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FOREWORD

The report context covers work performed under Project 5519, Task 551904, and in-
cludes a detailed analysis of the Helium Tracer Gas Fine Leak Test, as specified in
MIL-STD-883, uTest Methods and Procedures for Microelectronics," Method 1014, Test
Condition A. The report was prepared in response to numerous queries by both goverr,-
mental agencies and the semiconductor industry concerning several aspects of subject
hermetic Seal Test.

The authors wish to thank Mr. George W. Lyne for his work in conducting the required
computer analysis.

This technical report has been reviewed and is approved.

Approved: N P F LDOYLE,

Solid State Applications Section Reliability Physics Section
Reliability Branch Reliability Branch

Approvd: ILLI BET=
Chief, Engineering Division

FOR THE COMMANDER- II,

IRVING, GABELMAN
Chief, Advanced Studies Grup
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ABSTRACT

T',.2 Helium Tracer Gas Fine Leak Test, as specified in MIL-STD- 883, Method 1014,
Test Condition A, based or the "back-pressurization* technique for determiiimg the
hermeticity of microelectronic device packages is described. The sensitivity of Seal
Test parameter variations to package leak rate measurement test results is analyzed in
detail by a systematic variation of exposure pressure, exposure time and dwell time over
the complete range of microelectrenic package volumes. Analysis results verify the need
for specifying standard seal rest conditions, for defined package volumes, as required in
MIJ -STD-883, to insure that the specified level of package hermeticity will be achieved.
Microelectronic device reliability as related to package volume leak rate (atm cc/sec) is
discussed. Microcircuit failure modes and associated failure mechanisms dependent on
package h.rmeticity are presented.

The primary intent of this technical report is to provide a supplemental documented
guide to both microci,'cuit manufacturers and Air Force contractors engaged in screen
testin& and device procurement concerning the subject Seal Test contained in MIL-STD-
883.
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LIST OF TERMS

R - Mearured Leak Rate of Tracer Gas in atm cc/sec or u-iiters/sec.
L - Standard or Reference Leak Rate in atm cc/sec or u-liters/sec.

Pe - High Preasure Tracer Gas Exposure Pressure in Atmospheres (Gauge Pressure);
(psia - psig plus atmospheric pressure in psia).

P0  - Atmospheric Pressure in Atmospheres.
M1 - Molecular Weight of Tracer Gas in Grams.
Ma - Molecular Weight of Air in Grams.

tl - Time. of High PreLsure Tracer Gas Exposure (P,,) in Seconds.

t2  - Prwell Time Berreen Re!ease of High Pressure and Leak Rate Measurement

(leak detector) in Seconds.
V -Interal Pachakge Volume in Cubic Centimeters (cc).
17 - Viscosity of Tracer Fluid in Poise.

R - Universal Gas Constant in erg E- 1 mol- 1

k - Boltzmaa's Constant in erg 0K- 1 .
T - Absolute Temperature in 0K.
Va - Average Molecular Velocity at 25tC in cm/sec.

D - Cylindrical Tube Diameter in cm.

t - Cylindrical Tube Length in cm.
n - Molecular Density or Concentration in Mleules*/cc.

M - Mss of Molecule in Grams.
L0 - Molecular Mean Free Path at a Specified lemperature and Pressure.

N - Number of Molecules.

dff-dt - free Molecular Gas Flow Rate Through a Cylindrical Tube Cross-Section
(plane) in Terms of Molecules/sec.

C - Constant Determined by Leakage Path Geometry.
K - Constant Determined by Leakage Pad Geometry and Absolute Temperature.
P, - Internal Package Helium Partial Pressure in dynes/cm 2 After High Pressure

Exposure Pe for a Time Interval t1 .

P2 - Internal Package Helium Partial Pressure in dynes /cm2 at Time t2 , the Period

of Package Exposure to Atmospheric Conditions.

ppm - Parts per Million.

%RH - Percent Relative Humidity.

A - Angstrom Units (I0. 4 cm).

VCEO - Collector to Emitter Voltage in Volts with the Base Open Circuited.

IC - Collector to Emitter Reverse Leakage Current in Microamperes (ua).CEO
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I. INTRODUCTION

During the pret'aration of M1L-STD-883, 'Test Methods and Procedures for Micro-
electronics," numerous problems weze cited concerning the hermetic seal fine leak test
specification. An extensive literature survey revealed that little quantitative experimental

effort has been conducted in this reliability area. The major problem areas consisted

mainly of clarifying and standardizing the terminology and leak tes" parameters and pro-
. edures used in the specification and testing of hermetically sealed microelectronic

device packages.
s everal publications concerned with various aspects of hermeticity testing are refer-

enced which provide technical background information delineating the basic test tech-
niques and theoretical gas laws applicable to the helium fine leak hermeticity test.
RADC-TR-67-52'. Analysis of Integrated Circuit Package Integrity Using Helium Leak
Detection Techniques," contains a general description of several standard microcircuit
packages and several gross and fine hermeticity tests including a detailed description
of the helium leak rate measurement system and test procedures. The viscous, diffu-
sional, and free-molecular steady state gas flow rate equation derivations and time de-
pendence corrections required when an enclosed volume is imposed on the system are
presented.

D. A. Howl and C. A. Mann, in the article. "The Back-Pressurizing Technique of Leak
Testing," 2 derived equations for free-molecular and viscous (laminar) gas flow rate
through a leak. A Boeing report 3 extended this work by using the Howl and Mann free-
molecular flow equations to determine the minimum and maximum detectable leak size for
several microelectronic packages at specified fine leak test parameters.

It is recognized that the detection sensitivity of the hilium fine leak test system and
the measured package leak rate is dependent on the actual leak test parameters, such as
(1) the time duration aid pressure o' the high pressure hf zum exposure; (2) the dwell time
at atmospheric conditions betweer high pressure exposure and package leak rate measure-
ment; and (3) the internal volume of the package. Package volume considerations are
extremely important in view of the numerous microcircuit package sizes currently used
throughout the semiconductor industry.

The intent of this report is the discussion, analysis, and clarification nf the Helium
Tracer Gas Fine Leak Test, Method 1014, as specified in i4IL-STD-883, which is
analyzed in detail by selectively varying the test parameters for several parkage volumes
illustrating the significant variations in test results.

II. MIL-STD-883, METHOD 1014, TEST PROCEDURE A, HELIUM TRACER GAS FINE
LEAK TEST DESCRIPTION.

MIL-STD-883, Method 1014, Test Procedure A, specifies the reliability .creen test
procedure for determining microelectronic device package fine leak rates utilizing the
"back pressurization' detection technique. The specified test procedure consists of
placing the test package in a pressurized chamber containing the tracer gas (Helium) at
a specified helium pressure and exposure time period. The resulting pressure or r,olecular
concentration differential forces the inflow of tracer gas into the package through any
existing Leakage path. Depending on the actual test sequence, the packages may be

I_
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- Iexposed to amospheric conditions for a period prior to package leak rate measurement.
Dluda&gthe dwell period, loss or outflow of helium gas from the package will occur due to
the existing pressure differential. MIL-STD-883 specifies a maximum dwell time of 30
minutes. 'The package is subsequently placed in a vacuum chamber connected to a leak

4detwcor. A smass spectrometer tuned for Helium, for package leak rate measurement. Dur-
* ing leak detection, the rate of flow measured is a function of the leakage path size or

fysical dimensions and the helium partial pressure within the package.
Ite following equation (1), which allows for the determination of leak size under

specified conditions, has been developed. The derivation of this equation is contained
in Appendix 1. It is based on molecular flow, both in and out of the package, which is the
best approximation for small leaks.

LI F 1!.2 f F-LtId) 1/21 *.LE ( a/~21LR - 1 -exp me, JeXp VP M

This equation can be divided into three basic parts with the furction of each defined
ats follows:

P ~1/2

a._Le __) represents the measured leak rate R in atm cc/sec at r the

sumation of t the exposure time and t2 the dwell time, compared to a standard leik

size L in atmn cc/sec.
1/2

b. I - exp ma~ (2 i reresents the partial pressure of the tracer gas (Hfe)

withim the package, due to molecular flow, after exposure to pressure Pfor timet

c. c L 2  -/2 rpresents the partial pressure of the tracer gas (He) after
V P

the dwell period of t 2, allowing for the molecular outflow of gas upon removal of the ex-

po3s1re pressure PE and subjecting the package to an external pressure of one atmosphere.

~ 1 NOTE: Ile ter L (M r) ./2Ip appears in all three parts, since the leak is to be

specified or irferenced to irtand=r conditions of oae atmosphere of air on one side of the
leak ra-i a vacuum on the other.

Ml. ANALYSiS OF SEAL TEST PARAMETER VARIATIONS THAT ALTER THE DETECT-
ABLE: RAJiGE OF PACi AGE LEAK RATEF

t- Detectable Package Leak R1ate Racge as a function of jiermeic Seal Test Para-
meters.

The exampk.,, chosen to ill:strate the usefulnear, of the aforementioned equation, to
- . eteraxine L the det' 1 table leak range as Scal test parameters t1 r2 and P. are varied as

_atlinxed in Table 1:

2
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TABLE I[Pe PO t 2, M RVI
Example atm. atm. seconds seconds j atm. cc/sec cc Fig.

A 2 1 7200 7200 28.7 4 5x10 - 8  .02 1

B 2 1 7200 1800 28.7 4 5x10 -  02 2

C 2 1 7200 3600 28.7 4 5x10C8  .02 3

D 2 1 7200 10800 28.7 4 5x1O-.9 .02 4
E 4 1 7200 7200 28.7 4 5x10 -8  .02 5

F 1 3600 7200 28.7 4 5x10"- .02 6
G 2 14 7200 287 4 -8 .02 7

In all cases, test parameters were held constant except for those underlined in the

preceding table.

Example A. This shall be considered the general case and used as a reference
that can be compated with subsequent results to show the deviation in detectable leak

range as test parameters are changed. The aforeme-'ioned equation was solved for
various values of L to generate the curve illustrated in Figure 1. From this plot the

minimum and maximum detectable leak size 13r R, the signal presented to the mass
spectrometer, can be determined. For example, the horizontal line drawn within the
curve of Figure 1, indicating an R of 5x10 -  arm cc/sec, defines the leak range detect-
able at this sensitivity. Projecting the points at which this line strikes the curve down-
ward to the X axi.a, we find the smallest detec:able leak to be 1x!0 -7 atm cr/sec while

the largest detectable leak is approximately 7.5xl0 6 atm cc/sec.

Example B. Figure 2 shows the change that occurs when t2 is reduced to 1800

seconds. The detectable leak range has increased and extends from lxl0 - 7 atm cc/sec

up to 4.5x1 - S arm cc/sec.

Example C. When t is changed to 3600 seconds, half as large as the original2

dwell time, another change, as shown in Figure 3, occurs. The smallest detectable leak

again is 1x10 7' atm cclsec but the largest is now 1.5x10 -5 atm cc/sec.

Example D. The dwell time is increased to 10,800 seconds. Again, the minimum

detectable leak remained at Ixl0 7 atm cc/sec, while the largest has decreased to

4x10F6 atm cc/sec as shown in Figure 4.

Example E. Figure 5 illustrates the variance as bomb pressure is increased to
4 atmospheres. In this case the detectable leak range has extended in both directions.
The smallest detectable leak is now7.5x0 - 8 atm cc/sec and the largest leak is

8.5x1f - 6 atm cc/sec. A decrease in bomb pressure will subsequently decrease the

detectable leak range.

.43
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Example F. The remaining condition to be varied in this series was bomb time,
which was decreased to 3600 seconds. This increased the smallest detectable leak to

1.5x10 7 atm cc/sec, while the mayimum detectable leak remai'ied the same as shown
in Figure 6.

Excmple G. The bomb time was increased to 14400 sec which extends the leak
range in both directions as shown in Figure 7.

In summary, table I shows how the test parameter changes vary the detectable leak
size.

TABLE 11

Variable Increase Decrea se Increase Decrease
Mir Min Max Max

t increase X X
2

t decrease X X

t increase X X

decrease X X

Bomb Pressure
increase X X

Bomb Pressure
decrease X X

b. Detectable Package Leak Rate Range as a Function of Package Volume
This section has a twofold purpose; first, to determine how the detectable leak

range changes as the package volumes varies and, secondly, it verifies the detectable
leak range limits stated in the Seal Test, Method 1014 section of MIL-STD-883 for the
listed range of package volumes. The test parameters used for this example are those
specified in the aforementioned Seal Test, and are listed below:

P - 1 atmosphere
0

P - 5 atmosphere
e

M - 28.7 grams
a

M - 4 grams
t - 3600 seconds

t - 1800 seconds2

7
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Example F. The remaining condition to be varied in this series was bomb time,
which was decreased to 3600 seconds. This increased the snvllest detectable leak to

1.5xi0 7 atm cc/sec, while the maximum detectable leak remained the same as shown
in Figure 6.

Example G. The bomb time was increased to 14400 sec which extends the leak
range in both directions as shown in Figure 7.

In summary, table II shows how the test parAmeter changes vary the detectable leak

size.

TABLE 1i

Variable Increase Decrease Increase Decrease
Min Min Max Max

t increase X X2

t decrease X X

t increase X X

t decrease X X

Bomb Pressure
increase X X

Bomb Pressure
decrease X X

b. Detectable Package Leak Rate Range as a Function of Package Volume

This section has a twofold purpcse; first, to determine how the detectable leak
range changes as the package volumes varies and, secondly, it verifies the detectable
leak range limits stated in the Seal Test, Method 1014 section of MIL-STD-883 for the
listed range of package -olumes. The test parameters used for this example are those
specified in the aforementioned Seal Test, and are listed below:

P . 1 atmosphere
0

P - 5 atmosphere
e

M - 28.7 grams
a

H - 4 grams
t - 3600 seconds

t 1800 seconds
2
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The various package volumes used are as follows: 0.001, 0.00.5, 0.01, 0.05, 0.1, 0.5,

1.0, 5.0, 10.0 cc.
Figure 8 is a composite showing the curves that resulted from analyzing the various

volumes. These curves shall be used as described in the previous section to determine

detectable leak rate ranges for various volumes when MIL-STD-883 test conditions are

used.
The expected change in the detectable leak rate, with increasing package volume

namely an increase in the minimum and maximum detectable leak rate, is apparent.

Also, in using the aforementioned curves, if a particular volume is not graphically

ilstrated, interpolation can be used, rather than generating a curve for that particular

case.

All cailculations rere obtained through use of the RADC On Line Laboratory Computer,
using basic language. The results were verified by comparison with the Fortran results

obtied by North Electrc. A sample of the basic program used is shown in Appendix if.
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IV, ANALYSIS OF DISCRETE HELIUM LEAK TEST PROCEDURES
The preceding analysis used the general molecular leak rate equation where a meas-

uted leak rate R referenced to a stardard leak rate was calculated, imposing actual leak
t-s specifications as contained in MIL-STD-883. This section analyzes the tracer gas
flow during each individual leak test procedure in sequence t "ng Equations 5, 8, and 9
of Appendix 1.

It should be emphasized here that this analysis defines the leakage path geometry to
be a cylindrical tube of diameter D and length .t,. These terms are contained in the con-
stnt K (D3/tratio) of Equation 12 in Appendix I. Analyzing each test procedure sepa-
rately using the applicable equation lends more physical meaning to, and facilitates
interpretation of fine leak test data. Test specifications taken directly from MIL-STD-
893 and RADC-TR-67-52 are considered.

Figures 9, 10, and 11 illustrate (1) the internal helium partial pressure after high
pressure helium exposure for time t; (2) the internal helium partial pressure after at-
mospheric exposure for dwell time ; and (3) the measared package leak rate R as a
function of representative package volumes and D3/t ratios. The range of D3/ -ratios
(10-Tto 10-1) applicable was determined by extreme case analysis. The lower limit
(10 14) is obtained using the smallest hole diameter where the free-molecular flow rate
exceeds diffusional flow through the bulk package material and the largest leakage pathlength based on package dimensions. The upper limit (1 - ) reflects the largest hole
diameter where the free-molecular flow laws are valid and the shortest path length again
based on package dimensions.

Referrtg to Figure 9, the internal helium partial pressure P1 after exposure time t
can be determined for any specified package where the volume (V) and minimum seal
leng&, (0)are known over the range of hole diameters within the D3/ . ratio limits.

Fijure 10 allows the subsequent determination of the internal helium partial pressure
P resulting from helium loss during package exposure to atmospheric conditions for a
dwell time t2.

Finally, Figure 11 gives the measured leak rate R for the specified package over the
allowable hole diameters at time t + t2 . Experimentally, the measured magnitude of R
will be less than the R value obtained using Figure 11 by a factor determined by the time,
t , required for the leak detector system to attain the specified mass spectrometer operat-

ing vacuum pressure.

In addition, at a specified leak detector sensitivity (g-liters/sec), when the package
volume V and minimum seal length trare known, the detectable range of package equivalent
hole diameters D can be determined graphically.

-A typical example illustrating the use of Figures 9, 10, and 11 is in order. Assuming
(1) a TO-84 flat package where V -102 cc and t - 0.05 cm; (2) a 1071° D3/t ratio
corresponding to an equivalent hole diameter of 1.72xl0 cm (1.72 micron); and (3) MIL-

6. 2 6 2STD-883 test conditions, P,, P , and I are 3x10 dynes/cm , 2x10 dynes!cm , and
x 10"3 j-liters/sec, as inticated in Figures 9 A, 10A, and 11A, respectively. Obviously,

the leak detector sensitivity required is - 4xO -7 1 -liters/sec.

10
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V. MICROEL-ECTRONIC DEVICE RELIABILITY RELATED TO PACKAGE LEAK RATE

Tihe penetration of water vapor and/or ionic conta. .,ants into the package can re-

suilt in (1) electrolytic corrosion of metalization and bonding wires, and (2) formation of
surface inversion layers or channels causing microcircuit failure. The failure modes

observed are changes in metal continuity and ecessive device reverse leakage currents,
respectively. The rate at which external contaminants penetrate a package under use
conditions is determined by the package leakage path characteristics. A measured pack-
age volume leak .rate (R-arm cc/sec) indicates only an equivalent leak (hole) diMeter.
The actual leakage path ay be a singular hole or a large series of smaller holes re-
sulting i a measured leak rate R. From the microcircuit reliability standpoint, under
idenical operating conditions, a singular hole increases the probability of microcircuit
failtare within a specified tie period when compared to a large number of smaller holes.
Thus, a measured package leak rate R indicates only the degree of package hermeficity
rather than maicrcircuit reliability, which depends on a number of additional device
structe considerations including metal system, passivaticn, etc.

(a) External Ambient Moisture Penetrationl Rate by Diffusion

Under normal microcircuit operating conditions, the device is exposed to exist-
ing external ambients, typically atmospheric pres.wre at ambient temperature and percent
relative humidity (7,1H). Assuming a package leakage path exists, the laws of diffusion
pr'edict a change i internal package ambient with tie to equalize internal and external

abients maolecular concenatidons.
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i1 In general, 200 ppm water vapor package content is sufficient to generate micro-
circuit electrical parameter instability. The raage of ppm of water vapor resulting in
unstable device parameters is obviously dependent on the several factors previously
stated.

Neilson and Weisberg 5 derived an expression based on diffusional gas flow laws for
determining the time required for a specified ppm of vater vapor to penetrate a package
assuming a leakage path diameter and the initial internal package ambient and existing
external environment.

12 NH9o
t D,: L v a (nex.- h int

where N PtV  x ppm H 2 0
H20 kT

n at %RH at 300P K
ext kT

Consider a TO-84 flat packagc backfilled with dry N2 gas at atmospheric pressure
and a 50% RH external ambient at 270 C.

V . 10 2 cc

-t 0.050cm

L =450 A - 4.5x10 - 6 cm

a - 58x 10 cm/sec

D - leakage path singular hole d:ameter in cm.

n. = 0tnt:

P V  x ppm HO 4.83 x 1013 H 0 molecules
H2 2 2

Pt 2 at 50 RH at 3000 K 4.3 z 1017 molecules/cc
et kT

The time required to attain a level of 200 ppm water vapor content within the micro-
circuit TO-84 package is computed by:

13



t12 NH20 8.25x10- secD2D
rD Lv (n - nit)

For D 10- 4, 5xl- 5, and 10- 5 cm, t 2.28, 9.2, and 228hours, respectively.

It is apparent that in the case where a singular leakage path exists the time to s'.tain
the 200 ppm internal package water vapor level under the -bove specified conditions is

relatively short term and thus represents a potential microcircuie reliability risk.

(b) Microcircuit Failures Resulting From Mnisture Penetration

Figure 12 (B-C) illustrates two common types of failure modes experienced as a
result of moisture penetration, (B) metal continuity and/or corrosion, and (C) semiconductor

surface effects. Figure 12A shows strip chart recordirgs prior to and after mechanical

fracturing of a TO-84 flat package. Trace (1) indicates a hermetic package. Trace (2)
indicates a gross leak by inspection of the detected Helium decay with time. However,

it should be noted that the measured package ILak rate using the Helium Fine Leak Seal

Test was within MIL-STD-883 specifications. This experimental evidence points out the

requirement for performing both a fine and a gross leak test.

The microcircuit (DTL - Dual NAND Gate) was subjected to a Moisture Resistance
test at 850 C and 95% RH and subsequently failed at the 24 hour test point. Gross leak
testing after stress revealed the existence of a package gross leak.

The observed failure modes were crystal growths projecting from the Mo layer under
the Au causing a resistive path between adjacent metal intraconnects and an output

transistor base channel resulting in a reverse collector-emitter leakage current of 100 pa.

The failure mechanism generating the observed failure modes was moisture penetration

into the package.

Vi. CONCLUSIONS

The analysis contained herein provides the theoretical bpsis for the Seal Test, Method
1014, Test Procedure A, as specified in MI-L-STD-883.

Detailed analysis of the Seal Test package leak rate equation in Sections III and IV
verifies the validity in specifying ,wo discrete maximum volume leak rate magnitudes
corresponding to the defined package volume ranges under the specified Seal Test param-

eters, and provides a sound understanding of the basic physical laws underlying the tracer
gas Seal Test technique.

The deleterious effect of package moisture penetration on microcircuit reliability
based on integrated circuit field failure analysis justifies the subject reliability_ screen

rest requirement.

14



f - - --

4 44

44=

~V.

Figure 12. lntergeated Circuit Failuros Resulting From Moisture Penetration
A - Hermetic Seal Test Results, L, - Crystal Growth (Mo-Au Metal System) and,
C - Excessive Transistor C-E Peverse Leakage .:urrent.
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APPENDIX I

DERIVATION OF EQUATION RELATING A MEASURED TRACER GAS VOLUME
FLOW RATE (R) REFERENCED TO A STANDARD AIR LEAK RATE (L) AS A FUNC-
TION OF HERMETIC PACKAGE DIMENSIONS AND HELIUM FINE LEAK HERMETICITY
TEST PARAMETERS.

The derivation and analysis of the viscous, diffusional, and free-molecular steady
state molecular and volume gas flow rate equations and a detailed description of the
standard helium leak rate measurement system including test procedures are given in the
context of RADC-TR-67-52, *Analysis of Integrated Circuit Package Integrity Using
Hfelium Leak Detection Techniques."(1)

gi The gas flow derivation in this appendix was developed by Howl and Mann(2) and
includes the essential gas flow rate time dependence as related to the actual hermeticity
test procedures where free-molecular inflow and outflow of the helium tracer gas is
assumed. The justification for this general assumption is twofold. First, it is probable
that several leakage paths exist in a non-hermetic package rather than a singular leakage
path and, secondly, it is highly improbable that any existing leakage path exhibits a
uniform cross-section or is unidirectional over its length.

Consider the Helium Fine Leak Test. During the helium pressure bomb test pro-
cedure the package under test is placed within a pressure chamber at a specified pressure
for a given time interval. The partial pressure of helium within the package after time
t is a function of tae bomb pressure or exposure pressure Pc, the initial internal
package pressure P and the geometrical properties of the existing leakage paths.Using the ideal gas equation and the free-molecular flow rate equation (1), the internal

package helium partial pressure after time t can be determined. The following deriva-*11
tion assumes a cylindrical leakage path of diameter D and length t.

PcV nRT V(dPc/dt) - kT(dN/dt) (1)

dN/dt - naD (n-n )/12 t where: D < L, D << t, (L/nXdn/dx)<< 1 (2)a e c
Direct substitution for dN/dt (Equation (2) into Equation (1) yields:

V(dPc/dt) v. v D3 kT(n -n)/12t

Since:v= - v' 8kT/nm = 8RT/fM and, ne nc (P - / kT hea:

V (dPc/de) (v/-2rt-R'/6) (D3/A) (T/M)/ 2 (P - P)(3)

Letting C - ( ,2R/6) (D3 / ) and K - (N/2V R/6) (D3 / t) (T)1 /2

Equation (3) can then be rewritten as follows:

dP /dt - K/V) (TIM)' tP - P) .K( P )/V (M) 1/2 (4)
e e c
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Equation (4) is a first order differential equation with variables separable. Separation
of variables and integration yields:

f dP/(P p) - (K/V(M)/ 2) f1 dt
0 c0

Integration over the defined limits yields:

P M Pe [ I -exp (-Kt /V(M) 1/2)] (5)

Equation (5) gives the internal package helium partial pressure PI at time tI during
the high pressure helium bomb test procedure.

The package under test is then removed from the high pressure chamber and exposed
to atmospheric conditions for a time interval t2 between back-pressurization and the leak
rate measurement with subsequent helium loss. Again, using the ideal gas and free-
molecular flow rate equations, the equation for helium gas outflow is derived as follows:

V (dP /dt) - (-kT) (dN/dt) (1)

dN/dt -,rv D3 (n )/12, where: D< L, D< <'., (L/a) (dn*/dx) << 1 (6)a c

Direct substitution for dN/dt (Equation (6)) into Equation (1) yields:

V(dP/dt) - (-T) (nvaD 3 n )/12 (rv D3 P )/12 ,
a c a c

Substituting the previous expression for v the resulting differential equation in terms
a

of the defined constant K gives:

dpc/dt = -K(pc)/V(M)/2 (7)

Equation (7) is also a first order differential equation with variables separable.
Separation of variables and integration yields:

pt
P22f dP /P - (-K/v(M)'/ f dr

c c
P1 0

Integration over the defined limits yields:

P = P [exp (-Kt2 /V(M) 2)(8)

Equation (8) gives the internal package helium partial pressure P at time r (Period
2 2

of package exposure to atmospheric conditions).

The final leak test procedure consists of placing the package under test into the helium
leak detector vacuum chamber. The continued outflow of tracer gas (helium) is detected
by a mass spectrometer tuned for helium. The output detector signal is proportional to

17



th eleik' rate of helium out of the package through the leakage path. The measured leak
rite of helium is expressed by the equation.

( 2  (9)

Defining a-standard leak rate L as the gas flow through a leak under conditions of one
atmosphere of air on the high pressure tube end and a vacuum on the opposite tube end,

thien:

L - ~(/(M))")/2 where P0 is atmospheric pressure (:0)

The measured helium leak rate in terms of or referenced to the standard air leak rate
is obtained by algebraically solving for the R/L ratio, thus:

R L(P/p 0 ) (a/) 1)

Direct substitution for P2 (Equation (8), into Equation (11) using Equations (5) and
(8) yields:I R L( /M'~( /p1/2 1/2S L(Ma/)/(Pe/Po ) [1 -exp(-Kt1 /V(M) I [ exp(-Kt2 /V(M)1 (12)

Substituuou !or K, in terms of L, P and (M) 1 2 using quation (10), into Equation
(12) gives: 0

/ 1 (,~ /2~J ' V
= L(Ma/M) /'(Pe/P 0)[l-exp(-Lt/VP0) (Na/M) ) [exp (-(Lt/WP0)(N /N

The final equation expresses a measured helium leak rate (R-atm cc/sec) referenced
to a standard air leak rate (L-arm cc/sec) as a function of hermetic pakage dimensions

and helium fine leak hermeticity test parameters.
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APPENDIX II

BASIC COMPUTER PROGRAMS FOR DETERMINING LEAK RATES USING THE
HELIUM TRACER GAS FINE LEAK TEST

PARAMETERS
R = Leak rate of tracer gas through the leak

L = Leak size

P - P = Pressure of exposuree

PI - P - Atmospheric pressure
0

M1 - M - Molecular weight of air

N - Molecular weight of tracer -as

T1 = t, = Timeof exposure to Pe (P)

T2 - = = Dwell time - Time between release of pressure and
leak detection

V - Internal volume of package

LEAK RATE R - SQR(M1/M)*L* (P/P )*(1-Exp(-L*TI*SQR(MNi/)/(V*P1))*
EXP(-L*T2*SQR(M1/M)/(V/P1))

COMPUTER PROGRAM FOR R AS A FUNCTICN OF L AND V

Reference program SEALLV

COMPUTER PROGRAM FOR R AS A FUNCTION OF L

Reference program SEAL L
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SEALLV 13:44 04/26/68

100 PRINT" R A FUNCTION OF L AND V"
-110 PRINT

120 REM N NUMBER OF VALUES THAT V -,LL ASSUM
130, REM M2 NUMBER OF VALUES THAT L WILL ASSUM

140 RE AT LINE 390 IN THE FOLLOWING SEQUENCE;

159" REM N, M2, TI, Ti, M, M, P1 P1, VI, V2, ., VN, Li, L2, ... , -m

160- READ N, M2, T1, T2, MI, M, P, P1

170 DIM V(i00), L(100)
180 MAT READ V(N), L(M2)
210 FORI - I'ON
220 LETV . V(I)
230 LET K - I
240 PRINT "V i,"; V

245 PRINT
250 LET L - L(K)

260 LET R - SQR(M1/M)*L*P/Pl.
270 LET R - R - R * EXP (-L*Tit*SQR(M/M)/V*P1))

280 LET R - R * EXP (-L"IT2*SQR(M/M)i(V*Pi))

290 PRINT "L "; L, R."; R
300 IF K = M2 THEN 325

310 LETK - K+I
320 GO TO 250
325 PRINT
326 PRINT.
330 PRINT "Ti -'; T1; "'12-"; T2; "MA'"; MI; "Mm"; M; "PE-"; P

340 PRINT 'PO-"; PI
350 PRINT

360 PRINT
370 ., ,INT
380 ?NEXT I
390 DATA 9, 16, 3600, 1800, 28.7, 4, 5, 1
400 DATA .001, .005, .01, .05, .1, .5, 1, 5, 10
410 DATA 5E-3, 1E-3, 5E-4, IE-4, 5E-5, IE-5. 5E-6, IE-6, 5E-7, IE-7, 5E-8, IE-8

420 DATA 5E-9, IE-9, 5E-0. IE-10
430 END

READY

RUN

SEALLV 13:46 04/26168
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SEAL L 14:17 04/26/68

100 PRINT "R A FUNCTION OF L"
110 PRINT
120 REM N THE NUMBER OF VALUES THAT L WiLL ASSUM
130 REM THE DATA IS ENTERED IN THIS PROGRAM AS DATA STATEMENTS
150 REM AT LINE 270 IN THEN FOLLOWING SEQUENCE;
155 REM, N, TI, T2, MI, M, P, P1, V, Li, L2, , LN

160 READ N, TI, T2, Ml, M, P, PI, V
170 DIM L(100)
180 MAT READ L(N)
190 FORI - ITON
195 LET L - L(I)
200 LET R - SQR(M1/M)*L.P/P1
210 LET R - R - R * EXP(-I.*TI*SQR(Mi/M)/(V*Pi))

220 LET R - R * EXP(-L*T2*SQR(MI/M)/(V*P1))
230 PRINT "L=v; L, 'R-*; R
240 NEXT I
i45 PRINT
246 PRINT
250 PRINT *TI-'; TI; *T2."; 'MA-"; MI; 'M='; M; "PE-". P
260 PRINT "PO.";P1, "V-*;V
270 DATA 16, 3600, 1800, 28,7, 4, 5, 1, .001
280 DATA 5E-3, 1E-3, 5E-4, IE-4, 5E-5, IE-5, 5E-6, IE-6, 5E-7, iE-7, 5E-8, 1E-8
290 DATA 5E-9, iE-9, 5E-10, IE-10
300 END

READY

RUN

SEAL L 14:19 04/26/68

R A FUNCTION OF L

L - 0.005 R - 0

L - 0.001 R - 0
L - 0.0005 R = 0
L - 0.0001 R =0
L - 0.00005 R - 0
L - 0.00001 R - 1.53925 E-25

L. - 0.000005 R = 2.27021 E-15
L 0.000001 R - 1.07869 E-7
L - 5. E-7 R - 5.96156 E-7
L - I. E-7 R - 5.11683 E-7

L - 5. E-8 R - 2.01297 E-7
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2,-

R A FUNCTION OF L (Concd)

L - 1. E-8 R - 1.17323 E-8
L - 5. E-9 R - 3.07707 E-9
L - 1. E-9 R - 1.27911 E-10
L - 5 E-10 R - 3.21322 E-11
L - 1. E-10 R - 1.29026 E-12

T1= 3600 2 1800 MA -28.7 M 4 PE 5
Po- 1 V - 0.001

TIME: .16 SECS.
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