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Abstract

This paper presents TACOS, a Testability Allocation

and Control System. TACOS is a synthesis for testa-

bility environment which components can be integrated

into a high-level synthesis 
ow. It transforms a

VHDL RTL description of a data-path into its testable

equivalent, supporting three testability methods: test

point insertion, Scan and BIST. It also generates a

test controller description, to be synthesized in the

�nal circuit.

Keywords: Synthesis For Testability, High-Level

DFT, Test Control

1 Introduction

TACOS is a tool-box, to be used by a designer in

conjunction with a high-level synthesis system. Apart

from its interactivity and versatility, this set of tool-

s allows a high 
exibility in its use, since it imposes

neither a given testability methodology nor given test

structure implementations. This paper details TACOS

main components ans its use in conjunction with a

HLS system.

2 IDAT module

The IDAT tool is the core of TACOS. It is able to mod-

ify a data-path architecture, described in the VHDL

format, making it testable either by test point inser-

tion or by allocation of Scan [3] or BIST [2] structures

into the data-path, according to the user requirements.
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3 Dynamic library of FUs

IDAT makes use of a library, which provides testable

functional units (FU) when they are available, as well

as additional test structures. Some of these compo-

nents are static or �xed, but most of them are dynam-

ically generated according to a parameterized descrip-

tion provided by IDAT.

Our choice is that IDAT should equally access to

all these sorts of elements, by formulating a request

determining the functionality and interfacing param-

eters of a given FU. IDAT should then be provided

back with a description of the desired components in

VHDL format.

The dynamic library is then organized as a

database: an interface interprets a textual request and

dispatches it to connected tools, running logic synthe-

sis if necessary (to extract design characteristics like

area, propagation delays, etc.) and converting the re-

sults in VHDL format. This interface also allows the

use of estimators, which can be an alternative to run-

ning logic synthesis tools: for most of the dynamic

components, mathematic formulas have been devel-

oped to estimate design characteristics, saving thus

CPU time.

3.1 BSG module

When BIST methodology is focused, the constraint

we have put is that a single TPG and a single TRC

should be shared by all non-BIST FUs. Consequent-

ly, the TPG (resp. TRC) should be able to generate

(resp. analyze) variable width data However, since I-

DAT operates at the RT-Level, the set of bit-width

values of the FUs to consider is known and limited, al-

lowing to avoid the de�nition of area-consuming fully

recon�gurable test structures.

A BIST Structure Generator (BSG) has been de-



veloped and included in the dynamic library. As a

starting point, the BSG allows the generation of recon-

�gurable Linear Feedback Shift Registers (LFSR) and

Multiple Inputs Signature Registers (MISR). These el-

ements are used in conjunction with multiplexers, par-

allel/serial converters, ROMs and comparators to de-

�ne more complex TPG and TRC.

4 TesS module

In addition to the area overhead and the testability de-

gree, IDAT takes into account test time induced by the

generated testable architecture. This test time should

be estimated in terms of number of clock cycles need-

ed to reach an acceptable fault coverage using a giv-

en testability methodology and the test structures im-

plementing it. This computation requires a dynamic

analysis of the data-path architecture, and a speci�c

tool is currently under development to meet this objec-

tive. The Test Scheduler (TesS) is hence in charge of

two functions: test time estimation (running TesS con-

currently with IDAT), and test plan generation (after

IDAT completion), to be synthesized as the test con-

troller of the �nal circuit.

5 TACOS integration

TACOS is now being integrated into a HLS system

named UGH (User-Guided High Level Synthesis) [1],

which is currently under development in our laborato-

ry, in the framework of the European project ESPRIT

COSY/OMI. UGH is an interactive HLS system for

control-dominated co-processors, which target archi-

tecture is made up of a data-path controlled by a Fi-

nite State Machine (FSM).

The behavioral VHDL description is binded to a

data-path template by CGS (Coarse Grain Schedul-

ing), generating a coarse grain controller (the FSM)

and specifying a fully functional data-path. The ob-

tained data-path is mapped on a physically character-

ized target cell library, and the optimized controller

is obtained by rescheduling the coarse grain FSM into

FGS (Fine Grain Scheduling), taking into account the

user speci�ed target clock period and the data-path

delays extracted from the physical cells.

Thanks to its modularity, TACOS can perfectly be

integrated into UGH synthesis 
ow according to �gure

1: IDAT produces a testable version of the fully speci-

�ed data-path ; the test controller generation happens

after the fonctionnal controller has been optimised (it

will be also tested). The obtained test controller can

then be optimised by FGS as well.
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Figure 1: TACOS integration into UGH

6 Conclusion

TACOS allows to insert automatically test structures,

relying on DFT reuse. This paper described brie
y

its components and an application into a HLS system

that originally did not take testability into account.

Further developments will be directed to test time e-

valuation and test plan generation.
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