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Introduction

Interconnect plays a dominant role in 
deep submicron era

determines circuit performance and signal 
integrity 

Delay Fault
Crosstalk Glitch Fault

Interconnect Test
Board-level
System-level
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Introduction (Cont’d)

IEEE P1500 standards
provide structural support for core testing 
and interconnect testing in SoC

Our Proposed Oscillation Ring (OR) 
Test Architecture

detects stuck-at and open, also delay and 
crosstalk glitch
measures delay period
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Two Motivations

Testability Enhancement:
Propose integrated multilevel routing 
framework with embedded oscillation ring 
(OR) test architecture

to detect stuck-at and open, also delay 
and crosstalk glitch
to measure delay period

Yield Enhancement:
Propose Congestion-Control guided 
routing
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C1 

C2 
…

Oscillation Ring 

counter for 
glitch detection 

W 

TAM 

System clock

counter for delay 
detection and 
measurement …

… 

SOC 

… 

… 

Motivation for Testability Enhancement:
OR Test Architecture for Interconnect (1/2)
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Motivation for Yield Improvement (2/2)

Physical Design

Fabrication

Partitioning

Floorplanning & 
Placement 

Routing
Yield 
improvement 
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Motivation 
for Yield Improvement (Cont’d)

Balanced 
Congestion/

Density

CMP 
Variation

Yield

Multiple 
Fault 

Probability

Crosstalk
Effects

OPC 
Effects
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Our Work

Consider testability and diagnosability, 
manufacturability, and signal integrity 
simultaneously in the multilevel routing framework.

Provide testability and yield enhancement solutions 
in the routing stage to both diagnose interconnects 
and improve density flexibility

Present heuristics to balance and reduce 
congestion in routing for yield improvement
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Our Work (Cont’d)
Propose a new testability-driven multilevel routing 
framework: 

Interconnect Optimization

G0

G1

G2 G2

G1

G0

Coarsening

Coarsening

Uncoarsening

Uncoarsening

Oscillation Ring Test Oscillation Ring Diagnosis
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for Interconnect Test (ORT)

 oscillation 
ring 

wrapper 
cell 

victim line

A 

B 

A 

B 

 

(a)                                       (b)
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SPICE Simulation Waveforms

 

W aveform
on  A

W aveform
on  B
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(a) Input Cell           (b) Output Cell

P1500 Modified Wrapper Cells for SOC
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Process Variation Effects 
on Oscillation Signals in Nanotechnology
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Interconnect Modeling

Interconnect Detection Model
Interconnect Model for Oscillation Ring 
Test (ORT)
2-pin nets

Interconnect Diagnosis Model
Interconnect Model for Oscillation Ring 
Diagnosis (ORD)
Net segments
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Interconnect Modeling

Interconnect Detection Model
Interconnect Model for Oscillation Ring 
Test (ORT)
2-pin nets

Interconnect Diagnosis Model
Interconnect Model for Oscillation Ring 
Diagnosis (ORD)
Net segments
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Graph Model for Oscillation Ring Test

C3 C2 

C1 

N1 

N2 
N3 

Signal path 

Scan path 

 
 

N11 
N2 

N3 

interconnect net 

scan 
C1 

C2 C3

N12

(a) Hypernets (b) 2-pin nets
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Interconnect Modeling

Interconnect Detection Model
Interconnect Model for Oscillation Ring 
Test (ORT)
2-pin nets

Interconnect Diagnosis Model
Interconnect Model for Oscillation Ring 
Diagnosis (ORD)
Net segments
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Interconnect Diagnosis Model (ORD)

 

Ring 1 

Ring 2

Ring 3e1 
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e3
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(a) Hypernets (b) Interconnect Net Segments
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Routing Model

tile node edge

(a) Routing Plane (b) Routing 
Graph Model
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Testability-Aware 
Integrated Multilevel Framework

Perform global and detailed 
routing for local connections 
and then estimate routing 
congestion for the next level. 

Use a maze router 
to reroute failed 
nets 

Interconnect Optimization

G0

G1

G2 G2

G1

G0

Coarsening

Coarsening

Uncoarsening

Uncoarseni
ng

To-be-routed net  
for next level

Oscillation Ring Test Oscillation Ring Diagnosis

To-be-routed net 
in this stage

Already-
routed net
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Routing Structure

(a) Router Diagnosis 
Model: 3 nets

(b) Router Diagnosis 
Model based on Steiner 

Tree: 5 nets
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MST vs. Shortest Path Tree

MST  
Has the smallest total wire length
May incur longer path length

Shortest path tree (SPT)
May incur larger total wire length
Has the shortest path length

Simultaneously minimizing total wire length and path length reduces the 
Elmore delay of a tree.

MST SPTs s
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Recalling Modification

target 
connection

timing analysis
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Recalling Modification

timing 
violation

delete the 
connection
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Recalling Modification

connect to a 
new parent

timing analysis 
again
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Recalling Modification

timing 
satisfied
perform 
routing
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MINCOUNT_Shortest Path Algorithm 
with n(v) computation

Count_Nodes(u, v, dist)
1. if d(v) ≥ d(u) + dist(u, v)
2.   d(v) ← d(v) + dist(u, v);
3.   if n(v) ≥ n(u) + node(u, v)
4.     n(v) ← n(u) + node(u, v);
5.     record u as the predecessor 
routing region of v.

MINCOUNT_SPA(G, dist, s)
1. Intialize_Source(G, s);
2. S ← ∅;
3. Q ← V[G];
4. while Q ≠ ∅
5.   u ← Extract_Min(Q);
6.   S ← S ∪ {u};
7.   for each v ∈ Adj[u]
8.     Count_Nodes(u, v, dist);
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Cost Metric 
for Routing Density Control

pe: capacity of nets 

de: number of nets 
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An Illustrated Example

Let 4 MHz≤fi≤400 MHz, fmin= 4 MHz, ξ=0.001, thus, ni
=1/ξ=1,000, we have T0=250µs.

n
nff i

i ×=

ζε ≤
×

=
0min

1
Tf

fi: frequency of the ith
oscilaltion ring

ni: counter’s content of 
the ith oscilaltion ring

ε: counter’s maximum 
measurement error 

ξ: delay measurement 
resolution



NCTU / EE
SoC Testing & DFT Lab.

P.34

by Katherine Shu-Min Li

Outline

Introduction

Oscillation Ring
Test & Diagnosis

Multilevel Routing 
Framework

Illustrative Example

Experimental
Results

Conclusions

Introduction



NCTU / EE
SoC Testing & DFT Lab.

P.35

by Katherine Shu-Min Li

Experimental Results

Testability enhancement of interconnect 
detection and diagnosis

Congestion control for multi-objective 
optimization



NCTU / EE
SoC Testing & DFT Lab.

P.36

by Katherine Shu-Min LiExperimental Results 
for Testability Enhancement of 

Interconnect Detection and Diagnosis
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Experimental Results

Testability enhancement of interconnect 
detection and diagnosis

Congestion control for multi-objective 
optimization
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Routing Benchmark Circuits
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Routing Density Distribution 
for MCC1 with Absolute Net Counts
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Routing Density Distribution 
for MCC1 with Normalized Net Counts
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Comparison of Maximum Density with both 
Maximum Delay and Average
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Comparison of 
Routing Statistical Density
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Conclusion
Present an effective multilevel routing 
framework

Embedded OR Scheme to form prerouting and 
postrouting stage

Show that the embedded oscillation ring test and 
diagnosis scheme is feasible based on the simulation 
results with TSMC .18 µm process technology
OR scheme achieves 100% fault detection coverage and 
maximal diagnosability for testing interconnects in SoC

Congestion Control in bottom-up and top-down two 
stages

Apply a congestion-driven routing algorithm to reduce the 
multiple-fault probability, CMP and OPC induced effects, 
and crosstalk effects for yield enhancement
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Thank you!Thank you!


