NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QH”) Designation: F 419 — 94

Standard Test Method for

Determining Carrier Density in Silicon Epitaxial Layers by
Capacitance-Voltage Measurements on Fabricated Junction
or Schottky Diodes

This standard is issued under the fixed designation F 419; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 This test method covers the measurement of carrier 2.1 ASTM Standards:
density in silicon epitaxial layers. The precision that can be F 95 Test Method for Thickness of Lightly-Doped Silicon
expected depends upon the carrier-density inhomogeneities Epitaxial Layers on Heavily-Doped Silicon Substrates
parallel and perpendicular to the junction and upon the Using an Infrared Dispersive Spectrophotométer
carrier-density level. F 110 Test Method for Thickness of Epitaxial or Diffused
1.2 The measurement requires the formation of Schottky or Layers in Silicon by the Angle Lapping and Staining
p-njunction diodes on or in the epitaxial layer. In this sense the  Techniquée®
method is destructive (see, however, 5.2). F 723 Practice for Conversion Between Resistivity and
1.3 Bothn- andp-type epitaxial layers can be evaluated, on  Dopant Density for Boron-Doped and Phosphorus-Doped
substrates of the same or opposite types, if the layer thickness Silicon3
is greater than twice the zero-bias depletion width plus, for F 1392 Test Method for Determining Net Carrier Density

diffused diodes only, the junction depth). 2 This test method Profiles in Silicon Wafers by Capacitance-Voltage Mea-
is also applicable to bulk material. surements With a Mercury ProBe

1.4 This test method covers the carrier density range from 2.2 DIN Standard:
about 4x 10" to about 8x 10 ° carriers/cmi(resistivity DIN 50 439 Determination of the Dopant Concentration
range from about 0.1 to about 10Dcm inn-type wafers and Profile of a Single Crystal Semiconductor Material by
from about 0.24 to about 33Q-cm in p-type wafers). Means of the Capacitance-Voltage Method and Mercury

1.5 This test method includes procedures for checking both  Contact®
capacitance- and voltage-measuring equipment. ,
1.6 This test method provides two means of calculating the: Terminology
carrier density from capacitance-voltage data: an incremental 3.1 Definitions of Terms Specific to This Standard:
method (12.3.1) and a curve-fitting method (12.3.2). 3.1.1 breakdown voltage- for the purposes of this test
method the reverse bias voltage at which the test diode

N 1—An alternative method for determining carrier density in L .
ore g y £xhibits a leakage current density of 3 mAfm

epitaxial layers is given in Test Method F 1392. This and a related metho

DIN 50 439, use a mercury-probe Schottky barrier contact rather than

fabricatedp-n junction or Schottky diode. ‘yl'herefore, measurements byﬂ' Summary of Test Method

Test Method F 1392 and DIN 50 439 may not be entirely comparable to 4.1 The small-signal, high-frequency capacitance perf

those made by this test method. DIN 50 439 is also applicable to galliunjunction or Schottky diode is measured as a function of reverse

arsenide as well as to silicon. bias voltage. The carrier density as a function of depth is
1.7 This standard does not purport to address all of thedetermined from the measured values of capacitance and

safety concerns, if any, associated with its use. It is thaeverse bias voltage.

responsibility of the user of this standard to establish appro- L

priate safety and health practices and determine the applica® Significance and Use

bility of regulatory limitations prior to useSpecific hazard 5.1 The carrier density is an important material acceptance

statements are given in 11.8 and 11.14. requirement. In material that is neither too heavily doped nor

significantly compensated by impurities of the opposite con-

1 This test method is under the jurisdiction of ASTM Committee F-1 on dUCtIVIt.y type, the I'eSISFIVIty Of.th? epltaXIaI layer. may b.e

Electronics and is the direct responsibility of Subcommittee F01.06 on Siliconde'[(:"rmIned from the carrier densny in accordance with Practice

Materials and Process Control. F 723.
Current edition approved Aug 15, 1994. Published October 1994. Originally
published as F 419 — 75 T. Last previous edition F 419 — 88.
2 The boldface numbers in parentheses refer to the list of references at the endof ———————
this test method. 3 Annual Book of ASTM Standardgol 10.05.
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5.2 This test method is suitable for specification acceptance, 7.9 Toolmaker’'s Microscope, Shadowgraph, or Planimeter
process control, and research purposes. Because this testpable of measuring the junction diameter to an accuracy of
method is destructive, measurements are generally made orDe&b % or better or the junction area to an accuracy of 1 % or
sampling basis unless the test diode to be fabricated is made aetter.
integral part of the device into which the wafer is being 7.10 Shielded Cables for making electrical connections
fabricated. between the probe fixture, power supply, capacitance bridge or

meter, and digital voltmeter or potentiometer.
6. Interferences

6.1 Stray inductance and capacitance, caused by excessige Sampling
lengths of connecting cable, or improper zeroing of the 8.1 Because this test method is destructive (see, however,
capacitance bridge or meter can cause significant errors in th2), it is not generally practical to measure every wafer in a
capacitance measurement. In homogeneous material, suphrticular lot. A wafer sampling plan shall therefore be agreed
errors result in the calculation of monotonically increasing orupon between the parties to the test.
decreasing values of carrier density with distance away from 8.2 If the specimen preparation (see 9.1) involves the

the junction. fabrication of an array of diodes on a given wafer, it may not
6.2 Alternating-frequency test sigals greater than 0.05 \be practical to measure every diode on that wafer. A diode
rms can lead to errors in the measured capacitance. sampling plan shall therefore be agreed upon between the

parties to the test.
7. Apparatus

7.1 Facilities for fabricating-njunction or Schottky diodes 9. Test Specimen
on the test specimen. 9.1 Fabricatep-n junctions or Schottky diodes on the

7.2 Capacitance Bridge or Metehaving ranges from 1 to epitaxial layer using planar or mesa technology (see 11.2).
1000 pF full scale, or greater, in multiples of 10 or less. The ) .
measurement frequency shall be in the range from 0.09 to 1.10. Calibration
MHz inclusive. The accuracy shall be 1.0 % of full scale or 10.1 Connect shielded cables of a length suitable for mea-
better for each range, and the reproducibility shall be 0.25 % ofuring the standard capacitors (see 6.1) to the capacitance
full scale or better. The instrument shall be capable ofbridge or meter. Zero the capacitance bridge or meter with the
sustaining external d-c bias af200 V or greater and shall be cables connected to the bridge or meter but not to the standard
capable of compensating for an external probe fixture withcapacitors.
stray capacitance up to 5 pF or greater. The internal a-c 10.2 Connect the cables to one of the standard capacitors;
measuring signal shall be 0.05 V rms or less. then measure and record the capacitance in picofarads. Dis-

7.3 Digital Voltmeter or Potentiometehaving a sensitivity connect the capacitor.
of 1 mV or better, an accuracy of 0.5 % of full scale or better, 10.3 Connect the cables to the other standard capacitor;
a reproducibility of 0.25 % of full scale or better, an input measure and record the capacitance in picofarads. Disconnect
impedance of 100 M or greater, and a common-mode the capacitor.
rejection of 100 dB or greater at 60 Hz. 10.4 To verify that the digital voltmeter or potentiometer is

7.4 D-C Power Supplycontinuously variable, capable of within specification over the range from 1 to 200 V, inclusive,
supplying 0 to=200 V (open circuit) with a ripple of 1 % of use it to measure the precision voltage source at five or more
the d-c output or less. voltages in that range.

7.5 Curve Tracer capable of monitoring the reverse and 10.5 If either the capacitance- or voltage-measuring equip-
forward current-voltage characteristics of the diode. The curvenent is not within the required specifications (see 7.2 and 7.3
tracer shall be capable of applying 200 V at 0.1 mA in thefor values), make necessary adjustments in accordance with the
reverse direction and 1.1 V at 1 mA in the forward direction,appropriate instrument instruction manuals to bring equipment
and have a sensitivity of 10 pA/division or better. to within specifications before proceeding with the measure-

7.6 Standard Capacitorf accuracy 0.25 % or better at the ment of the specimen.
measurement frequency. One capacitor shall be in the range
from 1 to 10 pF inclusive and one shall be in the range from 161 Procedure
to 100 pF inclusive. 11.1 Unless the epitaxial layer thickness is already known,

7.7 Precision Voltage Sourcecapable of providing output measure the epitaxial layer thickness by Test Method F 95 or
voltages from 0 to 200 V. The accuracy of this source shall bdest Method F 110, depending on whether the layer and
0.1 % of the output voltage or better. substrate are the same or opposite conductivity type, respec-

7.8 Probe Fixture that holds the specimens containing thetively. Estimate the carrier density in the layer to be measured.
diodes; provides probes for making ohmic contact both to th&€€onsult Ref(1) to determine the depletion region width at zero
diffused or barrier region, and to the epitaxial layer; and keepbias. Double this width to allow for the depletion region
the diode in the dark during the measurement. Vacuunwidening that will occur when the required reverse biases are
clamping shall be provided. Contact to the epitaxial layer shalapplied (see 11.13 and 11.14). If a diffused junction diode is to
be made either by a front-surface contact or, when the layer antae fabricated, add the anticipated junction depth to this wider
substrate are of the same type, by electrical contact to thdepletion width. Make measurements in accordance with the
substrate by means of the vacuum chuck. following procedure only if this wider depletion region width


https://standards.iteh.ai/catalog/standards/sist/59617cc8-8ae0-4978-b04d-bce70ff30a28/astm-f419-94

b F 419

(plus junction depth if applicable) is less than or equal to theor meter is connected to the epitaxial layer or substrate (see

epitaxial layer thickness. 11.4), and the high side of the bridge or meter is connected to
11.2 By means customarily used in microelectronic operathe probe that is to contact the barrier or diffused region.

tions, fabricate several gated or ungated diodes with an active 11.12 Zero the capacitance bridge or meter as follows:

area in the range from % 10™* to 3 x 10 ~2 cn¥ inclusive. 11.12.1 With a nominal 1-V reverse bias applied, and with
(For circular active areas this range corresponds to diameters the capacitance bridge or meter set to its least sensitive range,
the range from 0.025 to 0.142 cm (9.9 to 76.8 mils).) gently lower the probe so that it just makes contact with the

11.2.1 Fabricate junction diodes to have a surface carrigbarrier or diffused region of the test diode. Detect the point of
density at least 100 times the carrier density of the epitaxiatontact by a positive deflection of the capacitance bridge or
layer, and a junction depth less than 1.5 um. meter.

11.3 Measure and record the active device area, in square11.12.2 Select the most sensitive range of the capacitance
centimetres, to an accuracy of 1 %, or, if the device is circularpridge or meter for which the indication does not exceed full
the device diameter, in centimetres, to an accuracy of 0.5 %scale.

Note 2—Refer to Appendix X1 for suggested data sheet formats for 117'12'3 Ralse the .prol')e. S0 that electrical contact to the
recording the data if the data collection and calculations are carried oul?arrler or dlﬁl'_lsed region 1S JUSt brOk_en'

11.12.4 Adjust the capacitance bridge or meter so that the

manually or off-line. Lo -
_ i indication on the selected range, within the accuracy of the
11.4 Transfer the specimen to the probe fixture. Make amstrument. is 0 pF.

electrical connection from the probe fixture to the epitaxial 11 13 Lower the probe to contact the barrier or diffused
layer as near to the active region as possible. (For epitaxighgion. Apply a nominal 1-V reverse bias to the test diode and
layers on substrates of the same conductivity type, the connegeasure the capacitance in picofarads. Record the applied
tion can be made to the substrate.) . _ voltage and measured capacitance, each to three or more
11.5 Make an electrical connection to the barrier or diffusedsjgnificant figures, a¥ , and C,, respectively. Consider the

region of the diode by means of a probe. Take care to avoiggjtages to be positive numbers even though reverse biases are
probe forces high enough to cause the probe to penetrate thg,olved.

diffused layer of shallow diffused diodes and cause shorting or 17 14 Adjust the voltage to obtain a new value of capaci-

excessive leakage. . tance 4 to 6 % lower than the previous value. Record the
11.6 Connect shielded cables from the probe fixture to th%ltage and capacitance each to three or more significant
curve tracer (see 7.5). figures asV , and C,, respectively.Caution—Avoid contact
11.7 Measure the diode forward resistanRejn ohms, at  with the probes when bias is applied.
1-V forward bias as follows: 11.15 Repeat 11.14, adjusting the voltage &4 to 6 %
11.7.1 Measure the diode current that exists at 0.9-V forgecrease in capacitance at each step, until either the breakdown
ward bias, in milliamperes. voltage is reached or the capacitance values start to increase
11.7.2 Measure the diode current that exists at 1.1-V forwith increased reverse bias. When the measurement sequence
ward bias, in milliamperes. is complete, reduce all biases to zero, raise the probe or probes
11.7.3 Calculate and recoRlas follows: and remove the specimen from the probe fixture. Use a
R = 2001, — I,) minimum of four data points for the incremental method (see
12.3.1). For the curve-fitting method (see 12.3.2) use a number
where: of data points consonant with the order of fit expected.
I, = diode current at 1.1-V forward bias, mA, and
I, = diode current at 0.9-V forward bias, mA. 12. Calculations

11.7.4 Do not proceed with the measurement until a contact 12.1 If device diameter rather than device area is measured
of resistance suitably low for the instrument to be used hag 11.3, calculate the device area, in square centimetres, as
been achieved. Since valuesRbf 200() or greater can cause follows:
measurement error in some capacitance measuring instruments
(2), use alloyed, diffused, or metallized contacts as required in
order to keep the forward resistance of the specimen below 20Qyhere:

Q. A = area, cri, and

11.8 Using the same curve tracer, apply a reverse bias tothd = diameter, cm.
test diode and measure and record the breakdown vokgge,  12.2 Peripheral Correction—If the diodes to be measured
in volts (see 3.1)Caution—Avoid contact with the probes are very small or very degpnjunctions fabricated by diffused
when bias is applied. planar (as opposed to mesa) technology, a correction for

11.9 Reduce the voltage applied to the probe to zero angeripheral capacitance may be required. To do this perform the
raise the probe so that electrical contact to the barrier ofollowing calculation on each of the measured capacitar@es,

A = 0.7854d?

diffused layer is broken. i, to subtract the peripheral, or edge, capacitance from the
11.10 Disconnect the shielded cables from the probe fixtureneasured capacitand8) and record the results. Otherwise
to the curve tracer. proceed to 12.3.

11.11 Connect shielded cables from the probe fixture to the 12.2.1 Calculate and record an estimate of the depletion
capacitance bridge or meter so that the low side of the bridgwidth, X,, in centimetres, using the following relation:
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Xo = 1.0359(A/C)) 1) 12.3.1.1 Calculat& for i from 1 ton -3, where n is the
number of capacitance-voltage data pairs measured above,

where: ; ; ;
. using the following relation:

A = diode area, cf) and 9 9
C, = the ith measured capacitance, pF. Vieg + 0.6

' I v+o6

Note 3—For measuring materials other than silicon, the right-hand side §= —TC71 4)
of Eq 1 must be multiplied by the facté/11.7, whereK is the relative In [C-+3]

|

dielectric constant of the material under test. The same factor must
multiply the right-hand sids of Eq 2, Eq 3, Eq 5, and Eq 6, and the where:
equation forW, in Eq 8. The reciprocal of the factor multiplies the y/

i ) - ) ! , ith recorded voltage, V,
right-hand side of the equation fdY, in Eq 8 (see Appendix X2 for Vi
I

(i + 3)th recorded voltage, V,

discussion). C ith recorded value of capacitance corrected for
12.2.2 Estimate ith peripheral capacitanGg;, in picofar- peripheral capacitance as required (see 12.2), pF,
ads, corresponding to the measured capacitaBgeising the and
appropriate equation in RéB). For circular, one-sided junc- C.; = (i + 3)th recorded value of capacitance corrected
tions the following relation is applicable: for peripheral capacitance as required, (see 12.2)
pF.
Cpi= 5.7685\/5'“ [(1 + %)’(1 + W&}Mﬂ @ 12.3.1.2 Calculate the deptMy, in micrometres, corre-
- sponding to each capacitance val@, using the following
where: relation:
= estimate of the depletion width, cm (see 12.2.1), _
;((J-O = junction depth, cm (see 11.2.1) and Wi = 10 359A4/C) ®)
A = diode area, cf here:

wi
12.2.3 Estimate the corrected capacitar€g, in picofar- A diode area, cf and

ads, using the following relation: G ith recorded value of capacitance corrected for pe-
Cq=C - Cy ripheral capacitance as required (see 12.2), pF.
12.3.1.3 Calculate the average defi fori =1ton-3
where: _ using the following relation:
C, = ith measured capacitance, pF, and .
C,i = estimate of thath peripheral capacitance, pF (see (W) S— (W)S (g)
12.2.2). 1.5 [W]

12.2.4 Calculate a new estimate of the depletion width,
in centimetres, using the following relation:

X, = 1.0359A/C,) ®3)

12.3.1.4 Calculate the carrier densily;, corresponding to
each averaged deptid/’, as follows:

N, = 6.466x 1014 V3= Vi (6)
where: 2 b0 Wi (W5 — W)
é = diode area,fcﬁ%and q . . 12.3.1.5 Calculate the true deptky’ ,, by adding the
S igtlzmsé)te of the corrected capacitance, p (Seejunction depth to each of the/’ values.

12.3.2 Curve-Fitting Method
12.3.2.1 Fit a polynomial function having the following
rm (5) to the data:

12.2.5 Calculate the relative differend,between the old
and new estimates of the depletion width, in centimetres, usin
the following relation:

5 = (X, — X)IX, 1UCi2=ag+aV +aN 2+ - -ay- @
where: where:
X, = previous estimate of the depletion width, cm (see Cs = ith value of capacitance calculated from the fit,
12.2.1 or 12.2.6.2), and pF, . . o
X, = new estimate of the depletion width, cm (see 12.2.4). @ - & = coefficients with values determined to minimize
the expressionq, — Cy;) 2 over alli values, with
12.2.6 Compare the value &fwith the number 0.0001. C; values corrected as required for peripheral
12.2.6.1 If8 = 0.0001, record the value dE found in capacitance (see 12.2),
12.2.3 as the corrected value of the capacitabce Vi = V;+0.600 V,V; being theith recorded measure-
12.2.6.2 If5 = 0.0001, setX , = X;, and calculate and ment of voltage, V, and

k = order of the polynomial, chosen so that it repre-
sents the lowest-order fit for which@;(— C)/C

il = 0.01 for all values of and for whichk =
n-1, wheren = number of capacitance-voltage
data points taken.

record a new estimate of the depletion width and peripheral
capacitance in accordance with 12.2.2 through 12.2.6. Iterate
12.2.2 through 12.2.6 until the condition of 12.2.6.1 is met.
12.3 Calculate the carrier density profile using either the
incremental method (12.3.1) or the curve-fitting method

(12.3.2). Note 4—See Appendix X3 for a subroutine that will fit data with up to
12.3.1 Incremental Method(4): a 10th-order polynomial.
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12.3.2.2 Calculate the derivative of the polynomial oftwo samples with carrier densities greater thaxx 10 ©
12.3.2.1,D;, using the following relation: holes/cr.

D, =a, + 2a\ + - - -+ kav, <! Note 5—This experiment was conducted using an earlier version of the

o ‘ ; ; test method that employed a value of 11.75 for the silicon dielectric
wherea,. - -3, v, andk have th.e Same meaning as in (Eq 7.) constant; this small difference in dielectric constant does not affect the
of 12.3.2.1. Erroneous fluctuations in the calculated carriefycopned variability.
density may occur if polynomials of order greater than three 14.2 Repeatability (Single Laboratory In 90 % of the

are used. o
. . . ases the measurements had a repeatability of <13.7 % (R2S)
12.3.2.3 Calculate the carrier density corresponding to eac ased on the analysis of data from eight laboratories where

depletion depth, using the following relations: seven specimens were measured at the same laboratory on each

W, = 10 359A/Cy) (8)  of three days. The overall range of observed repeatability
N; = (1.2050x 10")/A®D ; extended from 0.00 to 44.07 % (R2S). Values of repeatability
where greater than 15 % can be indicative of a problem in making the
W, = depletion depth, pm, measurements. The repeatabilit_y data showed a dependg_nce on
N, = carrier density, ci?, laboratory, or instrument, as evidenced by the repeatability of
A = diode area, cf the measurements of laboratories 3, 4, and 6 when contrasted
C; = the ith value of capacitance calculated in 12.3.2.1, to those of laboratories 1, 2, 5, 7, and 8. The repeatability data
pF, and is tabulated in Table X4.1.
D, = the ith value of the derivative calculated in 12.3.2.2.  14.3 Reproducibility (Multilaboratory}— Based on analysis

including eight laboratories and seven specimens measured at
12.3.2.4 Calculate the true depthy ,, by adding the each laboratory on each of three days, the precision (R2S)
junction depth to each of thé/ values. ranged from 7.2 to 22.2 %. Although the comparison was made
using diodes fabricated ip-type epitaxial layers, there are no

13. Report reasons to believe measurements made usitype epitaxial
13.1 Report the following information: layers would have a lower precision. The statistical data is
13.1.1 Operator identification, summarized in Table X4.2.

13.1.2 Date of measurement, 14.4 Model Data Analysis-In the case of six laboratories,
13.1.3 Lot number, wafer and diode sampling plans, ifmodel capacitance-voltage pairs, were input in the programs
applicable, used to calculate carrier densities. The carrier densities calcu-
13.1.4 Specimen identification and type, lated using the model data are summarized in Table X4.3. The
13.1.5 Diode fabrication process, reproducibility (R2S) of these calculated values ranged from
13.1.6 Computation method used, and 0.0 to 27.8 %. The measured diode values are summarized in
13.1.7 Calculated carrier density, ¢infor each depth. Table X4.4 for the same six laboratories that processed the
13.2 For referee measurements, also report the followingnodel data. The reproducibility (R2S) of these measured
information: values ranged from 5.2 to 20.8 %. The carrier density calcu-
13.2.1 Junction depth for diffused diodes, pm, lated from the model data generally exhibited the same level of
13.2.2 Diode forward resistancg, and reproducibility as that of the carrier density measured from
13.2.3 Diode area, ¢ diode structures. This result indicates that the multilaboratory

reproducibility is biased by the coding used to calculate the
14.1 Precisi | lab . h b carrier density. Table X4.5 lists the model data input and
-1 Precision—Interlaboratory comparisons have Deen .q ing output. The input data are the same as were used in

:’jnage toTcrj]etermme _the g_redmsmn of tfh's .techl(ﬁ;qu_ehon ?[))(I)an the interlaboratory experiment, but the output data have been
lodes. These junction diodes were fabricated with a 30-Mipg-jated using a dielectric constant of 11.7 for silicon in order

|(0'076 (.:rr?) diameteltlr!—type diﬂf’ed layer in @-type.epitaxial to facilitate comparisons by users of this test method.
ayer without metallization. The sevemtype specimens ex- 14.5 Bias—No information can be presented on the bias of

amined all had {100} surface orientation with a substratey,o ,cedure in this test method for measuring carier density

resistivity less than 0.010-cm. The epitaxial layer carrier pocayse no material having an accepted reference value is
densities ranged from approximatelyx810'* holes/cni to o010

2 X 10" holes/cni. On samples with carrier densities less than

1 X 10" holes/cd, three depths were designated by the coor-15. Keywords

dinating lab at which to make measurements. These depths15.1 capacitance-voltage method; carrier density; epitaxial
were selected to be at relatively flat portions of the in-depthwafer; junction diode; polished wafer; resistivity; Schottky
profile. This same criterion was applied to two depths on thaliode; silicon; single crystal silicon

14. Precision and Bias
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APPENDIXES

(Nonmandatory Information)

X1. SAMPLE DATA SHEETS

X1.1 The following are examples of data sheet formats forOperator Lot Number
manual collection and manual or off-line analysis of C-V data.2

ate Sampling Plans

Specimen ID

Fig. X1.1 is for data to be analyzed by the Incremental Methottenductivity Type
and Fig. X1.2 is for data to be analyzed by the Curve-Fitting

Operator Lot Number

Date Sampling Plans
Specimen ID

Conductivity Type

Diode Fabrication Process —_____ Junction depth, um

Diode Area, cm?
Forward Resistance, Q

C,pF Cg PF v,V S, W,um W/, um N, cm=3 W, , um
C, Ce v $4 w, W', N, Wy
CZ Cc 2 V2 sZ W2 w’ 2 N2 wt 2’
Ca  Coa Vo  Sg W, Wi Ny Wy

Cn—3 Ccn—3 vn—G Sn—3 Wn—3 W’n—a' Nn—s Wln—3’
n—2 Ccn—2 vn—2 anz
n-1 cn—1 n—1 n—1
Cn ccn Vn W,

FIG. X1.1 Example of Data Sheet Format for Capacitance-Voltage
Data and Calculations Using the Incremental Method

Diode Fabrication Process __ Junction depth, um

Diode Area, cm?

Forward Resistance, Q
Fitting Coefficients: a, a, ag cea,

C,pF  CopF  V,V Cy PF Dyum  W,pum N, cm=3 W, pm

Cy Ce vy Cn Dy wy Ny Wi
C» Ce2 Va Ce D, W, N, Weo
Cs Ces Va Cra Dy W's N3 Wis

Cn—a Ccn—3 Vn—S Cln-a D, n—3 Wn—s Nn—3 th—a
Cn—2 Ccn—z vn—2 Cfn-—2 Dn—2 Wn—2 Nn—2 Wm—2
Cn—1 Ccn—1 vn——1 Cfn—-1 Dn—1 Wn—1 Nn—1 Wm—1

Cn Ccn Vn Cln Dn Wn Nn

FIG. X1.2 Example of Data Sheet Format for Capacitance-Voltage
Data and Calculations Using the Curve-Fitting Method

Method. The data listed must be stored in a format such that it
can be retrieved if the system employed performs the calcula-
tions internally.

X2. NUMERICAL CONSTANTS

X2.1 The numerical constants given in the equations in thisiumeric (for example, as for unit conversion). Table X2.2 gives
test method are lumped constants. This appendix providdbe values of the individual constants used in this test method.
details as to the composition of these lumped constants and tfge difference in values between the 1988 and 1994 editions of
values of the individual constants used in deriving them. Tablehis test method is in the value #fg; this was assigned the
X2.1 gives the lumped constants, their formulas, and the valueglue 11.75 in the 1988 and earlier editions of this test method,
in both the present and previous editions of this test methodut the generally accepted value is 11.7. The built-in potential,
The units in this table include any necessary unit conversionsh, may vary from about 0.5 to about 0.8 V; the constant value
If there is no entry for a given equation, either there is noassumed is an approximation to this parameter.
lumped constant in the equation or the constant is strictly

TABLE X2.1 Lumped Constants Used in Equations in This Test Method

Equation Formula Value in 1988 and earlier editions Value in this edition A

(1), (3) Ksko 1.0404 [pF/cm] 1.0359 [pF/cm]

) Ksgom 32 5.7931 [pF/cm] 5.7685 [pF/cm]

2 w1212 3.5449/4 0.88623

4) 0 0.6 [V] 0.6 [V]

(5), (8) Ksio 10 404 [pF-um/cm 2] 10 359 [pF-um/cm 2]

(6) Ksgolq 6.493 X 10 [(F-um 3)/(C-cm 3)] 6.466 X 10 [(F-um 2)/(C-cm 3)]
8) 2/Ksk€oq 1.19985 X 10 “[(cm-F)/(C-pF ?)] 1.2050 X 10 “[(cm-F)/(C-pF ?)]

“Note that the units are given in brackets; the symbol C indicates coulombs and the symbol F indicates farads.
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