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ZERO~TEMPERATURE-GRADIENT ZERO~-BIAS THERMALLY STIMULATED

CURRENT TECENIQUE TO CHARACTERIZE DEFECTS IN SEMICONDUCTORS

OR INSULATORS
' BACKGROUND OF THE INVENTION -

(1) FIELD OF THE INVENTION

~ The present invention relates to an improved
method of characterizing defects in semiconductors or

insulators.

(2). DESCRIPTION OF THE PRIOR ART

'Thermally stimﬁlated current (TSC) is a well
xnown method for the characterization of defects in
semiconductors or.insulétors; A sample is excited either
optically or electrically to £ill up the défect states orx
traps with carriers at a low temperature, e.g. the
temperature of liquid nitrogen. Then the sample is heated
with the temperature increasing linearly with time. A
current due to carriers being emitted from the filled defects

or traps is then recorded as a function of temperature.
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Usually, a bias voltage is needed as the
driving force for emitting carriers during TSC measurement.
However, a parasitic current which originates from the bias

voltage and increases exponentially with temperature can

cover up the TSC signal, especially for energetically deep’

“defects in the band gap. Zero-bias thermally stimulated

current (ZBTSC) makes use of either a built-in potential or ;
temperature gradient as the driving force for carriérs-
emitted during_measurement. It has been found that é
parasitic'currént still exists for ZBTSC due to a vefy small-
temperature gradient accidentally created in the sample
during ZBTSC measuremént. 'During ZBTSC measuremént, a probe
is needed to coﬁtact the device under test (DUT) which is
placed on the cold finger of a cryostat. A cryostat is a
pieée of eqﬁipment used for lowering the temperature to,'for
example, the temperature of ligquid nitrogen. There is a

temperature difference between the probe holder and the

sample holder, the so-called cold finger. The temperature of

‘the cold finger can be lowered to, for example, the

temperature of liquid nitrogen. This températu:e difference:

.can produce a small temperature gradient across the DUT,

resulting in a parasitic current in the ZBTSC spectrum.

Fig. 1 graphically illustrates the TSC signal

at increasing temperature during ZBTSC measurement. The TSC
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peaks 11 and 12 indicate defect states. 13 indicates the

C5-99-375

parasitic current due to the temperature gradient in the

sample during tempetature scan. The parasitic current 13

will mask the TSC peak 12.

The parasitic current during ZBTSC limits the
range of ZBTSC to relatively energetically shalloﬁ.defects.
For example, the defects at low temperaturéé'(lli may be
found while defects'at higher temperatures (12) will be |
masked by-thé'ﬁarasitic current 13. SomEtimes,'ﬁhe ﬁaraéitic'
current can be the detection limit for even energetically
shallow defects. IﬁliS'desired to find a way to provide

zero-temperature-gradient ZBTSC.

A number of patents discuss the TSC
technique. U.S. Patent 5,839,588 to Jantsch et al states
that there is always a certain amount of leakage current
present when TSC is reverse biased. This patent teaches a

méihod of measuring change in a microwave field rather than

the current measurement of TSC. U.é. Patent 5,360,267 to
"Ibar discusses the use of TSC fo measure relaxation of
especially plastics and polymers. . U.S. Patent 4,496,642 to
Tam et al shows a TSC method for measuriﬂg current as
temperature is increased. No mention is made of leakage

current or temperature gradient.
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SUMMARY OF THE INVENTION

‘Accordingly, the primary object of the
invention is to provide a process for charaéterizing defects
in semicondué%brs or insulators using é'zero-bias thermally
stimulated current technique having a zero temperature

gradient wherein parasitic current is eliminated.

A further object of the invention is to
provide a novel ZBTSC apparatus that eliminates tempetature

gradient across a sample.

Another object of the invention is to provide
a process for characterizing defects in semiconductors or
insulators using a zero—bias'thérmally stimulated current
technique wherein parasitic current is eliminated by the use

of a hovel ZBTSC apparatus that eliminates temperature

gradient across a sample.

In accordance with the objects of the
inventicn; a process for characterizing defects in
semicoﬁductors or insulators using a zero-bias thermally
stimulated current technigque wherein parasitic current is
eliminated by the use of a novel ZBTSC apparatus that

elininates temperature gradient across a sample is achieved.
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The novel ZBTSC apparatus comprises a.cold finger oﬁ a
cryostat. A sample holder is attached to the cold finger; -
probe holdgr is_attached to the cold finger. A probe is
attached to the probe holder. A feeqback temperature control
keeps the probe and the cold finger at the same températuré,
Alternatively, the éample holder may be attached to a first
cald fingér and the probe holder attached to a second cold |
finger. Feedback temperature controls for each cold fingér:
are programed such that their temperagures are kept the same.
The improvéd zero—biés-thermally stimulated current technique
0of the invention comprises mountiﬁg a sample on the sample.
holder of the novel ZBTSC apparatus. The sample is excited
at a first temperature to £ill up defect traps with carriers
.and then heated to a second femperature highef than the first
temperature wherein the heating is a linear function with
respect to time. Defects are characterized by measuring
current due to emission of the carriers from the defect traps
as a fﬁnction of temperature wherein the measuring is
-fpefformed by the probe of the novel ZBTSC apparatus.

BRIEF DESCRIPTION OF'THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:
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Fig. 1 is a graphical representation of a
thermally stimulated current (TSC) signal at increasing
températures during ZBTSC measurement showing parasitic

current which occurs in the prior art.

Fig. 2 is a graphical represéntation comparing
the zero~bias thermally stimulated current (ZBTSC) technique
of the prior art to the zero-temperature—gradlent zero-bias :

thermally stlmulated current (ZTGZBTSC) technlque of the

present invention.

Figs. 3 and 4 are cross-sectional

representations of the novel ZBTSC apparatus of the present

invention.

Fig. 5 is a cross-sectional representation of
a possible sample used in the process of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS.

The zero-temperature-gradient zero-bias
thermally stimulated current (ZTGZBTSC) technique of the
present invention is used to characterize defects in -

semiconductors or insulators. For example, a semiconductor
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device structure is fabricated to a particular point in the
process and then is subjected to the ZTGZRBTSC techniQue to
characterize any defects that may have been formed within the

device. This information is then used to'modify process

steps, as necessary-: o

For example, a simple'sample is illustrated'ip
Fig. 5. A gate electrode 18, which can be metal or heavily ;
doped semiconductor, is fabricated on top of a thiﬁ film of
semiconductor or insulator 19. The film of semicdnductcr bf'
1nsu1ator is on top of a conductor 20 which can be a metal or

heavily doped semlconductor substrate.

It will be understood by those skilled in the
art that the example give in Fig. 5 is illustrative only.
The process of the invention can be used on any device

structure comprising semiconductor or insulator elements.

Now the device in'Fig; 5, for example, or any
other semiconductor device, is to bé subjected to the zero-
-bias thermally stimulated current technique of the present
invention in.order to characterize defects formed in the

process of manufacture to this point.
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The sample, sﬁch as rhe device shown in Fig.
5, is excited either optically or electrically td'fill up the
defect states or traps with carriers at a low temperature,
e.g. the temperature of liquid nitrogen. Then the sample is
heated with the temperature increasing linearly with r;me. A
currenﬁ due to carriers being emitted from the filled defects
or traps is then recorded as a functlon of temperature. The
zero~bias thermally stlmulated current technlque makes use of
‘either a built-in potential or a temperature gradient as the

"driving force for carriers emitted during measurement.

The zero—temperature-gredient zero-bias
thermally stimulated current (ZTGZBTSC) technique of the
present invention will increase both the range and the
detection limit of the basic ZBTSC technique. This can
be seen graphically in Fig. 2. E« is the bottom of the

conduction band and E+ is-the top of the wvalence band.

As explained above, the undesirable
temperature gradient across the samrle comes from the
‘temperature Qifference between the probe holder and the cold
finger. The probe holder is usually at a temperature of
close fo room temperature, whereas the cold finger is brought
from, for example, the temperature of liguid nitrogen to a

tenperature above room temperature. The temperature
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~difference between the probe holder and the cold finger can
produce a temperature gradient across the sample. To solve
this problem, the probe holder should have the same
temperature as the cold finger. This new technique is called

zero-temperature~gradient zero-bias thermally stimulated-

current (ZTGZBTSC) by the inventors.

To realiie the ZTGZBTSC technique of the
preSent'invention{'two probe holders and the sample can be
mounted on the same cold finger. One embodiment of the novel
ZBTSC apparatue of the present inventioﬁ is illustrated in
Fig. 3. Cold finger 30 is showh. The cold finger, usually
made of copper, is attached to the cooling element, heater,
and temperature sensor of the cryostat inside a wvacuum
chamber. An insulator 32, such as mica, overlies the cold
iinger.. The sample 36 is mounted onto the cold finger by
means of a conductive'adhesive 34, such as silver paint. The
sample 36 in this figure is a simplified device. The sample
ﬁaﬁ be any device comprising semiconductors or insulators,
such as, but not. limited to, the device illustrated in Fig.
5. Probe holders 38 are also mounted on'the cold finger,
e.g. by nylon screws. Probes 40 and 42 are used as top and
bottom contacts, respectively. During the temperature
scanning in ZBTSC measurement, there will be one set of

feedback temperature controls such that the two probes and
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the cold finger will have the same temperature.

Fig. 4 illustrates a second embodiment of the
novel ZBTSC apparatus of the present invention. Cold.finger
30 holds the sample 36, mounted as in the first embodiment
- over an.insulator layer 32 by means of a conductive adhesive
34. The probe holder 38 can be mounted on a second cold
.finger 31. There ma? be another seéond cold finger.fdr a’
second probe holder 38, as shown, if two.probes 40 and 42 are
to be used. During the temperature scanning in ZBTSé
measurement, there are two sets.of feedback tempereture
controls (form.the first and second cold finge:s 30 and 31,
respectively). The two sets of feedback temperature controls

are programed such that the two cold fingers will always have

the same temperature.

Using the novel ZBTSC apparatus of the present
invention, in either of the two preferred embodiments or any
{ofher embodiments such that the probe'holders are mounted on
a cold finger to achleve the same temperature as that of the
.sample, results in a zero temperature gradient across the
sample. Elimination of the temperature difference between
the probe holder and the cold finger holding the sample
eliminates the parasitic current shown in Fig. 2. Thus, the

process of the present invention using the nowvel ZBTSC

10
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apparatus results in an improved method of characterizing

defects in semiconductors or insulators.

while the invention has been ﬁarticularly
shown and described with reference to the preferred
embodiments théreof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

what is claimed is:

11
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1. A method of characterizing defects in a sample

comprising:

mounting said sample on a first cold finger of a

cyrostat;

exciting said sample at a first temperature to fill

up defect traps with carriers;

heating said sample to a second temperature higher

than said first temperature wherein said heating is a

‘linear function with respéct to time; and

charactérizing said défects by measuring at zero’
bias current due to emission of said carriers from said
defect tréps as a function of temperature wherein said
measuring is performed by a probe mounted onto a second
cold finger whereby said probe and said first coié"

finger have the same temperature.

2. The method accordiﬁg to Claim )} wherein said sample

comprises semiconductor devices comprising semiconductor

or insulator layers.

3. The method according to Claim 1 wherein said first

temperature is between about -197 and 0 =C.

4. The method according to Claim 1 wherein said second

_ temperature is above or below room temperature and

12
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higher than said first temperature.

5. The method according to Claim 1 wherein no bias

voltage is used to force said emission of said carriers

during said measuring step.

6. The method according to Claim 1 wherein said probe is

attached to a probe holder mounted onto said second cold

finger.

7. The'method'accordiﬁg to Claim 1 wherein a first'érobe
contacts a top portion of said sémple and wherein a
second probe contacts a bottom pbrtich of said.sample
and wherein said iirst and second probes are attached to

first and second probe holders mounted on said second

cold finger-.

8. The method according to Claim 1 wherein said first
cold finger and said second cold finger comprise a

single cold finger.

9. The method according to Claim 1 wherein feedback
temperature controls for each of said first cold fingef
and said second cold finger are proéramed such that said

first cold finger and said second cold finger will have

13
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10. The method according to Claim 8 wherein a.feedback

temperature control for said single cold'finger assures

that said probe and said single cold finger will have

the same said temperature.

11. A method of character1z1ng defects in a sample in
the fabrlcatlon of . 1ntegrated c1rcu1ts using a zZero-bias
thermally stlmulated current technlque comprlslng' _

mounting~said-sample on a first cold finger of a
cyrostat, |

excxtlng said sample at a first temperature to £fill
up defect traps with carriers; .

‘heating said sample to a second temperature higher
than said first temperature wherein said heating is a
linear function with respect to time; and

-charadterizing-said defects by measuring at zero
bias current due to emission of said carriers from said

defect traps as a function of temperature wherein said

emission is driven by a zero-bias method and wherein

said measuring is performed by a probe mounted onto a
second cold finger whereby said ptobe and said first

cold finger have theesame temperature.

14
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12. The method according to Claim 11 wherein said sample

comprises semiconductor devices comprising semiconductor

or insulator layers.

13. The method according to Claim 11 wherein said first

temperature is between about -197 and 0 oC.

14. The method according to Claim 11 wherein said second
temperature is ébove or below room-témperature and
higher than said firét_temperature.

15. The method according to Claim 11 wherein said probe

is attached to a probe holder mounted onto said second

cold finger.

16. The method according.to Claim 11 wherein a first

probg contacts a top poftion of said sample and wherein
a second probe contacts a bottom portion of said sample
and wherein said first and second:probes are attached to

first and second probe holders mounted on said second

cold fingef.

17. The method according to Claim 11 wherein said first-
cold finger and said second cold finger comprise -

single cold finger.

15
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18. The method according to Claim 11 wherein feedback

temperature controls for each of said first cold finger
and said second cold finger are programed such that said
first cold finger and said second cold finger will have

the same said temperature{

19. The method according to éléim 18 wherein a feedback
temperature control for said single cold finger assures
that said probe and said single cold finger will have

 tbe same said temperature.

20. A iero—bias thermally stimulated current apparatus
comprising: | |
a cold finger on a cyrogtat;
. a sample holder éttached to said cold finger;
a probe holder attached to éaid cold finger;
a prqbe attached to said probe holder; and
é feedbaék temperature control ﬁhereby said probe -

and said ceold finger are kept at the same temperature.

21. The zero-bias thermally stimulated current apparatus
according to Claim 20 further comprising:

a second probe holder attached to said cold finger;

and

a second probe attached to said secohd probe

-

16
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holder.

22, A method of characterizing defects in a éample uSing
said zero-bias thermally stiﬁulated current apparatus of
Claim 20 comprising:

mbuntin§ said-sample-on said samplé_holder;

exciting said sample at a first temperature to £ill
up defect traps with carriers; .

heating said'sample'to a second temperaturé higher:
than said first temperature Qherein said heating ié.a
linear function with respect to time; and

" characterizing said defects by measuring at zero

bias current due to emission of said carriers from said

defect_traps as a function 6f temperature wherein said

measuring is performed by said probe.

23. A zero-bias thermally sﬁimulated current apparatus

- comprising:

a first cold finger on a cyfostat; _
-a sample holder attached to said first cold finger;

a first feedback temperature control for said first

cold finger;

a probe holder attached to a second cold finger;
a probe attached to said probe holder; and

a second feedback temperature control for said

17
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second cold finger wherein said first and second
feedback temperature controls are programed such that
said probe and said cold finger are kept'at the same

temperature.

- 24. The zero-bias thermally stimulated current-appafatus

according to Claim 23 further comprising:

a second probe holder attached to said second cold

finger; and

a second probe attached to sald second probe
holder.

25. A method of characterizing defects in a samble using
said zero~bias thermally stimulate& current apparatus of
Claim 23 comprising:

mounting said sample on said sample holder; .

exciting said sample at a fi:st temperature to £ill
up defect traps with carriers;

heating said sample to a.second temperature higher
than said first temperature wherein said heating is a
linear function with respect to time; and

characterizing said defects by measuring at zero
bias current due to emission of said carriers from said
defect traps as a function of temperature wherein seid

measuring is performed by said probe.

18



