QH”) Designation: F 448 — 99
AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for
Measuring Steady-State Primary Photocurrent

This standard is issued under the fixed designation F 448; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope Accelerator Pulsed Radiation Effects Tests

1.1 This test method covers the measurement of steady-staée
primary photocurrent,,,, generated in semiconductor devices o
when these devices are exposed to ionizing radiation. These 3-1 Definitions: _ _ _
procedures are intended for the measurement of photocurrents3-1-1 fall time, n—the time required for a signal pulse to
greater than 10° A-s/Gy(Si or Ge), in cases for which the drop from 90 to 10 % of its steady-state value.
relaxation time of the device being measured is less than 25 9% 3-1-2 primary photocurrentn—the flow of excess charge
of the pulse width of the ionizing source. The validity of theseC&ITI€rs across p-njunction due to ionizing radiation creating
procedures for ionizing dose rates as great a8G\Si or electro_n-hol_e pairs throughout the device. The (_:harge_s associ-
Ge)/s has been established. The procedures may be used fifd with this current are only those produced in the junction
measurements at dose rates as great d9GASI or Ge)/s: depletlc_)n region and_ in .the bulk semlcpnduct(_)r material
however, extra care must be taken. Above /s the appro>_<|mately one diffusion length on c_aqther side of the
package response may dominate the device response fg@pletlon region (or to the end of the semiconductor material,
technologies such as complementary metal-oxide semiconduhichever is shorter). _ _ _
tor, (CMOS)/silicon-on sapphire (SOS). Additional precautions 3-1-3 pulse width n—the time a pulse-amplitude remains
are also required when measuring photocurrents of910 above 50 % of its maximum value.

Terminology

A-s/Gy(Si or Ge) or lower. 3.1.4 rise time n—the time required for a signal pulse to
1.2 "Setup, calibration, and test circuit evaluation proceduredSe from 10 to 90 % of its steady-state value.
are also included in this test method. 4. Summary of Test Method

1.3 Because of the variability between device types and in ) L . .
the requirements of different applications, the dose rate range 4-1 In this test method, the test device is irradiated in the
over which any specific test is to be conducted is not given ifPfimary eIectron_beam of a linear ac_celerator. Bqth the irradia-
this test method but must be specified separately. tion pulse and junction current (Fig. 1) are displayed and

1.4 The values stated in International System of Units (Sijecorded. Placement of a thin, low atomic number(3)

are to be regarded as standard. No other units of measuremeif@ttering plate in the beam is recommended to improve beam
are included in this standard. uniformity; the consequences of the use of a scattering plate

1.5 This standard does not purport to address all of the'elating to interference from secondary electrons are described.

safety concerns, if any, associated with its use. It is the "€ fotal dose is measured by an auxiliary dosimeter. The
responsibility of the user of this standard to establish appro_steady—state values of the dose rate and junction current and the

priate safety and health practices and determine the applica[elaxation time of the junction current are determined from the

bility of regulatory limitations prior to use. data trace and total dose.
4.2 In special cases, these parameters may be measured at a

2. Referenced Documents single dose rate under one bias condition if the test is designed
2.1 ASTM Standards: to generate information for such a narrow application. The
E 668 Practice for the Application of Thermoluminescence-Preferred approach, described in this test method, is to char-

Dosimetry (TLD) Systems for Determining Absorbed Dose&Cterize the radiation response of a device in a way that is
in Radiation-Hardness Testing of Electronic Devies useful to many different applications. For this purpose, the

F 526 Test Method for Measuring Dose for Use in Linear’€SPonse to pulses at a number of different dose rates is
required. Because of the bias dependence of the depletion
volume, it is possible that more than one bias level will be
required during the photocurrent measurements.

1 This test method is under the jurisdiction of ASTM Committee F-1 on L

Electronics and is the direct responsibility of Subcommittee FO1.11 on Quality and- Significance and Use

Hardness Assurance. ~ . . .
Current edition approved Jan. 10, 1999. Published March 1999. Originally 5.1 The Steady state photocurrent of a SIfT“DlB]UﬂC’[IOh
published as F 448 — 75 T. Last previous edition F 448M — 94.
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R Dose Rate

Ipp = Instantaneous Primary Photocurrent
|pp = Steady-State Value of |,

Qpp = Photocharge, Integrated Photocurrent
tp = Radiation Pulse Width

tsR = Radiation Storage Time (not seen in
equilibrium tests unless some
secondary effect is occurring)

Tt = Relaxation Time

ipp 0

FIG. 1 lonization Radiation Pulse and Typical Primary Photocurrent Response

diode is a directly measurable quantity that can be directly 6.2 Secondary Emissiorf—Another spurious component
related to device response over a wide range of ionizingfthe measured current can result from charge emission from,
radiation. For more complex devices the junction photocurrendr charge injection into, the test device and test circuit. This
may not be directly related to device response. may be minimized by shielding the surrounding circuitry and

5.2 Zener Diode— In this device, the effect of the photo- irradiating only the minimum area necessary to ensure irradia-
current on the Zener voltage rather than the photocurrent itsetfon of the test device. Reasonable estimates of the magnitude
is usually most important. The device is most appropriatelyto be expected of current resulting from secondary-emission
tested while biased in the Zener region. In testing Zener diodesffects can be made based on the area of metallic target
or precision voltage regulators, extra precaution must be takematerials irradiated. Values generally range between1énd
to make certain the photocurrent generated in the device durint0 ~° A-s/cn?-Gy, but the use of a scatter plate with an intense
irradiations does not cause the voltage across the device t®am may increase this current.
change during the test. 6.3 Orientation— The effective dose to a semiconductor

5.3 Bipolar Transistor—As device geometries dictate that junction can be altered by changing the orientation of the test
photocurrent from the base-collector junction be much greateunit with respect to the irradiating electron beam. Most
than current from the base-emitter junction, measurements ateansistors and diodes may be considered “thin samples” (in
usually made only on the collector-base junction with emitteterms of the range of the irradiating electrons). However,
open; however, sometimes, to obtain data for computer-aidekigh-power devices may have mounting studs or thick-walled
circuit analysis, the emitter-base junction photocurrent is alsgases that can act to scatter the incident beam, thereby reducing
measured. the dose received by the semiconductor chip. Care must be

5.4 Junction Field-Effect Deviee-A proper photocurrent taken in the mounting of such devices.
measurement requires that the source be shorted (d-c) to the6.4 Bias—As the effective volume for the generation of
drain during measurement of the gate-channel photocurrent. jphotocurrent imp-n junction devices includes the space-charge
tetrode-connected devices, the two gate-channel junction®gion,| ,, may be dependent on applied voltage. As applied
should be monitored separately. voltages approach the breakdown voltdggincreases sharply

5.5 Insulated Gate Field-Effect Devieeln this type of due to avalanche multiplication. If the application of the test
device, the true photocurrent is between the substrate and tladevice is known, actual bias values should be used in the test.
channel, source, and drain regions. A current which carf the application is not known, follow the methods for
generate voltage that will turn on the device may be measurechecking the bias dependence given in Section 10.
by the technique used here, but it is due to induced conduc- 6.5 Nonlinearity— Nonlinearities in photocurrent response
tivity in the gate insulator and thus is not a junction photocur-result from saturation effects, injection level effects on life-
rent. times, and, in the case of bipolar transistors, a lateral biasing
effect which introduces a component of secondary photocur-
6. Interferences rent into the primary photocurrent measurenfefor these

6.1 Air lonization— A spurious component of the current reasons, photocurrent measurements must generally be made
measured during a photocurrent test can result from conductiosver a wide range of dose rates.
through air ionized by the irradiation pulse. Although thisis not 6.6 Electrical Noise— Since linear accelerator facilities are
likely to be a serious problem for photocurrents greater thainherent sources of r-f electrical noise, good noise-minimizing
107° A-s/Gy(Si or Ge), the spurious contribution can easily betechniques such as single-point ground, filtered d-c supply
checked by measuring the current while irradiating the tesfines, etc., must be used in photocurrent measurements.
fixture in the absence of a test device. Air ionization contribu-
tions to the observed signal are proportional to applied field
while those due to secondary emission effects (see 6.2) are not.* sawyer, J. A., and van Lint, V. A. J., “Calculations of High-Energy Secondary
The effects of air ionization external to the device may beElectron Emission,Journal of Applied PhysicslAPIA, Vol 35, No 6, June 1964,
mmlmlzed..by coating exposed leads Wlt.h a thick Iayer Ofpp%}-i?;gn;,nDl.. H., and Wirth, J. L., “Anomalous Photocurrent Generation in
paraffin, silicone rubber, or nonconductive enamel or byTransistor Structures/EEE Transactions on Nuclear Scien¢ETNA, Vol NS-13,
making the measurement in vacuum. No 6, December 1966, pp. 86-94.
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6.7 Temperature— Device characteristics are dependent on 6.10 The test must be considered destructive if the photo-
junction temperature; hence, the temperature of the test shoutdirrent exceeds the manufacturer’s absolute limit.
be controlled. Unless otherwise agreed upon by the parties to
the test, measurements will be made at room temperature (23 Apparatus

= 5°C). _ - 7.1 Regulated d-c Power Supplwith floating output to
6.8 Beam Homogeneity and Pulse-to-Pulse Repeatability produce the voltages required to bias the junction.

The intensity of a beam from a linear accelerator is likely to 7.2 Oscilloscopes- Either a single dual-beam, or two

v?ry e:jcrc;ss g;ﬁcrosi Isect;_on. fSlncet:]he dpul_se—sha:jpe rtno?lt;)hr éﬁwgle—beam oscilloscopes that have adequate bandwidth capa-
placed at a different jocation from the device under test, GE)ility of both main frames and plug-ins to ensure that radiation

measured dose rate may be different from the dose rate ) :
which the device was exposed. The spatial distribution anﬁj%ip; qsgsgﬁOZiizzth%:r;a(t; \;ilgelzsilam;:p?tjgriﬁggfg_layed'

intensity of the beam may also vary from pulse to pulse. The single transient traces at a sweep rate consistent with good
beam homogeneity and pulse-to-pulse repeatability associated SNY P 9

with a particular linear accelerator should be established by gesolutlc-m. ‘T"t the pglse W'dths, used in the.test.
thorough characterization of its electron beam prior to perform-_ /-3 Digitizers with Bandwidth, Sampling Interval, and
ing a photocurrent measurement. 'I'_lme—bas_e Capabllltlesa(_jequate for hano_lllng thg_ transient
6.9 lonizing Dose— Each pulse of the linear accelerator signals with good resolution for a_II pulse widths utilized in '_[he
imparts a dose of radiation to both the device under test and tH&St May be used. Hard copy printouts of the recorded signal
device used for dosimetry. The ionizing dose deposited in &'y be & part of the capability of this apparatus.
semiconductor device can change its operating characteristics. /-4 Cabling to complete adequately the connection of the
As a result, the photocurrent that is measured after severist circuit in the exposure area with the power supply and
pulses may be different from the photocurrent that is characoscilloscopes in the data area. Any type of ungrounded wiring
teristic of an unirradiated device. Care should be exercised tB1ay be used to connect the power supply to the bias points of
ensure that the ionizing dose delivered to the device under te8i€ test circuit; however, coaxial cables properly terminated at
is as low as possible consistent with the requirements for e oscilloscope input are required for the signal leads.
given dose rate and steady-state conditions. Generally, this is 7.5 Test Circuits— One of the following test circuits:
done by minimizing the number of pulses the device receives. 7.5.1 Resistor-Sampling Circuit (Fig. 2XFor most tests,
The dose must not exceed 10 % of the failure dose for théhe configuration of Fig. @) is appropriate. The resistoR,

device. serve as high-frequency isolation and must be at lead220
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FIG. 2 Resistor-Sampling Test Circuits
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The capacitorC supplies the charge during the current tran- 7.6.3 Current Transformeras described in 7.5.2, mounted
sient; its value must be large enough that the decrease ion a collimator at the output window of the linear accelerator
voltage during a current pulse is less than 10 %. Capa€itor so that the primary electron beam passes through the opening
should be paralleled by a small (approximately 0.01 pF)f the transformer after passing through the collimator.
low-inductance capacitor to ensure that possible inductive 7.6.4 Secondary-Emission Monitozonsisting of a thin foil,
effects of the large capacitor are offset. The resi®gis to  biased negatively with respect to ground, mounted in an
provide the proper termination (withitt2 %) for the coaxial evacuated chamber with thin windows through which the
cable used for the signal lead. When the photocurrents angrimary electron beam passes after passing through a collima-
large, it is necessary to use a small-value resisgr,in the  tor. A resistor in series with the foil and bias supply is used to
configuration of Fig. &) to keep the signal small so as to sense the current.
maintain the bias across the junction within 10 % of its 7.7 Dosimeter—One of the following types of dosimeter to
nominal value during the test. The response characteristics aflibrate the output of the pulse-shape monitor in terms of dose
this circuit must be adequate to ensure that the current signal iate:
accurately displayed (see 9.4). 7.7.1 Thermoluminescent Dosimeter (TLDand readout
7.5.2 Current Transformer Circuit (Fig. 3}-In this circuit,  system as specified in Practice E 668.

R, andC have the same significance as in the resistor-sampling 7.7.2 Thin Calorimeter and associated equipment, includ-
circuit, but it may be required that the signal cable monitoringing instructions for use.
the current transformer be matched to the characteristic imped—N . . . . . )

. . . ote 2—For a discussion of calorimeter design considerations, see the
.ance of the trangformer, in .Wh'.Ch ca§§a_o would have this calorimeter of the Apparatus Section, and Appendix X1 of Test Method
impedance (withirt 2 %), which is specified by the manufac- F 526,
turer of the current tran_sformer. The current transforme_r MUSt - ¢ Electron Linear Accelerator (Linag)to produce the
have a bandwidth sufficient to ensure that the current signal is)

. o nizing pulse. It must produce relatively flat (current varia-
accurate_ly displayed. R|§e jume must be !ess than 10 % of thf?ons within =10 %) pulses of electrons (as measured with the
pulse width of the radiation pulse being used. The low

. . apparatus of 7.6) of greater than 10 MeV, in pulses with a
frequency cutoff of some commercial current transformers Iﬁength at least four times the relaxation time of the device

such that significant droop may occur for pulse widths greatey,der test. The primary electron beam is used as the ionizing
than 1 ps. Do not use a transformer for which this droop i
greater than 5% for the radiation pulse width used. Whe

monitoring large photocurrents, care must be taken that thg

Source. A thin scatter plate of a material with low atomic

umber, such as aluminum, 0.15 to 0.65 cm thick, may be
laced at the exit window of the linear accelerator to spread the
eam and somewhat homogenize it so that positioning of the

ampere-microsecond saturation of the current transformer i
not exceeded. o o : .
L . . test device is not as critical as it would be if the beam were
7.6 Irradiation Pulse-Shape Monite~One of the following
) ; - unscattered.
to develop a signal proportional to the dose rate delivered to the
test device: Note 3—Caution: There is approximately 5 MeV/cm energy at-
7.6.1 Fast Signal-Diodein the circuit configuration of Fig. tenuation of the beam passing through aluminum.
2 (a) as described in 7.5.1. The response of the diode must beNOTE 4—Another primary source of ionizing radiation for photocurrent
l ithin -2 % 't.h.d. t th fint t measurements is a flash X-ray machine (FXR). However, the FXR is not
Inear_ (within =2 96) wi ose rate ov_er € range ot interes *qualified to provide radiation for steady-state photocurrent measurements
This is the preferred apparatus for this purpose. since its short, almost triangular pulse does not provide the equilibrium
7.6.2 P-I-N Diode in the circuit configuration of Fig.() as  conditions necessary.
dgscnped in 7.5.1. Because of t_he great sensitivity Qf this 7 g Pulser capable of supplying current pulses of magni-
diode, it must be mounted at the fringe of the radiation field tq,qe 1074 t0 0.1 A, rise time of 10 ns or less, and source

avoid saturation effects. voltage 5 V into the test circuit selected. If the circuit of Fig.

Note 1—A PIN diode is a semiconductor diode in which faeype and ~ 2(D) is used, an additional resistor may be placed in series with
n-type regions are separated by an intrinsic region. R, to maintain the required load impedance. Both sides of

v —_1) Rz c

/J7 L RADIATION-SHIELDED

pupsE——

|
e — CI.I

FIG. 3 Current Transformer Test Circuit
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output must be isolated from ground. repeat the measurement. Continue in this manner until a
7.10 Thermometerto measure ambient temperature in thecurrent of one tenth the anticipated steady-state photocurrent or
vicinity of the device under test ter1°C. less is obtained. Record the actual values measured and the
changes made.
8. Sampling 9.4 Verify the Response Characteristics of the Test Circuit

8.1 This may be a destructive test. Hence, for purposes gind Cables—Connect the pulse generator to the test circuit
lot testing or lot qualification, a representative sample shouldcross the input terminals in place of the device under test.
be drawn from the lot in accordance with a plan agreed upofulse the circuit with a current between T0and 0.1 A and
by the parties to the test. display the response. Observe and measure the rise and fall

8.2 The sampling plan should also include a selection otimes and the steady-state amplitude of the displayed pulse.
devices for which the relaxation time is to be calculated (se€alculate the current from Eq 2, Eq 3, or Eq 4 (see 11.1) as

11.2). appropriate for the test circuit. The calculated current must be
within 5 % of the driving current, and the rise and fall times
9. Preparation of Apparatus must be less than 10 % of the width of the radiation pulse.

9.1 Select an appropriate test circuit and align it with the
exit port of the linear accelerator. Position the scatter plate and0- Procedure
appropriate shielding, collimation, and pulse-shape monitor. 10.1 Mount the test device in the test circuit.

9.2 Use one of the following methods to determine the 10.2 Measure and record the ambient temperature in the
dose-rate factor: vicinity of the test device.

9.2.1 Thermoluminescent Dosimeter (TL-BMount the 10.3 Apply bias to the test device equal to one half the
TLD in the position to be occupied by the test device. Pulse thenanufacturer’s rated breakdown voltage for the junction under
linear accelerator and record the pulse-shape monitor signdkest.

Remove the TLD and determine the dose following the 10.4 Adjust the linear accelerator beam current until a dose
manufacturer’s instructions. Graphically integrate the irradiarate is obtained that is within=20 % of the lowest value
tion pulse-shape monitor signal and calculate a dose-rate factepecified for the particular set of tests.
as follows: 10.4.1 Determine the dose rate by multiplying the dose-rate
F =+ factor (see 9.2) by the voltage of the irradiation pulse-shape
(1)  monitor (see 7.6).

Note 5—Caution: If the control of the linear accelerator is such

where: that adjustment of b t b lished with th

F = dose-rate factor, Gy(Si)/V-s, \at adjustment of beam current can be accomplished wit e
= dose, Gy(Si), and dlsgharge of no more than ten pulses, I_eave the test dev'lce in place

Y - ’ ! . . during current adjustment. However, if the current adjustment

> = integrated pulse-shape monitor signal, V-s.

. . requires the use of more than ten pulses, remove the test device or
Repeat the measurement five times and average. Use thiield it from the beam during the adjustment.

value for the dose-rate factor.
9.2.2 Thin Calorimeter— Mount the calorimeter in the
position to be occupied by the test device. Provide therm

10.5 Pulse the linear accelerator and record both the irra-
agiation pulse-shape monitor signal and the photocurrent signal.

isolation for the calorimeter foil. Pulse the linear accelerator, 10-6 Increase the dose rate by a factor of 3 to 10 (see 10.4.2)

record the pulse-shape monitor signal and the temperature riée agreed by the parties to the test.

of the calorimeter. Calculate the dose delivered in accordance 19-7 Repeat 10'5_ gnd 10.6 until measurements have been
with the instructions provided for the calorimeter. GraphicallyMade over the specified range of dose rates.

integrate the irradiation pulse-shape monitor signal and calcu- 10-8 Reduce the dose rate to one of the mid-range values

late a dose-rate factor in accordance with Eq 1. Repeat tHesed (see 10.4.2), change the bias to 1V, and repeat 10.5.
10.9 Compare the data of 10.8 with those taken at the same

measurement five times and calculate the average for the fiv - X
ﬁe%se rate with a bias of one-half the manufacturer's rated

measurements. Record the average value as the dose-r L _
factor. reakdown voltage. If they are withit20 % of the earlier

9.3 Measure the Test Circuit with Device Removaith  values, proceed to the calculations (Section 11). If they differ

no device in the test circuit, apply the bias to be used (see 10.3) 20 % or more, repeat 10.4-10.7, first for a bias of 1 V and
and pulse the linear accelerator to deliver a dose rate df 1dhen for a bias of 0.8 times the manufacturer’s rated breakdown
Gy(Si or Ge)/s or greater. Record both the irradiation pulseY°!tage:

shape monitor signal and the current signal from the tes .
circuit. The measured current should be less than or equal to™ Calculation

one-tenth the anticipated steady-state photocurrent. If it is, 11.1 For each data set, calculate the steady-state photocur-
proceed with the test (see Section 10). If it is not, change théent, |, from the formula appropriate to the test circuit
bias and repeat. If the signal changes (indicating air-ionizatioselected.

problems), pot the exposed leads of the test circuit (see 6.1). If 11.1.1 Resistor-sampling test circuit for general use (see
the signal is still large and affected little by the applied bias,Fig. 2a)):

restrict still further the exposure area and increase the shielding lop = E/Ry

of the test circuit, or remove the scatter plate, or both, and 2



where: where:
| ,n = steady-state photocurrent, A, T, = relaxation time, s,
= steady-state signal voltage, V, and > = measured relaxation time, s, and
R, = cable termination resistanc8, Te = frise time.
11.1.2 Resistor-sampling test circuit for large photocurrents
(see Fig. t)): 12. Report
lop = E (Ro + R)/IRRy 12.1 Report the following information:
(3) 12.1.1 Device identification,
where: 12.1.2 Date.o_f te;t and Fest operator, N
| ,, — steady-state photocurrent, A, 12.1.3 Identification of linear accelerator facility and test
E = steady-state signal voltage, V, port, L _
R, = cable termination resistanc®, and 12.1.4 Description of scatter plate, if used,
R, = load resistance). 12.1.5 Description of test circuit,
11.1.3 Current transformer test circuit (see Fig. 3): 12.1.6 Description of irradiation pulse-shape monitor,
I —ES 12.1.7 Dosimetry technique,
PP ) 12.1.8 Test-circuit current with device removed (see 9.3),
12.1.9 Test-circuit response data (see 9.4),
where: 12.1.10 Ambient temperature,
:Epp ~ ztgggy'igtg gih%tglcgng;téAv and 12.1.11 Values of ,, and dose rate for each data set,
S = sensit)i/vity of cugrrent trangsférn’"ner, V/A. 12.1.12 Records of typical signals, and

11.2 Calculate the relaxation time for a representative 12.1.13 Relaxation time, if calculated.

sample of the data sets, selected by a method agreed to iré Precision

advance by the parties to the test. ' ) . . .
11.2.1 Plot the log, of 1,, against time for the tail of the 13.1 Around-robin evaluatl_on (_)f the reprod_u0|b|||ty_ o_f th_|s

photocurrent pulse, and visually fit this plot with the besttest method was conducted with five laboratories pgrnmpatung.

straight line. Because the tail of the pulse is a complementarg\‘jICh laboratory measured the photocurrent from five devices:

error function rather than an exponential, the fit may be rathefVO Pnp transistors, twonpn transistors, and one-channel

poor. field-effect transistor (FET). To eliminate possible variations
11.2.2 Calculate the measured relaxation time from thdntroduced by different dosimetry techniques, all device pho-
slope of the straight line as follows: tocurrents were measured as a function of the output of a

dosimeter PIN diode which was to be mounted adjacent to the
part under test. Only the specimen parts and the PIN dosimeter
were circulated; each laboratory fabricated its own test fixture.

m = AU2.3(A logye | pp) )

where: 13.2 Individual data points could not be compared directly,

Tm = measured relaxation time, s, as all data were taken at arbitrary points over three orders of

At = interval along the time axis, s, and magnitude in output of the PIN dosimeter. Instead, comparison

Alog,lp, = interval along the loggl,, axis. was made of the best linear fits to the Ipg-versus-log PIN
11.2.3 If 1, calculated in this way is more than four times data; the results are given in Table 1.

the rise time of the measuring equipment, this valueg,pfnay 13.3 For the five devices, maximum laboratory-to-

be reported as the relaxation time, If 7, calculated in this |ahoratory scatter in the fitted results ranges from 25 to 51 %
way is less than 10 % greater than the rise time of thesbove the mean value and from 20 to 51 % below the mean

measuring equipment, report the relaxation time as “less thagalue. Individual measurements may lie outside the range
T, test circuit limited,” wherer . is the rise time of the test described.

equipment. For anyr, between these limitsy, may be
calculated as follows: 14. Keywords

=\ T’ — Te? 14.1 hardness assurance; ionizing radiation; photocurrent;
(6)  primary photocurrent; semiconductor testing

TABLE 1 Round-Robin Results

Device Type Mean lpp/loin Standard Deviation nghMEeﬁr:eme LowMEex;eme
2N2222 npn 0.024 0.0079 1.43 0.68
2N5939 npn 0.51 0.14 1.31 0.75
2N3972 pnp 0.085 0.026 1.55 0.49
2N2907 pnp 0.027 0.0052 1.29 0.80
2N3504 FET 0.042 0.014 151 0.62
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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.



