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THRA AR (HFCONEE ) o7 SE I ek 2R N B BT g fE e, Moo gomT SEdE (i
By A BIHSS ) i, BERIRAN A ERS (SoC) F=ih kA b, i fERRN “ @&
1E” (Correct by Construction) , & 3-1 ot Hak 4T T HER

Product Reliability | Correct by Construction

Technology Development = Key Enablers =) New Product Development

Component Reliability IP and SOC Develop

1. Metal El -ation (EM) o
2. Gate oxide Integrity (GOI) - 1. Prodl{cl Goéls - IF’ requirements
3. Bias Temp Instability (BTI) PKG Develop [Co.Des|gn 2. Funciluna|5||:nglat|ons@ PVT
4. Hot Carrier Injection (HCI) 1. Develop BOM for application v 3. Integratate Digital and analog IP
5. BEOL Breakdown (TDDB) Infime) 2. PKG / Silicon characterization \' /? 4. Reliability Design Verification
6. Test to fail — Lifetime; DRC 3. DRCs and physical verification 5. Verification / DRC — PG
. 4. Noise, signal, & power integrity a .

Spice Models Product Test & Validation
1. Collect Silicon Data for Transistors, etc 1. Product Test Strategy T T L 11 7T 1
2. Model @ Process, Voltage, Temp (PVT) WW EDA Solutions 2 ) GERE R @ o

. Include Design Rule Feat ) 3. Validation/Break the device tests

W IR IO Vi, Idrive, etc. 1. Design Tool Enablement 4. Parametric / Margin Screens

* Include local and global variation ' ' 2. Tool QC and management 5. Structural Logic, BIST, Memory

3. Deliver electrical models thru PVT 3. External Vendor + User support 6. Analog / 10 / Functional / Outlier analysis
4. Roadmap
Library Development » > E » — uaI|f|cat|nd RTM « Vetity Device
1. Technology Reliability Targets - WwWW Manufacturing + RAMP / Yield
2. Spice Models & Circuits . . « Contii
i ify Li Foundation IP_ 1. Development / Testchips i [igh Temp Operationie Vo ontinuous
3. Characterize + Verify Library 5 5 P P £ F 5 improvement
4. Reliability Design Verification |- Digital Logic 2. Process control & qual o e —] P
2. Memories 5
3. 10s / ESD Cell 3. Yield / DPPM Control packagetests |
s s 4. IATF 16949, Change control. etc

Process Design Kit (PDK) Product Delivery

v Scalable, Robust Models, IPs H v" Consistent delivery + Feature Support

¥ Rule Decks, Automation i v Auto, Industrial, Safety Capable

B 3-1. “BMrBIE” WREETE - MIBE R KA

3.1 FAEZAHEM (PDK)

BOHRAE I FE T RAABART IR B (PDK) HE L. WRTEEMEM RS , — HoE L7 iR filiE T2
FEZGRRE |, FRBI)AUT ASEIL T AT SR I PR T RE A R PR ) R £ i (8 A o A AE A FE AL
il EE, PR EZARFR | XA N ST B e 4 S A 25 A SE 9 8F 2, JF HL AT S I DA
SE AT SE PR FRRAAIE (7T RERR ZE A2 S R 25 AR SO ) o B3 T AR A A A R ANl L A e, 5
PSR K AR SV BARAITT . ZEOCHE BN |, JofFnl 78 b HTOL M 15 2 (R /900 R 3T, AT Sk
BLAIRE L P AEERE Y (i B MR DL ) I AT I 18]

3.2 H 4T A SPICE 5%

bR SPICE R, SRR et Al SEVERER ( QB ZARN ) o XSRS AT B S
AT BRI (BN PVT ) B TRAL. TZRIBITIRIRESE, s BE B, K50

( FIRE ) . RBCRES R ( WRER B ) se)Ef Eil. Sirt @iy JOe B T RE & B2 i 44k
REMR SRS |, JFit— P i 7R AR .

TR WIZEE. Ffds. ($7 ) 10 M ESD $.It , AIERATTAMRE ( 24k ) SPICE BIRREA |, 1
S o AT P PR TR RN 2 o RO P A B T L ST R I BT B TARRAR |, iR th A
ZALH) SPICE BEAL | JFRHISAT IRFFAE LA iR AV N o (5 5 58 BYERMZSA (e MRS RIRHISANZ LR )
WA ZIAE R SE FRASE P SYIRRE P K D BEAN 2 ek BE ORFFAE CURAT B RUAS VEFE Y, X 8RG8 5 R A A2 N AR B 7 i 1
Hs TMrb e BEAh , AR AR AR i 5L N AT B AT AR R RRAE PDK TR o A4 BB H U R A Vs
W, T EERR A Bt 3 7 T 5EfE. ££ IP A1 SoC JFA ML KR B , DRC -SRI Bt &4 (PG)
FERLCAE R (DRC) ZHI T M AT RSN | A2 RS 2 1, 7 EMETE AT AT IR A AL BE . 18] 3-2 o T
PDK i I ¥ SE VR«
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SPICE Models for Circuit Behavior Reliability Models for Simulation / EDA

+ Process development/ Testchip data + Data on Test structures — PoF Models

*  SPICE Models @ PVT — Scalable thru PTV

* |V, C-V, Mismatch, Noise, etc. — Simulator / EDA formatted

+ BSIM*, Mextram, Verilog, etc. — End-of-Life Capable (100K POH)

« Enable Circuit Functional Behavior . TDDB

— GOlI, Drain Stress, Metal reliability
PDK Delivery: Create, QC, Model Handoff — FIT-Capable
* Process capability, controls, DRCs + EM

- Scalable SPICE + reliability models - Eﬁ%sa;;;aeywts

« b, .v, .lef, gdsii, power models, etc +  Aging Models (CHC, BTI)
« Design setup, Reporting — AVt Ald. etc.

* QC, Circuit checks, and Delivery — Circuit Performance

P

F i (e
i ili i v 10/ESD v Diod v C i
PDK Reliability-Aware Signoff S o EEED
¥ Libraries ¥ MOS

B 3-2. W EAE

3.3 Tt A3h (EDA) TR

FIESL | 1E IP M SoC RATME |, TI 762487253 CMOS AR (3 AM6* ) HAfi Fl i BT # (EM) MM 1L
JZ5e 1 (GON)/I A R 1 A i o 2 (TDDB) T H Yy ml il 4 F v 2 7% iH B 34k (EDA) T HSLHL L FIT #E
ITfiiE . IXERE FIT (BRI — M RoR % ) AT it ” &44F (8% N 105°C ,
100kPOH , 757~ i 204 T M Fh A A 1048 & L AR 2640 F ) i 0. Bh4h , EM Jiaess My B b B2
ATCHPY R ( BITE HEAS FLE P RS B ), AT REBS AR 3 25 7 AT 4% 351 Th) sl B A QL BE 2 A %o [ 52
B FURS A AT RS 0 e B | IORR G BT I — AN E R . B IP ( EWER A e [ S S oL R
B ) B AR NPT SEARBEAT FIT 3P4, #CIP ( AT &R, WHEA RAREE ) « TZBH (£ IP LKA ) FififE
B FIT 53] SoC i) FIT |, 4R)5 518 1P ( ££ SoC JZ I i AR T IP (i FHs T #it 4618 ) Migs &
AHE FIT, X2 FIT E2 51N EM 1 GOl ML R, SRS o2 Fsemid s 5 FIT HE e, M2 H
TR E U PAT L EIBIT R ARG ER | XAk, e TSR TT , i sibr ] DLZ2ng
At

3.4 BEEWEM

B AT SRR P R BOHRRE DO ( #80F ) Bt S e AR o 32 B 8 IR B T K PR B IR
P BRDRAS 5 ALK SE B A DL AN o S a8 Bt AR DR, R IF AT BT RN, LA T s Mg A7 i
FIPERE B AR (E |, dahe TSI B T 06 U [T A LA 1 A A O 6 45

TR ARIF RIFEF |, BATEAT T RERTAE , DIHE 122 5 B FU15 0 S e m] i) 3 14 A0 R 58 1 52
SRIGHIR L B T 2R, IREA bt S S HU TSR kAT % | I8 RS T &4 (SPC). [ 118
B B O T A HE RS TSR 2 Al K2 B K S T e AL T I U T B A
N, 7 JEDEC/AEC-Q100 #i e MR 25 1tF F3EAT 7= i S e i, 20X s KU AT VR4S, (EREAR ELIRE IR
M PR T 8 E A RV RE /). (R EEH T HTOL. )

1E T ETFR MY BT RS sh ARG INRIIE |, AR AE AR P A i ) s 42 i o R T v SE A Go i W | I ST 2 S g flr
16, SR, AT LU RV BGA A A AR s L AT S e . AR T EEME (BLR) J5E A (T/C) MR AE 77 i 48 e v
Bl AT (VBT DL AT AT R 2 7= S AR AL AT 45 5 ) o BLR B 7088 4k 42 2 /D 60%-70% IIFE R AR
B, MR BREAT /R B IR B T SRS . ( WTRE TR B2 BLR N /IR 2% 14 e 0 22 3 FH L AR A 254« FR T 82 A
PITEAR XA RE AR KES | XIEE ERIELAE R E. )

4 T 7ES HTOL AR i

KEHNEDT , FOE T HTOL Ny it-X 24 278 4 ¥l TDDB Hlil (1 GOl ILD #ik& ) i34 .

o XA REMD
FERLI 35 TDDB 1 bty AR A B . 21500 T , TDDB ML IFANZ A3 iy T 58 1 5 2 PR 1) R 3R
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£ HTOL i fErf , BMEEZNZASN /126 AF N (MBS IH DL ), JEEREBE (CHC) AHIER — it th A 2 B RN
o M CHC M & , (A ) HTOL 32y 03 18] i i b s 5 Rl 438 2% 138 AR T CHC Ik B4 . i B AR E 1
(BTI) 75 HTOL thjimig |, X F 82 iy T il Al i U I R, H HTOL A 72 e IR 15 0 L BB R A B B 2501 %05
NIFARETE MR INREAE I 26 F | R85 iR 2 AL, T LLKE BTI A1 CHC Jufhaialtk .

£ HTOL B fErh , HERS R (o2 e R i — N EE R ) BH I AR, AL LRI SR Y
1000-2000 /I Ui [8] A ( BIAEAE LB T R OL T ), BAERS BV FE AT A 2 10 A LI Ar iy IX 2L
R RGNS ], WETENT |, SR (B3 T ATPG M ) 5 HTOL DL AAE 8 B H A& FH ¥ BIST
N, R I AR T R AR

HTOL 7 i ) B 388 3 A2 BE R BR FE Mg KT U7 s Vu L S BE A0, 7 vt rh ARG 95 L etk

fROLT A TR LR HARRL AR, AT SRR BEE M5 e e AR 0 (8 PVT AR Ao AR ) Jo) 3 78 95
(BRI IP ) Arag A AR RZEL M. HTOL HN Al i8R ATPG Al BIST FE AR AENNEE H AR fL i L 1B
AHEIEO T IIDIRESAT. B 6 DY T’ 3, 845 1 SoC Wittty , Jf L 7 HTOL 7 1 v
5 EDA T EAR AR BAR A Rk . 48 ) 138 F A T S Sty o

al Desig 0 eme O DA 00

Physical Design + Logic HTOL:

« Each block unique, no single, global corner

IP, Memory, |0, Logic, Analog Integration
Clock/Data, Timing (Aging), CDCs, etc

« Ineffective, not predictive

Power Delivery (EM), Power Management Limited Coverage
- and Robustly Covered
Package Co-Design, PI/SI* (GOI), Thermal Dedicated v )
- Effort - Design Covers Corners Naturally!
Structural: LVS, DRCs, Floating Nodes || )
- ﬁ « Tools: DV / Regression / Monte Carlo
Analog Performance (Aging) -3 |= * Multimode Multicorner (MMMC)
Linearity, Offset, Gain, SNR, Distortion kS !ﬁ.‘"f + Many fail modes already 100% addressed
Power efficiency, ABSMAX., efc =; == m}éw":}?‘ by design: CDCs, EM, Timing, etc

A 4-1. HTOL 5 EDA T BB MAEE R Wit IRIEF K ThacT

A7 RIET HTOL 1197 i vl S At 55 10 e IR BB i R SEVEARAAERE | B2 TS Ao A, Bk B4 7 it
] SENE AL
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5 AM625/623 F Ayl FEE T 45 R

4 N1k TI6E T AM62x ARM AbPEZ R AT T S Ar vt — BR8], HEAE 2 BRI 75 i I e L
WIFTETR |, T UCALES B MR (] Ny, TeiE@it HTOL MR 78 40 vEAL HOT B B ar ol 55tk . k4, 164 PDK [
— T FE NG R Th RS | TI JHT Sitara AM6* =2k () EDA T B GFRREMZE IRATHI LT 3% 464 ( 105°C it 4 45
I, 100k POH #ir ) FAEMIEIRE & FIT/HE ] (FF). #% 2024 4£4] , O7F EDA T RREZAMNTR 1 —#k
BAER ], ATRS R A (AR ) SREUT FLootE FF 0 HAd R i 2 — IR B R i R Tk, SRS XA
SoC MTTEkIEATGett . VAT L AN IR R i N R 2, RN ER R T P35 s 2 FE AR T EM 313 R
AR . PR L, XEWRE A EAA — AR IE R (B E IEE I B R E 2 E ) .

K 5-1. & 5-2 & 5-3 Bor T AMB2X 77 fhFI%E M POH S5iEE X R, E& 5-1 fild 5-2 b, WAL HEELE
0.75V % 0.85V Z [HZ4t ( ARYEEIE F M, Sfilse ) o NETEIE , OTEHL 0 memiskEl. arRiiss) | 5
0.01% ML FIMLE | 1% RIMELLFI 252 T POH B8 KZRE T 25% , X SEEREATR. EAS%
100k POH i, 0.1% Ik LLBIAH 24 F 10FIT. & 5-3 #6857 7E 105°C & 125°C 451y Py i [l s s ( RAT
) IR HARICR . DL F=0.001 (0.1%) AEHE |, 58 E] 1% MR 22 33 105°C 1 125°C B
) POH KZi14 1 18%.

900000
— V=0.75V_F=0.001
800000 N —— V=0.80V_F=0.001
\ —— V=0.85V_F=0.001
700000 \\\
® 600000 |~ N
>
5 N
JC: 500000 \\
(@]
= 400000
[0 \
= AN
£ 300000 \\
200000
100000
0
85 90 95 100 105
T, (°C)
&l 5-1. AM62X POH 5EE KRR (e HfELLH (0.1%) , 5 & 105°C )
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160000
— V=0.75V_F=0.001
140000 [N\ V=0.80V_F=0.001
&\ —— V=0.85V_F=0.001
120000
. AN
3 100000 x
= N
& 80000 ™~
3 60000 =
o
40000 o
20000
0
105 110 115 120 125
T, (°C)
] 5-2. AM62X POH 5iREF KRR ( [E 2Rt (0.1%) , & 125°C )
160000
\ —— V=0.85V_F=0.0001
140000 \ V=0.85V_F=0.001
—— V=0.85V_F=0.01
120000 \\
wn
3 100000 \
= \\
< N
S 80000 ~
~
3 60000 \ \
40000 \\
20000
0
105 110 115 120 125

TJ (°C)
& 5-3. POH 5 Tj [A]i\I< & ( EM & LIS EBL T )

#iE
FAIREILL (OB F ) SRR, 5 TV BWRER 8 2107 HLl 0 m] SE kA 5505 2 T 25 iRk
7o Bt , BT R G TRE (ORI DR REREMRGR ERHAbTrt )
X B IR DL A ) SE v S OCE B
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AT TIRET RO S AR i 7k | JF 53T HTOL By AL 7 b AT 1 HLAL. TI 759 vl RS Ui
BRI | FFom i H bRt Gt 2. SR)E , T CAelcs F AR b 0 30, R o T AR . SR, ] DA
JEMER KM, EX LR R et o o e PR BT e AL B 3 P PRI B LR 2R S I s T AR AR
EBEAT TN TR R ORI AE R, AR A S TR M

7 BT
bE S O s 10 N AR T = RS e 1 N R R N i
B AT B A a5y 3
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AfFE - ET HTOL {5k
T HTOL RS PN 5 T (BB T 5 T W e T 30 e 9 DU A 3o o

HE , FET HTOL FAE AR A fE e W R . XV IR IS , nlsl A-1 s R, IXMEAIFA
BERTEE AR M A A5, RO AZ AR EE | S 75 d 5 BB BO T Aa A 6, 10 BB 5 BUFRI AR A2
R AR AN KT A -

A

] Early-Life / -

< Infant Mortality | Useful Life :

] ' '

] H '

©

4

v

3

‘©

w

0

=5

°

Q

s

8

[

8

[

£

ke

5 ))

: (¢ )
Time (A.U.)

Note: Time scale is generally not linear.

B A-1. FELHIZR - 7 AT SRR A R B AF

FEEVEAE S A2 [ E HTOL SRAER/INIINNK R SE T TR BR o 3%, XA R P — a2 R EOR WS 2
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