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Keywords: both analog and digital tests need to be performed, increasing the tester
resource requirement and causing digital resource shortage. This paper
describes a hardware interface board (HIB) design for a test case of a digital-
analog IC on Teradyne’s ETS-364 ATE. The HIB's design allows the ATE to
perform multi-site 1>C based tests, which usually require lot of tester
Resource reduction resources, utilizing only two digital resources and one measurement resource.
VLSI testing This design achieves halving the I°C test time while lowering the number of
resources necessary for multi-site testing compared to set-by-set testing. The
proposed work has achieved up to 90.625% of resource reduction for multi-
site testing for a single test.

Device interface board
ETS-364
Hardware interface board

This is an open access article under the CC BY-SA license.

@00

Corresponding Author:

N. Shylashree

Department of Electronics and Communication Engineering
RV College of Engineering

Mysore Rd, RV Vidyaniketan, Bengaluru, India

Email: shylashashi@gmail.com

1. INTRODUCTION

The testing of an integrated circuit (IC) on an automated test equipment (ATE) requires multiple
tester resources connected to a single pin and a single resource connected multiple pins. The different tests to
be conducted on the IC are done so one after the other. For each test, particular resources have to be
connected to each pin of IC during the start and have to be disconnected at the test so that a different set of
resource can be connected for a different test. To facilitate this, a printed circuit board (PCB) containing
multiple relays, controlled by the tester, is used as an interface between the ATE and the IC. This board is
called the hardware interface board (HIB) or device interface board (DIB). The ATE used for this design is
eagle test systems -364 (ETS-364) by Teradyne. The ETS-364 general-purpose mixed-signal tester platform
has a high degree of accuracy. This testing device is intended primarily for high-volume testing of ICs.

The changing essence of circuit development is portrayed in [1]. Agrawal [2], goes into detail on the
definition of the test and how electrical devices got their inspiration. Estimation of coverage is accomplished
by identifying all the features of each un-detected test case not known while the project is under development
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of the fault list. Test coverage has been described in depth in [3]. Hashempour et al. [4] discusses the study of

several sites with regard to multi-site testing of very large-scale integration (VLSI) chips. Here Xiang et al. [5],

shows a unique ATE for ICs. Most commonly, a test for internal circuitry is done in the field, which is

known as field service or after-the-fact repair. Additional information about ATE is obtained from [6]-[12],

while the information regarding 12C, PMBus and DAC is derived from [13]-[21]. Test models, test

methodology and testing of digital devices on ATE, shown in Figure 1, is explained succinctly in [22]-[26].

The system is an all-in-one hardware and software construction with an interconnected architecture.

This tool is very ideal for use in many areas which demand high throughput. On each site on ETS-364,

floating resources are provided separately. By increasing site isolation, this increases the site’s security.

There are up to 133 mega vectors per second (MVPS) digital vector rate possible, which is made possible

with the device’s compatibility for up to 240 analogue channel pairs and 128 digital channel pairs. The

ETS-364 consists of a rack to hold all power supplies and resources along with a short test head where the

hardware interface board is mounted. Some of the resources present in ETS-364 utilized for this design in

Figure 1.

— Analog pin unit (APU): It is used to force and measure analog voltages and current. There are 96 APU
resources in ETS-364.

— Quad measurement unit (QMS): It is a resource which exclusively measures voltage. It is a high precision
unit with a very high input impedance so as to not draw current from the tester and alter the voltage
reading. There are 16 QMS pins in the tester.

— Digital pin unit (DPU): It is a resource used to provide and sense digital data. There are 64 pins in ETS-364.

The HIB is mounted on the test head of ETS-364. The HIB shown if Figure 2 is four-site HIB
capable of testing four IC’s together parallelly. All the resources available in the tester are brought out to the
test head in the form of pogo pins. When the hardware interface board is placed and secured onto the test
head, all the tester resources come onto the HIB. These resources can be seen on the periphery of the HIB
seen on Figure 2. However, all resources of the tester need not be used for the testing of a particular IC.

Therefore, from the resources, only required resources are brought from the periphery to the IC pins. Since

multiple IC’s need to be mounted onto the HIB at a time and also repeatedly, an interface called the socket is

constructed on top of the HIB. All the hardware connections are made to the pins of the socket while a

robotic handler takes the ICs and presses them into the socket for testing. After testing, the ICs are placed

into the appropriate pass/fail bin after which the next set of ICs are pressed into the socket. The 12C protocol
in this design is based on the PMBus protocol for power management ICs.

Figure 1. ETS-364 tester [22] Figure 2. Hardware interface board [22]

2.  TEST CASE DEFINITION
The test used as a benchmark test for reducing the number of number of resources used without

compromising the test time is explained in this section. A model IC functionality is defined to decide the test

solution. These are as follows:

— The integrated circuit is a digital IC which has multiple registers to store data from certain computations
performed by the IC.

— This data is used to communicate with the outside world through an I>C protocol.

— The data line is an open-drain configuration which can provide a logic low state but provides a high
impedance state instead of a logic high state. The circuit in Figure 3 describes the open-drain
configuration used in the IC.
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When the IC wants to write a logic low, the logic controller switches ON the metal oxide
semiconductor field effect transistor (MOSFET) pulling down the voltage to ‘0’ volts. When the IC wants to
write a logic high, the logic controller switches OFF the MOSFET causing the line to go to high impedance
‘Z’ state and a voltage level of 3.3V from the pull-up appearing on the data line. This IC design can be used
to define the test methodology for this functionality as follows:

— The test consists of writing data into the device registers through a ‘12C write protocol’.

— Each individual register is accessed individually and data is written.

— ‘Acknowledgements’ from the IC are read back to see success of data transmission.

— After all registers are written, they are accessed again with an ‘I2C read protocol’.

— The data read back is compared to the initial data written.

— Based on results of comparison, the ICs are transferred to the pass/fail bin.

The HIB circuitry for the existing design methodology and the subsequent modifications and improvements
are explained in the further sections.

3.3V

Logic
Controller
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/

Figure 3. IC pull-up circuitry

3. EXISTING HIB DESIGN WITH MINOR MODIFICATION

The layout in Figure 4 describes the method in which HIBs are designed. Since, I°C testing requires
two pins from each IC and this test has to be run parallelly for all four sites, eight DPU pins, have been
selected from the pogo pins on the periphery of the HIB. The HIB has four sites upon which sockets are
mounted and the PCB tracks are hardwired onto them. The four ICs to be tested are placed onto the sockets.

The testing process is simple and straightforward for this HIB layout. The data pins, I0#2, 10#4,
10#6, and 10#8 are placed in a group in the tester. Similarly, the clock pins 10#1, IO#3, IO#5 and 10#7 are
also grouped. The intention of grouping is to ensure that all data pins transmit the same data together while
all the clock pins are synchronized together.

Considering an example where there are only four DPU pins available, the sites are split into odd
sites and even sites where odd sites are tested first after which the even sites are tested. This type of testing
doubles the testing time for this particular test. A modification where the test time need not be sacrificed is
explained below.

While the data line of the circuit is a bidirectional line which is used for both reading and writing
data into the IC, the clock line is a monodirectional line where the signals move from the tester to the device.
Compared to the IC, the tester is a powerful resource and can drive large amounts of current to ensure that a
logic stays at a particular level. Even if there is a shortage in the amount of drive current, buffers can be
added to the HIB to ensure that required current is provided. This modification requires a single DPU
resource as a clock line for each site while the number of data lines depend upon the number of sites on the
hardware interface board. The layout in Figure 5 is a representation of having a single clock line with four
data lines. This brings down the total pins required for this test from eight to five without decreasing the
tester time. In this layout however, four data lines are still being used and the number of data lines will
increase with increase in the number of sites and therefore is not the perfect solution. The next section aims
to provide amicable solution to this problem.
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Figure 4. HIB layout—existing architecture Figure 5. HIB layout-modified architecture-I
architecture

4. HIB MODIFICATION-II

This section aims to design a HIB circuitry with minimal and constant number of pins irrespective
of number of sites on the HIB. The circuit is designed by having a common data and clock lines to each IC.
However, before the data line is connected to the socket, a unidirectional buffer is added. This allows only
one direction of current through it, i.e., from the tester to the socket. The net between the buffer to the ground
is connected to a four-input digital to analog converter (DAC) such that the net form the first site is
connected to the least significant bit (LSB) of the DAC, and so on until the fourth site is connected to the
most significant bit of the DAC.

The output of the DAC is provided to the quad measurement unit (QMS) which accurately measures
the analog voltage from the DAC and the test program converts the analog output obtained back to the binary
value to which the individual outputs can be mapped back to the outputs of the IC. The DPU of the ATE is
capable of generating a clock which can be used to digitize other resources on the tester. Therefore, though
continuous values are provided to the tester form the DAC output, the output voltage is measured only when
a particular clock signal is provided from the DPU. In the circuit in Figure 6, the green tracks denote the data
line while the red tracks denote the clock line. During write operation, the DPU digitizes the QMS whenever
the acknowledgment pulses are needed to be read and during read operation, the DPU digitizes the QMS such
that all the data is read as analog signals and is the decoded. Therefore, it can be seen in this section that the
HIB circuit design requires only three pins irrespective of the number of sites in the HIB, the only change
being the number of input bits to the DAC.
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Figure 6. HIB layout-modified architecture

A novel design for hardware interface board with reduced resource utilization (G. S. Ananth)



1418 O ISSN: 2502-4752

5. RESULTS AND DISCUSSION

In this section, the hardware interface board circuitry with the different design styles: the basic style,
odd-even site style, common clock style and the common data style are compared to obtain the improvements
of the modifications over the basic version. The comparison between different circuit designs in Table 1
provide an insight to the reduction in the number of resources used. While the circuit is designed for a four
site HIB, the results can be obtained for other sites as well. Since, the proposed work requires only three
resources irrespective of the number of sites in the HIB, the reduction of resources increases with increase in
the number of sites.

Since ETS-364 ATE can support a maximum of sixteen sites, a sixteen-site solution will have the
maximum reduction in the resources used while keeping the testing time constant. The graphs in Figure 7,
provide a visual representation of the reduction of resources. It can be seen that with the final modification
made in the HIB circuitry, the resources required for the test remains constant.

Table 1. Resource usage comparison for a single test

Resources Used for a single test
Number of Sites  Basic HIB Circuit HIB Modification -1  HIB Modification - II

1 2 2 3
2 4 3 3
4 8 5 3
8 16 9 3
16 32 17 3

35
30
25
20
15
10

MNJUMBER OF RESOURCES USED

MUMEER OF SITES USED

——— Basic HIB Circuitry ———HIEB Modification #1 ———HIB Modification #2

Figure 7. Number of sites vs resources used

6. CONCLUSION

From the proposed work, it can be concluded that the modification of the HIB circuitry for a four
site IC provided over 62.5% reduction in resources used for a single test and 81.25% and 90.625% reduction
in resources for eight site and sixteen site HIBs respectively for a single test. When compared to odd—even
site testing, the methodology proposed halves the test time. Although, this improvement is for a single test
and an IC will have multiple tests, the design can still save a lot of tester resources and enable more sites to
be tested simultaneously, thereby reducing testing time.
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