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Abstract

This paper describes the implementation of IEEE Std 1149.1-1990, IEEE Standard Test
Access Port and Boundary-Scan Architecture, using behavioral VHDL (VHSIC Hardware
Description Language). The IEEE 1149.1 standard provides a structured method for implementing
testability in circuit designs and may be used to provide many different levels of testability. By
implementirg IEEE Std 1149.1-1990 in VHDL, designs which use the standard may be constructed
and simulated to determine the operation of the design and the effectiveness of the included
testability. This paper describes the basic components of IEEE 1149.1 as well as the test bench
used to stimulase the finished logic. The test bench includes low-level and high-level functions
which ease the test application process, provide high-level control, and are portable between
different implementations of the test logic. An example which employs the test logic and uses the
test bench functions for test application is included.

1. Introduction

In the past few years, VLSI technology has improved so dramatically that the number of transistors
possible on a single chip has reached the millions. With this many devices present, it becomes nearly
impossible to test the chip externally for proper operation. As a result, incorporating testability into the
design of the chip has increased tremendously in importance. The Institute of Electrical and Electronics
Engineers has developed a test standard, IEEE Std 1149.1-1990, to assist in the test and maintenance of
assembled printed circuit boards [1]. This standard defines the operation of test points within the circuit
as well as a standard communications interface to access and control the test points. By strategically
placing test points within the circuit, the testing of interconnections between distinct modules (i.e. circuit
partitions, chips, circuit boards) as well as the testing of individual circuits may be accomplished.

To the best of our knowledge, it appears that little work has been performed on implementing IEEE
1149.1 in VHDL [2]. Other related research has yielded a language which can be used to describe
boundary-scan devices using a subset of VHDL [3]. The paper proposes that if a device is not
describable by the language, then the device does not conform to the IEEE 1149.1 standard. Despite the
obvious advantages of such a language, it lacks any simulation capabilities which is one of the objectives
of this project. Another benefit of this project is that high-level test procedures are provided, allowing the
operator to specify the function to be performed rather than the specific bit patterns to be used.
Furthermore, these high-level procedures may be used directly with different implementations of the test
logic in VHDL, providing the finished test code with a high degree of portability.
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2. Overview of IEEE 1149.1

As stated in the IEEE Std 1149.1-1990 manual, the goals of the standard were to provide a
standardized approach to:

o testing the interconnections between integrated circuits once they have been assembied onto &
printed circuit board or other substrate

® testing the integrated circuit itself

o observing circuit activity during the normal operation of the component(s)

The primary testing technique used in IEEE 1149.1 is called Scan-Design [4]. Scan-design can
make testing easier by allowing internal circuit nodes to be observed and controlled without the use of a
large amount of I/0 pins. This technique uses registers, called Scan-Registers, which have both shift and
parallel-load capability. Circuit nodes which are not directly accessible can be controlled and observed by
placing a scan-cell (Figure 1) on the node. One type of scan-design is Boundary-Scan in which a scan-cell
is placed at every module input and output, forming a Boundary-Scan Register (BSR).

Using this technique, the signals at the
input and output pins may be verified by
shifting the values through the Boundary-
Scan Register. The component itself may be S0
tested by shifting test data into the cells at
the circuit inputs. Interconnections may be Hode p-
verified by shifting data into the cells placed PI M
at the circuit outputs and sampling the data
at the input cells of the other connected Shifton ’__Em ;‘Ml At R2
components. The IEEE 1149.1 standard : 10 (e-10
also allows scan cells to be placed at points ber | —bet
in the design other than the component pins.
This simplifies the test problem, allowing
the component circuitry to be divided into
sub-componeats which may be easier to test.
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2.1. Test Logic

Figure 1 - Scan-Cell
There are four elements which are

required in the test logic. The elements are
listed and described below:

Test Access Port (TAP)
TAP controller
Instruction Register (IR)
Data Registers (DR)

2.1.1 Test Access Port (TAP)

The Test Access Port (TAP) provides a standard interface for communication between the test logic
and external test equipment or busses. The TAP consists of four signals, listed below.

TCK - Test Clock. Clock for the test logic.

TMS - Test Mode Select. Signals at this input are decoded by the controller to control test operations.
TDI - Test Data Input. Serial input for test logic instructions and data.

TDO - Test Data Output. Serial output for test instructions and data from test logic.
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