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Abstract

According to noise sources of optoelectronic coupled devices (OCDs) and device reliability estimation method, a screening threshold is
proposed for OCDs, which can be used to screen potential devices with excess noise, sfigaadd burst noise. By this method, the
device reliability can be improved and high reliability requirements can be met. The experimental results show that the method is of practical
value.© 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction The purpose of this paper is to establish a screening
threshold to meet the requirement of high reliability for
Noise as a diagnostic tool for quality control and relia- optoelectronic coupled devices (OCDs). Then, through
bility estimation of semiconductor devices has been widely theoretical analysis and by experiment, it can be proved
accepted and used, and there are many papers published ithat the screening threshold is reasonable and applicable.
this area [1-6]. In fact, it is very useful to describe the  Fig. 1 is the measurement circuit for the OCDs. Prac-
judging rules, which enable us to predict the individual tically, we found cases where device static parameters
quality of electronic components, based on measurementswvere all normal but operation failures occurred under
of their noise. normal operation. In our analysis, we found that excess
However, the published papers on screening standardsnoise was so large in some devices that it can dominate
especially on how to draw an optimal threshold value for the signal completely, so that the device cannot work
us to screen poor quality devices are quite few. In most of normally. For this reason, we try to use noise measurement
the presented results there is a lack of well-defined criteria as a diagnostic tool to screen the potential devices with the
for quality validation of electronic components based on the defects that cause excess noise.
noise generated by them. The classification rules of elec- InFig. 1, it can be seen that an OCD is made of two parts:
tronic components based on theif hbise measurements LED and photodetector, both of which are p—n junction
have been presented in Ref. [6], but the cases in which thedevices. So it can be concluded that the noise in OCDs
method can be applicable are limited. Because of the below 1 MHz consists mainly of shot noise,f Ioise,
classification rules based on only thd dbise, the criteria  generation-recombination noise and burst noise. Among
were unable to meet high quality requirements. In some them, shot noise and flhoise are fundamental. It should
cases there is g—r noise or even burst noise in a semi- be noted that the noise that we are interested in here should
conductor device, but its fLhoise level is as normal as for  have a strong relation to some typical defects in a device. In
other qualified devices (Section 3). Ref. [7] the generation mechanisms of tbise,g—r noise
and burst noise in OCDs are discussed, especially on what
kinds of defects can lead to these three kinds of noises. Ref.
T comesoonding author. Department of Electiical and Electronic [7] also discusses the relation between these noises. In this
Engineerir?g, ThegUniversiiy of Kdelaide, Adelaide 5005, Australia. Tel.: paper, we WI", mainly dI'SCUSS _the d,etermmatlon of a
+ 61-8-8303-3165: Fax:+ 61-8-8303-4360. threshold to reject potential devices with excess g+r
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R, indicate the defects. In practice, we found that the device

+ with burst noise can be found from its instantaneous wave-
e form in the time domain. The device with-r noise can be

e found through noise component analysis or ratio of noise

value at 10 Hz to noise value at 1 Hz (which will be
explained and proved in later part), which is used to judge
whether there ig—r noise or not. And the device withfl/
noise can be judged by the amplitude of voltage noise value
at 1 Hz.

Therefore, it is necessary that there be three independent
screening conditions to meet the requirement of high relia-
bility to reject the devices with excessflf—r or burst

Fig. 1. Measuring circuit for optoelectronic coupled devices.

noise.
2. Screening conditions of ¥/ g—r and burst noise In this paper the screening conditions are:
Generally, it has been already accepted thainhdise is (8) Va(1 H2) = 500 nV/vHz

closely related to the surface states of the semiconductor (0) V(10 H2/V(1 Hz) = 0.6

device,g—r noise is related to device bulk defects such as  (€) with burst noise.

impurities, dislocation, and burst noise is related to lattice

dislocation as well as heavy metal impurity deposits. From

the generation mechanisms of, j—r and burst noise, it can

be seen that the probability to generate these three types of8. Screening threshold analysis

noise by the same defect is quite small although some

defects may cause more than one of them simultaneously The device will be rejected if it meets any one of the three

in some cases. conditions given above. First, the condition (a) is used to
Hence, in order to exclude these defects and meet highreject the device with excessflhoise and the value,

reliability, we can use the three independent noisdsgdf 500 nVA/Hz, is a statistical value for 500 OCD (fabricated

and burst noise, as reliability indicators for quality by China Shuzhou Semiconductor Factory) measurement

estimation of OCDs. In this way even if some defects can results, which is considered from both economic cost and

cause two or three of them at the same time, such as emittempractical reliability requirement.

region edge dislocation which makes both abise and Condition (b) is used to reject the device wghr noise

burst noise increase at the same time in most cases, camecause we have found that the noise power spectrum of

also be rejected. device withg—-r noise usually showed a platform from 1 to
Therefore, because an excess noise is closely associated0 Hz in most cases. Therefore, the ratio\pf10 H2) to

with some defects in the devices and/or imperfections of V,(1 Hz) was chosen as a judging threshold to discern

technology, noise measurement amplitudes can be used tavhether there is g—r noise or not. The reason is that the
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Fig. 2. Curves of PSD of device #131 withr noise (solid) and device #12 withogtr noise (dotted).



J. Xu et al. / Microelectronics Journal 31 (2000) 497-501

Table 1
The measurement results of device # 131 and #12

No. of 1Hz 10 Hz Corner Vn(10 Hz)/

OCDs  (V¥Hz) (VHz) frequency  V.(1 Hz)
fo(Hz)

#131 430x10°°  314x10° 15 0.88

#12 558x 1071  792x10 15 0.37

ratio of V,,(10 H2) to V,,(1 Hz) is quite different if the device
is withoutg—r noise. An example is shown in Fig. 2.

The output voltage noise measurements were carried out

with an emitter loadR, and were analysed, assuming that the
noise was the sum of shot noisef hbise andg—r noise

components. The noise power spectrum density can be

expressed as:

G

fo
f 2

)
whereA is the shot noiseB is the amplitude of /noise,
C,i/fg is the plateau value aj—r noise caused by defects
(impurities, lattice defects or damage$), is the corner
frequency ofg—r noise, andN is the number of excess
g—r noise sources in a p—n junction.

The curve fitting results are as follows, and only gpe

noise component is found in both #131 and #12 (Table 1).

for #131

Sfy=A+

B
T D

68x 10 128x10°13

—18
= + +
Sf)=4x%x10 : (L) 2)
(fo
for #12
221x10°%  42x107%
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According to the Eqgs. (2) and (3), it was found that the
amplitudes of shot noise andfldoise in #131 and #12
were only a little different. However, the amplitudes of
their g—r noise are quite different; the amplitude gfr
noise in #131 is nearly 30 times larger than that of #12.
This means that in this specimen #131 it is possible for a
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Fig. 3. The measurement system block diagram.
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device to have excegsr noise component although its shot
noise and ¥/noise are at the normal level.

Through the noise measurement of a large number of
OCDs, we found that the corner frequency @gfr noise
was about 10-30 Hz, and the spectral curve was more flat
in this frequency region. As a consequence, the selection
of the ratio of V,(10 Hz to V,(1 H2) as the reliability
screening indicator was reasonable.

Condition (c) means that the device with burst noise
should be rejected in most cases because it can not only
affect device reliability, but also hinder the device’s normal
operation, especially in digital circuits, leading to mal-
function.

In our experiments, it was found that the sum of samples
with excess ¥/noise was 19, with excegsr noise was 18
and with burst noise was 14. Among them, only four
samples met conditions (a)—(c) at the same time, i.e. they
had excess 1/noise, g—r noise and burst noise simul-
taneously. Hence, to improve the screening reliability of
OCDs, it is mandatory to use flhoise, g—r noise and
burst noise together as a screening standard to reject some
OCDs with surface and bulk defects.

4. Measurement system

Fig. 3 is the measurement system block scheme, in which
a double channel preamplifier cross-spectrum measurement
method has been adopted. In order to accurately measure the
equivalent input noise power spectrum, the swept sine-wave
method [8] is adopted to measure the system @a(f),
which includes the testing OCD gai@,(f) and cross-
spectrum density estimation gai,(f), i.e. G(f)=
G1(f)Gy(f). The output noise power spectrum is calculated
by a FFT spectrum analyzer (SOKKI CF-920). The equiva-
lent input noise spectrum is expressed &gf)=
S(H/G(H)?

In the testing system, the cross-spectrum density esti-
mation method [9] was used to reduce the noise contribution
of two preamplifiers. The reason was that two sets of
batteries were used as the power supplies for the preampli-
fiers so that the noise in the two preamplifiers themselves
were uncorrelated. So, the measuring system can be used to
measure a much smaller signal than usual.

The frequency range of the measurement system is from
1 Hz to 100 kHz. Simultaneously, during the measuring
process, 512 time-spectral averaging was adopted to ensure
the high precision of the cross-spectral estimation. The
measured results showed that the precision of the system
was superior to 4% [9].

5. Discussion on experimental results and optimal noise
criterion

For 500 GO103 OCDs several parameters were measured
before and after a reliability test of 1000 h. The conditions
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Table 2
Failure rate and statistical experimental results of 500 specimens

Condition With excess ~ With small Failure Estimate
1/, g-r, 1/, g-r, ratio r error
burst noise burst noise (%)

(@)—(c) 51 449 17.1 7.84

1) 84 416 9.58 44.1

2 31 469 29.4 51.6

of the reliability power test arér = 10 mA V=10V,
temperature= 23°C and r.h=50%. For OCDs, several
important properties are current transmitting rate (CTR),
the insulation resistanc®(.), voltage ¥is,) and capacitance
(Ciso) between the input and output terminals, and reverse
leakage currentl {9 and working voltage\(g). The criteria
for failure of OCDs argACTR/ICTR| > 30% Ig > 50 mA
Riso > 10° Q, Viso <500V, Ciso > 1PF lgeo> 0.1 pA
and Vg < 5V. After the reliability power test 47 OCDs
were found to have failed, in which 31 were with excess
1/f, g—r or burst noise, and 16 with smallflg—r or burst
noise.

If the noise threshold levels are selected as conditions
(a)—(c) together, the estimated error i&X¥= 7.84% If
the conditions (a) and (b) are changed into 450V#¥Z
and 0.5 (which means that high reliability is required and
named as condition (1)), then 84 OCDs will be rejected with
excess X/ g-r or burst noise and the estimated error is
37/84 = 44.1%. Contrary to this case, if the conditions (a)
and (b) are changed into 550 K#z and 0.7 (which means
that lower reliability is required and named as condition
(2)), then there are 31 OCDs rejected with exce$sghr
or burst noise. The estimated error i936= 51.61%

Now we discuss the optimal noise criteria selection for

the tested samples. For a large number of OCDs, a corre-

lation should exist between failure rate and noise level, i.e.

devices which have excess noise must have a large failure.

rate A, (A, is the number of failure devices which have
excess noise divided by the sum of devices which have

excess noise). The devices which have non-excess noise

must have a small failure rate (A, is the number of failure
devices which have non-excess noise divided by sum of
devices which have non-excess noise) [10]. Therefore, the
ratio of the failure rates is defined as= A;/A, and the
results are arranged and shown in Table 2.

From Table 2, it can be seen the right way to get optimal
threshold is that minimum estimated error and maximum
failure ratior should be considered together, which means
that the optimal noise criterion must assume that the failure
ratior has a maximum value [10], is insufficient. Also, it can
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6. Conclusions

The noise spectra of 500 OCD have been measured, and
screening thresholds and experimental results are given.
Based on the results, the major conclusions are obtained
as follows:

1. It can be found that fLhoise,g—r noise and burst noise
must be used as three independent noise criteria for high
reliability estimation.

2. Itis necessary that the estimated error and the maximum
value of failure ratior should be considered together in
order to obtain optimal noise thresholds.

3. In this paper the ratio o¥,(10 Hz to V,(1 Hz) was
chosen as a screening threshold insteady-af noise
component analysis of noise spectrum, for this reliability
indicator is more simple and convenient than the calcu-
lation of g—r noise component, especially during the
practical screening of a large number of devices.

After noise measurements, all OCDs can be classified into
groups with different reliability level based on their noise
level. Consequently, based on the method presented in this
paper, it is possible to evaluate the reliability of each device
individually, especially to meet higher reliability require-
ments. Thus, the method proposed in this paper can be
extended to the applications of other kinds of semiconductor
devices’ screening as well.

There are several problems that need to be addressed to
improve prediction accuracy and screening method, in order
to get an optimal screening threshold for other kinds of
semiconductor devices. Some of these are:

1. The study and analysis of intrinsic noise sources in a

semiconductor device.

2. The link between typical defects and noise sources, such
as 1f, g—r and burst noise. Also, are there other defects
which may be related to other noise sources or causes?

3. There are some devices, whose noise values are quite

normal when initial tests are carried out. However,

after an ageing test they are already in early failure and
should be rejected. There might exist some hidden defect
in the OCDs. Reliability prediction can be improved
greatly if these defects are identified. One of the methods
to solve this problem is to test a device over a given time
to determine changes in behaviour such\&%.

4. A further advance would be a reasonable prediction of
device life expectancy, based on excess noise measure-
ment and analysis.

be concluded that much more testing and statistical analysisReferences
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