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A case study on the effectiveness of Multi-sites test handler to
improve of Production Output
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Abstract: - The conventional method allows testing of only one chip at a time (single-site testing). However, due
to advancements in testing procedures, current test technologies are able to conduct dual-sites testing, quad-sites
testing, octal-sites testing, 16-sites testing, 32-sites testing, and so on. In line with this, the multi-site testing
approach is a method that increases the number of chips that can be tested in a single touch-up. This method
allows more chips to be tested per hour, thus improving the testing throughput. In this research the author take
the initiative to develop a multi-sites throughput model to investigate the effectiveness of multi-site testing
approach on improving the testing throughput. In the case study, five multi-site configurations were applied.
These configurations were single-site, quad-sites, octal-sites, x16-sites, and x32-sites. A hypothesis was
analyzed by using one-way ANOVA and Post Hoc Test.
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l. INTRODUCTION
The continuous decrease in the selling price of electronic devices limits the profit margin of manufacturers, and
also leads to the constriction of the selling price of semiconductor chips.
The cost of fabricating semiconductor chips has been reduced over the past 20 years. From 2012 onwards,
testing cost has become the deciding factor of profit margin in the manufacture of semiconductor chips.
Consequently, reduction in testing cost has become the common goal of semiconductor manufacturers around
the world. Failure to reduce testing cost can result in a semiconductor chip manufacturing company losing its
competitiveness in the market. An effective way to reduce testing cost is to decrease testing time. Decreasing
testing time also increases testing throughput. To achieve this objective, the performance and speed of the test
equipment need to be improved. Therefore, the chip-transfer time and chip-testing sequence need to be
developed to allow semiconductor chips to be tested rapidly.
To improve the testing process, a number of new technologies have been developed; one of them is the multi-
site approach. Multi-site testing is an effective and popular method for increasing throughput and reducing
testing cost (Higgins, 2005). In this method, multiple semiconductor chips are tested parallel to a single test-
equipment setup (Lew, 2006). This approach provides more benefits than the single-site test approach with
regard to test throughput and testing cost reduction (Volkerink, 2002).
However, the advancement of technology leads to an increase in capital equipment investment. The failure of a
new technology to provide the expected throughput outcome increases testing costs. Therefore, studying
equipment efficiency in relation to capital equipment investment is important to ensure that the semiconductor
industry advances in the right direction and to incur lower testing costs while maintaining adequate profit
margins.

1. MULTI-SITE THROUGHPUT MODEL DEVELOPMENT
Production output consists of three fundamentals: testing output (throughput), testing yield, and the equipment
utilization percentage. Detailed explanations for these fundamentals are as follows.

= 3600 XN Total Good Device
VPt = ((1-MSE)(N-1)(trtiy) + (trtia)) X Total Incoming Device X100 1)

Equation 1 was developed to calculate the production throughput whereby the throughput obtained is the tested
good product by take into account the testing yield whereby the testing yield mean that the percentage of tested
good.

The equation 1 was integrated with the Multi-sites efficiency (MSE) as well so that the comparison between the
multi-sites versus the multi-sites efficiency (MSE) can be obtained.

To integrate the MSE into the equation, the throughput equation from Evans (1999) as shown in equation 2 need
to further enhance. Following discuss step by step on how the MSE was integrated into the throughput equation.
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3600 xn

UPHinsertions = fos + ims {2)

where:
- tms is the multi-site test time, that is, the time spent to complete the testing of a semiconductor chip.
- ims is the multi-site indexing time, that is, the semiconductor chip exchange time within the tested chip
replaced with a new untested chip.
- n is the number of test sites, that is, the number of semiconductor chips tested in a single contact.

To achieve the integration with the MSE, the throughput equation developed by Evans (1999), shown as
Equation 2, is enhanced by integrating the MSE model developed by Kelly (2008). The MSE proposed by Kelly
is presented as Equation 3:

At

MSE = |1- ———
AN(t1)

.100%
(3)

where:
- Atis the change in testing time between single-site and multi-site testing; and
- AN is the number of different test sites between single-site and multi-site testing.

Equation 3 is further derived, as shown in Equation 4.

MSE = I_UMS—_‘:I) .100%
(N-1)(t1) 4
(4)
where:

- tus is the multi-site test time, and t; is the single-site test time; and
- N is the number of test sites for multi-site testing.

The test handler affects testing throughput. Therefore, the test handler indexing time has to be included as part
of the MSE equation. In doing so, Equation 5 is derived by including the indexing time (i), as follows:

MSE = 1- | {(ustivs) — (1)) | 1000,
(N-1)(tH1) (5)

For the integration of the equations to work, one must have prior understanding of the relationship between the
throughputs and MSE. To determine the relationship between MSE and multi-site, the variables of MSE, which
is related to the throughput, need to be understood. Equation 2 and Equation 5 show that the multi-site test time
(tms) and multi-site indexing time (i) are common variables in both equations.

In Equation 5, tys and iys represent multi-site test time and indexing time. Therefore, to clearly derive the
relationship between ty, and ins in relation to MSE, the integration process shown in Figure 1 is carried out.

= 1- [((tMs*“iMs) (U*il))} .100%

(ti+i1)
Figure 1 Deriving the Relationship between tp,s and i with MSE

As Figure 1 illustrates, tm,s and ins move to the left side of the equation, whereas MSE moves to the right side.
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The final computation for the equation of t.,s and ins in relation to MSE is derived and shown in Equation 6.
(tas + ins) = (I-MSE)N-1)(t1+1) + (t1+i1). (6)

Finally, Equation 6 is integrated into Equation 2 to obtain the computation for testing throughput, which
includes MSE as part of the calculation. Figure 2 below shows the computation of the integration, and the
complete integration is illustrated in Equation 7:

UPHinsextions = m

D
(1-MSE)(N-1)(t;+i1) + (ti+i1)

Figure 2 The Computation of the Integration of Equation 6 into Equation 2

3600 XN
(I-MSE)(N-1)(t1+11) + (ti+1)),  (7)

UPHmserhom =

where: UPHiserions are represented by the testing output in one hour.

1. MULTI-SITE TEST HANDLER
This research selected Pick and place test handler for the case study. Pick-and-place testing handling is one of
the widely used methods of testing multi-sites. In this process, the semiconductor chip is already singulated
from the lead frame to become an individual chip. The chip is placed on a Jedec tray to be carried from the
assembly equipment to the test equipment. Figure 3 shows a photograph of Jedec trays.

Figure 3 Sample Jedec trays.

The Jedec tray is loaded with semiconductor chips and then placed into the pick-and-place handler in Area 1, as
shown in Figure 4.

X direction X direction

Station
Picl m
Y direction
Loading Output
'Station @ station

Figure 4 Process flow of pick-and-place testing handling.

Pick-arm 2 Tester Pick-arm 3 :

Output Transfer
tation

Pick-arm 4
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Pick-arm 1 transfers the chips from the tray to the input transfer station. From the input transfer station, pick-
arm 2 moves the chips to the test area for testing. The pick-and-place testing handling method is different from
the two previous methods, in which the tester is at the bottom and the test socket/contactor is facing up.
Moreover, pick-arm 2 punches the device down instead of up to connect it with the test socket/contactor. The
tested chips are then placed on the output transfer station by pick-arm 3. Finally, pick-arm 4 removes the tested
chips from the output transfer station and sends them to the output station. The good and bad chips are sorted
according to the test results. Figure 5 displays the test area for pick-and-place testing handling.
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The pick and place arm punch the
chip down to connect with the test
socket

Pick and Place
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Figure 5 Test area for pick-and-place testing handling.

The test site configuration setup for the case study is explained in the subsequent section.
The pick-and-place test equipment can be configured from single-site to X32-sites. The test sites are configured

to obtain data for the case study from single-site to X32-sites. Figure 6 displays a photograph of the pick-and-
place test equipment test sites that can support X32-sites.
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Figure 6 Pick-and-place test sites.

The standard layout of the test site for the pick-and-place test equipment is configured in four columns and eight
rows to obtain X32-sites. With such flexibility, the test site can be configured to single-site, quad-sites, octal-
sites, X16-sites, and X32-sites. The details of the configurations are described below. From the standard test site
configuration (Figure 7), the experiment first configures the test handler to pick up only one chip and to perform
single-site testing to simulate the indexing and test times of the conventional testing method. Figure 8 depicts
the single-site configuration (gray color indicates the test site used for testing).
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Figure 10 Layout of octal-sites.

The test handler is configured to X16-sites (Figure 11) and X32-sites (Figure 12) when the quad-site and octal-
site tests are completed.
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The configurations of test sites are defined. The results of the analysis are discussed in the section that follows.

V. ANALYSIS RESULT
This study considers pure indexing time only and rejects any indexing time slowed down by external factors,
including the carrier transfer process, loading and unloading process, equipment jamming, and delay caused by
slowing of pick-arm 1. Production data are only accepted if no external factor, including handler and tester
downtimes, is identified.

This study focuses on only the area shown within the circle in Figure 13.

QltputTransfer
Station

Ktation
4
Prekc:ars
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Pick-arm4
XY direction

Loading Output

'station @ station

Figure 13 Focus area of this research.

The indexing time is considered valid if no waiting time exists between the exchange times for the device being
tested as it is replaced with a new device before testing. However, the indexing time is considered invalid given
external factors that cause immediate replacement of a new chip after the device is completely tested.

The test time is considered valid if no external factors, including tester downtime and chip contacting problems,
cause a high rejection rate of the tested chip.

The data size of the 30 sets of production lots for each test site configuration (single-site, quad-sites, octal-sites,
X16-sites, and X32-sites) must be collected to gather sufficient data for the cost-of-test study. Each data set
contains 100 trial runs of the test equipment setup. Thus, the 30 data sets contain 3,000 test equipment trial runs.
Five test site configurations are employed in both case studies. Therefore, 30 sets are used for each test site
setup. The five test site configurations contain 150 data sets, including 15,000 trial runs on test equipment.

As shown in Equation 1, production output involves two parts. The first part is the testing throughput
(UPHinsertion) @nd the second is the testing yield or good-unit yield.
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i. Testing Throughput (UPHinsertion)
For the testing throughput, MSE must be obtained. MSE is calculated using Equation 5 as follows:-

MSE = 1- | (ustivs) — (tin) | 5000,
(N-].)(tl'l']l) {5}
The example of the calculation for single-site testing configuration is as follows:-
/{; 0.73 4 0,72 ?\
+ ) +
MsE= 1. [ ~ ~ | ya00%
g ( 0.74 h
1
+
S - 2/
MSE = 100%.
The summary of MSE results is shown in Table 1 below:-
Table 1 MSE for Pick-and-Place Test equipment

Multi-sites efficiency
Number of Sites Multi-sites Compare |Compare [Compare |Compare

Efficiency with Single-|with Quad- |with Octal- |with X16-
Singles-site 100.00% 0.00%
Quad-site 47.42% -52.58%
Octal-sites 45.95% -54.05%  |-3.09%
X16-sites 44.70% -55.30%  |-5.74% -2.73%
X32-sites 31.47% -68.53%  |-33.63%  [-31.52% -29.59%

For the pick-and-place test-equipment setup, MSE for quad-site setup is reduced by 52.58% compared with
single-site setup. Octal-site setup is reduced by 54.05% compared with single-site setup, and by 3.09%
compared with quad-site setup. Furthermore, X16-site setup is reduced by 55.30% compared with single-site
setup, by 5.74% compared with quad-site setup, and by 2.73% compared with octal-site setup. Finally, for X32-
site setup, MSE is reduced by 68.53% compared with single-site setup, by 33.63% compared with quad-site
setup, by 31.52% compared with octal-site setup, and by 29.59% compared withX16-site setup.

After obtaining MSE for each test site, the next step is to calculate the total testing throughput produced in one
hour (UPH;qsertion). TO calculate the UPHinsertion, the indexing time and test time are obtained and shown in Table
2 below:-
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Table 2 Indexing Time and Test Time-Data for Pick-and-Place Test-
0.7 Second test-time per  [Slow down percentage

Test-sites Average Compare with [Compare with [Compare with [Compare with
configuration [Index Time (Single-site Quad-site Octal-site X16-site
Single-site 0.63 0.00%
Quad-sites 0.65 4.03%
Octal-sites 0.68 7.48% 3.31%
X16-sites 0.66 5.30% 1.22% -2.02%
X32-sites 4.14 559.12% 533.59% 513.27% 525.93%
Slow down percentage
Average Compare with [Compare with [Compare with [Compare with

Test Time |Single-site Quad-site Octal-site X16-site

Single-site 0.73 0.00%
Quad-sites 2.84 290.99%
Octal-sites 5.80 699.77% 104.55%
X16-sites 11.92 1543.98% 320.46% 105.56%
X32-sites 25.98 3481.16% 815.91% 347.77% 117.83%
Slow down percentage
withtal Compare with [Compare with [Compare with [Compare with

Single-site Quad-site Octal-site X16-site

Single-site 1.35 0.00%
Quad-sites 3.49 157.75%
Octal-sites 6.48 378.34% 85.58%
X16-sites 12.59 829.57% 260.64% 94.33%
equipment X32-sites 30.12 2124.45% 763.01% 365.04% 139.30%

In Table 2, the test time for the pick-and-place test equipment is discussed as follows:-

e Single-site Testing
The indexing time for single-site setup is 0.63 seconds, and the test time is 0.73 seconds. Thus, an average of
1.35 seconds in total is required to complete chip testing.

e  Quad-sites Testing

The indexing time for quad-site configuration is 0.65 seconds, this is slower by 4.03% than that for
single-site testing. The test time to complete quad-site testing is2.84 seconds, which is slower by 290.99%
compared with that for single-site testing. In total, an average of 3.49 seconds is required to complete quad-site
testing, which is slower by 157.75% compared with that for single-site testing.

e Octal-sites Testing

The indexing time for octal-site configuration is 0.66 seconds, which is slower by 7.48% compared
with that for single-site testing, and by 3.31% compared with for quad-site testing. The test time required to
complete octal-site testing is 5.80 seconds, which is slower by 699.77% compared with that for single-site
testing, and by 104.55% compared with for quad-site testing. The overall time required to complete octal-site
testing is 6.48 seconds, which is slower by 378.34% compared with that for single-site testing, and by 85.58%
compared with that for quad-site testing.

e  X16-sites Testing

The indexing time for X16-site configuration is 0.68 second, which is slower by 5.30% compared with
that for single-site testing and by 1.22% compared with that for quad-site testing, but is 2.02% faster compared
with that for octal-site testing. The test time needed to complete the X16-site testing is 11.92 seconds, which is
slower by 1,543.98% compared with that for single-site testing, by 320.46% compared with that for quad-site
testing, and by 105.56% compared with that for octal-site testing. The overall time needed to complete the X16-
site testing is 12.59 seconds, which is slower by 829.57% compared with that for single-site testing, by 260.74%
compared with that for quad-site testing, and by 94.33% compared with that for octal-site testing.
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e  X32-sitesTesting

The indexing time for the X32-site configuration is 4.14 seconds, which is slower by 559.12%
compared with that for single-site testing, by 599.58% compared with that for quad-site testing, by 513.27%
compared with that for octal-site testing, and by 525.95% compared with that for X16-site testing. The test time
required to complete the X32-site testing is 25.98 seconds, which is slower by 3,481.16% compared with that
for single-site testing, by 815.91% compared with that for quad-site testing, by 347.77% compared with that for
octal-site testing, and by 117.83% compared with that for X16-site testing. The overall time needed to complete
the X32-site testing is 30.12 seconds, which is slower by 2124.45%compared with that for single-site testing, by
763.01% compared with that for quad-site testing, by 365.04% compared with that for octal-site testing, and by
139.30% compared with that for the X16-site testing.

After obtaining MSE percentages and determining the indexing time and testing time, the testing throughput for
each test-site setup is calculated using Equation 7.

3600 X N

UPHinsertion=
[ (1-MSE)(N-1)(t1)+t, ] (7)

The example of the calculation for single-site testing is shown as follows: the value of N-1 is fixed asl because
no multi-site for single-site testing exists:

3600 x 1

UPHiqsertion=
(1-100%)(1)(1.21)+1.21

= 2,975 units per hour.

The example of the calculation for multi-site testing is shown as follows: the only difference between single-site
testing and multi-site testing is that the value of N is replaced by the number of test sites for the particular
configuration setup.

00 A
\vAviv) =

UPHinsertion= [ 7

= 4,211 units per hour.

)

(1-39.12%)(3)(1.21)+1.21

Throughput results are summarized in Table 3 below:-
Table 3 Testing Throughput for Pick-and-Place Test-equipment

Throughput

Number of Site Throughput  [Compare |Compare |Compare |Compare
with Single-|with Quad- |with Octal- |with X16-
site site site site

Single-site 2659 0.00%

Quad-sites 4126 55.19%

Octal-sites 4447 67.25% 7.77%

X16-sites 4576 72.12% 10.91% 2.92%

X32-sites 3825 43.86% -7.30% -13.99% -16.42%

For the pick-and-place test-equipment setup, the throughput per hour for single-site testing is 2,659
units per hour. Quad-site testing is able to increase the UPH by 55.19%, thus producing 4,126 devices in one
hour. Octal-site testing produces 4,447 chips per hour, which is 67.25% better than single-site testing, and
7.77% better compared with quad-site testing. The X16-site testing is further improved by 2.92% compared with
octal-site testing, by 10.91% compared with quad-site testing, and significantly, by 72.12% compared with
single-site testing. However, the X32-site testing performance is reduced by 16.42% compared with the X16-site
testing, by 13.99% compared with octal-site testing, and by 7.30% compared with quad-site testing. It has
improved by 43.86% compared with single-site testing.
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ii. Testing Yield Percentage
Testing yield is one of the factors affecting the cost-of-test. Testing yield percentage data collected from the
pick-and-place test-equipment setup is shown in Table 4 below:-

Table 4 Testing Yield Percentage for Pick-and-Place Test-equipment

Test site Single-site |Quad-sites|Octal-sites [X16-sites [X32-sites
Yield % Average 99.52% 99.46% 99.36% 99.15% 99.14%
Deferent %

Compared with Single-site  [0.00% -0.06% -0.16% -0.37% -0.38%
Compared with Quad-sites |0.06% 0.00% -0.10% -0.31% -0.32%
Compared with Octal-sites |0.16% 0.10% 0.00% -0.21% -0.22%
Compared with X16-sites 0.37% 0.31% 0.21% 0.00% -0.01%
Compared with X32-sites 0.38% 0.32% 0.22% 0.01% 0.00%

As shown in Figure 14 below, testing yield percentage is reduced when the number of test sites increases. Based
on this scenario, this study concludes that position accuracy is inefficient for the pick-and- place test-equipment
setup for multi-site testing.

Yield % Average

0.996

0.995 -

0.994 -
0.993 -
0.992 -+ M Yield % Average
0.991 -
0.99 -
0.989 T T T T

Single-site  Quad-sites  Octal-sites X16-sites X32-sites

Figure 14: Testing Yield Percentage Graph for Pick-and-Place Test equipment.

Single-site testing has a yield of 99.52%, whereas quad-site testing achieves 99.46%, which is 0.06%
less compared to the single-site testing. Octal-site testing has a yield of 99.36%, which is lower by 0.10%
compared with quad-site testing yield, and by 0.16% compared with single-site testing yield. The X16-site
testing yield further dropped by 0.21% compared with octal-site testing yield, by 0.31% compared with quad-
site testing yield, and by 0.37% compared with single-site testing yield. Finally, the X32-site testing has a yield
lower than 0.01% compared with X16-site testing yield, by 0.22% compared with octal-site testing yield, by
0.32% compared with quad-site testing yield, and by 0.38% compared with single-site testing yield.

iii. Production Output
After obtained of the testing throughput and the testing yield, then the production output was calculated with
equation 1 as shown below:

= 3600 XN Total Good Device
VPt = ((1-MSE)(N-1)(trtiy) + (trtia)) X Total Incoming Device X100 1)

The summary of the production output for the entire test-sites are tabulated in table 5:

Table 5 Testing Production Output

Number of Site Testing Throughput Testing Yield Production Output
Single-site 2659 99.52% 2646
Quad-sites 4126 99.46% 4104
Octal-sites 4447 99.36% 4419
X16-sites 4576 99.15% 4537
X32-sites 3825 99.14% 3792
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After obtained the production output as shown in table 5, following section discuss the hypothesis analysis.

iv. Hypothesis Analysis

An alpha level of 0.05 is used for the analysis. As previously discussed, five independent levels of
configurations (a) are selected, namely, single-site, quad-sites, octal-sites, X16-sites, and X32-sites. Each
independent level contains 30 data sets (n). In this case, the following data are determined:-

a = 5 independent levels,

n = 30 sets of data,

N = 150.

Therefore, the degrees of freedom are calculated as

dfBetween=5 -1 = 4,
dfWithin =150 -5 = 145,
dfTotal= 150 — 1 = 149.

From the degrees of freedom between and within, which is (4,145), refer to the F-Table, with the
critical value obtained as 2.3719. As indicated in the previous chapter, if the F-value is smaller than the critical
value, then the null hypothesis is accepted; otherwise, the null hypothesis is rejected.

a) Hypothesis 1: Multi-site versus MSE

Analysis of Hypothesis

The hypothesis conditions that need to be tested are listed below.

Ho: Improving the number of test sites has no effect on MSE.

H;: Improving the number of test sites has an effect on MSE.

The MSE data are rated as dependent levels on a scale of 1 to 10, as shown in Table 6 below:-

Table 6 Scale of MSE Dependence Level

MSE Seale
100.00%%

93 12% 10
83 11%
8523%
36270 s
7935

75345 N
72465 !
245
63 58%
635
38 6%%
38.68%
S1E1%
S
4153%
4157% -
38.04% -
38.05%
31.16%

G

Table 7 ANOVA results for MSE

ANOVA Table

SS Df MS F
Between 1528.89 4.00 382.22 10263.40
Within 5.40 145.00 0.04
Total 1534.29 149.00 10.30

Table 7 above shows that the F-value is 10263.40, which is greater than the critical value of 2.3719;
thus, the null hypothesis is rejected, and the ANOVA shows that the improvement in the number of test sites has
an effect on MSE. The data are further analyzed using post hoc test to determine the effects of one test site and
another.
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In this study, the Scheffe test is used for post hoc test analysis. A summary of the post hoc test is shown in Table
8 below:-
Table 8 Analysis Results of the Post Hoc Test
Post Hoc Test

Independence Level F-value Analysis Result

Single vs. Quad 4981.13 Different - Reject the null hypothesis
Single vs. Octal 5123.78 Different - Reject the null hypothesis
Single vs. X16 6390.85 Different - Reject the null hypothesis
Single vs. x32 8156.25 Different - Reject the null hypothesis
Quad vs. Octal 1.01 No difference - Accept the null hypothesis
Quad vs. X16 87.72 Different - Reject the null hypothesis
Quad vs. X32 389.46 Different - Reject the null hypothesis
Octal vs. X16 69.93 Different - Reject the null hypothesis
Octal vs. X32 350.86 Different - Reject the null hypothesis
X16 vs. X32 107.52 Different - Reject the null hypothesis

Table 8 above shows that all independence level comparisons, except for quad-sites with octal-sites, are
greater than the critical value, thus indicating that the number of test sites does have an effect on MSE.
Table 6, on the dependence level scaling, shows that the greater the scale, the better the MSE in providing better
understanding of the data. The X32-sites, which have a higher F-value compared with other test site setups, have
the lowest dependence level compared with other test-site configurations. Thus, the X32-sites have the worse
MSE compared with other test sites, followed by the X16-site configuration. Octal-sites and quad-sites maintain
an almost similar efficiency, and an increase in the number of test sites does not have a significant effect on their
efficiency.

The case study shows that the MSE of the pick-and-place test-equipment setup decreases when it is testing a
certain number of semiconductor chips at any one time. This decrease affects the cost-of-test and profit margin.

b) Hypothesis 2: Multi-sites versus Throughput Improvement
An analysis of hypothesis 2 is provided in the following paragraphs.

Analysis of Hypothesis

The hypothesis for the throughput analysis is designed as follows.

Ho: Improvement of test site has no effect on throughput.

H;: Improvement of test site has an effect on throughput.

The dependence level for testing throughput is rated using a scale of 1 to 10, as shown in Table 9 below:-

Table 9 Scale of Testing Throughput Dependence Level

Testing Thr oughpat Scalke

4504

440 e
4403

4203 s
4202

002 §
4001

3801

3E0D

3600 ¢
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Table 10 ANOVA results for Testing Throughput

ANOVA Table

SS Df MS F
Between 1604.43 4.00 401.11 5975.39
Within 9.73 145.00 0.07
Total 1614.16 149.00 10.83

Table 10 above shows that the F-value is 5975.39, which is greater than the critical value of 2.3719. In
this case, the null hypothesis is rejected. ANOVA shows that improving the number of test sites has an effect on
testing throughput. Thus, the throughput data is further analyzed through post hoc test to determine the
throughput behaviour for the entire test-site setup.

Table 11 Post Hoc Test analysis Results for Testing Throughput
Post Hoc Test

Independence Level F-value | Analysis Result

Single vs. Quad 2789.76 | Different - Reject the null hypothesis
Single vs. Octal 4260.86 | Different - Reject the null hypothesis
Single vs. X16 4525.04 | Different - Reject the null hypothesis
Single vs. x32 2011.13 | Different - Reject the null hypothesis
Quad vs. Octal 155.18 Different - Reject the null hypothesis
Quad vs. X16 208.81 Different - Reject the null hypothesis
Quad vs. X32 63.56 Different - Reject the null hypothesis
Octal vs. X16 3.97 Different - Reject the null hypothesis
Octal vs. X32 417.37 Different - Reject the null hypothesis
X16 vs. X32 502.78 Different - Reject the null hypothesis

By referring to Tables 11 and 9 above for the dependence level scale, this study finds that the greater the
dependence level scale, the better the testing throughput improvement.

V. CONCLUSION

Thus, a conclusion can be drawn that the X16-sites have higher testing throughput improvement
relative to the single-site setup, followed by the octal-sites. The X32-sites do not provide the expected results
compared with the X16-sites and octal-sites. The quad-sites produce even more throughput compared with the
X32-sites. The main reasons for these results have already been discussed in the previous section. However, the
MSE does not necessarily have a direct effect on the testing throughput. The X16-site setup has the second
worse MSE but it produces higher testing throughput compared with other test site configurations. This finding
may be partly attributed to the testing sequence, which is further explained in the next paragraphs.

The main reason why the X32-sites do not provide the expected testing throughput and the MSE is ascribed to
two factors. First, the test time, which requires 25.98 seconds to complete, is highest among all test-site
configurations. The second factor is test-handler design limitations which are described as follows.

1 2
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Figure 15: Pick-and-Place Testing Sequence for Single-site, Quad-sites, Octal-sites, and X16-sites

Figure 15 above shows that the pick-and-place sequence for the test-site configurations, except for that
of the X32-site configuration. The middle panel shows the test sites. Two pick-and-place heads are found: Head
One on the left side and Head Two on the right side. Each one of the pick-and-place equipment picks up
semiconductor chips based on test-site configuration. For example, for quad-site testing, each head will pick up
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four chips. Head One will then make contact with the chip on the test site, and Head Two will stand by for
testing. Once Head One is completed, the testing process and moves away from the test sites; then Head Two
immediately replaces the chip onto the test sites. This sequence provides a short indexing time without a long
waiting time for chip replacement.

Left-Arm Right-Arm

Figure 16: Pick-and-Place Testing Sequence for X32-sites Testing.

Figure 16 above shows the sequence for the X32-site testing. The mechanical design remains the same
(with two test heads). However, for the X32-site testing, both Heads One and Two need to come together on the
test site highlighted in red. This sequence requires longer indexing time for the next chip replacement after the
current chips are tested. The indexing time for the X32-site testing is approximately 4.2 seconds, which is
slower by about 3.5 seconds compared with the sequence shown in Figure 5.38.
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