvvvvvviiiieiinnnnnn.. 26
Figure 4.5-2: High Current IV Characteristics of DIOdeS..........ccccccevviiiiiii 26
Figure 4.5-3: Layout of Diodes with Design Parameters ..........ccccoiuieieiiiiine it 27
Figure 4.5-4: TLP and DC Spot Measurements of DIOdes ...........ccccccvvevvviiiii 28
Figure 4.5-5: 1t2 Scaling Trend Of DIOUES .......c.uuiiiiiiiiieiiice et 29
Figure 4.5-6: Dependence of High Current IV Characteristics and DC Spot Measurement of

Diodes on Anode and Cathode Contact ROWS ............ccceiiiiiieiiiiiie e 29
Figure 4.5-7: Dependence of High Current IV Characteristics and DC Spot Measurement of

Diodes on Anode Cathode Length (LAC) ........uuuvviuieiuriimiiieieieisieinisinrennesrnnnennnn. 30
Figure 4.6-1: Overview of Reference TeSt StrUCIUIES.........coiiiiiiii i 35
Figure 4.7-1: Melt and Failure Curve for IlI-V Semiconductor Junctions using the Wunsch-

Bell Models from Figure 5, E. W. Chase EOS/ESD Symposium 1988 [6] .............. 40
Figure 4.7-2: Safe Operating Area of a Bipolar NPN Transistor, Voltage is Dependent upon

Two Port Bipolar Device Configuration [7]........ccueueei i 41
Figure 4.7-3: Measurement Conditions for Extraction of Breakdown Voltage of Various

Bipolar JUNCLIONS ...ttt ettt e et e st eeean 42
Figure 4.7-4: Measurement Conditions for Collector to Substrate Breakdown for npn and

pnp Transistors with and without Isolated Base/Well Region.............occcvvveeeieeennnns 43
Figure 8-1:  Safe Operating Area (SOA) of MOS Transistors for 100 ns TLP Pulses [8] ........... 50
Figure 8-2:  Snapback VOIAGE / SOA ..ot 51



