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.  OBJECTIVE: The purpose of this Engineering Practice (EP) Study is to obtain
input/feedback from the military services, manufacturers, users, and other

stakeholders concerning the current usage and potential improvements to MIL-
STD-883-2 test method 2009, “External Visual”

. BACKGROUND: Defense Logistics Agency (DLA) Weapons Support (Columbus)
published MIL-STD-883-2 test method 2009, on 12 January 2022 and have made
minimal changes to the method to date. The intention is to ensure that this test
method is keeping up with the current requirements of the other test methods in
MIL-STD-883.

[ll.  RESULTS: The EP Study project was opened, and an initial draft was posted on
the web and distributed on February 4, 2026 for review and comments. Inputs were
solicited from all interested parties, including the military services, microcircuit
manufacturers, original equipment manufacturers, and user communities
concerning the test method.

IV. CONCLUSIONS: The highlighted changes to the test method (see attachment 1)
should be proposed for incorporation into the next standardization document
change action to MIL-STD-883-2.

V. RECOMMENDATIONS: The findings of this EP study are sufficient to support
updating the method. Prepare an initial draft of MIL-STD-883-2 using the results
of this study for the draft of test method 2009.

The point of contact for this final report is Mr. Chance Hunter, DLA Weapons Support (Columbus)- VAS, P. O. Box 3990,
Columbus, OH 43218-3990. Mr. Hunter can also be reached at 614-693-0496, or by electronic mail at:
chance.hunter@dla.mil.
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ATTACHMENT 1
METHOD 2009.16 DRAFT
EXTERNAL VISUAL

1. PURPOSE. The purpose of this test method is to verify the workmanship of packaged devices. This test method
shall also be utilized to inspect for damage due to handling, assembly, and/or test of the packaged device. This
examination is normally employed at outgoing inspection within the device manufacturer's facility, or as an incoming
inspection of the assembled device.

2. APPARATUS. Equipment used in this test shall be capable of demonstrating device conformance to the applicable
requirements. Equipment shall include optical devices capable of magnification of at least 1.5X to 10X, with a relatively
large and accessible field of view.

3. PROCEDURE

3.1 Magnification. Devices shall be examined at 1.5X to 10X magnification. Devices may be examined anywhere in
the range of 1.5X to 10X; however, acceptable product must be capable of passing all criteria when examined at 10X

magnification. Individual glass seals (see 3.3.9) shall be examined at 7X to 10X magnification.

3.2 Foreign material. When foreign material is present, and its adherence is in question, the device may be subjected
to a clean filtered gas stream (vacuum or expulsion) of approximately 20 psig.

3.3 Failure criteria. Devices shall fail if they exhibit any of the following:
3.3.1 General.
a. lllegible marking, or marking content or placement not in accordance with the applicable specification.
b. Presence of any secondary coating material that visually obscures a seal area(s) (i.e., any hermetic interface).

c. Evidence of any nonconformance with the detail drawing or applicable procurement document, or absence of
any required feature.

3.3.2 Foreign/displaced material.

a. Braze material flow, or other foreign material (e.g., contamination or corrosion) that reduces the isolation
between leads or between braze pads to less than 50% of the lead separation (pad separation for brazed leads)
but in no case less than the case outline minimum.

b. Leads or terminals with foreign material such as paint or other adherent deposits > 5% of the lead surface area.

3.3.3 Construction defects.

a. Protrusions on the bottom (mounting) surface of the package that extend beyond the seating plane.

b. Protrusions (excluding glass run-out) on any other package surface that exceed the lead thickness in height
(leaded packages).

c. Protrusions on the lid or cover, or extending beyond the surface plane of solder pads, that exceed 25% of the
terminal width in height (leadless packages).

d. Metallization not intended by design between solder pads, between elements of thermal patterns and/or
between seal ring or lid to metallized castellations that reduce the isolation to less than 50% of pad separation
(leadless packages).
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3.3.4

Package body/lid finish.

Defective finish (peeling, flaking, pitting, blistering, or corrosion). Discoloration that does not exhibit these
conditions is acceptable.

Scratches, mars, or indentations, either due to damage or processing, that expose base metal. Exposed
underplate is acceptable.

NOTE: The criteria of paragraph 3.3.4 b shall not apply when package body or lid is fabricated from a non-corrosive

3.3.5

a.

b.

alloy such as titanium or aluminum.
Leaded devices.
Broken leads.

Leads or terminals that are not intact or aligned in their normal location, free of sharp or unspecified lead bends,
or twisted more than 20° from the normal lead plane.

Leads with pits and/or depressions that exceed 25% of the width (diameter for round leads) and are greater than
50% of the lead thickness in depth.

Leads with burrs exceeding a height greater than 50% of the lead thickness.

Lead misalignment to the braze pad to the extent that less than 75% of the lead braze section is brazed to the
pad.

Metallization (including solder lead finish) in which the isolation between leads or between lead and other
package metallization is reduced to less than 50% of lead separation (pad separation for brazed leads) but in no
case less than the case outline minimum.

Braze material that increases the lead dimensions to greater than 1.5 times the lead thickness above the design
maximum between the seating plane and the ceramic body or that increases the lead dimensions to greater than
the design maximum below the seating plane.

Scratches that expose base metal over more than 5% of the lead surface area. Exposed base metal on the cut
lead ends is acceptable and does not count in the 5%.

Cracks or tears that expose base metal and extend for more than 25% of the lead width.
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3.3.6 Ball grid array devices.

a. Solder balls with a single anomaly on the surface (exposed void on tip, hole, indentation, or depression) with
depth > 0.003 inch and the sum of the length and width exceeds 50% of the ball diameter (see Figure 2009-1a).
Note: For multiple anomalies, add the length and width of each (see Figure 2009-1b).

b. Solder balls that exhibit peeling, flaking, or blistering.

c. Evidence of flux residue, stains, rust, or signs of corrosion that can be seen at 10X magnification.

d. Solder balls with burrs exceeding 10% of the ball diameter (see Figure 2009-2).

e. For non-collapsing solder balls (e.g., high-Pb):

(1) Dewetting, non-wetting, voids, holes, or pits in the fillet greater than 10% of the surface area (see Figure
2009-3).

(2) Fillet diameter less than 80% of the solder ball diameter (see Figure 2009-4a).
(3) Fillet diameter greater than 110% of the solder ball diameter (see Figure 2009-4b).
(4) Incomplete wetting between the fillet and the non-collapsing ball (see Figure 2009-5).
f. Lifted or missing pad (see Figure 2009-6).
g. Pad dewetting/non-wetting greater than 5% of the pad surface area.
h. Missing metallization more than 5% of the pad surface area.
i. Misaligned solder balls that do not meet the true position drawing requirement.
j.  Solder balls that do not meet the device coplanarity design criterion.

k. Solder balls that fail the design criteria (e.g., height, diameter).
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Void

Void 3
Void 1

Figure 2009-1a Figure 2009-1b

FIGURE 2009-1 Exposed voids on a solder ball.

FIGURE 2009-2 Solder ball with burr.

FIGURE 2009-3 Fillet voids in a non-collapsing solder ball.
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Figure 2009-4a Figure 2009-4b

FIGURE 2009-4 Ball diameter requirements for a non-collapsing solder ball.

FIGURE 2009-5 Incomplete wetting between the fillet and the non-collapsing ball.

FIGURE 2009-6 Lifted pad.
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3.3.7 Column grid array devices.

a. Solder columns with a single anomaly on the column tip (exposed void on tip, hole, indentation, or depression)
with depth > 0.003 inch and the sum of the length and width exceeds 50% of the outer column diameter (see
Figure 2009-7a). Note: For multiple anomalies, add the length and width of each (see Figure 2009-7b).

b. Foreign material, discoloration, or adherent deposits within 0.020 inch of the free end of the column.

c. Evidence of flux residue, stains, rust, or signs of corrosion that can be seen at 10X magnification.

d. Solder columns with cracks that are visible at 10X magnification (see Figure 2009-8).

e. Solder columns that exhibit peeling, flaking, or blistering.

f. Indentations in the column body that is greater than 25% of the column diameter (see Figure 2009-9).

g. Excess solder in the column body (e.g., bumps) that exceeds 20% of the column diameter.

h. Solder fillet height less than half the column diameter for more than 25% of the column circumference (see
Figure 2009-10).

i.  For copper-reinforced columns:
(1) Copper burr that exceeds the column diameter by more than 20% (see Figure 2009-11).
(2) Copper ribbon delamination exceeding 25% of the column circumference (see Figure 2009-12).

(3) Exposed copper more than 5% of the column surface area. Exposed (cut) copper on the free end of the
column is acceptable.

(4) Minor diameter less than 70% of the column major diameter (see Figure 2009-10).

j.  Solder column not on the I/0O pad, causing an incomplete solder fillet around the column, making the bottom
edge of the column visible (see Figure 2009-13).

k. Pad dewetting/non-wetting greater than 5% of the pad surface area.

I.  Missing metallization more than 5% of the pad surface area.

m. Misaligned solder column tips that do not meet the true position drawing requirement (see Figure 2009-14).
n. Solder column tips that do not meet the device coplanarity criterion.

0. Solder columns that fail the design criteria (e.g., height, diameter).
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Figure 2009-7a
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Figure 2009-7b

FIGURE 2009-7 Exposed voids on a solder column.

FIGURE 2009-8 Cracks on a solder column.

;i ;/ Indentation

FIGURE 2009-9 Indentation on a solder column.
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FIGURE 2009-10 Dimensions on a copper-reinforced column.

Copper Burr

|
|\ / ]

FIGURE 2009-11 Copper burr on a copper-reinforced column.

Copper Ribbon
Delamination

FIGURE 2009-12 Copper delamination on a copper-reinforced column.
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Incomplete
Solder Fillet

FIGURE 2009-13 Incomplete fillet on a solder column.

Misaligned Tip
(Side View)
\ Misaligned Tip
(Top View)

FIGURE 2009-14 Misaligned Isolder column tips.3.3.8 Package body/lid - leaded devices (see Figure 2009-15).
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Broken packages or cracks in the packages. Surface scratches shall not be cause for failure except where they
violate other criteria stated herein for marking, finish, etc.

Any chipping (chip-in-place or chipout) dimension that exceeds 0.060 inch in any direction on the surface and
has a depth that exceeds 25% of the thickness of the affected package element (e.g., cover, base, or wall).

External lead metallization stripe forming a conductor to a brazed lead that exhibits voids greater than 25% of
the conductor width.

Evidence of cracks, delamination, separation, or voiding on any multilayer ceramic package.
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Note:

Chip-in-Place

Cracks vs. Chipping.
Cracks are lines of material separation that have one or both terminations in a direction which could be

conceived as possibly extending further without limit or in the direction of package structures as it extends.

ii. Chipping is a line of material separation that has both terminations directed towards an edge of the package

with no conceivable path for extension beyond the edge.
Chipout is chipping that is so extensive as to have caused the removal of package material.

iv. Chip-in-Place is chipping that has not caused the removal of material, but forms the semicircular pattern

defining a section of material.

FIGURE 2009-15 Cracks vs. chipping.
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3.3.9 Package body/lid - leadless devices

a. Ceramic chipping (chip-in-place or chipout) that dimensionally exceed 50% of the distance between terminals in
any direction on the affected surface (edge or corner), and exceed a depth of 25% of the thickness of the
affected package element (e.g., cover, lid, base, or wall).

b. Evidence of cracks, delamination, separation, or voiding on any package element.

c. Castellation to solder pad misalignment. The metal in the castellation, exclusive of the angular ring, shall be
within the visually extended boundaries of the solder pad (see Figure 2009-16).

AGGEPT
TOP W IEW
EDGE OF GIRGUITRY METALIZATICN ———|
ALIGNED TO GASTELLATIOM HOLE EDGE
R CUTSIDE OF HCLE EDGE REJEGT
EOGE ALIGNEﬁ| [—
INGIDE HGLE EDGE
AGGEPT
N
EOGE Y |EW

7
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EDGE OF METALIZATICH ALIGNED ———|
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EDGE COF GIRGUIT NCT DUTBIDE—-—| [—
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FIGURE 2009-16 Castellation to solder pad misalignment.
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d. Castellation configuration not in accordance with the following (see Figure 2009-17). The castellation shall be
roughly concave, confined by a 3-dimensional space traversing all castellated ceramic layers at the package
edge. The surface of the castellation may be irregular. The “3-dimensional space" has these dimensions:

1.  Minimum width >1/3 package terminal pad width.

2. Minimum depth > 1/2 castellation minimum width.
3. Length = as designed (see Figure 2009-17).

4. Maximum width < package terminal pad width.

5. Maximum depth < 1/2 castellation maximum width.

These dimensions are an attempt to ensure with some reasonableness that the castellations are not viewed, in the
extreme sense, as virtual flat surfaces on the package edge and are not virtual closed vias (holes).

PAECDKGAEGE PLANE 1
PAD WIDTH

\-L PLANE 1 VIRTUAL

VIRTUAL L FLAT SURFACE

CLOSED —w—__[ J/]~=—— REJECT _"'§l— CASTELLATION WIDTH
AD

PLANE 1
VIA 7 ACCEPT ~ T--- OPEN VIA ‘
7 DIMENSIONAL N

LIMITS, IF NOT PA
HEJECT -— CASTELLATION DEPTH LENGTH

_ i }

I LIT_ CASTELLATION CASTELLATIONS
PACKAGE LENGTH
HEIGHT —

THROUGH THWO AND THREE LAYERS OF CERAMIC

NOTE: Ceramic layers shift, edges are rough after punching, plating buildup is not smooth etc., all of these combine
during package manufacture to make the castellation measurement difficult. Therefore, in the event of
conflicts in determining castellation acceptance, direct contact measurement shall be made using the limits
specified in MIL-STD-1835.

FIGURE 2009-17 Castellation requirements.
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3.3.10 Glass seals.

a. Crazing of the glass seal surface (see Figure 2009-18).

REJECT ACCEPT

FIGURE 2009-18 Crazed glass surface.

b. Any single circumferential crack (or overlapping crack) that does not lie completely within a single quadrant (i.e.,
extends beyond 90° arc or rotation about the lead), and extends beyond or is located in the region beyond the
midpoint of distance from the lead to the case (see Figure 2009-19).

REJECT

@

ACCEPT

© ©

FIGURE 2009-19 Circumferential cracks.

c. Radial cracks that exhibit the following:
1. Cracks that do not originate at the lead (see Figures 2009-20a and 2009-20b).

2. Three or more cracks that extend beyond the midpoints of distance from the lead to the case (see Figure
2009-20c).

3. Two cracks that extend beyond the midpoint of the distance from the lead to the case and that lie within
the same quadrant (see Figure 2009-20d).

REJECT
T

Figure 2009-20a Figure 2009-20b Figure 2009-20c Figure 2009-20d

ACCEPT

OIS

FIGURE 2009-20 Radial cracks.
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d. Any chip-out that penetrates the sealing glass deeper than the glass meniscus plane. The glass meniscus is
defined as that area of glass that wicks up the lead or terminal. Exposed base metal as a result of meniscus
chip outs is acceptable, provided that the exposed area is no deeper than 0.010 inch (see Figure 2009-21).

REJECT: > .010" DEEP ACCEPT: UP TO .010" DEEP
EXPOZED BASE N / EXPOZED BASE
L

UNPLATED META UNPLATED METAL

FIGURE 2009-21 Exposed base unplated metal.

e. Surface bubbles that exceed the following:

1. Open bubbles in the glass seal that exceed 5 mils in diameter (see Figure 2009-22a). For packages with
a glass-filled header (e.g., TO-5), open bubbles that exceed 10 mils diameter, or an open bubble that
exceeds 5 mils diameter situated closer than 10 mils to a lead.

Accept: 1. Open bubble < 5 Reject: 1. Open bubble > 5 mils.
mils. 2. Open bubble > 10 mils for
2. Open bubble < 10 mils glass filled header.
for glass filled header. 3. Open bubble > 5 mils and
closer than 10 mils to the
lead.
N

FIGURE 2009-22a Surface bubbles.

2. Open bubbles in strings or clusters that exceed 2/3 of the distance between the lead and the package

wall.

/ACCEPT

FIGURE 2009-22b Subsurface bubbles.
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f.  Subsurface bubbles that exceed the following:
1. Large bubbles or voids that exceed 1/3 of the glass sealing area (see Figure 2009-23a).

2. Single bubble or void that is larger than 2/3 of the distance between the lead and the package wall at the
site of inclusion (see Figures 2009-23b).

3. Two bubbles in a line totaling more than 2/3 distance from pin to case (see Figure 2009-23c).

4. Interconnecting bubbles greater than 2/3 the distance between pin and case (see Figure 2009-23d).

Figure 2009-23a Figure 2009-23b Figure 2009-23c Figure 2009-23d

FIGURE 2009-23 Subsurface bubbles.

g. Re-entrant seals that exhibit non-uniform wicking (i.e., negative meniscus) at the lead and/or body interface (see
Figure 2009-24).

AN
NEGATIVE MENISCUS POSITIVE MENISCUS
REJECT ACCEPT

FIGURE 2009-24 Re-entrant seals.
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4. SUMMARY. The following details shall be specified in the applicable acquisition document:
a. Requirements for markings and the lead (terminal), or pin identification.

b. Any additional detailed requirements for materials, design, construction, and workmanship.
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