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OBJECTIVE: The objective of this project was to create guidance on how to

invoke solder heat testing for each semiconductor package technology. In
addition our objective was to study and determine sample size, frequency of test
and failure criteria.

BACKGROUND: See preliminary EP Study, dated 20 February 2004 (See
attachment 1).

RESULTS: Microsemi submitted an alternate method from the MIL-STD-202
proposal. This proposal was sent out as part of a JC 13 ballot which DSCC
rejected. Atthe September 2004 JEDEC meeting (see attendees list, attachment
2) in Columbus Ohio a task group meeting (TG 0304) was held to discuss the
soldering heat study. The individual package testing has yet to be specified in
MIL-PRF-19500. This will require additional effort by the industry during the MIL-
PRF-19500 document coordination phase.

CONCLUSION: DSCC has committed to incorporating the contents of TM 210
from MIL-STD-202 into TM 2031 of MIL-STD-750 Revision “E” in total. The
package technology groupings will be incorporated in MIL-STD-750E to invoke
the applicable test procedures. MIL-PRF-19500 Revision “N” will contain the
specific requirements for semiconductor devices. A sample size of 3 devices per
test will be required by the manufacturers to prove device capability. This
gualification test will be specified in Group E of MIL-PRF-19500N for all devices.
DSCC will not allow any reduction of test or alternate testing without supporting
data to justify alternate methods of testing for soldering heat.

RECOMMENDATIONS: Recommend that military and industry representative
review the latest drafts of MIL-PRF-19500N and MIL-STD-750E for incorporation
of soldering heat test. See test method 2031 in attachment 3. See proposed
technology groupings in attachment 4.
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I. OBJECTIVE: The objective of this project is to address the need for a resistance to soldering heat test
to simulate the users soldering process. This will include the following:

a. Determine which test conditions apply to each package.

b. Determine failure criteria.

c. Determine package groupings for acceptance.

d. Determine sample size for each test condition.

e. Determine implementation and frequency of the soldering heat test.
. BACKGROUND:

a. NASA has reported some problems and failures while performing hand soldering.
b. Army’s essential comment for 5961 is as follows:

“For surface mount glass, ceramic, or plastic devices it is recommended that MIL-STD-202G,
method 210F, dated 8 Feb 2002, test conditions |, J, K (as applicable) be proposed to the industry
for use until a MIL-STD-750 method can be developed. Method 202 G conditions A (soldering), C
(wave top side), and D (bottom side) may also need to be considered based on construction (eg
TO-254 AA-package) and expected applications. It is also requested that this test be incorporated
into Group C as a periodic test to address process and material variations. It is not unreasonable
to impose this test on a periodic sample of devices from a family of devices (as allowed by Group
C).”

Soldering heat test method 2031 has become a global issue. DSCC first added method 2031 of
MIL-STD 750 to all glass diode specifications after reports of cracked glass and cracked die occurred.
Specifically, after the 1N4148-1 NASA alert was written. Army submitted an essential comment for periodic
testing due to variation in process and materials. Army requested all surface mount devices be tested to
2031.

Industry is now objecting to this test. The following issues have been brought to my attention:
1. This test has references to diodes and not to transistors. (see attachment 1).
Frequency of test.
Package and design sensitivity (see attachment 1), particularly surface mount packages.
Sample size.
Redundancy with solderability.
Number of cycles & temperature extreme.

N o o~ w DN

Cost driver with no benefit.

Industry has commented that certain packages and designs like glass diodes have a direct thermal
path to the die and are sensitive to this test. Many package do not have this feature and are thought not to
be sensitive to this test. RHA MOSFETS in power packages are very expensive and the supplier’s claim
TM 2031 is an unacceptable cost driver. While DSCC recognizes the importance of cost, our primary
concern is that of quality and reliability for our customers.

DSCC has requested this subject be put on the JC-22, JC-25, and JC-13.1 agenda’s for further
discussion. We have formed a soldering heat task group at JC-13.1 and at JC-13.5. The 2031 test method
needs to be re-written using MIL-STD-202 METHOD 210 as a baseline. DSCC is looking for data to justify
the Army request to expand the scope of this test to group C (periodic), while the manufacturers object to
the group E (qualification) implementation of TM 2031 for devices not susceptible to soldering heat. Any
information or insight the Army and device manufacturers can provide in this issue to support their position
would be greatly appreciated.



The users at JEDEC G-12 (January 04) meeting commented that there are many soldering profiles
including hand soldering. The suppliers are asking for the users and government to identify their soldering
process and profiles, while at the same time users want the devices characterized in terms of their design
capability. Suppliers are calling for users to understand the procedures, which govern hand soldering to
boards. Suppliers are accusing users of violating device ratings and safe soldering practices. A soldering
expert will be speaking on this issue at the next JEDEC meeting.

Suppliers have made the following comments:

“Here’s what | believe you should do with this request. Remove the requirement from all existing
slash sheets. This requirement (if needed) should reside in the general spec 19500 and | propose
that you perform an EP study to determine relevance.”

Martin Enright

“It is a little difficult to derive the costs for implementing this proposed test method in Group C, as
the specific devices/package-types and test conditions are not fully defined. The

requester suggests conditions I, J, K, A, C and D may (all?) be appropriate, which implies a range
of necessary equipment from a simple soldering iron to vapor phase reflow chambers. If applied to
all ceramic surface mount packages with these proposed test conditions, the implementation

cost could range from modest to quite significant.

More importantly, the benefits are far too vaguely defined to justify even modest implementation
costs. From a Semicoa perspective, if the request continues to apply to a broad set of package
types, it is appropriate to address in 19500 (as suggested by Martin Enright at IR). A slash-sheet
approach seems appropriate (and manage-able) only if the request can be narrowed in scope to
particular constructions with historical soldering-heat issues.”

Regards,
Dave Dickens

Engineering Manager, Semicoa

lll. DISCUSSIONS: After reviewing the various inputs from the military departments, NASA,
semiconductor manufacturers and equipment manufacturers, DSCC offers the following:

a. The current method 2031 in MIL-STD-202 does not address the various methods used for
soldering semiconductors. The method only simulates a solder-dip process for diodes.
Today there is no wave solder, infrared or vapor phase simulations and the method is
inadequate in that respect. MIL-STD-202 method 210 offers a bench mark for passive
components that could be incorporated into method 2031 to address these deficiencies and
tailor requirements to the semiconductor industry.

b. After trying to resolve the military essential comments on soldering heat by including the
existing method 2031 into MIL-PRF-19500 spec sheets, DSCC has concluded that this
approach is not workable. As noted previously, the existing method 2031 is not adequate.
Furthermore, trying to resolve this issue at the specification sheet is a piecemeal approach
at best that will take years to incorporate into the hundreds of MIL-PRF-19500 spec sheets.
DSCC is of the opinion that this approach is not in the interest of the government or industry.

C. This soldering heat issue should be addressed at the general specification level in MIL-PRF-
19500. When the government and industry have agreed on the technical approach a single
change can be made to MIL-PRF-19500 and the change is invoked across all spec sheets.
No spec sheets would have to be modified. To this end, we have requested the military



agencies that have submitted essential comments to date on this issue, wait and allow these
comments to be addressed via this EP Study and the subsequent action on the general
specification MIL-PRF-19500.

IV. PROPOSAL: DSCC proposes the following steps to achieve this plan:

1. To address the current deficiencies in method 2031, the following attached revised test
method is being distributed for your review and comments. (Note: This is a derivative of the
MIL-STD-202 method 210).

2. To facilitate invoking the soldering heat requirements in the general spec versus changing
every spec sheet DSCC has prepared a grouping of semiconductor packages. The applicable
soldering heat test conditions shall be performed on each package family to prove design
capability. See attachment 2 for package family grouping and applicable test conditions.
DSCC solicits input from the military/industry on the test conditions proposed.

3. To address the issue of where to perform the new soldering heat method, soldering heat
would be performed in Group E and invoked on all applicable detail specifications by 19500.

4. Periodical testing shall be performed as applicable on a case-by-case basis on sensitive
packages only. Suppliers shall submit a list of their sensitive packages as applicable.

5. Each supplier shall submit their proposed package family from their qualified parts for review.

6. A sample size of 3 devices with zero failures would be required for each applicable test
condition.

7. Group A, subgroup 2, electrical endpoints and hermetic seal would be performed after the
resistance to soldering heat for failure criteria.

V. CONCLUSION: DSCC believes we cannot solve our soldering heat issues at the specification sheet
level. We must address a global plan with MIL-PRF-19500 that will invoke soldering heat on all
applicable products with the specific conditions and requirements that are applicable for our different
technologies and packages.

VI. RECOMMENDATIONS: DSCC will address Army’s essential comments with this EP study and with
the help of the JEDEC committees and task groups.

DSCC will incorporate the results of this study into MIL-STD-750 and MIL-PRF-19500.



MIL-STD-750

METHOD 2031.1
RESISTANCE TO SOLDERING HEAT

1. PURPOSE. This test is performed to determine whether wire and other component parts can withstand the
effects of the heat to which they will be subjected during the soldering process (solder iron, solder dip, solder wave, or
solder reflow). The heat can be either conducted heat through the termination into the component part, or radiant heat
from the solder bath when in close proximity to the body of the component part, or both. The solder dip method is
used as a reasonably close simulation of the conditions encountered in wave soldering, in regard to radiated and
conducted heat. This test also is intended to evaluate the impact of reflow techniques to which components may be
exposed. The heat of soldering can cause solder reflow which may affect the electrical characteristics of the
component part and may cause mechanical damage to the materials making up the part, such as loosening of
terminations or windings, softening of insulation, opening of solder seals, and weakening of mechanical joints.

2. APPARATUS.

2.1 Solder pot. A static solder pot, of sufficient size to accommodate the mounting board (see 2.4) and to Immerse
the terminations to the depth specified for the solder dip (without touching the bottom of the pot), shall be used. This
apparatus shall be capable of maintaining the solder at the temperature specified. The solder bath temperature shall
be measured in the center of the pot at a depth of at least .500 inch (12.7 mm), but no deeper than 1 inch (25.4 mm)
below the surface of the solder.

2.2 Heat sinks or shielding. The use of heat sinks or shielding is prohibited except when it is a part of the
component. When applicable, heat sinks or shielding shall be specified in the individual specification, including all of
the details, such as materials, dimensions, method of attachment, and location of the necessary protection.

2.3 Fixtures. Fixtures, when required, shall be made of a non-solderable material designed so that they will make
minimum contact (i.e., minimum heat sink) with the component. Further, they shall not place undue stress on the
component when fixtured.

2.4 Mounting board. A mounting board, in accordance with NEMA grade FR-4 of IPC-4101, 9 square inches
(i.e., 3x3,1x09, etc.), minimum area, .062 inch £.0075 inch (1.57 mm £.191 mm) thick, shall be used, unless
otherwise specified. Component lead holes shall be drilled such that the diametrical clearance between the hole and
component terminals shall not exceed .015 inch (0.38 mm). Metal eyelets or feed-throughs shall not be used. Surface
mount boards, when specified in the individual specification, shall have pads of sufficient size and number to
accommodate the component being tested.

2.5 Solderiron. A solder iron, capable of maintaining a temperature of 350°C +10°C, shall be used.

2.6 Reflow chambers. The reflow chambers or equivalent (Vapor Phase Reflow (VPR) chamber, Infrared Reflow
(IRR) oven, air circulating oven, etc.) shall be of sufficient size to accommodate the mounting board and components
to be tested. The chamber shall be capable of generating the specified heating rate, temperatures, and environments.

2.7 Temperature measurement. Low mass thermocouples that do not affect the heating rate of the sample shall be
used. A temperature recording device is recommended. The equipment shall be capable of maintaining an accuracy
of £1°C at the temperature range of interest.

3. MATERIALS.

3.1 Solder. The solder or solder paste shall be tin-lead alloy with a nominal tin content of 50 percent to 70 percent
in accordance with ANSI/J-STD-006, “Requirements for Electronic Grade Solder Alloys and Fluxed and Non-Fluxed
Solid Solders for Electronic Soldering Applications” or ANSI/J-STD-005, “Requirements for Soldering Pastes”. When
specified in the individual specification, other solders can be used provided they are molten at the specified
temperature.

METHOD 2031
2004
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MIL-STD-750

3.2 Flux. When flux is used, it shall conform to type A of ANSI/J-STD-004, “Requirements for Soldering Fluxes”, or
as specified in the individual specification.

3.3 VPR fluid. A perfluorocarbon fluid that has a boiling point of 215°C shall be used.

4. PROCEDURE.

4.1 Special preparation of specimens. Any special preparation of specimens prior to testing shall be as specified in
the individual specification. This could include specific instructions such as bending or any other relocation of

terminations, cleaning, application of flux, pretinning, or attachment of heat sinks or protective shielding (see 2.2), prior
to the solder immersion.

4.2 Preparation of solder bath. The molten solder shall be agitated to assure that the temperature is uniform. The
surface of the solder shall be kept clean and bright.

4.3 Application of flux. When flux is used, the terminations to be tested shall be immersed in the flux (see 3.2),
which is at room ambient temperature, to the depth specified for the solder dip. The duration of the immersion shall be
from 5 seconds to 10 seconds.

4.4 Test conditions. Unless otherwise specified in the individual specification, the test shall be performed on all
solder terminations attached to the component part. There are six types of soldering techniques covered by these test
conditions. The test conditions are outlined below and in table I.

Test condition A: Solder iron - Hand soldering of solder cups, through hole components, tab and post
terminations, solder eyelet terminations.

Test condition B: Solder dip - Simulates hot solder dipping (tinning) of leaded components.
Test condition C: Wave solder - Simulates wave solder of topside board mount product.
Test condition D: Wave solder - Simulates wave solder of bottom side board mount product.
Test condition H: VPR - VPR environment without preheat.

Test conditions |, J, K:  Infrared/Convection reflow - Simulates IRR, natural convection, and forced air
convection reflow environments.

4.4.1 Test condition A: Solder iron.

a. When testing a solder cup, tab and post termination, or solder eyelet termination, the applicable wire size,
properly prepared for the solder termination, shall be attached in the appropriate manner.

When testing a board mount component, the component shall be placed on a mounting board (see 2.4).

b. When specified, the components shall be fluxed (see 4.3).

c. Unless otherwise specified, a solder iron in accordance with 2.5 shall be used.

d. The solder iron shall be heated to 350°C +10°C and applied to the termination for a duration of 4 seconds to 5
seconds as specified in table I. The solder and iron shall be applied to the area of the assembly closest to

the component body that the product is likely to experience. For surface mount components, the iron shall be
placed on the pad only.

METHOD 2031
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f.

MIL-STD-750

Remove the iron and allow the component to cool and stabilize at room ambient conditions. If flux was used,
the component shall be cleaned using an appropriate cleaning solution.

The component shall be visually examined under 10X magnification.

4.4.2 Test condition B: Solder dip.

e.

Place the component in an appropriate fixture (see 2.3).

When specified, the leads shall be fluxed (see 4.3).

The specific combination of temperature, immersion and emersion rate, immersion duration, and number of
heats shall be as specified in table I. Unless otherwise specified, terminations shall be immersed to within
.050 inch (1.27 mm) of the component body. Terminations shall be immersed simultaneously, if the geometry
of the component permits.

After the solder dip, the component shall be allowed to cool and stabilize at room ambient conditions. If flux
was used, the component shall be cleaned using an appropriate cleaning solution.

The component shall be visually examined under 10X magnification.

4.4.3 Test condition C: Wave solder - topside board mount component.

a.

f.

The component under test shall be mounted on a mounting board (see 2.4).

Wire leads: Wire leads shall be brought through the board holes and bent at least 30 degrees from a line
perpendicular to the board. Leads shall extend from .050 inch to .100 inch (1.27 mm to 2.54 mm) from the
bottom of the board. Axial leads shall be bent at a 90° angle at a point between .06 inch and .08 inch (1.5
mm and 2.1 mm) from the body, eyelet fillet or weld unless otherwise specified (see figure 210-1).

Pin leads: Where the component is designed with rigid pin leads, the full length of the termination shall be
retained. Pin leads shall not be cut or bent (see figure 210-1).

When specified, the leads shall be fluxed (see 4.3).
The specific combination of temperature, duration, and number of heats shall be as specified in table I.

The components, mounted on the board, shall be immersed in the solder pot so that the bottom of the board
floats on the molten solder.

After the float, the components shall be allowed to cool and stabilize at room ambient conditions. If flux was
used, the components shall be cleaned using an appropriate cleaning solution.

The components shall be visually examined under 10X magnification.

4.4.4 Test condition D: Wave solder — bottom side board mount product.

Place the component in an appropriate fixture (see 2.3).
When specified, the terminations shall be fluxed (see 4.3).
The specific combination of temperature, preheat conditions, immersion and emersion rates, immersion

duration, and number of heats shall be as specified in table I.

METHOD 2031
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The component shall be preheated and fully immersed in the solder bath in accordance with 4.4.4c.

After the immersion, the component shall be allowed to cool and stabilize at room ambient conditions. If flux
was used, the component shall be cleaned using an appropriate cleaning solution.

The component shall be visually examined under 10X magnification.

Test condition H: Vapor phase reflow soldering.

Components shall be mounted on a mounting board (see 2.4). Through-hole mounted components shall
have their terminals inserted into the termination holes. Surface mount components shall be placed on top of
the board.

A test chamber (see 2.6) shall be used which is large enough to suspend the mounting board without
touching the sides or the solution. The VPR fluid shall be placed in the test chamber and shall be heated until
it is boiling. The solution shall be allowed to boil for 5 minutes prior to suspending the mounting board.

The specific combination of temperature, duration of exposure, and number of heats shall be as specified in
table I.

After chamber equalization, the mounting board shall be suspended into the vapor in a horizontal plane. The
mounting board shall not touch the solution.

After the heat, the components shall be allowed to cool and stabilize at room ambient conditions. If a solder
paste was used, the component shall be cleaned using an appropriate solution.

The components shall be visually examined under 10X magnification.

Test conditions |, J, K: Infared/convection reflow soldering.

Components shall be mounted on a mounting board (see 2.4). Through-hole mounted components shall
have their terminals inserted into the termination holes. Surface mount components shall be placed on top of
the board.

A test chamber as specified in 2.6 shall be used.

A low mass thermocouple shall be attached tightly to the component at an appropriate position away from the
edges.

The specific combination of temperature, preheat, duration, and number of heats shall be as specified by test
condition 1, J, or K in table | and the individual procurement document.

The board shall be placed into the test chamber and the temperature of the component ramped at a rate of
1°C/s to 4°C/s as measured by the thermocouple. The assembly shall be above 183°C for 90 seconds to 120
seconds and held at the final temperature and time designated by the test condition. The assembly shall then
be allowed to cool to room ambient temperature. This constitutes one heat cycle. The assembly shall be
exposed to three heat cycles.

The components shall be visually examined under 10X magnification.

METHOD 2031

2004



MIL-STD-750

5. EXAMINATIONS AND MEASUREMENTS. Examinations and measurements to be made before and after the
test, as applicable, shall be as specified in the individual specification. After the procedure, the specimens shall be
allowed to cool and stabilize at room ambient conditions, for the time specified in the individual specification.

5.1 Internal examination. When specified, internal examination of the part shall be made after the test to check for
solder reflow or heat damage.

6. SUMMARY. The following details are to be specified in the individual specification:
a. The use of heat sinks or shielding is prohibited except when they are part of the component (see 2.2).
b. Mounting board, if different from that specified (see 2.4).
c. Solder, if different from that specified (see 3.1).
d. Flux, if applicable and if different from that specified (see 3.2, 4.1, and 4.3).
e. Solder terminations that are not to be tested, if applicable (see 4.4).
f.  Special preparation of specimens if applicable (see 4.1).
g. Depth of immersion in the molten solder, if different from that specified (see 4.4.2).
h. Test condition letter (see 4.4).
i.  Cooling time prior to final examinations and measurements (see 4.4 and 5).
j-  Examinations and measurements before and after test, as applicable (see 5).

k. Method of internal inspection, if required (see 5.1).

METHOD 2031
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TABLE |. Test conditions.

Solder technique Test Temperature Time Temperature ramp/ Number
simulation condition (°C) (s) immersion and emersion of
rate heat
cycles
Solder iron A 350 £10 4-5 1
(solder iron temp)
Dip B 260 5 101 25mm/s 6 mm/s 1
(solder temp)
Wave: Topside C 260 5 20 +1 1
board-mount product (solder temp)
Wave: Bottomside D 260 +5 10+1 | Preheat 1°C/s-4°C/s to within 1
board-mount product (solder temp) 100°C of solder temp.
25 mm/s £ 6 mm/s
E CANCELLED
F CANCELLED
G CANCELLED
Vapor phase reflow H 21545 60 +5 1
(vapor temp)
IR/convection reflow | 215 +5 30 5 | 1°C/s-4°C/s; time above 183°C, 3
(component temp) 90s-120s
J 23515 3015 1°C/s-4°C/s; time above 183°C, 3
(component temp) 90s-120s
K 250 +5 30 5 | 1°C/s-4°C/s; time above 183°C, 3
(component temp) 90s-120s

Test condition E is cancelled; use test condition C.
Test condition F is cancelled; use test condition B.
Test condition G is cancelled.

METHOD 2031
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MIL-STD-750

.06 TO .08 INCH
(1 52 mm) (2.03 mm)
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FIGURE 1. Component lead and mounting examples.
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_ 205 Crawford Street
International Leominster MA 01453

IR Rectifier
HI-REL PRODUCTS

Date: 10/8/03

Defense Supply Center Columbus

3990 East Broad Street

Columbus OH 43216

ATT'N Mr. Alan Barone (DSCC-VACQC)

Dear Mr. Barone

Internal Rectifier does not agree (in fact we strongly disagree) with the decision to add
solder heat to group E tests for MOSFETS detail performance specifications. We have
not seen or discussed any rationale for applying this test to our products.

During the die attach process our product is exposed to peak temperatures up to
approximately 360 degrees centigrade for two to three minutes depending on the
materials involved. This temperature and dwell time is far in excess of the requirements
of the solder heat test currently under consideration for inclusion in the slash sheets.
Furthermore, the test method 2031 currently specified, was specifically written for glass
body diodes and does not apply to our products.

Before any new specification requirements are added to the slash sheets, the
sponsor/proponent of the requested action needs to justify (with data) the need for
change. In addition, this topic should be discussed at JEDEC/G12 where we can all get
some appreciation of the magnitude of the problem prior to implementation,

To better serve our customers, International Rectifier constantly strive to eliminate non
value added cost drivers from our product base and even though this requirement is
only performed in device qualification, we see it as a meaningless (non value added)cost
driver.

Please respond at your earliest convenience as we are holding up issuing kits to
manufacturing until this is resolved.

Should you have any questions, please feel free to call me at any time

/yerel Y,
M.mm Enri

Director of Quality Assurance



8.

9.

Package Family Grouping Proposal

. Case mounted cans

. Lead mounted cans

. Axial leaded Glass (tungsten) class | bond

. Glass surface mount (tungsten) class | bond

. Glass surface mount (dumet) class Il & 11l bond
. Axial leaded Glass (dumet) class Il & IIl bond

. Case mounted packages with ceramic seals

Dual In line packages

Flat packs

10. UA and UB

11. U1 thru U4 Also known as SMD1, 2, .5 and .22

12. Studs are exempt from any soldering heat testing

A- Soldering iron
C- Topside wave solder
H- Vapor phase

Infrared

conditon A& C
condition A& C
condition A& C
condition A,C & H
condition A, C, H, & |
conditon A& C
conditon A& C
condition A& C
condition A & C
condition A,C,H & |

conditions A, C, H & |



jo

abed

CWUY Ctwy

*suofjsenb jnjqnop Aue Jnoqe [9suno? [eseuss HIAIAr @y3 insuon Ajleapoadse. ‘sweibosd
ejep Supexiew pue uojezipiepuess Bupieauibus 10} || pue || sued ul saping je1oadg 89S "apIS 9SI9AI ‘SBPING JeIBuas) ‘| Jeg
99g _a1eymesis 10 Bugesw siyj je possnos|p oq Jou jleys ,seuljeping jefe, DIAI 3Y) JOpun uopesep|suc oy jedosduwi §199[qNS  SINVIIOLLNV TV OL

dl-v> " apy @42 ~ s

A=Al 3]

SIVIA dodgiyy

N Grevg ey Q@w&

Ly
Ho 0 /rIG) ouSOU NIMAGTAT | G- hog-Sh 8% S Wl || rumtinapyy ousy]
¥ <y \JCT = 7 : -
TH ([ TG I 1 2298 VN[ D | eoumad g
2 0 di&% r&«io.\ﬁu HI0E -ChE-hIL (%% 7s0) v KV TES wm }\&Seh S@\Q“
SO SV BHEY oI | OLLS HES (&6) A mw B BZ YL
e 75 w\ m&x% LASP-Z4P 47 ) deN— 2057 £) 553 A
[ ARGy G o |5 90-249 (77 PR I A et A ¢
PEREXECEL LTI TGN [ D | 100D %nial
N u.\w.ﬁw‘w@.‘.v:\z AW@“SMW«J&JJ\,U,& T\W\ﬂ QN.WQQN\N\ \w\.}a\w\mr& UJS\ i ‘W\u@\%‘ an\q N»Wt
m, !\3 ?ﬁwﬁuw& Q\N kﬂé& Sm&m Y2 RLb | WY rgs) y.,cL + Lﬁt@— {7\@
S TR ITS I T TPl L h~BR~80S sh2D OV XV SIS NN
< g V) SIIIGIE | ZIZLEhZ LS| el v | 2)-4 JP37 2oL
WD T2 B TP S - pp-g) 9 ))° ORalof] 1€ 1-9 |~ gy
HLINELLRIQDAY | B/~ Fos-LTL i e/~ V19 som
Sﬁﬂuwh:\\\oﬂ\\,vaﬁ&\uﬁ& @JOM.\Z\NS;/ \\\M mmvN% W\m“ W\S\\\OQ \NQ.\.JV\OAV.Q .N\\m ‘Q\.ﬂdww:\( .Y,SQﬂ
SOSJ [T | o ergty
"ONILIIW dNOUD ¥SV.L SIHL ONIGNZLLY SNOS¥Id O ATNO S LIFHS NI-NOIS SIHL
. - R O - ) R —
osut a0 VW ~ 3NOHdTMAL - © anvamoo || (elem iNmd 3svatd)
0K H | e S - | isnivis _
olyQ ‘snquinjon snqunjo) ayj o:owwﬁohwwuwﬂwﬂoom”qu%w p0/L2/6
NOILYDOT | _ 3US ONILIAN J0INYN | IFILUWWODENS AILLINNOD | :(S)ALV Jun u ‘ o
\ 4 | a——

133HS NI"NOIS dNOUD MSV.L F3LLINNOD




jo

" abeg

LU/bL Aed

‘suojjsanb jnjagnop Aue Jnoqe [asunoy) [esauss) HIAAJ Y} Insuo) “Ajdapoadsal ‘sweiboad
ejep Bupexiew pue uoijezipiepue)s Buiiosuibuo 10y || pue || Sed Ul S9PING [B109dG 998 "9PIS BSI9ASI ‘SBPING) |BIBUDY) ‘| Ued
e9g -aioymesie 10 Buieeiu siy) je passnIsIp aq Jou jjeys , seuljeping jebaq,, 93q3r 9y} Jepun uolje1apisuod io} jadoidwy s30dfqng  :SINVJIDILYYL 11V OL

._.mm_._m NI"NOIS dNOUO MSV.L IILLINNOD

B 3TIY T ) 79198 Ltha -niS-SLb AL uf 221y iz
—wbo IVI AHELy || PF-Ro - 21} A = ZAZVEAR D,
P - {
e .W\,M ® 10y Aot & 722.(>\%) 3T N V) oy
R N Y i L I YVPRSC VWRTE S Y LOSSTIW| /| fTROW D7)
—> :sou.s\.o\& @S\\\GQL 21628259 584 o T Y wEsey I\ < ey éz@
[T TP TPOT PR VoS DOTE 35T hID SV © PPN YN
[T @S I [ AEPE 76D (477 -0 | 9 ey P
D I GFRBIZIN | g 05— 275 P—E Nt N\\n\ >/ A FosT A 77T LY
] o . 2 , Vi
- sx)_d.w ® HHm2w)- Q&..‘. R~ P~ b= O+ [ Y ity \3§§¥< 5 éﬁg 7 .P aanv w@v_
"ONILIIW dNOYD YSVL SIHL ONIONILLY SNOSY¥Id ¥O4 ATNO Si LITHS NI-NOIS SIHL
|~ paBueyd T - L ] ousane T o o
ojun 1oeI0 NN INOHJITAL . ANVAWOD (W) uaLw | ;..m_mm._wnw_n 3SYad)
anok i p L e _SNLVIS
$92110E1J SULIIP[OS O JOURSISITY
o0 ‘snquinjod SnAWNeD UL | suoseg uely - $0£0 DL 990 v0/12/6
NOILYDOT '3LIS ONILIZW 40 IWVN | 3ILLINWODENS /AZLLINWOD | :(s)aLva J un u
O ——




Attachment 3

MIL-STD-750
METHOD 2031.1

RESISTANCE TO SOLDERING HEAT

1. PURPOSE. This test is performed to determine whether wire and other component parts can withstand the
effects of the heat to which they will be subjected during the soldering process (solder iron, solder dip, solder wave, or
solder reflow). The heat can be either conducted heat through the termination into the component part, or radiant heat
from the solder bath when in close proximity to the body of the component part, or both. The solder dip method is
used as a reasonably close simulation of the conditions encountered in wave soldering, in regard to radiated and
conducted heat. This test also is intended to evaluate the impact of reflow techniques to which components may be
exposed. The heat of soldering can cause solder reflow which may affect the electrical characteristics of the
component part and may cause mechanical damage to the materials making up the part, such as loosening of
terminations or windings, softening of insulation, opening of solder seals, and weakening of mechanical joints.

2. APPARATUS.

2.1 Solder pot. A static solder pot, of sufficient size to accommodate the mounting board (see 2.4) and to Immerse
the terminations to the depth specified for the solder dip (without touching the bottom of the pot), shall be used. This
apparatus shall be capable of maintaining the solder at the temperature specified. The solder bath temperature shall
be measured in the center of the pot at a depth of at least .500 inch (12.7 mm), but no deeper than 1 inch (25.4 mm)
below the surface of the solder.

2.2 Heat sinks or shielding. The use of heat sinks or shielding is prohibited except when it is a part of the
component. When applicable, heat sinks or shielding shall be specified in the individual specification, including all of
the details, such as materials, dimensions, method of attachment, and location of the necessary protection.

2.3 FEixtures. Fixtures, when required, shall be made of a non-solderable material designed so that they will make
minimum contact (i.e., minimum heat sink) with the component. Further, they shall not place undue stress on the
component when fixtured.

Mounting board. A mounting board, in accordance with NEMA grade FR-4 of IPC-4101, 9 square inches
(i.e., 3x3,1x09, etc.), minimum area, .062 inch £.0075 inch (1.57 mm £.191 mm) thick, shall be used, unless
otherwise specified. Component lead holes shall be drilled such that the diametrical clearance between the hole and
component terminals shall not exceed .015 inch (0.38 mm). Metal eyelets or feed-throughs shall not be used. Surface
mount boards, when specified in the individual specification, shall have pads of sufficient size and humber to
accommodate the component being tested.

2.5 Solderiron. A solder iron, capable of maintaining a temperature of 350°C +10°C, shall be used.

2.6 Reflow chambers. The reflow chambers or equivalent (Vapor Phase Reflow (VPR) chamber, Infrared Reflow
(IRR) oven, air circulating oven, etc.) shall be of sufficient size to accommodate the mounting board and components
to be tested. The chamber shall be capable of generating the specified heating rate, temperatures, and environments.

2.7 Temperature measurement. Low mass thermocouples that do not affect the heating rate of the sample shall be
used. A temperature recording device is recommended. The equipment shall be capable of maintaining an accuracy
of £1°C at the temperature range of interest.

3. MATERIALS.

3.1 Solder. The solder or solder paste shall be tin-lead alloy with a nominal tin content of 50 percent to 70 percent
in accordance with ANSI/J-STD-006, “Requirements for Electronic Grade Solder Alloys and Fluxed and Non-Fluxed
Solid Solders for Electronic Soldering Applications” or ANSI/J-STD-005, “Requirements for Soldering Pastes”. When
specified in the individual specification, other solders can be used provided they are molten at the specified
temperature.
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3.2 Flux. When flux is used, it shall conform to type A of ANSI/J-STD-004, “Requirements for Soldering Fluxes”, or
as specified in the individual specification.

3.3 VPR fluid. A perfluorocarbon fluid that has a boiling point of 215°C shall be used.

4. PROCEDURE.

4.1 Special preparation of specimens. Any special preparation of specimens prior to testing shall be as specified in
the individual specification. This could include specific instructions such as bending or any other relocation of

terminations, cleaning, application of flux, pretinning, or attachment of heat sinks or protective shielding (see 2.2), prior
to the solder immersion.

4.2 Preparation of solder bath. The molten solder shall be agitated to assure that the temperature is uniform. The
surface of the solder shall be kept clean and bright.

4.3 Application of flux. When flux is used, the terminations to be tested shall be immersed in the flux (see 3.2),
which is at room ambient temperature, to the depth specified for the solder dip. The duration of the immersion shall be
from 5 seconds to 10 seconds.

4.4 Test conditions. Unless otherwise specified in the individual specification, the test shall be performed on all
solder terminations attached to the component part. There are six types of soldering techniques covered by these test
conditions. The test conditions are outlined below and in table I.

Test condition A: Solder iron - Hand soldering of solder cups, through hole
components, tab and post terminations, solder eyelet terminations.

Test condition B: Solder dip - Simulates hot solder dipping (tinning) of leaded components.
Test condition C: Wave solder - Simulates wave solder of topside board mount product.
Test condition D: Wave solder - Simulates wave solder of bottom side board mount product.
Test condition H: VPR - VPR environment without preheat.

Test conditions I, J, K: Infrared/Convection reflow - Simulates IRR, natural
convection, and forced air convection reflow environments.

4.4.1 Test condition A: Solder iron.

a. When testing a solder cup, tab and post termination, or solder eyelet termination, the
applicable wire size, properly prepared for the solder termination, shall be attached in the
appropriate manner.

When testing a board mount component, the component shall be placed on a mounting board (see 2.4).
b. When specified, the components shall be fluxed (see 4.3).

c. Unless otherwise specified, a solder iron in accordance with 2.5 shall be used.

d. The solder iron shall be heated to 350°C £10°C and applied to the termination for a
duration of 4 seconds to 5 seconds as specified in table I. The solder and iron shall be applied
to the area of the assembly closest to the component body that the product is likely to
experience. For surface mount components, the iron shall be placed on the pad only.
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e. Remove the iron and allow the component to cool and stabilize at room ambient
conditions. If flux was used, the component shall be cleaned using an appropriate cleaning
solution.

The component shall be visually examined under 10X magnification.

4.4.2 Test condition B: Solder dip.

a. Place the component in an appropriate fixture (see 2.3).

b. When specified, the leads shall be fluxed (see 4.3).

c. The specific combination of temperature, immersion and emersion rate, immersion duration, and number of
heats shall be as specified in table I. Unless otherwise specified, terminations shall be immersed to within .050 inch
(1.27 mm) of the component body. Terminations shall be immersed simultaneously, if the geometry of the component
permits.

d. After the solder dip, the component shall be allowed to cool and stabilize at room ambient conditions. If flux
was used, the component shall be cleaned using an appropriate cleaning solution.

e. The component shall be visually examined under 10X magnification.

4.4.3 Test condition C: Wave solder - topside board mount component.

a. The component under test shall be mounted on a mounting board (see 2.4).

Wire leads: Wire leads shall be brought through the board holes and bent at least 30 degrees from a line
perpendicular to the board. Leads shall extend from .050 inch to .100 inch (1.27 mm to 2.54 mm) from the bottom of
the board. Axial leads shall be bent at a 90° angle at a point between .06 inch and .08 inch (1.5 mm and 2.1 mm) from
the body, eyelet fillet or weld unless otherwise specified (see figure 210-1).

Pin leads: Where the component is designed with rigid pin leads, the full length of the termination shall be
retained. Pin leads shall not be cut or bent (see figure 210-1).

b. When specified, the leads shall be fluxed (see 4.3).
c. The specific combination of temperature, duration, and number of heats shall be as specified in table I.

d. The components, mounted on the board, shall be immersed in the solder pot so that the bottom of the board
floats on the molten solder.

e. After the float, the components shall be allowed to cool and stabilize at room ambient conditions. If flux was
used, the components shall be cleaned using an appropriate cleaning solution.

f.  The components shall be visually examined under 10X magnification.

4.4.4 Test condition D: Wave solder — bottom side board mount product.

a. Place the component in an appropriate fixture (see 2.3).
b. When specified, the terminations shall be fluxed (see 4.3).
c. The specific combination of temperature, preheat conditions, immersion and emersion rates, immersion

duration, and number of heats shall be as specified in table I.
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d. The component shall be preheated and fully immersed in the solder bath in accordance with 4.4.4c.

e. After the immersion, the component shall be allowed to cool and stabilize at room ambient conditions. If flux
was used, the component shall be cleaned using an appropriate cleaning solution.

f.  The component shall be visually examined under 10X magnification.

4.4.5 Test condition H: Vapor phase reflow soldering.

a. Components shall be mounted on a mounting board (see 2.4). Through-hole mounted components shall
have their terminals inserted into the termination holes. Surface mount components shall be placed on top of the
board.

b. Atest chamber (see 2.6) shall be used which is large enough to suspend the mounting board without
touching the sides or the solution. The VPR fluid shall be placed in the test chamber and shall be heated until it is
boiling. The solution shall be allowed to boil for 5 minutes prior to suspending the mounting board.

c. The specific combination of temperature, duration of exposure, and number of heats shall be as specified in
table I.

d. After chamber equalization, the mounting board shall be suspended into the vapor in a horizontal plane. The
mounting board shall not touch the solution.

e. After the heat, the components shall be allowed to cool and stabilize at room ambient conditions. If a solder
paste was used, the component shall be cleaned using an appropriate solution.

f.  The components shall be visually examined under 10X magnification.

4.4.6 Test conditions |, J, K: Infared/convection reflow soldering.

a. Components shall be mounted on a mounting board (see 2.4). Through-hole mounted components shall
have their terminals inserted into the termination holes. Surface mount components shall be placed on top of the
board.

b. A test chamber as specified in 2.6 shall be used.

c. Alow mass thermocouple shall be attached tightly to the component at an appropriate position away from the
edges.

d. The specific combination of temperature, preheat, duration, and number of heats shall be as specified by test
condition 1, J, or K in table | and the individual procurement document.

e. The board shall be placed into the test chamber and the temperature of the component ramped at a rate of
1°C/s to 4°C/s as measured by the thermocouple. The assembly shall be above 183°C for 90 seconds to 120 seconds
and held at the final temperature and time designated by the test condition. The assembly shall then be allowed to
cool to room ambient temperature. This constitutes one heat cycle. The assembly shall be exposed to three heat
cycles.

f.  The components shall be visually examined under 10X magnification.

METHOD 2031
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5. EXAMINATIONS AND MEASUREMENTS. Examinations and measurements to be made before and after the
test, as applicable, shall be as specified in the individual specification. After the procedure, the specimens shall be
allowed to cool and stabilize at room ambient conditions, for the time specified in the individual specification.

5.1 Internal examination. When specified, internal examination of the part shall be made after the test to check for
solder reflow or heat damage.

6. SUMMARY. The following details are to be specified in the individual specification:
The use of heat sinks or shielding is prohibited except when they are part of the component (see 2.2).
Mounting board, if different from that specified (see 2.4).

c. Solder, if different from that specified (see 3.1).

d. Flux, if applicable and if different from that specified (see 3.2, 4.1, and 4.3).

e. Solder terminations that are not to be tested, if applicable (see 4.4).

f.  Special preparation of specimens if applicable (see 4.1).

g. Depth of immersion in the molten solder, if different from that specified (see 4.4.2).
h. Test condition letter (see 4.4).

i.  Cooling time prior to final examinations and measurements (see 4.4 and 5).

j-  Examinations and measurements before and after test, as applicable (see 5).

k. Method of internal inspection, if required (see 5.1).

METHOD 2031
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TABLE |. Test conditions.

Solder technique Test Temperature Time Temperature ramp/ Number
simulation condition (°C) (s) immersion and emersion of
rate heat
cycles
Solder iron A 350 10 4-5 1
(solder iron temp)
Dip B 260 5 101 25mm/s £6 mm/s 1
(solder temp)
Wave: Topside C 260 5 20 +1 1
board-mount product (solder temp)
Wave: Bottomside D 260 5 10+1 | Preheat 1°C/s-4°C/s to within 1
board-mount product (solder temp) 100°C of solder temp.
25 mm/s £ 6 mm/s
E CANCELLED
F CANCELLED
G CANCELLED
Vapor phase reflow H 21545 60 +5 1
(vapor temp)
IR/convection reflow | 215 45 3015 1°C/s-4°C/s; time above 183°C, 3
(component temp) 90s-120s
J 23515 30 £5 | 1°C/s-4°C/s; time above 183°C, 3
(component temp) 90s-120s
K 250 £5 3015 1°C/s-4°C/s; time above 183°C, 3
(component temp) 90s-120s

Test condition E is cancelled; use test condition C.
Test condition F is cancelled; use test condition B.
Test condition G is cancelled.
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.06 TO .08 INCH
(1 52 mm) (2.03 mm)
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FIGURE 1. Component lead and mounting examples.

METHOD 2031
2004
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Package Family Grouping Proposal

. Case mounted cans
. Lead mounted cans
. Axial leaded Glass (tungsten) class | bond

. Glass surface mount (tungsten) class | bond

5. Glass surface mount (dumet) class Il & Il bond
6. Axial leaded Glass (dumet) class Il & 11l bond
7. Case mounted packages with ceramic seals

8. Dual In line packages

9. Flat packs

10. UA and UB

11. U1 thru U4 Also known as SMD1, 2, .5 and .22
12. Studs are exempt from any soldering heat testing
A-

C-
H-

Soldering iron
Topside wave solder
Vapor phase
Infrared

condition A& C
condition A& C
condition A& C
condition A, C & H
condition A, C, H, & |
condition A & C
condition A& C
condition A & C
conditon A& C
condition A, C,H & |

conditions A, C, H & |





