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& Education
> 1988 BS from & KT A
> 1992 MS from & KBk

» 1997 Ph.D. from ECE Dept., UC, Santa Barbara
» Title: Formal Verification and Design Debugging

Formal Equivalence Checking
and Design Debugging

@ Working Experience
» Oct. 1997 — July 1998 National Semi, Santa Clara, USA
> Aug. 1998 — July 1999 t- K FEREERR (4HEAETE)
> Aug. 1999 — now, EZEEE 1% %
@ Start-up Experience
> JkOEHE (2007-2012)
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1-Minute Marketing
Our Power Estimation Tools

We can help to estimate how good your low-power scan test is...
-> To report the real test power in Watt not WSA

System Level

PowerDepot

€.g., 2400X (ESL Power Estimation)
PowerMixer!'?
e.g, 370X (IP-Level Power Model Builder)

~5X PowerMixer

(Gate-Level or RTL Power Estimation)
Speed-up: PowerBrick

as compareq to . (Power Characterization) — Dynamic + Leakage
gate-level power simulation For Cell Library & SRAM compiler

Note: these tools were ever supported by TinnoTek
Now a friend in Silicon Valley is trying to keep it alive...

1-Minute Marketing
Our Push-Button ADPLL Compiler - eClock

Input Frequency:10MHz
Output Frequency:1000MHz

W:Y
N -

Jump
To Details




(RIS e B S — 1 ..)
Built-In Speed Grading (BISG)

To gauge the maximum operating speed of a circuit via embedded ADPLL
FH#&: (1) Speed binning, (2) Process monitoring, (3) Performance debugging, (4) Vdd-tuning

BISG

BISTed
Memory
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Sensing Time: The Tail Bit Effect

Based on Monte-Carlo simulation of a 32-nm 1k-bit SRAM macro
To guarantee high-yield, the timing control needs to accommodate the worst-case

160
140
120 F
100
80
60
40
20

Oy _cen = 25mV

Total sample # = 1000

Occurrence #

Long tail

140 180 220 260 300 340 380 420 460

Sensing Time (ps)
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FPGA-Based Measurement Setup

11

Max. Speed Profile by BISG & ATE

For 0.18um - Speed range is [230, 242] MHz for 8 test chips
(i.e., there is about 5% speed variation)

Comparison of Measured Speed
N

10 —=&— Measured by BISG |-
—&— Measured by ATE ||

Maximum operating frequency
N NN l\g “ Q
P NN
g O O
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¥ KT ERY Testing 2EVEE ...

[UMC-Scan Test: AFaFASEE | VT /KF AR i Ao4E i (S 3
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(Diagnosis by Recovery) 2
ErE

Known-Good-Die (KGD)
Testing
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SEM Photos of TSV Defects
(0.18um Through Silicon Stacking at ITRI)

A partially faulty TSV may not operate as fast as we expect
(and it could deteriorate over time...)

=g TSV Void—1 [l Misalighed micro-bump
26.3um = :
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Post-Bond Die-to-Die Interconnect
Testing

Problem Addressed:
To develop a low-cost method to test the delay fault
associated with the TSV

| b - BFI%/ES% T AR Die-to-Die MBHRATHERE. |

—(sv)—
m pier —() TSV }— DpiE2
JTsv )

Delay fault

3D-IC using TSVs

15

Die-to-Die Interconnect Testing fHEZEAE

IS: Input-Sensitivity Analysis
VOT: Variable Output Threshold Based Analysis

Methods Basic Concepts Publications
Capacitance Characterization ATS’10, ATS'13
IS-Based Pre-Bond Test (to support one-sided testing) | TVLSI'13, TCAD’13
DAC’12, ITC’12,
VOT-Based Post-Bond Test Delay Characterization 'TCTlg’AD;,IE 1>
TCAD’14
Pulse-Vanishing Test Use short-pulse as test stimulus | 10LTS 13, ETS 14
(PV-Test) Pulse-vanishing implies a fault TCAD'14
Leakage Binning By PLL-based timing control ATS'lDZéLTr(,:ﬁD'B’
On-Line Delay Monitoring Bya non-intrusive transition- ATS’14
time binning circuit

16
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Interposer-Based 2.5D-ICs
CoWoS (Chip-on-Wafer-on-Substrate) - TSMC

Interposer

Package substrate

2.5D silicon Interposer, Cross Section
(Courtesy of ASE)
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Warfer-Level Processing using RDL
(Lower-Cost Die-to-Die Integration)

RDL (Re-Distribution Layer) between bare dies and solder balls

RDL : used to route the signal path from the die’s 10s to desired bump locations

Concern: How good is the power delivery network?

19
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€ Almost Cell-Based Timing Circuits and Their Compiler

» Delay-Locked Loop Compiler
» Time-Digital Converter (TDC) Compiler
» Programmable Phase-Shifter Compiler

¢ PVTA (UCHREEZLFE) Monitoring Methodology

» Tracking the On-Chip Process, Temperature, Voltage
Drop, and Aging Effects

€ Interconnect Testing, Repair, and Monitoring
» To ldentify Parametric Faults (resistive or leakage faults)
» To Repair them on-the-fly

» To Keep track of any over-aging phenomenon
20
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Questions to be Answered...

Question: W& FHY.L - FMFIEE [FuERE - SREESHEA]
B URAE T RENIE?

Perspective: MERFEFETE /Y Design-for-X FyEiT E. ..

Adaptive Design PEAEAR L P Interconnect
Methodology PVTA Testing/Repair
(by BFAIZR) Monitoring Monitoring

N
Timing-Circuit
Compliers
PLL, DLL, TDC, Phase Shifter
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