A Study of Performance Optimization Techniques of
Digital Integrated Circuit Test Generation System

Author: Zhiteng Chao
Advisor: Xiaowel L1

Background & Significance Problems & Challenges

B The Core Role of Test Generation in DFT T e L o ) Three Core Research Motivations
: oecompresor (| m m m m | o T
A mmmm | Y TNl el e e e
B - - EEEEN | - — |
Design-for-Test (DFT) starts from the design to L B \  Improve fault Minimize the Shorten test. :
detect defects within the circuit during testing. = [ | .  coverage  patternset generation time
» Automatic Test Pattern Generation (ATPG) is - % s m Current limits Current limits Current limits
. . . .« . B atrG B wogicsist [l meist
one of the most critical issues indigital = Circuit testability is = An excessive number of = Parallel ATPG suffers
. L : :' Skl ' :, 1/o declining. test patterns drive test cost from severe pattern
Integrated CIFCUlt teStIng- IS:L} 18 T -Tradltional Structural up Sharply. |nﬂat|pn When
S | ... ATPG algorithms (D- = Test-compression machme; are poorly
B Conceptual Model of ATPG algorithm and PODEM) techniques reduce test- synchronized.
. Update are becoming efficient. data volume and test time = Optimizations built
- . e = SAT-based ATPG by inserting extra into ATPG systems—
| D Faulty p:lei — ¢ suffers from exploding hardware (compressors such as static test
Yes -  Fault D\, r pattern count. and decomprgssors), but c.om.p.action—also add
N aultytree Structural ATPG Smuaen = Enhancing circuit for large circuits they significantly to overall
Y Référence . F::ftect:c:an;teg?‘:mzz\(;c‘e,rel::;c:::g::g g::: ;T;i"aassp%?:ll)?lee t tab.(i:.lt g. CIIQICFl)J_Ih d Significa ntly increase the ATPG I'U ntime, Creating
Test compaction “Compact” means the pattern number should be as small as possible. e€stallll y IS ard. test_ pattern cou nt. a trade_Off.

[nnovative Approaches

Test-pattern Post-

Three Approaches: ATPG Improvement Design for Testability

Processing
- / -
e ettt Sttt sttt ““'"““"““"““"““"““"“"‘,.' ----------------------------------------------------------------------- jTTTTTTT T T e ittty
PastATPG: A Hybrid Pattern- . LLM- and GNN-Based Intelligent Rapid Post-Generation Test- £fici
’ Design-for-Testabilit . Pattern Compaction via SAT-GNN viemory-Efficient Parameter-
Compaction ATPG System Based 9 y ii paction vi . Adaptive GPU Fault Simulation
: on Partial-Assignment SAT ; Enhancement Co-Optimization :S P - |
Core Observation: The pattern ' nghTPI We |ntr0duce d hlel‘al‘chlca| " Formulated as a set- GNN-based pattern E tgrlng a: t ‘(’;aptljes |St.|n e.rentl y £oult
a ti bilitv stems f graph-representation learning . cover problem using regeneration  reaundant. a &FU-hative circuiar auit-
compaction capabliity stems from i: , ' value engine coupled with an adaptive
‘the, while mainstream SAT solvers | @approach in a two-stage scheme.  : Pure-MaxSAT solver: acceleration , tortuni hani
i ' . i) . BN : « Random-pattern fault ~ + GNN-predicted hard- | Parameter-tuning mechanism. -
§ cannqt. perrorm part.la assignments. ;2 SIS i simulation identifies to-detect fault T T T e s - s e 4 3 13
« PA-MiniSat: Enhanped tradltlona.l CDCL solver i - h’ : hard-to-detect faults ocations for gui|ding ' | ‘ e " v e
framework by designing full-variable watch iAo Wmeme 4 0 build a partial fault nartial fault-detection U . T~ N
technology, enabling the solver to generate i dictionary. srofiles | == T TETRETIET
. partial assignments (X-bits). , Fault , 7 | s~ i W = —
'+ PastATPG: Designed a dynamic test pattern . - ' —_ " oy ﬁ@,@ B e 1 5 e, e
. compaction algorithm framework that hybridizes TESLA: LLM-based RTL DFT shift- Ieft Q" ; @ @
StrUCtU ral ATPG algOritth and SAT SO|V€I’S. i é {/L . A ! 0 collapsed fault list ordered in logic level depth from input (DPI) max
: SAT solver result Reduced result Update i for automatlc PSS and TPI :: S ll:xrcl-lll;:::::cltuull l;;:ult:»:i;i:‘_l ! [ I I l I
£ f, cube [1]0]0]1]1]=[1]0[X]X]i . R T —— Redundancy processed Poscp, POSgpy processed
p, — > e D i e i = T mmmmeme | ] ] Undropped o | Lot | = s botch to GPU pevicE
Test compaction No Fault: | 4 4 L [ msracton: L e B AR e SAmRng
:’: — ' SAD (-‘,,,nm,v Merge [ Structural ATPG ] SimUIaItion i E"’--a-l‘\‘”-’:"s-“c-‘a—;;;g’:- s :> PIEEEEE?W ,:> se;ﬁfg;if%::] seuxﬂg?;%.?: ii Complete fault dictionary {} E . R et D ‘
i | o Fiual HOWOIIL] - (7 o ! || e B s e e st LR i o — T  [prory — Jhes o ]
XI[L!\:'F' ! Fegin ' ':e:_‘)::ﬁ)] ‘User 5;’:2'2‘;::22” 555555 : ED?e'::;acl:ual iiali;::lce‘n! ANEORSS : ii Building Instance and | Commerc ial DFT 105 P :2&"‘95 é(g“x v E% i \ — SupeF:' faults - GBIL?(())EJﬁ
¥ encoding ¢, = (-x,Vx,) No Yes : 'L_'_'_‘_'_-‘_'_;"_'_'_'_ 'f__"_"__’_ﬁ_n_"_'_'_"_”_'_'_: .L_' _______ ﬁ ________________________________________ __: ! D:::,?mc;mp:ger EE'"Z:EE:“ :. Ei Calculatn?g . Gémmts Retained 90N Patterns “:E = X | X = ! SN orderes AU Good machine simulation - —
X —}- Lz = (—x,VX;3) [ PA-MiniS[ATATPG ] i :‘ LLN-I As.sistfd Data Augmentation Inms"um:m: n Tuning for AutoTPI ' : T iéins:::‘,:ion it ii Initialization of Tnitial ; Emmishi:gapam;i v and Untestable Faults Q!—— =Tt : T ———
Gy Covom—av-i) —{Ctongation }—— | [[emzmsm | B i et T ] M=ol s i f -l TP C uihe ) o | |[Sroinae LT R sLocK ‘
2-literal Watching Table Full-literal Watching Table o | : S et ‘ Respruise: RTL ‘ Y= oo ' i: l, | WCNF Genera tion 3 l ; } proflle ; lts et faults ! of fault path length as Ly, jimit GROUP
ol - CCLC [ Atatic ][ Dynamic ] | \ S il:>l Pelmctied scan cefls II:J_'>I | " Ppattern IDs that Need |~ ! DRG0y SIS SN Patterms ~ : - = — DoP,
w7 ssigmemt il — I - | S| e | T enae e | § 10beSovedorReduced | [TDSHIEIRIT] | o ictonary for | |__Send fault batch and Ly yuy o GPU e oop
ah LT med s[sxg:fl}["’*“”"s‘“} Lol e | (e | | | N o oo Ll | skt st Fautsimuiion =
Experimental Results Experimental Results § Experimental Results | Experimental Results
. Evaluated on E _ _ E E |
" the ITC'99 suite | Hard-to-detect fault set (Pure SAT On academic |[HighTPI: Fault coverage & pattern . Performance | Dedicated Pure-MaxSAT Solver: . On open Average speedup of 40X over multi-
i o o : i i i | ) L i
and OPSBU ATPG): 30%-40% test pattern 5 benchmarks | count improvement outperforming . improvements | requces pattern sets by 25 % ' source CPU |threaded CPU baseline simulator
source reduction ' (OpenCores) vs.| Commercial Tools . onacademic | gNN-Based Test Pattern B . 2 52
benchmarks ' commercial 5 ' (XiangShan) | Maximum speedup of £.2£X over
against state- | Full fault set (Structural + SAT ATPG): | TESLA: Fully Automated RTLDFT | (ITC99) and . ion: 5-7X | : -
 oFthe.art SAT 120 _ | DFT tools Shift-Left Workflow . open-source Regeneration Acceleration: ' benchmarks | multi-threaded commercial DFT tool
- ° solvers 70 test pattern reduction i CPU speedup over original method simulator
Paper: DAC 25 (First Author) . Paper: ITC 25 VTS 25 ( First Author ) Paper ASP-DAC 24 ITC-Asia 24 (First Author);  Paper: TODAES 25 (First Author)

Research Achievements : 21 Deplovme

, . . SAT-based ATPG, pattern-compaction, and GPU fault-simulation
EDA Community Contributions:: modules have been productized in the Zhongkelianxin DFT tool

» 2nd Prize, HiSilicon Track, 2020 EDA Elite Challenge chain and successfully supported DFT tape-out testing of a national-
» 3rd Place (3/152, Team Leader), HiSilicon Track, 2023 cryptography chip.

Xiakedao EDA2 Challenge  The LLM-for-DFT flow has been integrated into Jianqiong (Al+EDA),
> Core Contributor to openDACS Open-Source Project the full-flow EDA intelligent-computing platform for digital IC design.
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