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APPLICATION NOTE

Introduction to Chip Scale Packaging Package Construction and Process Description

This application note provides guidelines for the use of The Flip Chip CSP is a wafer level processing technique.
Chip Scale Packages related to mounting deviceP @B Upon completion of standard wafer processing, a polymeric
Included is information on PCB layout for Systems BCB passivation layer is applied to the wafer, leaving the
Engineers, and manufacturing processes for Manufacturingbonding pads exposed. A sputtered thin film underbump

Process Engineers. Al/NiV/Cu metallization (UBM) is applied to the device
_ bonding bonds to provide an interface between the die pad
Package Overview metallizationand the solder bump. Solder spheres are placed

n h ex nd reflow r n
Flip Chip CSP “Package” Overview on each exposed pad and reflowed to create a

Chip Scale packages offered by ON Semicon OluCtorlnterconnectlon system ready for board assembly. _
o . . Once the bumps are reflowed, wafers are electrically
represent the smallest footprint size since the package is th C T . )
. . . ested]aser marked, sawn into individual die, and packed in
same size as the die. ON Semiconductor offers two types o aoe and reel. bumps down. A tvbical Elio Chin CSP is
CSPs, or bumped die — Flip Chip CSP and Standard Bump. P ' P . yp P P

This application note covers only the Flip Chip CSPs with represe_nted In Figure 1, TOIf"lI device thickness will vary,
larger bumps. depending on customer requirements.

Flip Chip CSP bumped die are created by attaching -
300um solder spheres to the 1/0O pads of the active side of _ﬂ 625-675um
the wafer. The I/O layout can either be peripheral or array. OO0 (}—i 500 um
No redistribution layer is used. e O000 0O Pitch
The 63/37 SnPb solder bumps allow compatibility of the
package connections with standard surface mount C 00004
technology pick and place and reflow processes and g O OO O Of\200- 340 um
standard flip chip mounting systems. The larger solder Q O OO O Q| BumpDiameter
bumps ofthe Flip Chip CSP requires no underfill to increase _J l«— 210 - 270 um le— 25mm —»

reliability performance.

Devices designed with the smaller standard bumps
generally have a peripheral pad layout and a tighter spacing
than that of the Flip Chip CSPs. Underfill is recommended
to increase board level solder joint reliability.

Figure 1. Daisy Chain Flip Chip CSP
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Printed Circuit Board Design

Recommended PCB Layout

Table 1. PCB Assembly Recommendations

Two types of land patterns are commonly used for surface

mount packages — non-solder mask defined (NSMD) and
solder mask defined (SMD), Figure 2. With SMD
configured pads, the solder mask covers the outsid

perimeter of the circular contact pads, thus limiting the

solderattach to just the top surface of the exposed pads. With

NSMD configured pads, there is a gap between the solde

maskand the circular contact pad. NSMD pads are preferred
due to better control of the copper etch process as compare
with the solder mask etch process in the SMD pad definition.
The solder bumps will attach to the NSMD pad wall as well

as the pad surface, which provides additional mechanical
strength and solder joint fatigue life. SMD pad definition

introduces increased levels of stress near the solder mas|
overlap region which results in solder joint fatigue cracking

in extreme temperature cycling conditions. The smaller
NSMD pads also provide more room for escape routing on
the PCB since they can be smaller in diameter than SMD
pads.

Copper

@

Solder mask

k2
=

NSMD

Figure 2. NSMD vs. SMD

A copper layer thickness of less than 1 oz (89 is
recommended tmaintain a maximum stand-off height and
consequently maximum solder joint fatigue life.

Micro—via pads should be NSMD to ensure adequate
wetting area of the copper pad.

500 pm Pitch
Parameter 300 um Solder Ball
PCB Pad Size 250 um +_(2)5
Pad Shape Round
Pad Type NSMD
Solder Mask Opening 350 um =25
Solder Stencil Thickness 125 um
({Stencil Aperture 250 x 250 um sq.
Solder Flux Ratio 50/50
Solder Paste Type No Clean Type 3 or Finer
Trace Finish OSP Cu
kTrace Width 150 um Max

PCB I/0O Contacts Surface Finish Characteristics

Organic solderability preservative (OSP) pad finish is
recommended for optimum solder joint reliability.
Electroless nickel-immersion gold finish with gold
thickness ranging from 0.05 — 0.1 may also be used,
althoughsolder joint integrity may suffer due to the presence
of brittle gold/tin intermetallics. Hot Air Solder Leveled
finish (HASL) is not recommended because the process
does not give consistent solder volumes on each pad.

Solder Assembly Recommendations

SMT Process Flow
Surface mount assembly operations include printing
solder paste onto the PCB.

Solder Paste Characteristics

Type 3 (25 — 4%um powder), Ype 4 (20 — 3gm powder)
or Type 5 (15 — 26m powder) ANSI/J-STD-005 compliant
solder paste is suggested. No-clean solder paste is
recommendedRMA or water soluble (OA) solder paste flux
may also be used. Metal load range is from 85 — 90 wt%.
Solder flux ratio should be 50/50 by volume.

Solder Stencil and Printing
Stainless steel, brass, or nickel plated stencils with laser
cut or metal additive apertures are recommended. Five

A summary of recommended design parameters is foundyeqree tapered walls are suggested for laser cut stencils to

in Table 1.

facilitatethe release of the paste when the screen is removed
from the PCB. Stencil thickness of 0.125 mm with openings
approximately the same size as the substrate bond pads are
recommended. It is highly recommended that the solder
paste height, uniformity, registration and proper placement
during the squeegee printing are monitored.
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Controlled Atmosphere
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Figure 3. Printed Solder Paste on PCB 1to 2 min 30-100 sec
TIME (minutes)

Figure 4. Typical Reflow Profile for Eutectic

Package Placement SnPb Solder

Standardick and place machines can be used for placing
CSPs. Such placement equipment falls into two categoriesigg|der Joint Inspection

a vision system to locate the package silhouette commonly The inspection of solder joints is commonly performed
known as a chip shooter, or a fine pitch vision system towith an x-ray inspection system. The x-ray system is used
locate individual bumps. It is preferable to use vision tg |ocate open contacts, shorts between pads, solder voids,

systems employing solder sphere recognition for improved anq extraneous solder. A cross section of a typical flip chip
placement accuracy, however throughput is reduced. Littlesp|der joint is found below in Figure 5.

or no force should be exerted on the Flip Chip CSP during

placement. e P D T e
; 7 . il"' T T i “a 1'
Solder Paste Reflow and Cleaning 5 -_"_‘!'_ E BRI e -
When cleaning a No-clean or RMA flux residue, e : PR o A

semi—agueousolvents, saponified water, alcohols and other
CFC-free alternatives may be used to sufficiently remove
all residue. If cleaning a water soluble flux residue, spray
and immersion should be sufficient to remove all ionic
contamination and residue.

IR Reflow Profile
A standard surface mount reflow process can be used onc
the part and solder paste or flux are placed on the PCB. A
example of a standard reflow profile is shown in Figure 4.
The exact recommended reflow profile is determined by the
manufacturer of the paste since the chemistry and viscosit
of the flux matrix will vary. These variations will require
smallchanges in the profile in order to achieve an optimized
process.
In general, for low temperature eutectic SnPb solder, theyngerfill
temperature dhe part should be raised less than or equal to  ynderfill is not needed for Flip Chip CSP Devices

5°Cl/sec during the initial stages of the reflow profile. The constructed with the |arger 3W solder Spheres_ Solder
soakzone then occurs when the part is approximatelya50 joint reliability tests have shown parts to pass temperature
and should last 30 to 120 seconds. The temperature is theBycling tests without the need for further encapsulation.
raised and will be above the |iQUidUS of the solder for 30 to These devices can, howeven withstand the dispense of an

100 seconds depending on the mass of the board. The pealfrderfill aslong as the process temperature does not exceed
temperature ahe profile should be between 225 andZ35  175°C for up to 5 minutes.

for 10 seconds or less.

Figure 5. Cross Section of Solder Bump
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Rework Process with Type 5 eutectic, SnPb solder paste to .032" thick
Very similar to that of the rework process for BGAs, the 4-layer high temperature FR4 test boards, which were
key steps in rework of bumped die product are as follows: designed with 25Q@m OSP Cu NSMD pads. Boards were

1. CSP removal uses localized heating which temperature cycled from —40 to 225(1 cycle/hr, 15 min
duplicates the original reflow profile used for ramp, 15 min dwell) and continuously monitored for
assembly. changes in resistance. The temperature cycling profile is

2. The reject CSP can be removed once the found inFigure 6 below. Table 2 summarizes the daisy chain
temperature exceeds the liquidus temperature of  CSP solder joint reliability test results.
the solder.

3. The pads need to be thoroughly cleaned prior to 140
applying flux. 120 f

4. A new part is picked up using a vacuum needle 100 / \
pick-up tip and placed onto the board. 5 80 / \

5. The replacement part is reflowed to the board o / \
using the same convection nozzle and preheat = M / \
from the bottom, and the original reflow profile. E 40 /

/
ON Semiconductor CSP Reliability Test Data é 22 / \
L
Board Level CSP Package Reliability '_—20 / \ /
ON Semiconductor performed solder joint fatigue testing _,, \; /
on Flip Chip CSP test structures per IPC-SM-785 _
Guidelines for Accelerated Reliability Testing of Surface 0 20 40 60
Mount Solder Attachments. The test vehicles used were 2.5 TIME (minutes)
x 2.5 mm or 1.5 x 1.5 mm daisy chain die with either a5 x  Figure 6. Temperature Cycling Profile for Solder
5 matrix or a 3 x 3 matrix of solder bumps, respectively, Joint Fatigue Testing

spaced at a pitch of 0.5 mm. These devices were assembled

Table 2. ON Semiconductor Flip Chip CSP Solder Joint Reliability Test Results

1210 1457 1464 1643
Flip Chip CSP Test Condition Test Board Cycles [ Cycles | Cycles | Cycles

24 bump, 0.32 mm bump diameter | -40 to 125°C, 1 cycle/hr, 15 min ramp, | OSP Cu pads/flux 0/32 0/32 1/32 3/32
15 min dwell

9 bump, 0.32 mm bump diameter | —40 to 125°C, 1 cycle/hr, 15 min ramp, NiAu pads/flux 0/32 1/32 1/32 2/32
15 min dwell

The test results show that the 1.5 x 1.5 mm CSP devices can Figure 7 is a Weibull plot of the solder joint fatigue data
pass 1456 temperature cycles, and the 2.5 x 2.5 mm CSFor each of the daisy chain devices.
devices can pass 1463 cycles without failure.
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Figure 7. Weibull Plot
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Tape and Reel Specifications and Labeling Description

All Flip Chip CSPs are shipped in tape and reel (T & R). Tape Material: Small parts other than 0402 (1005
CSP T & R requirements are based on the industrial standard in metric) in 8 mm wide tape: pa-
EIA-481.The T & R construction is given in Figure 8 below. per (i.e. punched) or embossed

Specified tape width: 8 mm (i.e. blister)

Tape sprocket hole pitch: 4400.1 mm

Compliant to industrial standard EIA-481

The SMD pick and place machines should pick up the
component from the point which is located in the center of Reel Material: Plastic
two adjacent SprOCket holes in the feEding direction. This Device Orientation: Pin 1 toward sprocket holes.
must be taken into account when designing the location of
the component in the T & R pocket.

Reel Size: Standard reel diameter is 7 inches
(178 mm) for all 8 mm tape.

Direction of Feed

Top
Cover
Tape

Die orientation in tape with bumps down (bumps on bottom of cavity)
Die backside is visible (Silicon transparent to show bump locations)

Figure 8. Number of Components per Reel = 3000

The cavity is designed to provide sufficient clearance Tape with or without parts shall pass around radium R

surrounding the component so that: without damage.
1. The part does not protrude beyond either surface Barcode labeling (if required) shall be on the side of the
of the carrier tape. reel opposite the sprocket holes.

2. The part can be removed from the cavity in a
vertical direction without mechanical restriction
after the top cover tape has been removed.

3. Rotation of the part is limited to 20 degrees
maximum.

4. Lateral movement of the part is restricted to
0.05 mm maximum.
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ON Semiconductor and ..." are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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