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Standard Practice for
Measuring Dose Rate Response of Linear Integrated
Circuits [Metric] *

This standard is issued under the fixed designation F 773M; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope F 526 Test Method for Measuring Dose for Use in Linear

1.1 This practice covers the measurement of the response of Accelerator Pulsed Radiation Effects Tebts
linear integrated circuits, under given operating conditions, to3
pulsed ionizing radiation. The response may be either transient L
or more lasting, such as latchup. The radiation source is either 3-1 Definitions: L _

a flash X-ray machine (FXR) or an electron linear accelerator 3-1.1 dose rate—energy absorbed per unit time and per unit
(LINAC). mass by a given material from the radiation to which it is

1.2 The precision of the measurement depends on th@XPosed. _
homogeneity of the radiation field and on the precision of the 3-1.2 dose rate responsethe change that occurs in an
radiation dosimetry and the recording instrumentation. pbserved charac'ger[st|c of an operating linear integrated circuit

1.3 The test may be considered to be destructive either fdfduced by a radiation pulse of a given dose rate.
further tests or for other purposes if the total radiation dosgl_ Summary of Practice
exceeds some predetermined level or if the part should latch . . . . .
up. Because this level depends both on the kind of integrated 4.1 The test_dewce and suitable d05|met_ers are |rrad|at§d by
circuit and on the application, a specific value must be agreeft Pulse from either an FXR or a LINAC while the test device
upon by the parties to the test. (See 6.10.) Is operating under agreed-upon conditions. The responses of

1.4 Setup, calibration, and test circuit evaluation procedurel€ test device and of the dosimeters are recorded.
are included in this practice. 4.2 The response of the test device to dose rate is recorded

1.5 Procedures for lot qualification and sampling are nofVer @ specified dose rate range. .
included in this practice. 4.3 A number of factors are not defined in this practice, and

1.6 Because response varies with different device types, tH8USt be agreed upon beforehand by the parties to the test.

dose rate range for any specific test is not given in this practice 4-3-1 Total dose limit (see 1.3), ,
but must be agreed upon by the parties to the test. 4.3.2 Electrical parameters of the test device whose re-

1.7 This standard does not purport to address all of theSPONSes are to be measured (see 10.10),
safety concerns, if any, associated with its use. It is the 4.3.3 Temperature at which the test is to be performed (see

responsibility of the user of this standard to establish appro—6'7)’

priate safety and health practices and determine the applica- 4-3-4 Details of the test circuit, including output loading,
bility of regulatory limitations prior to use. power supply levels, and other operating conditions (see 7.4

Terminology

and 10.3),
2. Referenced Documents 4.3.5 Choice of radiation pulse source (see 6.9 and 7.9),
2.1 ASTM Standards: 4.3.6 Pulse width (see 6.9 and 7.9.2),

E 668 Practice for Application of Thermoluminescence- 4-3:7 Sampling (see 8.1),
Dosimetry (TLD) Systems for Determining Absorbed Dose 4.3.8 Need for total dose measurement (see 6.10, 7.8, and

in Radiation-Hardness Testing of Electronic Deviées 10.1.1), ) o o
4.3.9 An irradiation plan which includes the dose rate range

and the minimum number of dose rate values to be used in that

 This practice is under the jurisdiction of ASTM Committee F-1 on Electronics range (see 10.6 a.‘nd 10'9)’. and
and is the direct responsibility of Subcommittee FO1.11 on Quality and Hardness 4.3.10 Approprlate functional test (See 10.4 and 10'8)'
Assurance.
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5. Significance and Use irradiating only the minimum area necessary to ensure irradia-
5.1 There are many kinds of linear integrated circuits. /_\nytion of the test device. Reasonable estimates of the expected
given linear integrated circuit may be used in a variety of waygnagnitude of current resulting from secondary-emission effects
and under various operating conditions within the limits ofcan be made based on the area of metallic target materials
performance specified by the manufacturer. The procedures dfadiated.
this practice provide a standardized way to measure the
dose-rate response of a linear integrated circuit, under opera&
Ing Condltlc.ms .Sl.mllar to those of thg m.te.nded apphcatlon’should be taken in the interpretation of the measured photoresponse for
when the circuit is exposed to pulsed ionizing radlatlon.. these high dose rates.
5.2 Knowledge of the responses of linear integrated circuits
to radiation pulses is essential for the design, production, and Values of current density per unit dose rate generally range
maintenance of electronic systems that are required to operaégtween 10 and 107°A/cm? per Gy/s. The use of a scatter
in the presence of pulsed radiation environments. plate (7.9.2) may increase these values.

6.3 Orientation—The effective dose to a semiconductor
) T ) _ junction can be altered by changing the orientation of the test

6.1 Air lonization—A spurious component of the signal deyice with respect to the irradiating beam. Most integrated
measured during a test can result from conduction through aijrcits may be considered “thin samples” (in terms of the
ionized by the radiation pulse. Such spurious contributions Ca8fhnge of the radiation). However, some devices may have

be checked by measuring the signal while irradiating the test,qjing studs or thick-walled cases that can act to scatter the

fixture in the absence of a test device. Air ionization contrlbu—incident beam, thereby modifying the dose received by the

tions to _the obs_erved signal are generally pr(_)p(_)rtlonal tosemic:onductor chip. Position such devices carefully with the
applied field, while those due to secondary emission effect

(6.2) are not. The effects of air ionization external to the deviceale normal to the beam.

may be minimized by coating exposed leads with a thick layer 6-4 Dose EnhancemestHigh atomic number materials

of paraffin, silicone rubber, or nonconductive enamel, or bynear the active regions of the integrated circuit (package,

making the measurement in a vacuum. metallization, die attach materials, etc.) can deliver an en-
6.2 Secondary Emissich—Another spurious component of hanced dose to the sensitive regions of the device when it is

the measured signal can result from charge emission from, dfradiated with an FXR. The possibility and extent of this effect

charge injection into, the test device and test circuit. This mayghould be considered.

be minimized by shielding the surrounding circuitry and 6.5 Electrical Noise—Since radiation test facilities are in-

herent sources of r-f noise, good noise-minimizing techniques

4Sawyer, J. A, and van Lint, V. A. J., “Calculations of High-Energy Secondary such as singlepoint ground, filtered dc supply lines, etc., must

Electron Emission,”Journal of Applied Physi¢svol 35, No. 6, June 1964, pp. be used in these measurements (See Fig- 1)-
1706-1711.

_Note 1—For dose rates in excess of®18y (Si)/s the photocurrents
eveloped by the package may dominate the device photocurrent. Care

6. Interferences
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6.6 Dosimetry—Accurate, reproducible calibration of dose- 7.4 Test Circuif as shown in Fig. 1. Although the details of
rate monitors is difficult. For this reason, dosimetry is apt totest circuits for this test must vary depending on the kind of
provide the single most substantial source of error in dose-ratelectronic component tested and on the specific electrical
determinations. parameters of the test device to be measured, the example of

6.7 Temperature-Device characteristics are dependent onFig. 1 provides the information necessary for the design of a
junction temperature; hence, the temperature of the test shouléist circuit for most purposes. The capacitog(tgpically 10
be controlled. Unless otherwise agreed upon by the parties #F), provides an instantaneous source of current as may be
the test, measurements will be made at room temperature (Z8quired by the test device during the radiation pulse. Its value
+ 5°C). must be large enough that the decrease in the supply voltage

6.8 Beam Homogeneity and Pulse-to-Pulse Repeatability during a pulse is less than 10 %. Capacitoy should be
The intensity of a beam from an FXR or a LINAC is likely to Paralleled by a small (approximately 0.1 pF) low-inductance
vary across its cross section. Since the pulse-shape monitor §gPacitor, G, to ensure that possible inductive effects of the
placed at a different location than the device under test, thirge capacitor are offset. Both capacitors must be located as
measured dose rate may be different from the dose rate @0se to the test device as possible, consistent with the space
which the device was exposed. The spatial distribution andl€eded for any shielding that may be necessary. The arrange-
intensity of the beam may also vary from pulse to pulse. Thénent of the grounding connections provides that no ground
beam homogeneity and pulse-to-pulse repeatability associaté@PPs and only one ground exists. This reduces both the
with a particular radiation source should be established by R0ssibility of ground loops and common-mode signals present

thorough characterization of its beam prior to performing a@t the terminals of the measurement instruments. The resistors,
measurement. Ry, are terminations for the coaxial cables, and have values

6.9 Pulse Width—The response observed in a dose rate tespvithin 2 % of the characteristic impedances of their respective
may be dependent on the width of the radiation pulse. This faggables. All unused inputs to the test device are connected as
must be considered when selecting a radiation source, or whé}"¢ed upon by the parties to the test. The outpu(s) of the test

comparing data taken at different times or at different radiatiorf'€Vic® may be loaded, as agreed upon by the parties to the test.
test facilities. To prevent loading of the output of the test device by the

6.10 Total Dose—Each pulse of the radiation source imparts ;32)('3;; ag!fﬁdlifr\;%t?\ml/ii:esa?i?v'gg da dh'r?;,r']?glrj;l]mgi?;ngg 322 d
a dose to both the device under test and the device used f q ! % y 9 y

I .
dosimetry. The total dose accumulated in a semiconductofﬁer?’e;ggoﬁqzcgsgtae:%gt;thﬁ]glfitﬁ:t dt;:i:\/groifn';)huetscoaxml cable

device will cause permanent damage which can change its . , .
. o .~ 7.5 Signal Sourcesas required to provide the agreed-upon
operating characteristics. As a result, the response that is . - : .
. perating conditions of the test device and to perform suitable
measured after several pulses may be different from tha? .
I . ) : unctional tests.
characteristic of an unirradiated device. Care should be exer- o . .

) ) . ~. 7.6 Radiation Pulse-Shape MoniterOne of the following
cised to ensure that the total dose delivered to the test device s X ! :
. {0 develop a signal proportional to the dose rate delivered to the
less than the agreed-upon maximum value. Care must also be .

. . est device.
taken to ensure that the characteristics of the dosimeter havé . . - ) . .
7.6.1 Fast Signal-Diodein the circuit configuration of Fig.
not changed due to the accumulated dose. . . . .

2. The resistors, R serve as high frequency isolation and must
be at least 20). The capacitor, Etypically 10 uF), supplies
the charge during the current transient; its value must be large

7.1 Regulated DC Power Suppliesith floating outputs to  enough that the decrease in voltage during a current pulse is
produce the voltages required to bias the integrated circuiess than 10 %. Capacitor, Ghould be paralleled by a small
under test. (approximately 0.1 pF) low-inductance capacitos, © ensure

7.2 Recording Devicgssuch as oscilloscopes equipped with that possible inductive effects of the large capacitor are offset.
cameras, transient digitizers with appropriate displays, or otheFhe resistor, B is to provide the proper termination (within
suitable instruments. The bandwidth capabilities of the record#2 %) for the coaxial cable used for the signal lead. This is the
ing devices shall be such that the radiation responses of thgreferred apparatus for this purpose.
integrated circuit and the pulse-shape monitor (7.6) are accu-

rately displayed and recorded. |

7. Apparatus

Note 2—Depending on the kind of measurement, dc instruments,
spectrum analyzers, current transformers, or other instruments may be
required to measure and record the response of the test device.

7.3 Cabling to complete adequately the connection of the
test circuit in the exposure area with the power supply and
recording devices in the data area. Shielded twisted pair or
coaxial cables may be used to connect the power supplies to the
bias points of the test circuit; however, coaxial cables properly
terminated at the recording device inputs are required for the INSTRUMENT AREA RADIATION CELL
signal leads. FIG. 2 Irradiation Pulse-Shape Monitor Circuit for Diodes

AREA EXPOSED
. T0 RADIATION
| (VDEALIZED)
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7.6.2 P-I-N Diode in the circuit configuration of Fig. 2 7.10 Resistive Networlkdesigned to simulate the integrated
(7.6.1). Care should be taken to avoid saturation effects at higbircuit impedances, for use in evaluating the spurious re-
dose rates and R-C charging effects at low dose rates. sponses of the test circuit. The network should present imped-

7.6.3 Current Transformermounted on a collimator at the ances to the power supply, input, and output connections of the
output window of the linear accelerator so that the primaryintegrated circuit socket in the test circuit which approximate
electron beam passes through the opening of the transform#re active impedances of the integrated circuit type to be tested.
after passing through the collimator. The current transformer 7.11 Temperature-Measuring Devic® measure ambient
must have a bandwidth that accurately displays the currertemperature in the vicinity of the device under testth°C.
signal. The low frequency cutoff of some commercial curren .
transformers is such that significant droop may occur for pulse” Sampling
widths greater than 1 ps. Do not use a transformer for which 8.1 This method determines the properties of a single
this droop is greater than 5 % for the radiation pulse widthSPecimen. If sampling procedures are used to select devices for
used. When monitoring large currents, do not exceed théest, the procedures shall be agreed upon between the parties to
current-time saturation rating of the current transformer. It mayhe test.
be required that the signal cable mo_nit.or.ing the curreng Preparation of Apparatus
transformer be matched to the characteristic impedance of the
transformer; B would then have this impedance (witkin
2 %), as specified by the manufacturer of the current tran

9.1 Select an appropriate test circuit and align it with the
St_)eam of the radiation source. Position the scatter plate and
appropriate shielding, collimation, and pulse-shape monitor.

9.2 Determine the dose-rate factor for calibration of the

Note 3—Because the radiation beam from an FXR is a photon beanpulse-shape monitor by the procedure of 9.2.1 if an FXR is to
rather than an eI(_ectron_ beam, a current transformer cannot be used ag,a used, or by either the procedure of 9.2.1 or 9.2.2 if a LINAC
pulse-shape monitor with an FXR. is to be used.

7.6.4 Secondary-Emission Monitaronsisting of a thin foil, 9.2.1 Thermoluminescent Dosimeter (TL-BMount the
biased negatively with respect to ground, mounted in anfLD in the position to be occupied by the test device. Pulse the
evacuated chamber with thin windows through which theradiation source and record the pulse-shape monitor signal.
primary radiation beam passes after passing through a collRemove the TLD and determine the dose following the
mator. A resistor in series with the foil and bias supply is usednanufacturer’s instructions. Integrate the irradiation pulse-

to sense the current. shape monitor signal and calculate a dose-rate factor as
7.7 Dosimeter—One of the following types to calibrate the follows:

output of the pulse-shape monitor in terms of dose rate. F=n/3 @
7.7.1 Commercial Thermoluminescent Dosimeter (TD)

and readout system. where: .
7.7.2 Thin Calorimeterand associated strip-chart recorder F = dose-rate factor, Gy(Si)/V's,

and preamplifier as defined in Test Method F 526. dose, Gy(Si), and

Y

7.8 Total Dose DosimeterThe TLD of 7.7.1 is to be used ERe e';ﬁ?}?ﬁi;gﬁ:ﬁgsf ?ivrgotmg;s;gngagx; e Use this
for determining, when required, the total dose to which the testal epfor the dose-rate factor ge.
device is exposed (see 4.3.8). vaid )

7.9 Radiation Pulse SoureeOne of the following ma- Note 6—The use of Practice E 668 is recommended to obtain the best
chines: precision in the measurement of the dose-rate factor when TLDs are used.

7.9.1 Flash X-Ray Machine (FXR)used in the photon  9.2.2 Thin Calorimeter—Mount the calorimeter in the po-
mode, and capable of delivering a peak dose rate sufficient fasition to be occupied by the test device. Provide thermal
the test. isolation for the calorimeter foil. Pulse the radiation source;

Note 4—The use of an EXR at end point energy below 2 MeV is not record the pulse-shape monitor signal on film and the tempera-

recommended. If such use is required, care must be taken to account fHfI€ rise of the calorimeter on the strip-chart recorder. Calcu-

dosimetry problems arising from dose-enhancement effects. late the dose delivered from the temperature rise as follows:
7.9.2 Electron Linear Accelerator (LINAG) producing Yy=ATg @

pulses of electrons with energies between 10 and 50 MeV in,nare-

pulses with a width within the range agreed upon by the partiesy = dose, Gy (calorimeter material),

to the test. The primary electron beam is used as the ioniziNnAT = temperature rise, °C, and

source. A thin scatter plate of a material with low atomic c, = specific heat at constant pressure of calorimeter

number, such as aluminum, 0.15 to 0.65 cm thick, may be material, J/(kg-K).

placed at the exit window of the linear accelerator to spread the |ntegrate the irradiation pulse-shape monitor signal and

beam and somewhat homogenize it so that positioning of thgalculate a dose-rate factor from Eq 1. Repeat the measurement

test device is not as critical as it would be if the beam wereive times and average. Use this value for the dose-rate factor.

unscattered. ) )
Note 7—The use of Test Method F 526 is recommended to obtain the

Note 5—Caution: There is approximately 5 MeV/cm energy attenua- best precision in the measurement of the dose-rate factor when a LINAC
tion of the beam passing through aluminum. is used.
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9.3 Measure the test circuit with device removed. With the 10.9 Adjust the dose rate received by the test device
resistive network in the test circuit, apply the bias to be usedipwards in accordance with the agreed-upon irradiation plan
(10.3) and pulse the radiation source to deliver a dose rat@t.3.9), until the maximum dose rate is reached, repeating 10.6
within the specified dose-rate range (4.3.9). Record both théhrough 10.8 at each dose rate level.
irradiation pulse-shape monitor signal and the signal from the 10.10 If responses have been specified for more than one
test circuit. The measured signal should be less than or equal &dectrical parameter of the test device, either repeat 10.6-10.9
one-tenth the anticipated transient signal. If it is, proceed witifor each or add instrumentation to allow simultaneous mea-
the test (Section 10). If it is not, change the bias and repeat. Burement of all of the parameters whose response is to be
the signal changes (indicating air-ionization problems), pot theletermined.
exposed leads of the test circuit (6.1). If the signal is still large 10.11 If required, record the total dose to which the test
and affected little by the applied bias, restrict still further thedevice was exposed (10.1.1).
exposure area and increase the shielding of the test circuit, or
remove the scatter plate, or both, and repeat the measurement. Report

Continue in this manner until a signal of one tenth the 44 Report the following for each device tested.

anticipated transient signal or less is obtained. Record the 11 1 1 pevice identification including type number, date

actual values measured and the changes made. code, and manufacturer,

10. Procedure 11.1.2 Date of test and name of test operator,
11.1.3 ldentification of radiation pulse source, pulse width,

10.1 Mount the test device in the test circuit.
. L test port, FXR output voltage, or LINAC electron energy.
10.1.1 Install a fresh TLD adjacent to the test device, if total 11.1.4 Description of scatter plate, if used,

dose recording is required (4.3.8). . : 11.1.5 Description of test circuit,
10.2 Measure and record the ambient temperature in the - e .
11.1.6 Description of radiation pulse-shape monitor,

vicinity of the test device. 11.1.7 Dosimetrv technique
10.3 Apply power supply voltage(s) to the test device at 11.1.8 Test-circ y't res o(rq]se’s ith resistive network in place
level(s) agreed upon by the parties to the test. Cgsee'9.3) redl P Wi IStV np

10.4 Perform the agreed-upon functional test (4.3.10) t . . .
ensure that the test device is operational. 11.1.9 Steady_-state operating conditions of the test device,
11.1.10 Functional test used,

10.5 Apply any required signals to the inputs of the test S .
Pply any req 9 P 11.1.11 Records of circuit responses for each electrical

device. N hich ined
10.6 Adjust the radiation source to the initial dose-rateParameter which was examined, .
11.1.12 Record of the irradiation pulse-shape monitor,

value, and record both the irradiation pulse-shape monitor X .

signal and the signals from the test circuit as required. 11.1.13 Total dose, if required, and
10.6.1 When necessary, determine the dose rate by multi- 11:1-14 Ambient temperature.

plying the dose-rate factor (9.2) by the voltage of the radiation

pulse-shape monitor (7.6). 12. Keywords
10.7 Record the response which has occurred. 12.1 circuit response; dose rate; integrated circuit; ionizing
10.8 Perform the agreed-upon functional test to ensure thatdiation; linear circuits; linear integrated circuits; pulsed
the test device is still operational. radiation; transient response
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