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1. Scope priate safety and health practices and determine the applica-

1.1 This test method covers procedures for measurement 8flity of regulatory limitations prior to use.
metal-oxide-silicon (MOS) structures for flatt_)and pa_pacitancez_ Referenced Documents
flatband voltage, average carrier concentration within a deple-
tion length of the semiconductor-oxide interface, displacement 2-1 ASTM Standards: _ _
of flatband voltage after application of voltage stress at F 388 Method for Measurement of Oxide Thickness on
elevated temperatures, mobile ionic charge contamination, and Silicon Wafers and Metallization Thickness by Multiple

total fixed charge density. Also covered is a procedure for _B€am Interference (Tolansky Methot) _
detecting the presence of P-N junctions in the subsurface F 576 Test Method for Measurement of Insulator Thickness

region of bulk or epitaxial silicon. and Refractive Index on Silicon Substrates by Ellipsom-

1.2 The procedure is applicable metype andp-type bulk etry* _ _ o
silicon with carrier concentration from 8 10 to 5 X 1016 F 723 Practice for Conversion Between Resistivity and

carriers per cm, inclusive, andN/N* and P/P* epitaxial Dopant Density for Boron-Doped and Phosphorus-Doped

silicon with the same range of carrier concentration. Silicon*

1.3 The procedure is applicable for test specimens witfg Terminolo
oxide thicknesses of 50 to 300 nm. ' ! . _gy . .

1.4 The procedure can give an indication of the level of 3-1 Definitions of Terms Specific to This Standard
defects within the MOS structure. These defects include 3-2 @ccumulation condition—the region of the C-V curve

interface trapped charge, fixed oxide charge, trapped oxidt9" Which a 5 Vincrement toward a more negative voltage for
charge, and permanent inversion layers. p-type material (Fig. 1), or toward a more positive voltage for

1.5 The precision of the procedure can be affected b)p-type material (Fig. 2), results in less than a 1 % change in the

inhomogeneities in the oxide or in the semiconductor parallelN2XiMuM capacitance; _

to the semiconductor-oxide interface. 3.3 equ|I|br|qm capacnan_ce—th_at capacitance reached after
1.6 The procedure is applicable for measurement of mobil@" MOS specimen at a fixed bias is illuminated and then

ionic charge concentrations of X4 10%° ¢cm ™2 or greater. allowed to stabilize in darkness. . .

Alternative techniques, such as the triangular voltage sweep 3-4 flatband condition, in microelectronics—the point at

method? (1), may be required where mobile ionic chargeWhiCh an external applied voltage causes there to be no internal
concentratio’ns less thanx 1022 em 2 must be measured.  Potential difference across an MOS structure. Under practical

1.7 The procedure is applicable for measurement of totafonditions, metal-semiconductor work-function differences
fixed charge density of & 101° cm 2 or greater. Alternative and charges in the oxide require the application of an external

techniques, such as the conductance mett@)l may be Voltage to produce the flatband condition.
required where the interface trapped-charge density component3-> flatband voltage, ¥—the applied voltage necessary to

of total fixed charge of less than610%° cm2 must be Produce the flatband condition. .
measured. 3.6 flatband capacitance, {s—the capacitance of an MOS

1.8 This standard does not purport to address all of theStructure at the flatband voltage. ,
safety concerns, if any, associated with its use. It is the 3-/ inversion conditior—for the purposes of this test

responsibility of the user of this standard to establish appro-Method and for measurements on surfaces that do not exhibit a
permanent inversion layer, the region of the Capacitance-

- \oltage, (C-V) curve for which a 5 V increment toward a more
1 This test method is under the jurisdiction of ASTM Committee F-1 on pOSitive voltage foip-type material (Fig. 1), or toward a more
Electronics and is the direct responsibility of Subcommittee F01.06 on Siliconnegative voItage fom-type material (Fig. 2), results in less than
Materials and Process Control.
Current edition approved May 15, 1992. Published July 1992. Originally
published as F 1153 — 88. Last previous edition F 1153 — 88.
2 Boldface numbers in parentheses refer to the list of references at the end of this * Discontinued; sed992 Annual Book of ASTM Standards, Vol 10.05.
test method. 4 Annual Book of ASTM Standards, Vol 10.05.
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CAPACITANCE 4.5 Total fixed-charge density is calculated from the flat-
MAXIMUM CAPACITANCE band V0|tage.
4.6 The presence of subsurface P-N junctions is detected by
- - |-~ FLATBAND CAPACITANCE photosensitivity. The specimen is biased into accumulation,

: and the capacitance measured and recorded. The specimen is
| then illuminated and the capacitance remeasured. An increase
: - in capacitance due to illumination is interpreted as an indica-
i

|

MINIMUM CAPACITANCE tion of the presence of a P-N junction.
» VOLTAGE

FLATBAND VOLTAGE

FIG. 1 Typical Capacitance-Voltage Plot of MOS Device
Fabricated with p-Type Silicon

Note 1—Light will generate charge in the P-N junction and alter the
capacitance of the junction which is in series with the MOS device. For
the purposes of this test method, the subsurface region is defined as the
region extending from the true surface to a depth at which no light
CAPAC::’ANCE penetrates. For the visible spectrum, maximum penetration depth is not

well defined, as it depends on the intensity and spectral distribution of the
light source and the carrier concentration of the silicon.

MAXIMUM CAPACITANCE

- -—— FLATBAND CAPACITANCE . g
| 5. Significance and Use

( 5.1 Net carrier concentration present near the silicon-oxide

MINIMUM CAPACITANCE 'L interface may constitute an important acceptance requirement.

FLATBAND VOLTAGE > vourae Where there is not significant doping compensation by impu-
FIG. 2 Typical Capacitance-Voltage Plot of MOS Device rities of the opposite conductivity type, the material resistivity
Fabricated with - n-Type Silicon may be determined from this carrier concentration using
i o o ) Practice F 723.
1% change in the equilibrium minimum capacitanCgy,. 5.2 Flatband voltage is an important parameter in the

3.8 permanent inversion layefor the purposes of this test manyfacture of MOS devices. Its value is dependent on the
method, the region of the C-V curve that exhibits a definiteyory function difference between the silicon and the metal
minimum "'dip,” as shown in Fig. 3. The permanent inversion fjg|q plate, interface trapped charge, and fixed or trapped

layer is an anomalous condition caused by interface charge @harge distributed within the oxide. It can be an indicator of
surface conditions and prevents proper determinatioB,@f.  anomalies in these valugs).

3.9 total fixed charge density, N-the sum of the nonmo- 5 3 |nstability of the flatband voltage of an MOS structure
bile charge d_ensmes_: oxide fixed charge density, ox_lde trappegjbjected to voltage stress at elevated temperatures is a
charge density, and interface trapped charge de(Bjty measure of the mobile ionic charge concentration within the

oxide. Most device applications require that mobile ionic
charge be minimized.

5.4 This test method may be employed for qualification of
furnaces or other semiconductor device-processing equipment

&here such qualification depends on the determination of

specimen 1S measurgd as a function qf. a ramped VOItaggontamination resulting from high mobile ionic charge concen-
applied between the field plate and the silicon substrate. tration

4.3 The surface carrier concentration, flatband capacitance, g 5 The presence of unwanted subsurface P-N junctions
and flatband voltage, are computed from the capacitance ar}ﬂay have deleterious effects on device operation.
voltage data.

4.4 A voltage stress is applied to the sample at elevated. Interferences
temperature and the shift W, is measured after cooling. This ¢ 1 |t the apparatus is not well shielded from electromag-
shift is interpreted as a measure of the concentration of mobilggyic interference caused by radio frequency (r-f) fields, their
ionic charges in the oxide. presence may affect the measurements since the impedance of

CAPACITANGE tmh\e/ I\r/laagestructure is high and since the test signal used is in the
3 .
1 6.2 The presence of any light during the measurements will
MAXIMUM CAPACITANCE adversely affect the results as the capacitance of the MOS
device in the inversion condition is light sensitive.
— ~\—— —|- FLATBAND cAPACITANCE 6.3 The measurement may be affected if the relative humid-
i ity of the environment is permitted to exceed 60 %. The use of
: dry N, gas flowing into the sample chamber is recommended to
P | MINIMUM CAPACITANCE control excess humidity.
FLATBAND VOLTAGE VOLTAGE 6.4 The presence of a permanent surface inversion layer
condition can affect the measurement.

4. Summary of Test Method

4.1 A specimen MOS structure consisting of a metal field
plate on the oxidized silicon substrate is fabricated.
4.2 The small-signal, high-frequency capacitance of th

Note 1—Specimen exhibits permanent inversion layer.
FIG. 3 Capacitance-Voltage Plot of MOS Device Fabricated with Note 2—A permanent surface inversion layer condition makes it
p-Type Silicon difficult to determine the value fo€,,;, to be used in the calculations. If
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an incorrectC,,;, were chosen, all shift values would still be correct, but ~ 7.2.3 Digital Voltmeter (DVM), with sensitivity 1 pV or
doping and fixed charge computations would be wrong. better, accuracy of 0.5 % of full scale or better, a reproducibil-
6.5 Stray capacitance and inductance caused by excessiifg of 0.25 % of full scale or better, an input impedance of 10
lengths of connecting cable and by improper zeroing of théVi{) or greater, and a common mode rejection 100 dB or
capacitance measuring instrument can cause significant errogseater at 60 Hz.
in the capacitance measurement. Typical cable lengths should7.2.4 X-Y Recorder, with a minimum slewing speed of 20
be kept below 1 m. cm/s, an accuracy of 0.5 % of full scale or better, a linearity of
6.6 Alternating Current, (a-c) test signals greater than 2%.5 % of full scale or better, and an input impedance of @ M
mV rms can lead to errors in the measured capacitance.  or greaterX-axis andy-axis sensitivities shall be 5 mV/cm or
6.7 Series resistance between the MOS capacitor and trgreater.
capacitance measuring instrument can cause significant errors7.2.5 Stress Bias d-c Power Suppbapable of supplying 0
in the measured capacitance. Sources of series resistance ¢an-100 V (open circuit) with ripple 1 % of the d-c output or
be in the sample itself, in the back contact, or in the test cablegess, to be used for voltage stressing.
6.8 Aleaky oxide which draws significant current can cause 7.3 Standard Capacitorof accuracy 0.25 % or better at the

errors in the measured capacitance. measurement frequency. At least one capacitor shall be used
6.9 Inability of an inversion layer to form in an MOS for each capacitance meter range used. At least one capacitor

sample will preclude measurement by this test method. shall be in the range 1 to 10 pF inclusive and one shall be in the
6.10 Very long minority-carrier lifetime in an MOS sample range 10 to 100 pF inclusive.

may cause errors in the measuremen€pgf, if the inversion 7.4 Probe FEixture:

layer has not had sufficient time to form. 7.4.1 Probe, to contact the top field plate; probe force shall

Note 3—A maximum lifetime cannot be specified readily. However, an N0t exceed 1.75 N; probe tip shall have a nominal radius of
error will occur if the lamp in 11.9 is not illuminated for sufficient curvature of 5 um; probe and holder should be designed such
duration, or is not of sufficient intensity to generate charge to form thethat the stray capacitance is less than 1 pF.
inversion layer. 7.4.2 Vacuum Chuck, to hold the specimen wafer and

6.11 Prolonged negative-bias temperature stressing can reentact the back surface; capable of reaching a temperature of
sult in a shift in flatband voltage larger than the shift due t0300°C, and maintaining set temperature to withih0°C over
mobile ionic charge alone. the specimen area.

6.12 Hysteresis in the capacitance-voltage characteristics of 7.4.3 Light Tight Metal Box, to enclose the specimen during
an MOS sample can cause significant error in the determinatiofine measurement. Equipped with incandescent lamp, 7 to 20 W.
of mobile ionic charge concentration. 7.4.4Dry N, Gas Flow to control the humidity in the
7. Apparatus sample chamber.

7.5 Equipment, to measure the temperature of the vacuum
chuck of 7.4.2 with an accuracy af2°C.

7.6 Toolmaker's Microscope, Shadowgraph or Planimeter
7.2.1 Ramping d-c Voltage Supplgovering the range: 100 capable of measuring the field plate diameter to an accuracy of

V and capable of sweeping between any two preset voltage%S % or better or the field plate area to an accuracy of 1 % or
within that range. Sweeping rate shall be variable between 0. etter. . ) ) )

and 1 V/s. Ripple shall be 0.5 % of the d-c output, or less. The /-7 Shielded Cables, for making electrical connections be-
supply shall be capable of supplying a fixed preset voltage witfveen the probe fixture, ramping voltage supply, capacitance
an accuracy of-10 mV. meter, and digital voltmeter.

7.2.2 Capacitance Meter, with full scale ranges of 1 pF to /-8 Precision Voltage Source, capable of providing output
1000 pF, or greater, in decade, or smaller, steps. The measun&ltages from - 100 to + 100 V. The accuracy of this source
ment frequency shall be in the range 0.9 to 1.1 MHz inclusiveShall be 0.1 % or better. _

The accuracy shall be 0.5 % of full scale or better for each 7.9 A d-c Current Detector, capable of measuring currents
range and the reproducibility shall be 0.25 % of full scale orin the range from 100 nAto 1 mA, inclusive, with an accuracy
better. The instrument shall be capable of sustaining aff* 1%.

external d'(,: bias of-100 V or greater "’_md Shal_l be capable Of, Note 5—This test method indicates the use of basic analog instrumen-
compensating for an external probe_ f|XtL{re with stray capacitation to perform the various test procedures. This does not preclude the
tance of up to 5 pF. The a-c measuring signal shall be 0.025 ¥nplementation of this test method by computerized or otherwise auto-
rms or less. The meter shall have an analog voltage outpumated instrumentation provided that such instrumentation is of equivalent
proportional to the capacitance measurement; output impedccuracy and that the algorithms used therewith conform to the procedures
ance shall be 100, or less. of this test method.

Note 4—C-V measurements of MOS capacitors built from thin oxides 8. Sampling

on high resistivity substrates exhibit high series resistance effects which . .
may require concurrent conductance measurements and subsequent c mg':L A specimen wafer sampling plan shall be agreed upon

putations to determine the true MOS capacitance. This test method y all parties to the test. This sampling plan shall address the
limited to capacitance-only measurements, but includes a test in 12.1 tgumber of wafers per lot to be tested and the number of test

check for the presence of series resistance effects. points per wafer.

7.1 Facilities, for growing gate quality oxides and for
depositing and defining metal field plates on the oxide.
7.2 Electrical Apparatus:
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9. Test Specimen -+
O

9.1 Fabricate the MOS structure consisting of a silicon PROBE CAPACITANCE gg OVM v XY
wafer covered by a layer of SiQover which an array of metal VETER 123 _ RECORDER
field plates is deposited. Metallize the back surface of the [ EZZZZ2 B'i_‘_s____'[“f“ : — T
water. o uosoevce _ghEgh =

9.2 It is not necessary to remove oxide films, if they are ONcmccliUM STRESS RAMPING
present, from the back surface of an MOS wafer before BIAS VOLTAGE
deposition of metal on that surface, provided the wafer is larger SUPPLY SUPPLY
than 5 cn? and that more than 90 % of the back surface is

covered with metal. FIG. 4 Capacitance-Voltage Measurement Circuit

Note 6—For relatively thick bulk wafers with resistivity greater than the field plate of one MOS device with the probe. Use sufficient
10Q2- cm and thickness greater than 300 um, the resistive component of tirobe pressure to ensure that a stable capacitance reading is
total impedance can become comparable to the capacitance componeghtained, but avoid probe force high enough to cause the probe
depending on the oxide thickness and field plate area used. For the§8 penetrate the oxide and cause shorting or leakage
wafers it may be necessary to remove the back oxide before applying the 11.4 Bi . . :

N .4 Bias the specimen with voltages{t/10) V, wheret
back metal layer, or to reduce field plate area. . - . b !
Y ) vee ) P is the measured oxide thickness in nm, and measure the

9.3 The metal field plate thickness shall be between 150 anglrrent. A current of=10 pA or more indicates a leaky device.
800 nm. The field plate area shall be less than or equal to 1 % the specimen is leaky, do not proceed with the measurement
of the area of the back contact. The field plate area and oxidgince current flow indicates a defective oxide. Reduce the

thickness shall be chosen so that the maximum capacitan¢gtage to zero, lift the probe, and select another specimen.
does not exceed 1000 pF, and the minimum is not less than 10

pF. Oxide thicknesses are typically between 50 and 300 nm. Note 7—The critical dielectric field of 5 MV/cm is equivalent to 0.5
V/nm. The field used for the test in 11.4 is therefore 20 % of the critical

10. Calibration field. A higher test field could be used, but is not necessary because the

10.1 Connect shielded cables of a length suitable for meab_ias«_as used in 11.4 are sufficient to achieve accumulation and inversion in
. ! ..__applicable specimens.
suring the standard capacitors (see 7.7) to the capacnancg . )
meter. Zero the capacitance meter with the cables connected tol1.5 Select the most sensitive range of the capacitance
the meter but not to the standard capacitors. meter for which the indication does not go off scale. Raise the
10.2 Connect the cables to one of the standard capacitor@.mbe so that electrical contact to the field plate is just broken.
Select the range on the capacitance meter so that the capaidiust the capacitance meter zero compensation control so that
tance indication does not exceed full scale. Measure and recofg€ indication on the selected range is 0 pF, within the accuracy
the capacitance in pF. Measure and record the analog outpff the instrument. Lower the probe and make contact again to
voltage. Disconnect the cables from the capacitor. Determinte€ field plate.
the conversion factor between V and pF at the output of the 11.6 Close the light tight box.
capacitance meter. Repeat for each standard capacitor. 11.7 Set the sweeping power supply for voltage output of
10.3 To verify that the digital voltmeter is within specifica- Y10V, wheret is the measured oxide thickness in nm. Measure
tion over the range from — 100 to + 100 V, inclusive, use it to@nd note the capacitance indication. Set the sweeping power
measure the precision voltage source at five or more voltaged!PPly for a voltage output of #10V, wheret is the measured
in that range. oxide thickness in nm. Measure and note the capacitance
10.4 To verify that thex-y recorder is within specification, indication. If the capacnance increases then the substrate is
check deflection on both the-axis andy-axis using the P-type. If the capacitance decreases, the substratetype.
precision voltage source as an input source on suitable rangd3ecord the type determination.
Using the conversion factors found in 10.2, thexis can be 11.8 Determination of G _ .
calibrated in terms of capacitance. 11.8.1 If the specimen substraterigype set the sweeping
10.5 If either the capacitance meter, digital voltmetex-gr ~ POWer supply for a voltage output af20V, wheret is the
recorder is not within the required specification (see 7.2.2measured oxide thickness in nm. Increase the voltage output in
7.2.3 and 7.2.4 for values), make necessary adjustments fV increments until the measured capacitance increment is
accordance with manufacturer's instructions to bring equipl€ss than 19%. Record the measured capacitanc€,as
ment to within specifications before proceeding with theRecord the voltage a4, If necessary, adjust the range of the

measurement of the specimen. capacitance meter so the indication does not exceed full scale.
11.8.2 If the specimen substratepdype set the sweeping
11. Procedure power supply for a voltage output oft/20V, wheret is the

11.1 Measure and record the oxide thickness in nm irmeasured oxide thickness in nm. Decrease the voltage output
accordance with Test Method F 576 or Method F 388 or othem 5 V increments (that is #20 - 5, — t/20 - 10, /20 - 15,
appropriate means. etc.) until the measured capacitance increment is less than 1 %.

11.2 Measure and record the field plate area irfcm Record the measured capacitanceCas,. Record the voltage

11.3 Set all voltage supplies to zero output and connect alsV,, ., If necessary, adjust the range of the capacitance meter
components in the manner shown in Fig. 4. Place the specimeso the indication does not exceed full scale.
wafer on the vacuum chuck and turn on the vacuum. Contact 11.9 Determination of G,:

4
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11.9.1 If the specimen substratenigype: 11.16 Disconnect the sweeping power supply and apply the
11.9.1.1 Set the sweeping power supply for a voltage outpustress voltage supply. Set the stress voltage supply 10V,

of — t/20V, wheret is the measured oxide thickness in nm. Turnwheret is the measured oxide thickness in nm.

on the lamp to illuminate the specimen. Decrease the voltage 11.17 Repeat 11.13.

output in 5 V increments (that ist?20 - 5, — t/20 - 10, ¥/ 11.18 Repeat 11.14.
20 - 15, etc.) until the measured capacitance increment is less11.19 Repeat 11.15, but label the plot —.
than 1 %. 11.20 Determine the presence of subsurface P-N junctions:

11.9.1.2 Turn the lamp off. Note the capacitance indication. 11.20.1 Apply biasv,,,, to the specimen.
The capacitance indication will drop. Wait until the capacitance 11.20.2 Measure and record the capacita@gejn pF.
indication has stabilized within the accuracy of the instrument. 11.20.3 Turn on the lamp to illuminate the specimen.
11.9.1.3 Record the measured capacitanc€ as Record 11.20.4 Measure and record the capacitagjn pF.
the voltage ad/in. 11.20.5 Interpret a measureable difference between the ca-
11.9.2 If the specimen substratepidype: pacitanceC, and C, within the accuracy of the capacitance
11.9.2.1 Set the sweeping power supply for a voltage outpuineter as evidence of a subsurface P-N junction.
of t/20V, wheret is the measured oxide thickness in nm. Turn 11.21 Set all voltage supplies to 0 V and raise the probe
on the lamp to illuminate the specimen. Increase the voltagom the sample.
output in 5V increments until the measured capacitancelz_ Calculation
increment is less than 1 %. ) .
11.9.2.2 Turn the lamp off. Note the capacitance indication, 12-1 Calculate and record the geometric capacitance of the
The capacitance indication will drop. Wait until the capacitancé’OS Specimen using the equation:
indication has stabilized within the accuracy of the instrument. Cy = 1X 10" e, Alt,,
11.9.2.3 Record the measured capacitanc€gs Record )
the voltage a®/in.
11.10 Record the C-V plot as follows: the geometric capacitance, pF,

11.10.1 P h i I f o
-10.1 Prepare the sweeping power supply to sweep from,”  _ the = gielectric permittivity of the oxide,
Vmin 10 Vinae The sweeping rate should be set to complete the 3.400% 10~ F/em

where:

sweep in a time period of approximately 60 s. t — the oxide thickness. nm. and
11.10.2 Set the range and sensitivity of #hexis of thexy A" = the field plate area, ci
recorder to record voltages betwe¥p,, and V. Set the CompareCyg to C,, If there is more than a 5 % difference

range and sensitivity of thg-axis of thex-y recorder to plot  then series resistance has distorted the measured capacitance
voltages corresponding to capacitances ranging from@tg  and the measurements should be repeated after steps have been

pF. _ taken to lower the sample series resistance effects. Appropriate
11.10.3 Setthe sweeping power supply to apply a voltage aheasures are thicker oxides, smaller specimen area, or lower
Vinin to the sample. silicon resistivity.

11.10.4 Turn on the lamp to illuminate the specimen for 5 s. ) , i
Note 8—The error in capacitance measurement arises because a

11.10.5 Turn the lamp off. Note the capacitance IndlcatlonSample having a series resistance capacitance (RC) is being measured by

The capacitance indication will drop. Wait until the capacitance, capacitance meter which reads equivalent parallel capacitance. The error
indication has stabilized within the accuracy of the instrumentis not only due to series resistance but to the produasRE, angular

11.10.6 Activate the pen on they recorder. Operate the frequency times series resistance times capacitance. Because of spreading
sweeping power supply to generate the C-V plot. Lift the pen'esistance effects, theRC product is reduced bseducingsample size.

from the x-y recorder. Label the pldt 12.2 Determine the minimum depletion layer capacitance
11.10.7 To check for hysteresis, set the sweeping poweggser unit areaCg
supply to sweep fronv, 4, to V- Activate the pen on the-y 12.2.1 If the C-V plot exhibits the characteristics of a

recorder and operate the sweeping power supply to obtain germanent inversion layer with a well defined capacitance
reverse C-V sweep. Lift the-y recorder pen. Label the pl&.  minimum, C,, (Fig. 3), then use; for the value ofC,,.

11.11 Disconnect the sweeping power supply and apply the 12.2.2 Calculate and recof@, using the equation:
stress voltage supply. Set the stress voltage supply/Iow,

-12

wheret is the measured oxide thickness in nm. Cs = 110 (Cnad AV((Crmad Cri) — 1) @

11.12 Measure and record the temperature of the specimemwhere:

11.13 Raise the specimen to a temperature of at least 200°GZ = the minimum depletion layer capacitance per unit
but no more than 275°C for a time interval between 3 and 10 area, Flcnf,
min. The time and temperature used shall be agreed upon by affax = the accumulation capacitance, pF,
parties to the test. Cmin = the inversion capacitance, pF, and

11.14 Cool the specimen to the temperature measured it = the field plate area in crh _ .
11.12. Maintain the stress voltage during cooling. 12.3 Calculate and record the doping concentratinin,

11.15 Disconnect the stress supply and connect the sweepSing the equatiofs):

ing voltage supply. Record the C-V plot as in 11.10.1 to log,]N = 30.3258+ 1.68278 log, C, — 0.03177(log,, C,) 2
11.10.6. Label the plot +. 3)



iy F 1153

where: 12.7.1 Calculate and record the first flatband voltage shift,
N = average dopant density in depletion region, irand ~ Vi,(1), using the equation:
C. = the minimum depletion layer capacitance per unit AV (1) = Vi (+) = Vi (0)
area, Flcnf. %
Note 9—(Eq 3) is an approximate solution for as a function ofC 12.7.2 Calculate and record the second flatband voltage

that is valid at room temperature. The accuracy of the approximation ishift,A V;,(2), using the equation:
within £5 % of the exact solution of the room temperature equation:
AVip = Vip (=) = Vi ( +)

N = 6.2415x 10 C2(In (N) — 23.362 @) (8)

which may be solved by iteration. The precision of the doping 12.7.3 Calculate and record the mobile ionic charge concen-
computed using Equation is adequate for this test method. tration using the equation:

_12.4 Calculat_e and record the flatband capacitarigg, N,, = 6.2415% 10°A V,,C, o /A
using the equations: 9)
1
Coey = 0.044148A (N/T) 2 where: o .
(5) N = mobile ionic charge concentration, ¢
and AV, = the larger of [|g]D Vy,(1)[ alnd [|g]D
Vi(2)[ fllatband voltage shifts calculated in
Cib = CoerCrmaf (Cse T Crnax) equation Eq 7 and Eq 8, V,
®) Cmax = accumulation capacitance, pF, and
where: A = device area, crf.
Csctr = capacitance of the space charge layer in the Nore 10—The flatband shift calculations are based on parallel dis-
silicon, pF, placements of the C-V curves of 11.10, 11.15, and 11.19. If these curves
A = field plate area, crf, exhibit any distortions these may be an indication of poor contact,
Crax = accumulation capacitance, pF, insufficient stress time or temperature, or change in interface trapped-
= carrier concentration, civ, charge density. The flatband shifts should be considered qualitative only.
T - e;]bscfnllutgz tedmperatt_Jre, °K, algld 12.8 Calculate and record the total fixed-charge denjty
Cio = the flatband capacitance, pF-. using these equations:
12.5 Draw a horizontal line on the C-V plots parallel to the -
x-axis and intersecting thg-axis at the capacitanc€,(see PB =8.6173X 10 " T(In (N) — 23.362 10)
Fig. 5).

12.6 Locate the intersection of the horizontal line with the Then, if p-type silicon use:

C-V plots: 6
. . . Ny = 6.2415% 10°(C_,/A) X (=VF — 4.7+ PM — PB
12.6.1 Determine the voltage value at the intersection of the ¢ X 107 CradA) < ( " ) (11)
horizontal line with the C-V plot of 11.10 labelldd Record . - .
this value asv;,(0). or if n-type silicon use:
12.6.2 Determine the voltage value at the intersection of the N, = 6.2415x 10°(C,,/A) X (—VF — 4.7+ PM + PB)
horizontal line with the C-V plot of 11.15 labelled + . Record (12)

this value asvgy( +).

12.6.3 Determine the voltage value at the intersection of th
horizontal line with the C-V plot of 11.19 labeled - . Record N
this value asvy,(-).

where:

= sample temperature, °K,

= average doping concentration in depletion region,
-3

o cm™,
12.7 Calculate the shifts in flatband voltage and correspondpg = potential difference between fermi level and mid-
ing mobile ionic charge concentrations: gap, V.
Ns = total fixed charge density, cif,
CAPACITANCE VF = the most positive value from the measuig(0),
Vio( +), andVy(-), V,
Chax = accumulation capacitance, pF, and
T T T TP T T FLATBAND CAPACITANCE PM = vacuum work function of gate metal (Alumi-
num= 4.2), V.

|

| 12.9 Determine the hysteresis in the C-V plot:

! 12.9.1 Draw a horizontal line on the C-V plots parallel to
|

the x-axis and intersecting thg-axis at the capacitance,

Vel 1 Vo > VOLTAGE (Crin * Cinad/2.
Ven(0) 12.9.2 Locate the intersections of the horizontal line with
the C-V plots of 11.10.6 and 11.10.7, labellédand R,

Note 1—Horizontal line indicates flatband capacitance and its inter-

section with the C-V plots determines the flatband voltages. respectively. . .
FIG. 5 Capacitance-Voltage Plots of MOS Device Before and After 12.9.3 Determ”’!e the apsomte value O_f the voltage differ-
Stress Cycles ence between the intersections. Record this valig.asgood
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device will exhibit hysteresis less than the detectable limit, 13.1.15 Vg, (0), Vio( +), andVy,(-),

about 10 mV. Acceptable limits for hysteresis shall be agreed 13.1.16 AVy,(1) andAV,(2),

upon by all parties to the test. 13.1.17N,,

13.1.18 Ny,

13.1.19 Stress voltage used,

13.1.20 Temperature of wafer before stress initiated,
13.1.21 Temperature of wafer during high temperature

13. Report

13.1 Report the following information:
13.1.1 Operator identification,
13.1.2 Date of measurement,

. stress,
13'1'3 Lot number, Wafer numb'er, Iocatl'on of'test MOS 13.1.22 Duration of stress at high temperature, and
device on wafer, and device sampling plan if applicable, 13.1.23V
. . h.

13.1.4 Oxide thickness,
13.1.5 Oxide leakage current,

13.1.6 Device area, and if measured or calculated, 14. Precision and Bias

13.1.7C,, 14.1 Round robin experiments are being planned to deter-
13.1.8 Cyaw Coire @nd, if applicableg;, mine the precision of this test method.
13.1.9V, andV,,,
13.1.10 Silicon type (N or P) 15. Keywords
13.1.11 C; andC,, 15.1 capacitance-voltage; carrier concentration; fixed
13.1.12C, charge density; flatband capacitance; flatband voltage; metal-
13.1.13N, oxide-silicon structures; mobile ionic charge; MOS structures;
13.1.14 C,,, silicon
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