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Asynchronous Transfer Scan Design for High Speed
On-Chip Delay Measurement of VLSI with

Variable Clock Generator

Takeshi Ota and Kentaroh Katoh
Tsuruoka National College of Technology, TNCT
Dept. of Electrical Engineering
Tsuruoka, Japan
k-katoh@tsuruoka-nct.ac.jp

Abstract— High-speed digital LSIs such as CPU, graphic
processing LSI, and sy n-a-chip, are indisp ble for all
the today’s electronics device like tablet PC, and smart phone, etc.
However, such today’s high performance LSIs require careful
debuggmg for tlmmg related errors and high quality delay fault

g for the dependability. This paper presents asynchronous
test mponse transfer through scan path for the speed-up of the
on-chip delay measurement using variable clock generator.
Because the proposed technique transfers the test responses
through scan path asynchronously, the extra routing overhead
and timing problem is fewer. The experimental result using
HSPICE simulation with Rohm 0.18m technology shows that the
proposed transfer works correctly when the scan length is 64.
The time for the proposed asynchronous transfer is 3.1% of the
conventional synchronous transfer.

Primar;v categories— Informatics.
gories— Comp System/Network.

quwords— VLSI; VLSI testing; on-chip delay measurement;

asynchronous transfer.

I INTRODUCTION

Without high-speed and low power digital LSIs, we cannot
get today’s high performance electronics. The extraordinary
high-speed and low power are realized by the scaling of CMOS
technology. The scaling of CMOS technology, however,
induces process variation and frequency of timing errors.
Consequently careful debugging for timing related errors and
high quality delay fault testing are required to keep the
dependability [1]. On-chip delay measurement is useful for the
delay debugging and testing. Some on-chip delay measurement
techniques have been proposed [2], [3]. Among them, the
technique with variable clock generator is one of the most
popular approaches in industry [4]. In this technique, the
delay of a path is measured by continuous path delay fault
testings of the path under measurement with the test clock
reduced gradually by the resolution. The actual path delay is
measured by the test clock and shall be equal to the 1% failing
test clock width. Although the accuracy of the technique is
excellent, it has a drawback. The measurement time of the
technique depends on the time for assigning test vectors and
the time for transferring test responses. Usually assigning test
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vectors and transferring test responses are performed normal
synchronous scan-in and scan-out operations, respectively.
They are the bottleneck to reduce the measurement time. Some
techniques for the reduction of the time for assigning test
vector have been proposed [5], [6].

However, the reduction of the time for transferring test
responses is still challenging. This paper presents high speed
asynchronous test response transfer for the speed-up of the on-
chip delay measurement using variable clock generator.
Because the proposed technique transfers the test responses
through scan path asynchronously, the extra routing overhead
and timing problem is fewer. The rest of the paper is organized
as follows.

Section I explains the detail of the proposed asynchronous
transfer scan design. Section III shows the experimental result.
Finally, section IVconcludes the paper.

II. ASYNCHRONOUS TEST RESPONSE TRANSFER SCAN
DESIGN

This section explains the detail of the proposed asynchronous
test response transfer scan design. Section 4. describes the
conventional standard scan design and the test response
transfer using the scan path as preliminary. Section B. presents
the basic idea of the proposed asynchronous test response
transfer. Section C. describes the detail of the proposed scan
architecture.

A. Conventional Standard Scan Design

In digital VLSI testing, full controllability and full
observability of the flip flops is important to get high test
coverage. Both of them are performed with scan design. Scan
design is one of the popular approaches for digital VLSI
testing.

The conventional standard scan design is depicted in Fig. 1.
The left side is the original circuit (a). The right side is the
circuit implemented standard scan design. In standard scan
design, all the flip flops inside the circuit are modified to
construct shift register during test.
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Abstract TCP performance drastically decreases over satellite links due to long delays and high bit errors. We
introduce a new congestion control mechanism, TCP-Cherry proposed by Utsumi et al., to improve TCP perfor-
mance over satellite IP networks. The major feature of TCP-Cherry is the probing of network for available resources
using low priority supplement segment. Like data segments, supplement segments also carry data that has not yet
been transmitted. Supplement segments are used in two new algorithms, Fast-forward Start and First-Aid Recovery.
Finally, simulation results show that the proposed TCP-Cherry yields upto a maximam improvement of more than

150% in goodput compared with existing schemes.
Key words congestion control, satellite networks

1. Introduction

Recently, satellite links are used as available option for
supporting internet connection. However, conventional TCP
congestion control methods have problem over satellite net-
works which have unavoidable long propagation delay and
high link error [1]. Due to long propagation delay, revival of
the congestion window back to the usual size takes a long
time after a ti

t. Again, pretation of link errors
as congestion errors results in cutting the window size off
unnecessarily.

Therefore, new TCP congestion controls are developed for
such a satellite networks in resent years [2].

In order to overcome this problem, TCP-Peach was pro-
posed in [1]. TCP-Peach is a new type of congestion control
using low-priority data segments. There is also TCP-Peach+
that is improved TCP-Peach. Hence TCP-Peach+ also use
low-priority data segments. However, since both the schemes
put duplicates of already transmitted regular data blocks in
the low-priority data segments, the associated overhead af-
fects the realizable performance from the network [2].

In this paper, we summarze a new congestion control
for satellite networks, called TCP-Cherry [2]. TCP-Cherry
overcomes all the above problems by using different type of
low-priority data segments, namely, supplement segments.
Supplement segments not only probe the network but also

carry data not yet transmitted. These segments are not sent
during all phases but Fast-Forward start and First-Aid Re-
covery only. Fast-Forward Start and First-Aid Recovery are
novel algorithm proposed in TCP-Cherry.

The effectiveness of the scheme has been evalnated through
simulations using ns-2. Results show that TCP-Cherry yields
upto a maximum improvement of more than 150% in good-
put compared with other existing schemes. Also fairness
among different TCP connections is not conpromised. Fur-
thermore, the supplement segments used for probing the net-
work induce the minimal network overhead [2].

Typical examples of satellite networks are Geostationary
Earth Orbit (GEO), Medium Earth Orbit (MEO) and Low
Earth Orbit.
GEO.

2. Related works

In this paper, we particularly focus on the

TCP-Peach proposed in [1] is a congestion control dissolv-
ing the prohibitively slow inflation of the congestion win-
dow, cwnd at the beginning and just after timeout with a
novel idea for satellite networks with long propagation de-
lays and relatively high link error rates. TCP-Peach replaces
the phase of Slow Start and Fast Recovery in TCP Reno and
TCP NewReno with Sudden Start and Rapid Recovery re-
spectively. The novelty of TCP-Peach is that the sender
sends low-priority segments called dummy segments in Sud-

=
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.
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