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Standard Test Methods for
Conductivity Type of Extrinsic Semiconducting Materials

This standard is issued under the fixed designation F 42; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon €) indicates an editorial change since the last revision or reapproval.

1. Scope n- and p-type germanium having a room-temperature resistiv-

1.1 These test methodscover the determination of the ity of 20 Q-cm or less and fon- andp-type silicon having a
conductivity type of extrinsic semiconductors. While explicit resistivity up to 100Q2-cm (Note 1). This technique has the
details are given for germanium and silicon, inclusion of other@dvantage over the hot-probe test method in that the signal
extrinsic materials such as gallium arsenide and indium anti@mplitude can be increased by developing a greater tempera-
monide should be feasible. For the latter compounds, howevelure difference between the two probes. _
applicability has not been formally verified by round-robin 1.5 Test Method C (rectification) is a simple convenient
tests. Determinations can be made most reliably on homogdechnique which gives dependable results fierand p-type
neous bulk material, but these test methods may also be used3t§con with room-temperature resistivity between 1 and 1000
map regions of different conductivity type on the surfaces oft2:¢m. This test method is not recommended for germanium
inhomogeneous specimens. These test methods have not bd&iote 1). o . )
tested on layered structures such as epitaxial layers. Measure-1-6 Test Method D (type-all rectification mode) is appropri-
ments on these structures may give erroneous indications &f€ for use om- andp-type silicon having a room-temperature

conductivity type. resistivity between 0.1 and 10d0-cm, inclusive (Note 1).
1.2 Four test methods are described: 1.7 Test Method D (type-all thermal emf mode) is appro-
1.2.1 Test Method A-Hot-Probe Thermal EMF Priate for use onn- and p-type silicon having a room-
Conductivity-Type Test. temperature resistivity between 0.002 and Q-tm, inclusive
1.2.2 Test Method B-Cold-Probe Thermal EMF (Note 1). ' S
Conductivity-Type Test. 1.8 These test methods may apply outside the limits given
1.2.3 Test Method C-Point-Contact Rectification @bove, but their suitability outside these limits has not been
Conductivity-Type Test. verified experimentally.
1.2.4 Test Method B-Type-All 2 system operating in two 1.9 Itis recommended that if satisfactory results can not be
modes: obtained with the use of these test methods that conductivity
1.2.4.1 Rectification Conductivity-Type Test. type be determined from Hall-effect measurements as de-
1.2.4.2 Thermal EMF Conductivity-Type Test. scribed in Test Methods F 76.

.1-3 Experience has ShOYVn that Test Me'thOd A (hc_)t-probe) NoTe 2—DIN 50432 covers technical equivalents to Test Methods A
gives dependable results im and p-type silicon having a and C of these test methods, but does not include Test Methods B and D.
room-temperature resistivity up to 100Dcm. 1.10 This standard does not purport to address all of the

Note 1—Resistivity of germanium specimens may be measured inSafety concerns, if any, associated with its use. It is the
accordance with Test Methods F 43 and resistivity of silicon slices may beesponsibility of the user of this standard to establish appro-
measured in accordance with Test Methods F 43 or Test Method F 84. priate safety and health practices and determine the applica-

1.4 Test Method B (cold-probe) gives dependable results fobility of regulatory limitations prior to use.

2. Referenced Documents

1 These test methods are under the jurisdiction of ASTM Committee F-1 on 2.1 ASTM Standards:
Electronics, and are the direct responsibility of Subcommittee F01.06 on Silicon D 1125 Test Methods for Electrical Conductivity and Re-

Materials and Process Control. SiStiVity of Water?
Current edition approved Aug. 15, 1993. Published October 1993. Originally L .
published as F 42 — 64 T. Last previous edition F 42 — 88. F 43 Test Methods for Resistivity of Semiconductor Mate-

2DIN 50432 is an equivalent method. It is the responsibility of DIN Committee rials >
NMP 221, with which Committee F-1 maintains close technical liaison. F 76 Test Methods for Measuring Resistivity and Hall

DIN 50432, Testing of Inorganic Semiconductor Materials: Determining the H PAi R f R _
Conductivity Type of Silicon or Germanium by Means of the Rectification Test or Coefficient E.md Determmmg Hall MObIllty n Smgle
Hot Probe, is available from Beuth Verlag GmbH, Burggrafenstrasse 4-10, D-1000 Crystal Semlconduct0|5s
Berlin 30, Federal Republic of Germany.

3Keenan, W. A., Schneider, C. P, and Pillus, C. A., “Type-All System for ————————————
Determining Semiconductor Conductivity TypeSblid State Technologyjol 14, 4 Annual Book of ASTM Standardgol 11.01.
No. 3, March 1971. 5 Annual Book of ASTM Standardgol 10.05.
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i F 42
F 84 Test Methods for Measuring Resistivity of Silicon this junction will be forward-biased and the voltage drop will
Slices with a Collinear Four-Probe Arrdy be small compared to that of the first half-cycle. This inequality
of voltages results in a d-c component which is detected by a
3. Terminology third point contact.
3.1 Definitions of Terms Specific to This Standard: 4.4 Test Method D, Thermal EMF Modeln this test
3.1.1 conductivity type-Defines the nature of the majority method, a thermal gradient is established in the specimen by an
of carriers in the specimen. alternating current passing through a pair of point contacts. The

3.1.2 n-type—a variety of semiconductive material in which thermal emf resulting from the thermal gradient is then
the majority current carriers are electrons, formed when donotletected by a second pair of point contacts. The point contact
impurities are incorporated into the crystal structure in smalhearest the first pair will be the warmer andniype material,
concentrations. will be positive with respect to the second point contact of the

3.1.3 p-type—a variety of semiconductive material in which pair. With p-type material the warmer contact will be negative
the majority current carriers are holes, formed when acceptawith respect to the second contact.
impurities are incorporated into the crystal structure in smalls .
concentrations. . Significance and Use

3.1.4 thermal emf-the net emf set up in a thermocouple 5.1 The determination of conductivity type and the presence

under conditions of zero current. Synonymous wibebeck of junctions in semiconductors is important in research and
emf. development, and in processing or inspection of semiconduct-

ing materials for device fabrication.
4. Summary of Test Methods

4.1 Test Methods A and-BIn both of these test methods, 6
the sign of the thermal emf generated between two metal probe 81 Test Method A (Hot-Probe) _ .
contacts to the specimen held at different temperatures is used®-1-1 Some high-resistivity silicon and germanium speci-
to determine conductivity type. One of the probes is mainMens may be nearly intrinsic at the hot-probe temperature;
tained at room temperature while the other is heated (TestNC€ the mqblllty of 'ghe electrons e>§ceeds that of holes, the
Method A) or cooled (Test Method B). The warmer probe will thermoelecfmc power is al\_/vays negative at these temperatures.
be positive with respect to the cooler probe when the specimen 6-1-2 Oxide coating buildup on the hot probe can produce
is n-type and negative when the specimenpitype.® The  Unreliable measurements. o
polarity is observed on a center-zero meter which may be either 6-1-3 n-type germanium with room-temperature resistivity
voltage or current sensitive. Since most of the temperaturgr€ater than 4d-cm can showp-type conductivity due to
difference occurs in the region of the probe which is not atnsufficient probe force (Note 1).
room temperature, the sign observed is governed by the 8-2 Test Method B (Cold Probe) _
conductivity type of the portion of the specimen at this probe 6-2:1 The cold probe should be maintained free of ice. Ice
contact. formed during prolonged periods of usage in ordinary ambient

4.2 Test Method &-In this test method, the direction of the @ has been found to give erratic results.
current through a point contact is used to determine the 6-2:2 Oxide coating buildup on the cold probe can produce
conductivity type of the specimen. A metal point contact to aunreliable measurements. _
p-type semiconductor will pass current when the semiconduc- 6-2-3 n-type germanium with room-temperature resistivity
tor is positive while a metal point contact to amtype dreater than 2@)-cm can showp-type conductivity due to
semiconductor will pass current when the semiconductor idsufficient probe force (Note 1).
negative. An alternating potential is applied between the point 6-3 Test Method C (Rectification) o
contact and a second large area contact. The direction of 6.3.1 _S_lnce this test method indicates prlma_mly the surface-
current is observed on a zero-center current sensitive meter, &qnductivity type, extreme care must be taken in proper surface
oscilloscope, or a curve tracer. Since rectification occurs at thféparation. A surface oxide can act as an insulator so that no
point contact rather than at the large area contact, the directiofP!tage is indicated by the meter.

of current is governed by the conductivity type of the portion 6-3-2 Reversed readings can sometimes occur if the large-
of the specimen at the point contact. area contact is not held firmly. In such cases, a heavy force on

4.3 Test Method D, Rectification Modeln this test method, the point contact can cause the large-area contact to become the
the polarity of the voltage required to reverse-bias a poinpffective rectifying contact and give reyersed meter readjngs.
contact is used to determine the conductivity type of the ©6-3-3 Erroneous readings may arise from stray pickup
specimen. An alternating potential is applied between twdraused by touching the specimen with hands or objects other
point contacts to the specimen. During one half-cycle a givefhan the probe. _ _
contact will be reverse-biased and will experience the major 6-3-4 An etched surface is not recommended because vari-

portion of the voltage drop. During the following half-cycle ©YS e’Fchants and etching technjq_ue may introduce uncontrolled
variations in surface characteristics.

6.4 Test Method D (Type-All)
8 Scaff, J. H. and Thearer, H. C., Edited by Scaff, J. H., Bridgers, H. E., and 6'4':.[ Erronec_)us mdlcatlons. may result .If the. reCtIflcatI(?n
Shive, J. N.,Transistor Technologyp. Van Nostrand Co., Inc., New York, Vol 1, mode is used W'th very Io_\/\_/-re3|st|V|ty materlal_v_vhlc_h results '_n
1958, p. 12. a low output signal. For silicon, use of the rectification mode in
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cases where the output is less than 0.5 V is not recommended.

6.4.2 Erroneous indications may result if the thermal emf
mode is used with high-resistivity material.

6.5 All test methods may give erroneous readings if exces-
sive light falls on the specimen, especially with high-resistivity
material.

6.6 Ambient radio-frequency energy may cause spurious
rectification and erroneous indications.

NULL INDICATOR

7. Apparatus

Note 3—The instrumentation described in these test methods was in
common use at the time the test methods were developed. It is now
possible to perform many of the necessary functions using more modern
instruments. Such instruments may be substitutes for the apparatus
described in this section provided the user can show equivalence for the
purposes of the measurement.

7.1 Test Method A (Hot-Probe}The apparatus required LIQUID Ng
consists of the following (Fig. 1): DEWAR FLASK

7.1.1 Two Probes preferably stainless steel or nickel, each
with one end terminated in a 60° cone. One of the probes hadG. 2 Apparatus for Determination of Conductivity Type by Cold-

a 10 to 25-W heater wound about its shank. The heater is Probe Thermal EMF

electrically insulated from the probe. This probe may be

conveniently fashioned from a midget-type soldering iron by 7.3 Test Method C (Rectification}The apparatus required
attaching the connecting lead directly to a point near the tip andonsists of the following (Fig. 3, Fig. 4, and Fig. 5):

V4~PROBE TIPS\

inserting a probe point, as described above, into the tip. 7.3.1 Adjustable Autotransformesuch that a 50 to 60-Hz
7.1.2 Variable Power Supplycapable of raising the tem- signal of 0 to 15-V peak to peak can be supplied to the
perature of the heated probe to 40 to 60°C. specimen (Fig. 3 and Fig. 4).
7.1.3 Center-Zero Null Indicatarwith a deflection sensitiv- 7.3.2 Isolation Transformerto avoid grounding problems
ity of at least 1x 102 A/mm. and for safety (Fig. 3 and Fig. 4).
7.1.4 Suitable Temperature Sensdor determining tem- 7.3.3 Probe consisting of a suitable conductor such as
perature of the hot probe in the range from 40 to 60°C. copper, tungsten, aluminum, or silver. One end shall be tapered
7.2 Test Method B (Cold-Probe)The apparatus required with a point radius not greater than 50 um.
consists of the following (Fig. 2): 7.3.4 Large-Area Ohmic Contactconsisting of a flexible

7.2.1 Two Probes with tips of copper or aluminum and conductor such as lead or indium foil secured firmly to the
shanks insulated with a material such as phenolic fiber. Thepecimen by a spring-loaded clamp or other equivalent means.
thermal mass of one of the probes shall be at least that of 15 g 7.3.5 Center-Zero Metgrwith a sensitivity of at least 200
of aluminum so that it will remain at or below - 40°C for 5 min pA full scale (Fig. 3), an oscilloscope (Fig. 4), or a curve tracer
in an ambient of 25°C after immersion in liquid nitrogen. The (Fig. 5).
probe tips shall be tapered to nominal 60° cones and the radius 7.4 Test Method D (Type-All, Rectification ModeThe

of contact shall be approximately 200 pm. apparatus required consists of the following (Fig. 6):
7.2.2 Center-Zero Null Indicatarwith a deflection sensitiv- 7.4.1 Three Probesusually part of a four-probe collinear
ity of at least, 1xX 10°° A/mm. array such as used to determine resistivity.

7.4.2 a-c Source6 to 24-V, typically 12.6 V, with means to
limit the maximum current to no more than 1.0 A.

CURRENT DETECTOR-—\\\ )
VY

ISOLATION n P
TRANSFORMER TYPE|TYPE
HEATER
/ coiL
VARIABLE
:S:IPEI:_ s AUTOTRANSFORMER | oumic L POINT
CONTACT CONTACT
~ 7 ( L SPECIMEN O
METAL PROBES
FIG. 1 Apparatus for Determination of Conductivity Type by Hot- FIG. 3 Circuit for Determination of Conductivity Type by Point-
Probe Thermal EMF Contact Rectification with the Use of a Current Detector
3
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NULL INDICATOR

50 /60Hz
SPECIMEN +=pTYPE
| oHmic conTACT |
ISOLATION
—O
TRANSFORMER 7° HORIZONTAL
PLATES
F Lo (VOLTAGE)
AW
AUTOTRANSFORMER lT B
o]
VERTICAL PLATES
(CURRENT) (@) With Null Indicator (b) With Digital Voltmeter

FIG. 6 Circuits for Determination of Conductivity Type by Type-
All, Rectification Mode

FIG. 4 Circuit and Typical Oscilloscope Displays for
Determination of Conductivity Type by Point-Contact
Rectification with the Use of an Oscilloscope Display

+ =pTYPE
- =n TYPE
Q LO HI

CURVE

TRACER

? 7
EMITTER COLLECTOR
LEAD LEAD

SPECIMEN l (a) With Null Indicator (b) With Digital Voltmeter

FIG. 7 Circuits for Determination of Conductivity Type by Type-
OHMIC CONTAC
T | All, Thermal EMF Mode

7.6 Compartmentused to shield optically the specimens
under test when needed.

7.7 Radio-Frequency Shieldinfpr specimen under test and
connecting leads when needed.

Note 1—To obtain complete rectification characteristics as shown itis 7.8 Adequate facilities for lapping or sandblasting.
necessary to switch manually the polarity of the curve tracer.

FIG. 5 Circuit and Typical Displays for Determination of 8. Materials
Conductivity Type by Point-Contact Rectification with the Use of

a Curve Tracer 8.1 Water—Reference to water shall be understood to mean

either distilled or deionized water having a resistivity greater
than 2 M)-cm at 25°C as determined by the non-referee
7.4.3 Center-Zero Null Indicatgrwith a sensitivity of at method of Test Methods D 1125.
least 10”7 A/mm with a 1-MQ series resistor to give a 8.2 Coolant—Liquid nitrogen, dry ice-acetone mixture, or
resolution of at least 0.1 V/mm, or a polarity-indicating digital any other coolant that will reduce the temperature of the cold

voltmeter (DVM) with resolution of at least 0.1 V/digit. probe below room temperature. Liquid nitrogen is recom-
7.5 Test Method D (Type-All, Thermal EMF ModeThe  mended.
apparatus required consists of the following (Fig. 7): 8.3 Nitrogen (N,) or Air—OQil free.

7.5.1 Collinear Four-Probe Array such as a resistivity-test 8.4 Stainless Steel Wool or Equivalent
probe.

7.5.2 Center-Zero Null Indicatar with a sensitivity of at 9. Procedure
least 10° A/mm, or a polarity-indicating DVM with a resolu- 9.1 Test Method A(Hot-Probg:

tion of at least 100 pV/digit. 9.1.1 Verify that the heated probe is connected to the
7.5.3 a-c Source6 to 24-V, typically 12.6 V, with means to negative terminal of the center-zero null indicator.
limit the maximum current to no more than 1.0 A. 9.1.2 Remove oxides from the tip of the heated probe by
4

FoIN IR B RS - 1R ALl P AR AR 7 % www.4probes.com 020-31375051



NOTICE:-This-standard—has-either-been-superceded-and-replaced-by-a-new-version-or-discontinued.-
Contact-ASTM-=lInternational-(www.astm.org)-for-the-latest-information.-

i F a2

burnishing with stainless steel wool or its equivalent. the indication is positive and as-type if the indication is
9.1.3 Raise the temperature of the heated probe to approxiegative unless the magnitude of the indication is less than 0.5
mately 40 to 60°C. Confirm temperature level with a suitablepuA with the null indicator or less than 500 mV with the DVM.
temperature-measuring sensor. 9.4.4 If the indication is below either of these limits,
9.1.4 Space the two probes to within a few millimetres ofdisregard it and reconnect the probe for the thermal mode (see
each other and press both down firmly on the test specimeifig. 7) with the probe tip (No. 3) nearest the source of heat
Support thin slices in such a manner that they will not break(generated by current between tips 1 and 2) connected to the
9.1.5 Observe the deflection on the center-zero null indicanegative terminal of the null indicator or the low-impedance
tor. Record the specimen gstype if the deflection is to the terminal of the DVM. Place the probe in contact with the
positive side and as-type if the deflection is to the negative specimen and observe the deflection of the center-zero null

side. indicator or the reading of the DVM. Record the specimen as
9.1.6 Move the probes about on the specimen surface ansltype if the indication is positive and as-type if the
sample the area for conductivity type. indication is negative.

9.2 Test Method B (Cold-Probe) 9.4.5 Using the thermal mode if readings obtained in 9.4.3
9.2.1 Verify that the cooled probe is connected to thegre |ess than 0.5 pA or 500 mV, and the rectification mode if
positive terminal of the center-zero null indicator. they are greater, move the probes about on the specimen

_9.2.2 Immerse the cold probe in the coolant for severakyrface and sample the area for conductivity type.
minutes. _ 9.5 Specimen Preparatien!f stable readings and good
9.2.3 Follow the steps in 9.1.4-9.1.6. sensitivity are obtained using the above methods, the surface is
9.3 Test Method C (Rectification) _ __ free from contamination. If erratic readings or poor sensitivity
/9.3.1 Verify that the circuit is connected according to Fig. 3,s noted, the surfaces are contaminated and should be treated in
Fig. 4, or Fig. 5. the following manner:

9.3.2 Place the large area contact on the clean surface andg ¢ 1 aprade the surface by lapping or sandblasting, when-
clamp or hold firmly. ever appropriate. '

9.3.3 If a center-zero null indicator is being used, be sure 952 After th ¢ i h th . .
that the point contact is connected to the positive terminal of =" er the surlace preparation, wash he specimen in
the meter. Note the direction of deflection. Record the speci\-Nater' L .
men asp-type if the deflection is to the positive side and as 9->-3 Dry with air or nitrogen. .
n-type if the deflection is to the negative side. If the meter 9-5-4 Take care that the surface remains clean.
deflection is not stable do not use this method. If an oscillo-
scope display is being used, record the specimeptgpe or  10- Report
n-type in accordance with the rectification characteristics 10.1 Report the following information:
illustrated in Fig. 4. If a curve tracer is being used, connectthe 10.1.1 Report the conductivity type as eithreor p if the
point contact to the collector terminal and the area contact t@pecimen is homogeneous,
the emitter terminal. Adjust the scale settings on the curve 10.1.2 When botm- andp-type regions are observed, map

tracer until a rectification characteristic can be observedihe surface qualitatively, delineating the regions where the
Record the specimen pdtype orn-type in accordance with the  regpective types are found, and

rectification characteristics illustrated in Fig. 5. 10.1.3 Specify the technique used.
9.3.4 Move the point probe about the specimen surface and
sample the area for conductivity type. 11. Precision

9.4 Test Method D (Type-All) ) )

9.4.1 Verify that the probe is connected for the rectification 11-1 The recommendations in 1.3-1.7 through are based on
mode (see Fig. 6) with the second terminal of the Iorobénterlaboratory tests of.the four methods. The results of these
common to the a-c source and the positive terminal of the nufiéSts are summarized in Table 1.
detector or the high-impedance terminal of the DVM.

9.4.2 Place the probe in contact with the specimen. Suppo2- Keywords
thin slices in such a manner that they will not break. 12.1 conductivity type; germanium,; rectification test; semi-

9.4.3 Observe the deflection of the center-zero null indicatoconductor; silicon; thermal EMF test
or the reading of the DVM. Record the specimerpagpe if
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TABLE 1 Results of Interlaboratory Conductivity-Type Test

Method A, Method B, Method C, Method D, Method D,

Resistivity, _ A ~ A e A Type-All Type-All
e Hot-Probe Cold-Probe Rectification Reciification A Thermal EMF A
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AColumn 1: Conductivity type.
Column 2: Number of laboratories reporting correct type.
Column 3: Number of laboratories that made determination.
BOne laboratory noted heavy pressure required to read n-type.
STwo laboratories noted heavy pressure required to read n-type.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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